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

i sobutyl al dehyde or isobutyric acid to gas phase catal ytic oxidation,
having a long life, a high activity as well as high selectivity, and the
preparation nmethod thereof. BACKGROUND ART A | arge nunber of catalysts for
produci ng nmethacrylic acid by subj ectingnethacrolein, isobutylaldehyde or
i sobutyric acid to gas phase catal ytic oxidation, have been proposed. Most
of the catalysts thereof are mainly conposed of nol ybdenum and

phosphorus, and have structures of DESCE&IPON aci ds and/or salts thereof.
The catal ysts used in the reaction, however, have low reaction activities,
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met hacrylic acid. Accordingly, the inprovenent of catalytic performance of
the catalysts is required although sone of the catalysts are industrially

activities, TGN'SGrBClToITy and short |ives of conventional gas
: The present invention relates to a catalyst for preducing
methacrylic acid by subjecting methacrolein, isobutylaldehyde
or isobutyric acid to gas phase catalytic oxidation, having a
long life, a high activity as well as high selectivity, and the
preparation method thereof.
BACKGROUND ART
Alarge number of catalysts for producingmethacrylic acid
by subject ingmethacrolein, isobutylalidehyde or isobutyric acid
to gas phase catalytic oxidation, 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, h_ave low
reaction activities, lowselectivity for the desired substance,
and short lives, as compared to molybdenum-vanadium based
catalysts used in reactions for producing acrylic acid by
subjecting acrolein to gas phase catalytic oxidation, which are
known as reactions similar to the reaction for producing
methacrylic acid. Accordingly, the improvement of catalytic
performance of the catalysts is 'required although some of the
catalysts are industrially utilized.

The present inventors first tried the improvement of low



phase catal ytic oxidation catalysts for nmethacrolein, and found out that
gasphase catal ytic oxidation catalysts fornmethacrolein prepared by the
addition of a variety of elements to No, V and P, have heteropolyacid
(salt) structures and have high activities, high selectivity and are
particularly stable for the tinme | apse. The inventors propose the

catal ysts descri bed in Japanese Patent Publication No. 58-11416, Japanese
Pat ent 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 environnments under which
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Publication No. 58~11416, Japanese Patent Publication No.
59-24140, Japanese Patent PublicationNo, 62~-14535 and Japanese
Patent Publication No. 62-30177.

Recently, because cf high concentrations of raw material
gases and of environments under which oxidation reactions are
conducted at elevated temperature, catalysts that exhibit
further high activities, high selectivity and long lives, are
needed. Various preparation methods are proposed to provide
catalysts that satisfy these demands. For example, Japanese
Patent Laid~-Open No. 5-31368 and Japanese Patent Lald-Open No.
8-186908 propose metheds for preparing molding catalysts that
involve using NH, in addition fo the components of Mo, V and
P, and utilizing agueous ammonia as the ammonium source. In
addition, Japanese Patent Laid-Open No. 11i-226411 describes a
method for preparing a molding catalyst that comprises using
refined starch when an active component of the catalyst is
granulated, and improving the pore volume of the catalyst by
burning the starch in the calcining step.

Furthermore, when a catalyst is loaded in a fixed-bed

reactor as an industrial catalyst, the catalyst is required to



be nolded to a constant size in order to reduce the pressure drop of the
reaction gas prior to and subsequent to the catalyst |l|ayer. For this

pur pose, known mnethods involve normally nolding a catalyst powder to a
cylindrical material, a pellet, a ring-shaped nmaterial, a sphere-shaped
material, or the like, and inpregnating or coating an inert carrier with
an active catalyst material also. Advantages of a coated catal yst having
the inert carrier as the core include [1] being capable of inproving the
effective wutilization factor of active conmponents of the catal yst, [2]
bei ng expected to inprove the selectivity due to the honpbgeneous
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Advantades of a coated catalyst having the inert carrier
as the core include [1] being capable of improving the effective
utilization factor of active components of the catalyst, [2]
being expected to improve the selectivity due to the homogeneous
distribution of the residence time of reactionmaterials within
the catalyst, and [3] facilitating the removal of the reaction
heat on account of the improvement of the catalyst thermal
conductivity or the dilution effect of the inert carrier. As
aresult, there aremany examples applied to selective oxidation
of a large heat release.

On the other hand, technical disadvantages in preparing
a coated catalyst include [1] the peesling of the coating layer
and the difficulty of obtaining a mechanically strong catalyst
because the catalyst is subject to cracking, [2] the difficulty
of coating a carrier with a large amount of active catalytic
material, and [3] 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



3 general techniques. D SCLOSURE OF THE | NVENTI ON The object of the
present invention is to provide a catalyst or a coated catalyst for
produci ng nmethacrylic acid in high yield and highly selectively by

subj ecting nmethacrol ein, isobutylal dehyde or isobutyric acid to gas phase
catalytic oxidation, and the preparation nmethods thereof. The present
inventors have tried to inprove the low activities, |low selectivity and
short lives of conventional gas phase catalytic oxidation catalysts for
nmet hacrol ein as a nethod for solving the above-nenti oned probl ens, and

found out that RE/n%n Rreparlng a catal yst containing the essenti al
conmponent s9¢BF* GCPBI9BFS -Cs and NH4, i.e. when preparing a heteropoly
acid (salt) containing the essential conponents, an industrial catalyst
offering a high activity, high selectivity and being particularly stable

for the t'B?S&g§§§REaBFb%H%£E%N%Rﬂ‘%ﬂ?n a cesiun1meak acid salt or cesiym

hydr oxi de 15" a raw nmateri al and anmoni um acetate or anmoni um

hydroxide is addgg, %ﬁat&eo#@ﬂegg\@s@h@{h@ént%m%@ coumLeld on ﬁyé@(l)

pr esent i nventi on. Isto resent | nven ionrela
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i sobutyl al dehyde or isobutyric acid to gas phase “catalytic OXIda i on,
having as andaetjNeyceanerent «afy the s&%teadﬁﬁsig adeterapplm acid salt

conprising a heteropoly acid in which V, P, Cu, Cs and NH4 are
cont ai ned asohheyesséahiak, or 1sobutyrlc ac1d to gas phase catalytic
oxidation, and the preparation methods thereof.

The present inventors have tried to improve the low
activities, low selectivity and short lives of conventional gas
phase catalyticoxidation catalysts formethacrolein as amethod
for solving the above-mentioned problems, and found out that
when preparing a catalyst containing the essential components
of Mo, V, P, Cu, Cs and NH,, i.e. when preparing a heteropoly
acid (salt) containing the essential components, an industrial
catalyst offering a high activity, high selectivity and being
particularly stable for the time lapse can be obtained when a
cesium weak acid salt or cesium hydroxide is added as the Cs
rawmaterial and ammonium acetate or ammonium hydroxide is added
as the NH,; raw material, with the complietion of the present
invention.

That is to say, the present invention relates to:

(1) Acatalyst forproducingmethacrylicacidbysubjecting
methacrolein, iscbutylaldehyde or iscbhbutyric acid to gas phase
catalytic oxidation, having as an active component of the
catalyst a heteropoly acid salt comprising a heteropoly acid

in which Mo, V, P, Cu, Cs and NH; are contained as the essential,



| active conponents, characterized in that the catalyst is obtainable by
using a cesiumweak acid salt or cesiumhydroxide as the Cs rawmateri al
and anmoni um acetate as the NH4 rawmaterial, of the active conponent of
the catalyst. (2) The catal yst described in (1) above, wherein the Cs raw
material is cesiumacetate or cesium hydroxide. (3) The catal yst descri bed
in (1) or (2) above, wherein the catalyst does not contain arsenic as an
active conmponent. (4) The catal yst described in any one of (1) to (3)
above, wherein copper acetate or cupric oxide is used as the copper raw
material of the catal he catalyst descrlbed n any one of (1) to
(4) , wher&FntVEhELH 8§| Voﬁ A& HAGY dﬁﬁdhe%ﬁeo?a %eyéﬁtatyst |s
represented g} nular%% MbaQvaPh, d (1 whe
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an acid of each element. (6) The catalyst described in (5) above, wherein a
Is a (3) The catalyst described in (1) or (2) above, wherein

the catalyst does not contain arsenic as an active component.

(4) The catalyst described in any one of (1) to (3) above,
wherein copper acetate or cupric oxide is used as the copper
raw material of the catalyst.

(5) The catalyst described inanyoneof {1) to (4), wherein
the composition of the active component of the catalyst is
represented by the formula {1}:

MO1oVaPpCucCsy (NH, } o X 04 (1)
wherein Mo is molybdenum, V is vanadium, P is phosphorus, Cu
is copper, Cs 1is cesium, (NH,) is ammonium group, X is one or
more elements selected from the group consisting of Sb, As, Ag,
Mg, Zn, Al, B, Ge, $n, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni,
Ce, Th, KandRb, a to g represent the atomicraticof each element,
a 1s a pesitive number of 0.1<a<6.0, b is a positive number
0f0.55b<6.0, ¢ is a positive number of 0<c<3.0, d is a positive
number of 0.01=d<3.0, e is a positive number of C.l<e< 3.0, f
is a positive number of 0£f<3.0, and g is a value determined
by the oxidation number of an acid of each element.

(6) The catalyst described in (5) above, wherein a is a

positivenumber of 0.55a<1.2, bisapositivenumber of 0.9<b<1.5,



positive nunber of 0. 5<a<l.2, b is a positive nunber of 0. 95b< 1 . 5, 5
c is a positive nunber of 0.25¢<-0.8, dis a positive nunber of O.

2<-d<-0. 8, e is a positive nunber of 1 . 0O<e <2 . 2, and f is a positive
nunber of 0<f:<0.8. (7) The catal yst described in (5 or (6) above, wherein
the catal yst contains Sb as an essential element. (8) A nethod for
preparing a catalyst for producing nethacrylic acid by subjecting

nmet hacrol ei n, isobutyl al dehyde or isobutyric acid to gas phase catalytic

oxi dation, the nmethod conprising: step (A of blending conmpounds A-i to
A-3 and, as needed, ..cQ A- t er, t are aqueous sol_ution
or dlspergloﬁ %ﬁpqﬁ%tlﬂﬁgﬂgﬂﬁﬁ§ (Hwbegn“%be? ga §5§%dﬁFynu &1 di ng
bot h), whepein the a d,cont aini ng, ound
contalnlngbv? 4= 8 %ﬂﬁg%ggﬁgﬁgﬁ?ﬁﬁu T Q%%% %de%%nggﬁﬁ?ﬁOSl lvethe
conmpound Angmbér Oge@k@qge@k aci d sal t or ce5|un1hydrOX|de the conmpound
A-3 is amoni um acetafe, and the conpound A-4 is one or nore conpounds
sel ect ed fromth@vgr@y@ @Qeﬂigw@egém}g@&pﬂyn@ cantai, maB%v%newHEr§9n :
Ag, My, Zn, A, B, GCe, JV Th
K and Rb; end step1yBYr ebradyimg g}ﬁ%sslatﬂ_ré/ssvéredﬁ@ﬂ éI‘ezﬁéz@@.(A)_ to O_bt ain
a dried slurry. (9) The nethod for preparing the catal yst described in (8)
above, wherein the)camethddArdr prused ias; an €ssentdal foeopponening

methacrylic acid by subjecting methacrolein, iscbutylaldehyde
or isobutyric acid to gas phase catalytic oxidation, the methed
comprising:

step (A} of blending compounds A-1 to A-3 and, as needed,
compound A-4 with water to prepare an aqueous solution or
dispersion of the compounds (hereinafter, called a slurry,
including both),
wherein the compound A-1 is a compound containing Mo, a compound
containingV, a conpound containing P, and a compound containing
Cu, thecompoundA-2 isacesiumweakacidsalt or cesiumhydroxide,
the compound A-3 is ammonium acetate, and the compound A-4 is
cne or more compounds selected from the group consisting of‘
compounds containing one of Sb, As, Ag, Mg, Zn, Al, B, Ge, Sn,
Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K and Rb; and

step (B) of drying the slurry yvielded in step (A) to obtain
a dried slurry,

(2) The method for preparing the catalyst described in
(8) above, wherein the compound A-4 is used as an essential
compenent.

{10} Amethod forpreparing a ccated catalyst for producing

methacrylic acid by subjecting methacrolein, isobutylaldehyde



(10) Anethod forpreparing a coated catal yst for producing nethacrylic acid
by subjecting nethacrolein, isobuty.|laldehyde 6 or isobutyric acid to gas
phase catal ytic oxidation, the nethod conprising: step (a) of blending
conpounds a-1 to a-3 and, as needed, conpound a-4 with water to prepare an
aqueous solution or dispersion of the conpounds (hereinafter, called a
slurry, including both), wherein the conpound a-1 is a conpound contai ni ng
Mo, a compound containing V, a conpound containing P, and a conpound
containing Cu, the conpound a-2 is a cesiumwak acid salt or cesium

hydr oxi de, __the conmpound a-3.is a ni um acetate or ammpni um hydr oxj de, and
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of coating a carrier wth t ried s ry obtaine
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i sobutyl al dehyde or isobutyric acid to gas phase catal ytic oxidation, the
nmet hod including both),
wherein the compound a-1 is a compound containing Mo, a compound
containing V, a compound containing P, and a compound containing
Cu, thecompounda-2isacesiumweakacidsaltorcesiumhydroxide,
the compound a-3 is ammonium acetate or ammonium hydroxide, and
the compound a-4 is one or more compounds selected from the group
consisting of compounds containing cne of Sb, As, Ag, Mg, Zn,
Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th,
K and Rb;

step (b) of drying the slurry yielded in step (a) to obtain
a dried slurry;

step (¢) ofcoatingacarrierwiththedriedslurryobtained
in step (b) using a binder to obtain a coated molded product;
and

step (d) of calcining the coated molded product obtained
in step {(c).

{11) Amethod for preparing a coated catalyst for producing
methacrylic acid by subjecting methacrolein, isobutylaldehyde
or isobutyric acid to gas phase catalytic oxidation, the method
comprising:

step (a) of blending compounds a~1 to a-3 and, as needed,

compound a-4 with water to prepare a slurry of the compounds,



conprising: step (a) of blending conpounds a-i to a-3 and, as needed,
conpound a-4 with water to prepare a slurry of the conpounds, 7 wherein

t he conpound a-1 is a conpound contai ning M, a conpound containing V, a
conpound containing P, and a conmpound containing Cu, the conpound a-2 is a
cesi umneak acid salt or cesium hydroxide, the conpound a-3 i s amoni um
acetate or ammoni um hydroxi de, and the conpound a-4 is one or nore
conpounds sel ected fromthe group consisting of compounds contai ning one
of Sb, As, Ag, My, Zn, A, B, Ge, Sn, Pb, Ti, Zr, O, Re, Bi, W Fe, Co,

Ni, Ce, Th d . f. dryi ﬁ h I - yi el ded
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coat ed nol ded product obtained 1n step he ne or preparing

the coat edigat @by sbudlescrd Pethmidh {40)a it k1) r 3haVes 1 Whengin dihg cappound
a-4 is used as an essential conmponent. (13) The nmethod for preparing the
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| east one species selected fromthe group consisting of water and organic
conmpounds consisting of compounds containing one of Sb, As, Ag, Mg, 2n,

Al, B, Ge, 5n, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th,

K and Rb;

step {b) of dryving the slurry yielded in step (a) to obtain
a dried slurry;

step (b’) of blending the dried siurry obtained in step
(b) with a solid compound containing cepper to obtain powders:

step (¢) of coating a carrier with the powders obtained
in step (b’) using a binder to obtain a coated molded product:;
and

step (d) of calcining the coated molded product obtained
in step (¢).

(12} Themethod forpreparing the coatedcatalyst described
in (10) or (11) above, wherein the compound a-4 is used as an
essential component.

(13) Themethod forpreparingthecoatedcatalyst described
in any one of (10) to (12} above, wherein at least one species
selected fromthe group consistingof water and organic compounds
having a boiling point of 150°C or lower at one atmospheric
pPressure 1is used as a binder.

(14) Themethod forpreparingthecoatedcatalyst described

in (13) above, wherein the binder is ethanol.



havi ng a boiling point of 150C or |ower at one atnospheric pressure is
used as a binder. (14) The nethod for preparing the coated catal yst
described in (13) above, wherein the binder is ethanol. 8 (15) The nethod
for preparing the coated catal yst described in (13) above, wherein the

bi nder has a weight ratio of ethanol to water being from10:0 to 5:5. (16)
The nmethod for preparing the coated catal yst described inanyoneof (10) to
(15) above, wherein the coated nol ded product is calcined in the presence
of a reducing agent in step (d). (1'7) The nmethod for preparing the coated
catal yst describ
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and further of belng use rea t| conditions, and
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THE I NVENTION Firs a catalyst prepared by using a ceriumweak acid salt
or cerium D&’dé@xtﬂﬁeénﬂnaﬁfﬁ@nﬂ)ﬂ@b@ﬁ@&%ﬁ,aaréditﬁéin@nil@élhmﬂﬁ step (d).
{17) Themethod for preparing the coatedcatalyst described
in (16) above, whereiln the reducing agent is ethanol.
(18) A coated catalyst for producing methacrylic acid by
subjecting methacrolein, isobutylaldehyde or isobutyric acid

to gas phase catalytic oxidation, obtainable from the method

described in any one of {10} tc (17) above.

ADVANTAGES OF THE INVENTION

The catalysts ¢f the present invention are capable of
producing methacrylic acid from methacrolein,
isobutylaldehyde or isobutyric acid in high yield and highly
selectivity, and further of being used for reactions under high
loaded conditions, and thus have extremely large industrial

values.

BEST MODE FOR CARRYING OUT THE IRVENTION
First, a catalyst prepared by using a cerium weak acid
saltorceriumhydroxide and ammoniumacetate, a first embodiment
of the present invention, will be described.
Apreferablemethod forobtaining a catalyst of the present

invention involves dissolving and/or dispersing in water a



of the present invention, wll be described. A preferable nethod for
obtaining a catalyst of the present invention involves dissolving and/or

di spersing in water a 9 plurality of compounds contai ning each of or a
plurality of M, V, P, Cu, Cs and NH4 and, as needed, other elenments
(hereinafter, in sone cases, the conpounds including the active conponents
being al so called "active conponents-containing conpound”), using a cesium
weak acid salt or cesium hydroxide as a cesium conpound and amoni um
acetate as an ammoni um conpound when preparing a slurry (step A), and
drying the resultant slurry (step B). In the present invention, an active
conponent sPEBREAI AFMYE COBWMPOUNHE Goad afigringr epaninigod s1ursa otthepTtian t hat
of a cesium weak acid salt, cerium hydroxide and_anmoni um acetate is

pref er abl y¥a fcompolrid@bfatis s & ReEErEpat Y Acrd eBrNd Sshi¢L et edf/ by

dryin step B) or calciniing. The conpound.includes chlorides, sulfates,
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acetate) sonetines leads to a
{step B).

Inthepresent invention, an active cemponents~containing
compound used for preparing a slurry other than that of a cesium
weak acid salt, cerium hydroxide and ammonium acetate is
preferably a compound that forms a heteropoly acid or a salt
thereof by drying (step B) or calcining. The compound includes
chlorides, sulfates, nitrates, oxidesandacetates, of theactive
component elements. Preferableexamplesofthecompoundinclude
nitrates such as potassium nitrate and cobalt nitrate, oxides
suchasmolybdenumoxide, vanadiumpentaoxide, antimony trioxide,
cerium oxide, zinc oxide and germanium oxide, and acids {and
thesaltsthereof) suchasorthophosphoricacid, phospheoricacid,
arsenicacid, ammoniumphosphate and 12~tungstophosphoricacid.
In addition, use of copper acetates (copper(I) acetate,
copper (11} acetate, basic copper acetates, cupric oxide and so
forth, preferably copper(1il) acetate) sometimes leads to a
preferable effect. These may be used solely or in a mixture
of twc or more species.

Cesium weak acid salts are not particularly limited if

thesaltsaresaltsbetweencesiumandgenerally knownweakacids.

10



preferable effect. These may be used solely or in a mxture of two or nore
species. Cesiumweak acid salts are not particularly limted if the salts
are salts between cesium and generally known weak acids. 1.0 The salts

i ncl ude, for exanple, cesium hydrogencarbonate, cesium carbonate and
cesium acetate, and cesium acetate is preferable. Additionally, of these,
al t hough commercially avail abl e cesium acetate can be used directly, for
exanpl e, an aqueous cesium acetate solution obtained by adding to an
aqueous solution of a water-soluble salt of cesiumsuch as cesium

hydr oxi de or cesium carbonate one or nore equivalents of acetic acid, my
al so be udBa Salt % Hec bids e AP TianASH ) ONCE AhUAOYINVE TEOTRFIHENTE 6t hee S HAan
M, V, P, Cu, Cs and NH4 are not particularly |imted if the conponent is
a compound“PEBATERE HBREFLETHOWRE BS/ PHE! E@ﬁbeﬁ@ﬁet@%ﬁﬁn?ge%%r%%e

catal yst f roduci n cryl d. The elenents conta ed n
conpound iﬁéﬁgﬁéogﬁélg’r e D esbecs LS Sitp bams A R evanga] @oﬁ'%%wng of
Sb, As, Ag

Co, T KCRREU2RE. Cef bhebseSTReTer bhint EEbXET HBTh RS ol GUBF BFer GBS For
he ratio GEcPaEh Act iV, CONMONEOL. ol & GALA Y3l LEN- LR SSEAL LAVER on

based on a np enu sTatomc'r t he |o o vanadi um i

normal |y fé%t%rlsto‘?m@l% sheth +£‘§in§'5\()%11 Qé% %*PAHy&EQQ?LQe%rt 82210y both

inclusive, particularly preterably fromO0.5 t bot h 1 nclusive, the
ratio of phesphRKHS éﬁer6¥fﬁﬂﬂé/éauyﬂéléiﬂéJd% aQeLQQIBchQQ'M%&VQiso be

used.

In the present invention, an achtive component other than
Mo, V, P, Cu, Cs and NH; are not particularly limited if the
component is a compound from the elements known as the component
elements of the catalyst for producing methacrylic acid. The
elements contained in the compound include one or more species
selected from the group consisting of Sb, As, Ag, Mg, Zn, Al,
B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, XK and
Rb. Of these, the elements excluding As are preferable.

For the ratio of each active component of a catalyst in
the present invention, based on a molybdenum’s atomic ratio of
10, the ratio of vanadium is normally from 0.1 to 6.0, both
inclusive, preferably from 0.3 to 2.0, both inclusive,
particularly preferably from 0.5 to 1.2, both inclusive, the
ratioc of phosphorus is normally from 0.5 to 6.0, hoth inclusive,
preferably from 0.9 tce 1.5, both inclusive, the ratico of copper
is normally from O exclusive to 3.0 inclusive, preferably from
0.01t0 1.0, both inclusive, particularly preferably 0.2 to .8,
both inclusive, the ratic of cesium is normally from 0.01 to

3.0, both inclusive, preferably from0.1 to 1.5, both inclusive,
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preferably from0.9 to 1.5, both inclusive, the ratio of copper is
normally fromO exclusive to 3.0 inclusive, preferably from.0. d to 1 .0,
both inclusive, particularly preferably 0.2 to 0. 8, both inclusive, the
ratio of cesiumis normally from0.01 to 3.0, both inclusive, preferably
fromO0.1 to 1.5, both inclusive, 11 particularly preferably fromO0.2 to
1.0, both inclusive, the ratio of anmmoniumis normally fromO0.1 to 3.0,
both inclusive, preferably from0.5 to 3.0, both inclusive, particularly
preferably from1l.0 to 2.2, both inclusive. The kinds and the wuse ratios

f oth t t f det 1 ,
appropr1 at €0 wﬁ@ﬁ‘i&e&‘a&%ﬁ‘ g logw”&s?sﬁavﬁna ﬁﬁiﬁﬁéé‘??gaﬁ‘?@m ghe

f t.h t f
Phe catalySr iR pr oraabfwnca & ch‘”%”ci Bintiet Torina audi ¢ PongsiEone”
h t t 1):
Vo, VAP | CLECLas PRev) B G LD e ety b | BT %gyn%??tiﬁf%‘%g Sl um P
is phosphow@fe@abltk/sfgeﬂpﬁr@ a9 cgétmn&i\lk%_)_vés AR HRSLAUP Y | S

one or nore elenents selected from'the group consisting o

My, Zn, Al usB, r&8io8NofPRthlr é@bzﬁg,cd%%oﬁﬁnt§wn@@és§§ﬁy“k@r 8e dhe K

and Rb, a tog represent the atomc ratio of each elenent,” a is a positive

nunber of OetsahbnOd,bad s Heesiitbitee Dyhem @fwapiﬁéiQBQaQ,alq;stShavpﬁgl tive
nunber of 0<c<_3.0, dis a positive nunmber of0.01< d< 3.0, e is a positive

nunmber of ﬂhékﬁﬁﬁ.guﬁtablfﬂﬁeﬂf@ﬁﬁ&ﬁtyefﬂuhbéﬁnébi@$:ﬁﬁa&c@rd@ﬁﬁxgwmﬁha

val ue determ ned by the oxidation nunber of each elenent. In addition, the

active theuse conditions, etc. of the catalyst. Apreferable catalyst
used under normal conditions is one having an active component
composition represented by the formula (1):

M01aVPpCucCsy (NHy) X0 {1)

wherein Mo is molybdenum, V is vanadium, P is phosphorus, Cu
is copper, Cs is cesium, (NH,) is ammonium group, X is one or
more elements selected from the group consisting of Sb, As, Ag,
Mg, Zn, Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni,
Ce, Th, KandRb, a to grepresent the atomicratioof each element,
a 1s a positive number of 0.1<2<6.0, b is a positive number of
0.5b<6.0, ¢ is a positive number of 0<c<3.0, d is a positive
number ¢£0.01=<d<3.0, e is a positive number of 0.1 <£e£3.0, £
is a positive number of 0<f<3.0, and g is a value determined
by the oxidation number of each element. Inaddition, the active
component composition thereof means the component in the dried
slurry below and does not necessarily reflect the composition
of the powder via step (d). Namely, because of a calcining
temperature and a calcining time in the calcining step (step

(d)), NHy component may evaporate and be substituted with a

hydrogenormetal atom. According to the findings of the present
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conponent conposition thereof neans the conponent in the dried slurry
bel ow and does not necessarily reflect the conposition of the powder via
step (d) . Nanely, because of a calcining tenperature and a calcining tinme
in the calcining step (step (d) ), NH4 conponent may evaporate and be
substituted wwth a hydrogen or netal atom According to the findings of
the present 12 inventors, NH4 conponent in the dried slurry sonetines
evaporates by passing through the calcining step. The evaporation | evel
of NH4 depends on a calcining tenperature, calcining tine and cal ci ni ng
atonosphere, i.e. under the air or nitrogen, and reaches to about 90
mol e% In ﬂl‘ﬁéfeﬁ’&rorﬁﬂ d“%*ﬁl‘}o%%%ntélrletr%n‘%’rw%lbﬁréﬁ’e?%fyl e%ﬁPOFét%ed,
as necessa n the f_.Oto 2,.both incluy referab from
0 01 to o BV BoeRiPRcr sl Fhed f%%was % dBis EvarRsscarh %Y\%an be
obt ai ned in .t f n roocedur.e. ueous sol.uti
di spersi on gfﬁﬁﬁ(ﬂgggﬁ%eqnp nﬁonéﬁggj%%ﬁ gpﬁFﬁ&“@%ﬁpSﬁﬁ&lFﬁ@relna and
caIIed a shurry I ) pr Th r o] i ned
un|forn%ycbmgngp%g%éd%b%%ﬁ%ky d@ﬁ%%ﬁgts c%% aI%I%lEFQ%gﬁ a%%?ve

corrponent Wt B e sS Qv ent Rk af ejgaqlldlléwt er. The slurry preferably contains
all the conpounds containing necessary active conponents in the needed

amount of catal ysh.cdeandera (ff additi on Ofeporpoynds: contial \nkRg aghi ve
components when the slurry is prepared is not specifically limted, but it
is preferables¢datss heesksagonpounds: eqntaidt mg- Mz .V, @@thlzadiBuswe,
preferably from 0.01 to 0.8, both inclusive, in the formula (1)
above.
The catalyst can be obtained in the following procedure.
First, an aqueous solution or dispersion of the active
components-containing compound {(hereinafter, called a slurry,
including both) is prepared. The slurry can be obtained by
uniformly blending a plurality of compounds containing each
active component with a solvent, preferably water. The slurry
preferably contains all the compounds contalining necessary
active components in the needed amount of catalyst. The order
of addition of compounds containing active components when the
slurry is prepared is not specifically limited, but it is
preferable that, first, compounds containing Mo, V and P are
made a slurryandthentotheslurryare addeda compound containing
a cesium weak acid salt or cesium hydroxide, ammonium acetate
and copper.
The temperature when the slurry is prepared is not
particularly limited unless causing troubles, and the
temperature when a cesium weak acid salt or cesium hydroxide,

ammonium acetate and a copper-containing compound is normally

13



made a slurry and then to the slurry are added a conpound containing a
cesium weak acid salt or cesium hydroxi de, anmoni um acetate and copper.
The tenperature when the slurry is prepared is not particularly limted
unl ess causing troubles, and the tenperature when a cesiumweak acid salt
or cesium hydroxide, anmmonium acetate and a copper-contai ning conpound is
normally 13 fromO to 35C, preferably from 10 to 30C, which soneti nes
results in making the resultant catalyst highly active. The tendency 1is
remar kabl e when copper acetate is used as a copper-containing conpound,
and so the adoptlon Qf the above-nentioned, preferable nethod of addltlon

for prepar iffg"e’ §Pl§’r5r ¢ 1 iRT Gt e FPRILENTO 3Ioncfc We1pPesBiftt iMReREFBALS

slurry is preferabl n ague sol utj on. use ratio of . a co ound
Sont & i ngpé‘a{?ﬁg{ét’???’@@e Sobhent Sr sl bR el Lhfab PYORT VL ed

f the at t h_act t thi boye:d bed
ango. The bl 1P Hee R Gater PSORGL ar (1 B ﬁyf':f?m%fe%og%% EoRdounas

to,De used coann i sseLysd, compl et sy or, harmasnsous) w bl ended a0t LS

det ermi ned taki'ng i'nto” accoun |ons etc.

described Rpek@ws ofhalal sl %@B?EEEr%g‘g’Qtﬂuf? Eitéok'%tﬁg‘} E@fZQQQnEa”S

by weight, based on the total anou of conpounds

for preparing a shttrﬁé/pré\lséh@qglh;e%th@rngea aeunRt, pépwa&@&afs@x/ abgqlsahke,
but the anobunt nuch nore than the normal anount |eads to many denerits,

i ncludi ng achughoener gieca@sé it 1d1& ARy cBGpSERP cas tWehlinds cserehitiese

causi ng inconplete drying, and so the
component in a siurry is not particularly limited if the atomic
ratic of each active component is within the above-described
range. The amount of use of water is not particularly limited
1f compounds to be used can be dissolved completely or
homogeneously blended, and is determined taking into account
the dryving method, drving conditions, etc. described below.
That is, the amount of water is about 200 teo 2000 parts by weight,
based on the total amount, 100 parts by weight, of compounds
for preparing a slurry. Although a large amount of water may
be usable, but the amount much more than the normal amount leads
to many demerits, including a high energy cost in the drying
step as well as sometimes causing incomplete drying, and so the
suitable amount is preferable.

Next, the slurry cbtained above is dried to be made a dried
slurry. A method for drying is not particularly limited if the
slurrycanceompletelybedried, and, methods include, for example,
drumdrying, freezedrying, spraydrying, andevaporationdrying.
Of these, inthepresent invention, the spraydrying, whichallows
a slurry state to dry to a powder or a granule in a short tine,

and the evaporation drying, which directly dries the slurry
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sui tabl e amount is preferable. Next, the slurry obtained above is dried to
be made a dried slurry. A nethod for drying is not particularly limted if
the slurry can conpletely be dried, and, nethods include, for exanple,
drundryi ng, freezedrying, spraydrying, and evaporation drying. O these,
in the present invention, the spray drying, which allows a slurry state to
dry to a powder or a granule in a short tinme, and the evaporation drying,
which directly dries the slurry 14 sinply and easily, are preferable, and
the evaporation drying is particularly preferable. The tenperature of the

spray drying varies depending on the concentration and the transport rate
of a sl urr??mﬁﬁéf THE CFehplr it (Jéjrc?fr}etrﬁ]gj ilangf LReqrYerer et yehe ’gﬁ'}rrﬁ/gf rom

70 to 150C. In %ddi iog, t he ve&ggg particle dianmeter of the resultant
dried slurfyPP§ préférall y & i%¢d4' s 'be from about 30 to 500 m The

evaporat i on dryi agaTeY,be CALLLed: Wic aggarsling Lo he, standardy, pethod

and in this case a dried’sfuarry i's Ined as-c ers

parti cl es.  a0d. thusn | 05 0NNy 4 2%, SRNAAI AL L, ST o usepUehyt hatathee si ze

is preferably m or | ess. present invention, a dried slurry

i ncludes sugh,argEQuRd, SlHLr Yy i The Qrdﬁ%ﬁhgrgan@péﬁigﬂdem'oslw@ycs:an be
utilized for gas phase catal ytic oxidation as a catal yst of the present

i nvention andddas idescihbedeREGW RSt Yo1d Reamkubk)o 1 Shorekanabhy df psaed
into a cylindrical material, a pellet, a ring-shaped nmaterial or

spher e- shapedr rat ef i@te fOrad he quirgbdse bk rFeduciibgut tihe tor éssupe. | obise of
reaction gas. For these, due to being
evaporation drying may be carried out according to the standard
method, and in this case a dried slurry is obtained as clusters
or as large particles, and thus is ground, as appropriate, for
use such that the size is preferably 300 um or less. In the
present invention, adried slurry includes such a ground slurry.
The dried slurry obtained in this way can be utilized for
gas phase catalytic oxidaticn as a catalyst of the present
invention and, as describedpreviously, the slurry ispreferably
formed into a cylindrical material, a pellet, a ring-shaped
material or sphere-shaped material for the purpose of reducing
the pressure loss o.f reaction gas. For these, due to being
expected to improve selectivity and remove reaction heat, it
is particularly preferable that an inert carrier is ccated with
the dried siurry to obtain a coated catalyst. Furthermore, in
step (A} a siurry is prepared without using a copper-containing
compound, and the slurry is supplied to the drying step, and
then the resultant dried material is blended with a powder of
the copper-containing compound to be able to obtain a catalyst

of the present invention as well.

Inthe following, amethod for preparing a coated catalyst,



expected to inprove selectivity and renove reaction heat, it is
particularly preferable that an inert carrier is coated with the dried
slurry to obtain a coated catalyst. Furthernore, in step (A a slurry is
prepared w thout using a copper-containing conmpound, and the slurry is
supplied to the drying step, and then the resultant dried material is

bl ended with a powder of the copper-containing conpound to be able to
obtain a catalyst of the present invention as well. In the followi ng, a
nmet hod for preparing a coated catalyst, 15 a second enbodi ment of the
present invention forth A coated catalys f the re_ent
Pnvent i on %éﬁ%@%?%“ﬁaﬁéﬁeai F%ﬁfér%?%%r%t ot o A el Biicet oLl Ly
descri bed above xcep dr oxide can. further be select d as
an anmoni um so Ega ﬁ ”PQH!ﬁﬂ%ﬁ%% S%%ﬁagvePS&PEdﬁﬁeuﬁd%n%ﬁaraf

di ssol ved . anglar egkegﬁgia%glo% YRLEE 4.9, D1 EARES A Sl U1 SLER (@) o and

this is drie Fied slurry or der

of addi tiom,pf LAk [ CemRaUnd Layt n%reae&'ﬂ@'saerﬂe%teraeggréﬁtmorpwmas in
prefer t hat

step (A) it 1s rather npounds containing No, V and P are

first mades@; stdiifyst&da)subsaquent womoyag%&e&e& gesim sourLe, an
anmoni um source and a copper source are added to the slurry. For step (a)

as well, d:he/derpetsddsedWhen, 2 £€St 4N SOYE£E, 2 A @FMPN| HBSOLLICe areddd a
copper source are added is normally fromO to 35C, preferably from10 to

30C. Addi tiromalilsydriiedstepitadia ssbuiey ssuprepasesh wikt)haut Inusteg es)

copper-cont ai ni ng conpound, and the slurry is supplied
the order of addition of each raw compound is not particularly
restricted, but as in step (A) it is rather preferable that
compounds containing Mo, V and P are first made a slurry, and
subsequently compounds to be a cesium source, an ammonium source
and a copper source are added to the slurry. For step (a) as
well, the temperature when a cesium scurce, an ammonium source
and acopper source are added isnormally from0 to 35°C, preferably
from 10 to 30°C.

Additionally, in step {a) a slurry is prepared without
using a copper-containing compound, and the slurry is supplied
to the drying step, and then tﬁe resultant dried material is
blendedwith a powder of the copper-containing compound to obtain
amixture (step (b’ )), fromwhich acoatedcatalyst of the present
invention can be obtained as well.

Theresultantdriedslurry {(or themixturedescribedabove,
hereinafter, the dried slurry includes the above-mentioned
mixture) is supplied to the coating step described below (step
c)).

For the coating step (step (c¢)) the rolling granulating

process described below is preferable. This process involves
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to the drying step, and then the resultant dried material is blended with
a powder of the copper- containing conpound to obtain a mxture (step
(b")), fromwhich a coated catal yst of the present invention can be
obtained as well. The resultant dried slurry (or them xture descri bed
above, hereinafter, the dried slurry includes the above-nentioned

m xture) is supplied to the coating step described below (step <c¢)). For
the coating step (step (c) ) the rolling granulating process described
below i s preferable. This process involves 16 vigorously agitating, for
exanpl e, using a device having an even or uneven disc at the bottomof a
fixed vessBl9IOROBEViad: iat1nhe [pasermpye r otsdtiongy defve < BeVapIaTheg# speed
and thus repeatin the rotation and revolution of the carrier and addi ng

to this aR*niREUFR 9F58 Binte? BABTaNdPLed SHuffyvaRaAS!as®neB8EdSt ot her
Coat the. chRFIGE AR B LT aS Seihobie: BRCBadRg a0 ke Sant Mo
b nder . L2iPaddHRtETe Trhder O n‘gnﬁ?igﬁeotusﬁo3vf%ﬁ%nﬁt' On%n@’gbﬁ%‘%;n%?tﬁ}%sto
the f1xed yessels, 131 - addh ng. i bl of ey 200 ng U, pLuttr e 1ot e

fi xed vessel t he prior thé mxturé

fixed Ves§§&1t£51§5599§&ﬁt L,ag 4t ﬂ%mmtgura%cﬁ%& he #Z{Q?%L@nﬂna the

total amopunt in a conbination of, as appropriate, [4]. O ese,
for [5], fescexanp|eodde: speed rof cadsl £ OR el x tRIaf erﬁl@mo@@ld@é@@l%th an

aut o-feeder or the like in such a
a binder can adopt any method of {1} adding in advance the
above~mentioned mixture to the binder, [2] adding the binder
simultaneously with adding the mixture to the fixed vessel, [3]
adding the binder after adding the mixture to the fixed vessel,
{4] adding the binder prior to adding the mixture te the fixed
vessel, [5] separating the mixture and the binder and adding
the tetal amount in a combination of, as appropriate, [2] to
[4]. Of these, for [5], for example, the speed of addition is
preferably adjusted with an auto-feeder or the like in such a
manner that a specified amount of mixture‘is supported on the
carrier without adherence of the mixture on the fixed vessel
wall and coagulation of the mixture particles with each other.
A binder is not particularly limited if it is at least
one species selected from the group consisting of water and
organic compounds having a boiling point of 150°C or lower at
one atmospheric pressure, and a binder having a boiling point
of 100°Cor lower ispreferable considering drying after coating,
etc. Examples of binders except water include alcohols such
as methanol, ethanol, propanols and butanols, preferably

alcohols having a carbon number of 1 to 4, ethers such as ethyl
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manner that a specified amunt of mxture is supported on the «carrier

wi t hout adherence of the m xture on the fixed vessel wall and coagul ati on
of the m xture particles with each other. A binder is not particularly
limted if it is at |east one species selected fromthe group consisting
of water and organic conpounds having a boiling point of 150C or |ower at
one atnospheric pressure, and a binder having a boiling point of 100C or

| ower is preferable considering drying after coating, etc. Exanples of

bi nders except water include alcohols such as nethanol., ethanol,

I but f I | cohol s_havi b mb f 1t
% “othors Gheh’a %a?@ RhEErRER. Jb0T5R o0t hoF “anc GF Bxanes BYLof SCBER as
t hyl t at b t ket h t h I
et ane. - andC RH0US b E 1 s Dher Ear gs%‘é?%ép%‘%n%‘ff HERRP R Sy B
f I I h f
e or .MM oL 3 e Bl T T 0, el gt 0t

part|cularﬁye@ég SE@nywﬁQQQEh%QmI §9§'Bys¥§bgﬂhe'“ ﬁﬁ%?gggbkﬂfwelg%é

concentrati on. e anount of use of I'S nornma from?2 to

parts by “@tg@%haz%ﬁf@é abéafelf oM i3 dnP 125 cPakt § : By py\@m%m@awemomolso
parts by weight of a dried slurry. Exanples of carriers capable of being

used in theopresenbart byedhion phekudansil keentcavbtdezoal nm najightl iga

alumna, nullite, and alundum which are sphere carriers and have a

di amet er ofthaoot bare:etf maniqr ef @érabdyofiromi2i s b6 A0indpramdnormally

particularly preferably from2.5 to 4.5 nm The pore ratio of <carrier for

use i s norfabhy? fromilPatres70% wFhehporerefeiadbf from 5 to 25 parts by
weight, based on 100 parts by weight of a dried slurry.

Examples of carriers capable of being used in the present
invention include silicon carbide, alumina, silica alumina,
mallite, and alundum, which are sphere carriers and have a
diameter of from 1 to 15 mm, preferably from 2.5 to 10 mm, and
particularly preferably from 2.5 to 4.5 mm. The pore ratio of
carrier for use is normally from 10 to 70%. The pore ratio of
carrier is defined as (Wi—W;)/ (W3-W,)*100, wherein W, is a dry
carrier weight, W, is a carrier weight in water, and W; 1s a
carrier weight at saturation with water absorbed. ‘The ratio
of a coating dried slurry to {the dried slurry + a carrier) is
normally from 10 to 75% by weight, preferably from 15 to 60%
by weight.

When the ratio of a coating dried slurry is large, the
reaction activity of the coated catalyst tends to become large,
but the mechanical strength tends to be small (the degree of
friction being large). Inversely, when the ratic of a ccating

dried slurry is small, the mechanical strength is prone to be

large (the degree of friction being small), but the reaction
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carrier is defined as (WB-W) / (WB-W) *100, wherein WL is a dry carrier
weight, W is a carrier weight in water, and WB is a carrier weight at
saturation with water absorbed. The ratio of a coating dried slurry to
(the dried slurry + a carrier) is normally from10 to 75% by wei ght,
preferably from15 to 60% by weight. Wen the ratio of a coating dried
slurry is large, the reaction activity of the coated catalyst tends to
becone | arge, but the nechanical strength tends to be snmall (the degree of
friction being large) . Inversely, when the ratio of a coating dried
slurry is sngtlb t he nechanical strength is prone to be Ilarge (the degree
of fricti oA°heVhgYshdl PFOtsutta e r Jon 18 activity is prone to be
small. In the present invention, when a carrier is coated with drjed
slurry, a nDIdingnagﬁeé%%%s%gts%WY%ﬁﬁtﬁﬁﬁ R Ghiee I T & §Pﬁﬁﬁﬁawbtﬂder
may furthe . used, as needed.,.The anmount. of noldin idfor use is
normal | y f%éﬁfggﬁég%ﬁ%ﬁﬁrf%“%yCvéﬁbﬁfgpﬁgggda%ﬁﬂgbﬁxb%r S 8§a&8pdﬁﬁ of the
dried slurgy..q di.tio addi ti s .needed, . J norganicfibers
such as ceran?cﬁ??%eﬁgﬁéﬁ%raﬁ?%gé% asé%.§$3%ﬁﬁﬁhf¥h%%§€%ﬁ% Eggeéﬁé?gﬁs

useful . togkmQYE:d %ﬁﬁ%&aﬂg@ais%m% gfrotrrh% rSal @Lyst. HOWGN ey +

fibers, which react”with catalyst conponer such as potassiumtitanate
whi sker angabagi 6nmagneskumsCcaboRatet Wi sker @rednsuitapl e. The anount

of use of the fibers is normally from1l to 30 parts by wei ght based on 100
parts by weight Iokduhe idmn,etkebiaritional, asneeded, inorganic fibers
such as ceramic fibers and whisker as a strength-improving
material is useful to improve the mechanical strength of the
catalyst. However, fibers, whichreactwithcatalystcomponents,
suchaspotassiumtitanate whisker andbasicnmagnesium carbonate
whisker are unsuitable. The amount of use of the fibers is
normally froml to 30 parts by weight based on 100 parts by weight
of the dried slurry.

Additives such as the molding aid and the
strength-improving material above are introduced into a
granulating machine normally in the coating step along with a
carrier, a dried slurry, a binder, etc. to be used to coat the
carrier.

In this way, a carrier is coated with a dried slurry, and
the coated product obtainred normally has a diameter of about
3 to 15 mm, preferably about 3.2 to 5 mm.

A coated catalyst obtained in this way can directly be
supplied to gas phase catalytic oxidation as a catalyst. It
ispreferablethatthecatalystiscalcined(step(d));sometimes
causing the improvement of the catalyst activity. In this case,

the calcining temperature is normally from 100 to 420°C,
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Addi tives such as the nolding aid and the strength-inproving materi al
above are introduced into a granulating nmachine normally in the coating
step along with a carrier, a dried slurry, a binder, etc. to be used to
coat the carrier. In this way, a carrier is coated with a dried slurry,
and the coated product obtained normally has a dianeter of about 3 to 15
mm preferably about 3.2 to 5 nm A coated catal yst obtained in this way
can directly be supplied to gas phase catal ytic oxidation as a catal yst.
It is preferable that the catalyst is calcined (step (d)), sonetines

th t f t t t hi
Cal ci ning CERREFAFOPerl & mor ekt y! 11 SmPIo0 15 G536 R0 ntdfr bl §* #F o 250

to 400C an tQ% E%F%Inlng time is froml to 20 hours. In addition,
cal ci ni ng 'S fAor ma y ‘carried out under an aerial atnosphere, naybe

conduct ed under ap Laert gas Al mospheres Ok AlLey 2aLaipl RGURdRE A, | ner

gas atnosphere, cining, as requir e perforned under

an aerial ,a\MRSRRGI &L HRU, Q@é%@%oﬁéu&@ecﬁ’ﬁ%%?aﬂm §né9%tga%a$€d16‘é}5&9ef§
carried out under an inert gas” atnosphere, preferably inthe presence of a

reduci ng ageni i+ ¥whi € sONELE MBS eagds iz@e_@tbtg?ééﬂzﬂtgnoﬂs}@@i@' ys&a {dna
hi gher activity. A reducing agent is not particularly limted if the agent

pref erabl ycheeconesggaseousquak etihe neal GenipgRg toaipel alnder dxaagpt es) of

reduci ng agents include CO alcohols having a carbon nunber of 2 to 5,

al dehydes, atmosphere. Furthermore, it is preferable that calcining is
carried cut under an inert gas atmosphere, preferably in the
presence of a reducing agent, which sometimes leads to obtaining
a catalyst with a higher activity. A reducing agent is not
particularly limited 1if the agent preferably becomes gaseous
at the calcining temperature. Examples of reducing agents
include CO, alcohols having a carbon number of 2 to 5, aldehydes,
ketones and organic acids, and ethanol is particularly
preferable.

A catalyst of the present invention obtained as described
above 1is used when methacrylic acid i1s produced by subjecting
methacrolein, isobutylaldehyde or isobutyric acid to gas phase
catalytic oxidation. Additicnally, catalysts of the present
invention include, unless otherwise stated, both a dried slurry
obtained via steps (A) and {B) and a coated catalyst cobtained
via steps (a) to (¢} (and preferably further via step (d)).

Hereinafter, a gas phase catalytic reaction of
methacrolein, which is the most preferable raw material in the
case of using a catalyst of the present invention, will be set
forth.

Molecular oxygen or a gas containing molecular oxygen 1s
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ket ones and organic acids, and ethanol is particularly preferable. A

catal yst of the present invention obtained as described above is used when
met hacrylic acid is produced by subjecting nethacrolein, isobutylal dehyde
or isobutyric acid to gas phase catalytic oxidation. Additionally,

catal ysts of the present invention include, unless otherw se stated, both
a dried slurry obtained via steps (A) and (B) and a coated catal yst
obtained via steps (a) to (c) (and preferably further via step (d)).

Herei nafter, a gas phase catalytic reaction of nethacrolein, which is the
nost preferable.raw material in the case of .using catalyst of th

present i nYeRti O 94T P S &2 T ords ORBrracdioat ogsﬁeﬂog?¥ar@h§OCoﬁ?5jning
nmol ecul ar gx%ge% isl 20.used for_gas Eg se cgtalyt{c 0 'dathn. Tge mglar
ratio, for°Gs&’ BPLROFSEH AFYIRY Jen "t o AEF RAEFGI &F P Trdt'er abPY Trom 0. 5
to 20, pargticul I f t Vat er i f.er

i nt roduced{(:)%#é%%%%‘?%%?g?%gs%ggb#yf% %rtcf' 1Ezlitsi'o @ P%Agtlgrﬁb%%erably

met hact ol o 0 behdeh” P g |92t 0; PLACE L0l L 0N P, £ eALLL Oy LigSgDOL NIy

proceed. The raw nmaterial gases may contain oxygen and, as needed, I ner

gases, sucty as:Mal0A8Ny BaKRGNE L0 A8 2gas, andisat yrated, tAxdrocarhon, in
addition to water (normally contained as water vapor). Further, for

met hacr ol etd, s\@&s:19by appedeby .oxi di zing isobutylene, tertiary butanol and
met hyl tertiary butyl ether

The rawmaterial gases may contain oxygen and, as needed,
inert gases, such as nitrogen, carbon dioxide gas and saturated
hydrocarkon, in addition to water {(normally contained as water
vapor) .

Further, for methacrolein, gas obtained by oxidizing
isobutylene, tertiary butanol and methyl tertiary butylether
may directly be supplied.

The reaction temperature of the gas phase catalytic
oxlidation is normally from 200 to 400°C, preferably from 260
to 360°C. With the amount of supply of raw material gases, the
space velocity (SV) isnormally from 100 to 6000 hr™!, preferably
from 400 to 3000 hr™'.

Use of a catalyst of the present invention does not change
the reaction merit even though the SV is increased, and allows
the reaction to proceed at a high space velocity.

In addition, the catalytic oxidation is possible at an
increasedpressureor atareducedpressureaswell, andapressure
near an atmospheric pressure 1s normally sultable.

Examples
Hereinafter, the present invention will be described

further specifically using Examples and Comparative Examples.
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may directly be supplied. The reaction tenperature of the gas phase
catalytic oxidation is normally from 200 to 400C, preferably from260 to
360C. Wth the anount of supply of raw material gases, the space velocity
(SV) is normally from 100 to 6000 hr-', preferably from 400 to 3000 hr-3.
Use of a catalyst of the present invention does not change the reaction
nerit even though the SV is increased, and allows the reaction to proceed
at a high space velocity. In addition, the catalytic oxidation is possible
at an increased pressure or at a reduced pressure as well, and a pressure
near an atnospheri ¢, pressure is nornallg suj table. Exa Herei.nafter,

i |
t he present inve%%?b 1RRE L Be ‘deséFTBed %W%Q?ﬂﬁaE%E%Ygﬁégﬁp}e&ﬁ?ﬁfw’
Ex | d ti Ex l.Les. 21.Addit.i |1y, . | es.
Conmar at i Ve BEHDI e SerBar e Hegr saC bt VLot L e L AR aur e o B0 g

yield are geiiggg_as foll ows: Conversion degree =(nolar nunber of reacted
met hacr ol e N nol ar nunber of supplied nethacrolein) x 100 Selectivity =

ot hacr ol 61 n) GO0 VI Sr e LECaThr (ROaBEr A ohoeed e haare el -
= produced net hacrol ein/ nol ar
number of Mpﬂiﬁ%ﬂgirh@frghﬁw)ie@ 1QQnEunthernpre, ithe catalytic, active
conponents conposition 1n the Exanples all are ratios calculated from
| oaded raw Selectivity = (molar number of produced methacrolein/
molar number of reacted methacrolein) x 100

Yield = (molar number of produced methacrolein/ molar
number of supplied methacrolein) x 100

Furthermore, thecatalytic, active components composition
in the Examples all are ratics calculated from loaded raw
materials. Inaddition, Formulae are indicatedwithout oxygen.
Example 1

1) Preparaticn of Catalyst

To 1200 mL of purified water were added 200 g of molybdenum
trioxide, 8.84 g of vanadium pentacxide and 17.61 g of 85 wt$
orthophosphoric acid, and the solution was heated at reflux at
90 to 100°C for five hours to yield a reddish-brown, transparent
solution.

Subsequently, to the solution was added 6.07 g of antimony
trioxide and the resultant solution was further heated at reflux
at 90 to 100°C for two hours to obtain an antimony
trioxide~dissolved, highly dark biue solution.

Then, the resulting soluticn was cooled to from 15 to 20°C.
To the solution were gradually added a solution of 13.33 g of

cesiumacetatedissolvedinlb0mLofpurifiedwaterandasolution

of 16.06 g of ammonium acetate dissolved in 150 mL of purified
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materials. In addition, Fornulae are indicated without oxygen. Exanple 1
1) Preparation of Catalyst To 1200 nL of purified water were added 200 g of
nol ybdenum trioxide, 8.84 g of vanadi um pentaoxi de and 17.61 g of 85 w %
ort hophosphoric acid, and the solution was heated at reflux at 90 to 100C
for five hours to yield a reddi sh-brown, transparent solution.
Subsequently, to the solution was added 6.07 g of antinony trioxide and
the resultant solution was further heated at ref lux at 90 to 100C for two
hours to obtain an antinony trioxide-dissolved, highly dark blue sol ution.
Then, the resulting solution was cooled to from15 to 20C. To the solution
were gradudPlt¢radted s ssaIcutiBh with BB 33 pof  Tesi uaradet stlerdivsyabved
in 150m ongEglfle water and a solution of 16.06 g of ammoni um acetate

di ssol ved FHF156*mIYtC Bu?C?JfW@oPn P CRarSr Ay e S U 1 hed hEH agPtafi on.

Then, to th f | ut d by dissol

17°06 o of SEapPLE Montary aé*{fa Gy SEe T HEE78 ¢ oL BLADS 4 HAEBL AN (he
| t ant ged_at, 15 1 C hour .t .d

bl ue S?Erry?S?#‘é%%“w%’% O PR 3 2ro S e e sonatbr e ROFES e

evaporatedb%gg gy The resi due was ground with a nortar to cause the
size to be pmor “l'ess, thereby yielding a dried slurry. The

?ﬁm;m?t gon of thgehesuhtantsdri s S WSis nMRIRQYOs 7P LGY9- 4306, 3GS0. 5
be evaporated and dried. The residue was ground with a mortar

tc cause the size to be 300 pm or less, thereby vielding a dried
slurry. The composition of the resultant dried slurry is:

Mo16Vo.7P1.1CUs.4800.3C80. 5 (NHy) 5 5

Then, 215.9 g of the resultant dried slurry was uniformly
blended with 29.8 g of a strength-improving material (ceramic
fiber), and20Cgof aspherical, porous aluminacarrier (particle
diameter of 3.5 mm, pore raltio of 25.5%) was coated with the
resulting mixture leading to a coated molded product using an
aqueous 90 wt® ethanol solution as a binder by coating-mold by
means of the rolling granulating process. During this process,
the loss of powder was rarely observed.

Subsequently, the resultant ccated molded product was
calcined under a flow of air at 310°C for five hours, thereby
yielding a coated catalyst of the present invention. The
particle diameter of the coated catalyst obtained was 4.3 mm
(average value) .

2) Catalytic Oxidation of Methacrolein

Intoastainlesssteelreactiontubewithaninsidediameter
of 18.4mmwas introducedl10.3mLof the resultant coatedcatalyst,

and the oxidation of methacrolein was carried out at a space



Then, 215.9 g of the resultant dried slurry was uniformy blended with
29.8 g of a strength-inproving material (ceramc fiber) , and 200 g of a
spherical, porous alum na carrier (particle dianmeter of 3.5 mm pore ratio
of 25.5% was coated with the resulting mxture |eading to a coated nol ded
product using an aqueous 90 wt % et hanol solution as a binder by
coating-nold by neans of the rolling granulating process. During this
process, the |oss of powder was rarely observed. Subsequently, the

resul tant coated nol ded product was calcined under a flow of air at 310C
for five hours, thereby ielding a coated catal yst of the present

i nvent i on. VFhECigar eoﬁlé%%?e@rofaFﬂean%t%%a%%%%Pyg%t%b ARt Wake4. 3

mm (avera e Catal ic Oxi.dati on of Methacrolein
Tl oot OF el POk s f b e MR o FHEBE b7 Mot BrLOU® T CHORP bR

[ d d _10. th d d.th f
ot hacr of eF i CkES %‘2@%@&%&@%&%@%&%&‘3‘ SS A oer ey (< Lor s RAE ang
at 2 react ion bauholeuper atyr e of  H1OG ok 1By o aw pBt 8l o comppsiLion in

terns of thé nolar 'fatio o hacr ol ‘ei 0 OX wat er vapor

nitrogen being 2. 054 ﬂ%t%gt@mpg a%gwetg? ﬁ?@Q§'Qﬁmf%ﬁ%ht§h@ef§ag§§§ﬁn1nEd

at a reaction bath tenperature and then the reaction
tenper at urgaw@%zhgr@ﬁa&@r@% and; . £eagthen mas -aklkawedont Qagomwu@df or
anot her 15 hours hen, the reaction bath tenperature was decreased to
310CI and the reaethan resubhsiwere 1sdeleidd .nedhefableel rshews drhesatgaction
results.

temperature was decreased to 310°C and the reaction resulis were

determined. Table 1 shows the reaction results.

Table 1
Conversion degree | Selectivity | Yield
PT(°C)
() (%) (%)
Initial stage of reaction 330 70.0 83.8 58.7
After 15 hr at 350°C 327 83.4 83.1 69.3

* Pt: Peak or Highest Temperature {the same in Tables below)
* Conversiondegree: conversiondegree of methacrolein {the same
in Tables below)

* Selectivity: selectivity of methacrolein {(the same in Tables
below)

* Yield: yield of methacrolein {the same in Tables below)

Example 2

1} Preparation of Catalyst

To 2500 mL of purifiedwater were added 350 g of molybdenum
trioxide, 17.69 g of vanadium pentaoxide and 32.27 g of 85 wt3

ocrthophosphoric acid, and the solution was heated at reflux at
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Table 1 Conversion degree Selectivity Yield PT(C Initial stage of
reaction 330 70.0 83.8 58.7 After 15 hr at 350C 327 83.4 83,1 69.3 * Pt:
Peak or Hi ghest Tenperature (the sane in Tables bel ow) *Conversion degree:
conversi on degree of nethacrolein (the sane in Tables below *
Selectivity: selectivity of nethacrolein (the sane in Tables below) *
Yield: yield of nethacrolein (the sane in Tables below Exanple 2 1)
Preparation of Catalyst To 2500 nL of purified water were added 350 g of
nol ybdenum trioxide, 17.69 g of vanadi um pentaoxi de and 32.27 g of 85 w %
ort hophosphoric_acid, and the solution was heated at reflux at 24 90 to

100C for frYehdifsCtieyiéra P wWeadioshl bt dvinr cHFAREpAFEHT, SofuEPdhent

Subsequentlﬁ io t he solution was added 17.71 g of antinony trioxide and
the resul t ARt Y53P0ti on was further heated at reflux at 90 to 100C for two

hours to obtain an ant i nmon

Then, the resu|t|H85§8P8PF¥H?&%g%%%gﬁgéﬁﬁghﬁggﬂﬁ?@g?gyﬁggg5‘ﬁ%gg%ﬁﬁégﬁhﬁ?bn
ter e OB 2SR, 20130 BT c SRR AL A szplved |
di ssolved jp 340l 1@bopurbfi €8y hours to obtain an antimony
trioxide~dissclved, highly dark blue solution.
Then, the resulting solution was cooled to from 15 to 20°C.
To the solution were gradually added a solution of 23.33 g of
cesiumacetatedissolvedinl7OmLofpurifiedwater andasolution
of 33.73 g of ammonium acetate dissolved in 170 mL of purified
water at the same time with agitation and the resultant solution
was aged at 15 to 20°C for one hour to yield a green blue slurry.
Then, the resultant slurry was heated in a water bath to
be evaporated and dried. The residue was ground with a mortar
Uacausethesizetx>beBOO;Hnorless,therebyyieldingeapowder.
The compoesition of the resultant powder is:
M016Va.8P1.155b0. 4Cs0.5 (NHs ) 1 8
Then, to the powder above were added 19.41 g of a powder
of cupric acetate monohydrate in which the atomic ratio of the
CutotheMois 0.4:10and 66.1 gof a strength~improvingmaterial
(ceramic fiber), and the resultingmaterial was mixeduniformly,
and then 444.1 g of a spherical, porous alumina carrier (particle
diameter of 3.5 mm, pore ratio of 25.5%) was coated with the
resulting mizxture leading to a coated molded product using an
agueous 90 wt% ethanol scluticn as a binder by coating-mold by
means of therollinggranulatingprocess. Theparticlediameter

of the coated catalyst obtained was 4.3 mm {average value).
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water at the sane tine with agitation and the resultant solution was aged
at 15 to 20C for one hour to yield a green blue slurry. Then, the resultant
slurry was heated in a water bath to be evaporated and dried. The residue
was ground with a nortar to cause the size to be 300 mor |ess, thereby
yielding a powder. The conposition of the resultant powder is:

Moi oVo. 6P3. 75Sbo. 4Cso. 5 (NH4) 1.8 Then, to the powder above were added
19.41 g of a powder of cupric acetate nonohydrate in which the atomc
ratio of the Cu to the Mo is 0.4:10 and 66.1 g of a strength-inproving

terial 1.c fib dth [t terial m xed I my,
rerial (Cenangel o) oA e Teslng pRL Ll hee ke dnfocrty.
f 3.5 i 5.59 d.with th sul.ti i
o 55 RO S0 ALLE, L, 25 S e coml e th LhecoLesilLLDg stag

[ uti . i ' ) td ng- - ~al:Li i
colution 2 A vt DYceaad nasI) 4,0 . geans, of Lie,ooLl) g giaml b ing

(average vakbe)ningS rTReatesybt 3t 1¢oat ed Jml ded, praduct, mas, £l £4 neh at
380C for. 10 hours using ethanol (20 g/h) as a reduci ng agent ‘under a

flow of nitroganitsl/ Nt AMttiycachaxosbapedeboboal f16hreukaki Agsucal €4 ni ng
furnace to yield a coated catal yst of the present invention. The active

conponent sceanpaskkianyet the resulting coated catal yst is:
Moi oVo. 8Pi . j 5Cuo. 4Sbo. 4Cso0.5 (NH4) 3.8 2) Catalytic Oxidation of
Met hacr ol ei n As Mo, dExalpl:eCd, gdeepissintg )the resul tant coated catal yst,

2) Catalytic Oxidation of Methacrclein
As inExample l except using the resultant coatedcatalyst,

oxidation was carried out. The reaction results are indicated

in Table 2.
Table 2
Conversion degree | Selectivity | Yield
PT(°C)
(o) (“o) (%o)
Initial stage of reaction 327 86.5 76.8 66.5
After 15 hr at 350°C 323 85.2 86.4 73.6
Example 3

1) Preparaticn of Catalyst

To 1400 ml of purified water were added 200 g of molybdenum
trioxide, 10.11 g of vanadium pentaoxide and 18.42 g of 85 wt$
orthophosphoric acid, and the sclution was heated at reflux at
90 to 100°C for five hours to yield a reddish~brown, transparent
solution.

Then, the resulting solutionwas cooled to from 15 to 20°C.

To the solution were gradually added a solution of 13.33 g of
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oxi dation was carried out. The reaction results are indicated in Table 2.
Tabl e 2 Conversion degree Selectivity Yield PT(C Initial stage of
reaction 327 86.5 76.8 66.5 After 15 hr at 350C 323 85.2 86.4 73.6
Exanple 3 1) Preparation of Catalyst To 1400 nL of purified water were
added 200 g of nol ybdenum trioxide, 10.11 g of vanadi um pentaoxi de and
18.42 g of 85 w % orthophosphoric acid, and the solution was heated at ref
lux at 90 to 100C for five hours to yield a reddi sh-brown, transparent
solution. Then, the resulting solution was cooled to from 15 to 20C. To

h luti dual.l. ded . [ f. 13.33 f 6 L
acet ate di SOOI VB PHCADOR SPOOY CFicu Ubt ke ha. Sot Bt P BR® 25 45755 by
i | Polr Fi'ed wat'er "aida Sof ot 7"
W Un 2l ot on ahd he. FABlTARL SOraton vad "aGet ol 18t 6 2BC For “tne

hour to yieglda green blye sl wtthnﬁnadaﬁ A LUt ante iy wasyheahed in

a water bath to be evaporated and dried. e residue was ground with a
nortar to.causgebiher Siszestmober 30048 abukess yitdher ehyryiehdinrgsaupeyder .

The conposition of the resultant powder is: MioVo. OPl. 15Cso.s (NH4) 1.8
Then, to the powderengbeMe mesel agdeds hil:09 v 0heatpawlpra water bath to

be evaporated and dried. The residue was ground with a mortar
to cause the size tobe 300 um or less, thereby vielding a powder.
The composition of the resultant powder is:

Me1oVo.gP1.15C80.5 (NHg) 1

Then, to the powder above were added 11.09 g of a powder
of cupric acetate monohydrate in which the atomic ratio of the
CutotheMois 0.4:10and 28.9gof a strength~improvingmaterial
(ceramic fiber}, and the resultingmaterial wasmixed uniformly,
and then 200 g of a spherical, porous alumina carrier (particle
diameter of 3.5 mm, pore ratio of 25.5%) was coated with the
resulting mixture leading to a coated molded product using an
agueous 90 wt® ethanol scluticon as a binder by coating-mold by
meansofthéIollinggranulatingprocess. The particle diameter
of the coated catalyst obtained was 4.3 mm (average value).

The resultant coated molded product was calcined at 380°C
for 10 hours with ethanol (20 g/h) as a reducing agent under
a flow of nitrogen (5 L/min) using a box-shaped hot-air
circulating calcining furnace to yield a coated catalyst of the
present invention. The active components composition of the
resulting coated catalyst is:

M0O16Vo.6P1.15CU 4C8o. 5 (NHa } 1 g

2} Catalytic Oxidation of Methacrciein
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of cupric acetate nonohydrate in which the atomc ratio of the Cu to the
M is 0.4:10 and 28 .9 g of a strength-inproving material (ceramc fiber),
and the resulting material was mxed uniformy, and then 200 g of a
spherical, porous alum na carrier (particle dianmeter of 3.5 mm pore ratio
of 25.5% was coated with the resulting mxture |eading to a coated nol ded
product using an aqueous 90 wt % et hanol sol ution as a binder by
coating-nold by neans of the rolling granulating process. The particle

di aneter of the coated catal yst obtained was 4.3 mm (average val ue). The
resul tant coated,nol ded product was,_cal.ci ned at for 8 L th

et hanol (20 g/h)A§§jhg? %ggﬁﬁdagagﬁgugﬁﬁgﬁﬁﬂa?$ﬁgﬁfg%tﬁ¥¥?%%%£9?éf{¥%1n)
using a bo?k%ﬁﬁ%%nh%‘saéérrfé cylat @%C@%gwi&g Jdnace .t yigl d 8. goat ed
catal yst or the “present invention. The active conponents conposition of
the resulting,ceated catalyst is: M)oVo.8Pl.i5Cu(,.4Cso0.5 (NH4) 1.8 2)
Catal ytic Oxidation of Methacrolein 27 As in Exanple 1 except using the
resultant coated catal yst, oxidation was carried out. The reaction results
are indicated in Table 3. Table 3 Conversion degree Selectivity Yield
PT(C) (% I nkbhal 3stagee of reaction 325 83.5 80.2 66.9 After 15 hr at 350C

323 84.9 B3.4 70.3
Conversion degree Selectivity Yield
PT(°C)
(o) (%) (o)
Initial stage of reaction 325 83.5 80.2 66.9
After 15 hr at 350°C 323 84.9 83 .4 70.3

Comparative Example 1

1) Preparation of Catalyst

To 1500 ml, of purified water were added 200 g of molybdenum
trioxide, 8.84 g of vanadium pentaoxide and 18.42 g of 85 wt%
orthophosphoric acid, and the solution was heated at reflux at
90 to 100°C for five hours to yield a reddish-brown, transparent
solution.

Subsequently, to the solution was added 6.07 g of antimony
trioxide and the resultant solutionwas further heated at reflux
at 90 to 100°C for two hours to obtain an antimony
trioxide~dissolved, highly dark blue solution.

Then, the resulting solution was cooled to from 15 to 20°C.
To the solution were gradually added a solution of 13.54 g of
cesiumnitratedissolvedin200mLofpurifiedwater andasolution
of & 28% aqueous ammonia solution {(26.08 g) diluted in 150 mL
ofpurifiedwateratthesametimewithagitationandthe resultant

sclution was aged at 15 to 20°C for one hour to yleld a green
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Conparative Exanple 1 1) Preparation of Catalyst To 1500 nL of purified

wat er were added 200 g of nol ybdenum trioxide, 8.84 g of vanadi um

pent aoxi de and 18.42 g of 85 wt% orthophosphoric acid, and the solution
was heated at ref lux at 90 to 100C for five hours to yield a

reddi sh-brown, transparent solution. Subsequently, to the solution was
added 6.07 g of antinony trioxide and the resultant solution was further
heated at reflux at 90 to 100C for two hours to obtain an antinony

trioxi de-dissolved, highly dark blue solution. Then, the resulting solution

was cool ed t% frgg&%g to 20C. To the solution were gradually added a
sol ution OP‘ 55 ff cesiumnitrate dissolved in 200 nL of purified

wat er and a solug gﬂ 9ﬂear§§d’ %ﬂgqgﬁjpg?n %gh%0|u;g|P %26 08 g%F% Lgted

in 150 nL of purifiéd water a € sane me with a |on “an

resul tant pgolulhon. eg 5919@%133?@(}-5 ¢, 206 o, oNg c],?ycguﬁc? \Aylt%lg %Efgfn 28

blue slurry. Then, the resultant slurry was heate n a water

evapor at edranddid ede Jhe oSk due onVas erPé'QQ wef}e%wyﬁé%mg% Gaygert he
size to be 300 mor less, thereby yielding a powd he conposition of

the resul tant pom@emt&onNQJfO‘%@lemles@l&%tC%&u@efW) z.5 Then, to the
powder above were added 11.09 g of a powder of cupric acetate nDnohydrate

in which the ataowevearha0b, the, -QuHilg the Mo is 0.4:10 and 34 .7 g of a
strength-inproving materi al

Then, to the powder above were added 11.09 g of a powder
of cupric acetate monohydrate in which the atomic ratio of the
CutotheMois 0.4:10and 34.7 gof a strength-improvingmaterial
(ceramic fiber), and the resultingmaterial wasmixeduniformly,
and then 232.6 gof a spherical, porous alumina carrier {particle
diameter c¢f 3.5 mm, pore ratio of 25.5%) was coated with the
resulting mixture leading to a coated meclded product using an
aqueous 90 wt% ethanol scolution as a binder by coating-mold by
means of therollinggranulatingprocess. Theparticlediameter
of the coatedmolded product cbtainedwas 4.3 mm {average value) .

The resultant coated molded product was calcined at 310°C
for five hours under a flow of éir te yield a coated catalyst
for comparison. The composition of the resulting coated
catalyst is:

M0o1oVo.7P1.15Cu0.45b0.5CS0.5 (NHy ) 1.5

2) Catalytic Oxidation of Methacrolein

The resultant coated catalyst was subjected to oxidation
as in Example 1 with the exception fthat the reaction bath

temperature was 310°C only. The reaction results are shown in

Table 4,
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(ceramic fiber), and the resulting material was m xed uniformy, and then
232. 6 g of a spherical, porous alumna carrier (particle dianmeter of 3.5
nm pore ratio of 25.5% was coated with the resulting mxture leading to
a coated nol ded product using an aqueous 90 wt % et hanol solution as a

bi nder by coating-nold by neans of the rolling granul ating process. The
particle dianmeter of the coated nol ded product obtained was 4. 3 mm
(average value) . The resultant coated nol ded product was cal ci ned at 310C
for five hours under a flow of air to yield a coated catal yst for
conparlsoanﬂﬂg gonposition of the resulting coated catalyst is:

Moi oVo. 7P—15Cae#ASho-3€s0:-s—(-NH4)—i--5-2)—Cat-al-yt-+e-Oxt-dat i on of
Met hacr ol eigrdhe 1 0 ca su to oxidation as
i n Exanpl I?F(V\n@fll ?ﬁ&%%%ﬁ?.%ﬁ%?“% %L%L?éﬁ\u%gz\@?)u u%ﬁ?hﬁ’? tienper at ure was

310C only. Eﬁ@ reaction @@qylts arg sho kn Tablezéﬁ 29 Table 4 PT(C
Conver si on—degree (9 —Setectivity (9 —Yierd€#H—31933-0-74.6 24.6 Exanple
4 A coated catal yst of the present invention was obtalned as in the case
of Exanple 2 with the exception that the amount of antinony trioxi de was
changed i nt:0amd21d449, that the anount of ammonium acetate was changed into
26.23 g, and that calcining step conditions were changed into being under
a flow of air ata coated catalyst of the present invention was obtained

as in the case of Example 2 with the excepticn that the amount
of antimony trioxide was changed into 22.14 g, that the amount
of ammonium acetate was changed into 26.23 g, and that calcining
step conditions were changed into being under a flow of air at
310°C for five hours. The particle diameter of the resultant
coated catalyst was 4.3 mm (average value).
Example 5

A coated catalyst of the present invention was cobtained
as in the case of Example 2 with the exception that the amount
of vanadium pentaoxide was changed into 15.48 ¢, that the amount
of 85 wt% orthophosphoric acid was changed intc 31.71 ¢, that
the amount of ammonium acetate was changed into 31.86 g, and
that calcining step conditions were changed into being under
a flow of air at 310°C for five hours. The particle diameter
of the resultant coated catalyst was 4.3 mm (average value).
Example 6

A coated catalyst of the present invention was obtained
as in the case of Example 2 with the exception that a solution
of 23.33g of cesium acetate in 170 mL water was changed into
a solution of 20.41 g of cesium hydroxide monohydrate in 175

mLwater (theraticofCs:Mobeing0.5:10). Theparticlediameter
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310C for five hours. The particle dianeter of the resultant coated

catal yst was 4.3 nm (average value). Exanple 5 A coated catal yst of the
present invention was obtained as in the case of Exanple 2 with the
exception that the amount of vanadi um pent aoxi de was changed into 15.48 g,
that the anobunt of 85 w % orthophosphoric acid was changed into 31.71 g,
that the anpbunt of ammoni um acetate was changed into 31.86 g, and that
calcining step conditions were changed into being under a flow of air at
310C for five hours. The particle dianeter of the resultant coated

catalyst mm (.aver.age va np e 6 coat d cat al yst, of, the
present |nvent§h esu(ﬁabrf |%Oadtecgsg5i%aﬁﬁ ot CHER of° BN e E Wt e -
exception i S?|Utl0n of 23.33g of cesiumacetate in 170 nL water was
changed |nto % Sol ution of 20.41 g of cesium hydroxide nnnohydrate in 175

rivaler (therat el O WbBela0Q, % 1) 1y THPBRLEECl edl ATRL BT 30,0

resul tant coated catal yst was 4.3 rage val ue e 7 A coat ed

catal yst ofs tiherneesgat &AveM oM. ‘Qa%l(%l?ff %h@egxgéﬁthent bﬁaEaé%(ﬂf {Exaimpl e 2
with the exception that a solution . 339 cesium acetate in 170mLwat er

was changest 2 mt @3@@@@&@&@5@9@&6@ ntzyw@@I@It 0 s 1l dld ORE 8k 56 130 ithof
acetic acid in 52.5 nL water to a solution of 20.41 g of cesium hydroxide

nonohydr atperedar 3y dwdtrer a Jheupastict €7 d@neber aekttheacesul 4 &, Toat ed
catal yst was 4.3 nmm (aver age val ue).

mLwater to a solution of 20.41 g of cesium hydroxide monchydrate
in 123 ml water. The particle diameter of the resultant cocated
catalyst was 4.3 mm (average value).
Example 8

A coated catalyst of the present invention was obtained
as in the case of Example 2 with the exception that the amount
of antimony trioxide was changed into 2.21 g. The particle
diameter of the resultant coated catalyst was 4.3 mm {average
value) .
Example 9

A coated catalyst of the present invention was obtained
as in the case of Example 3 with the exception that th; amount
of ammonium acetate was changed into 21.41 g, and that antimony
trioxide was not used. The particle diameter of the resultant
coated catalyst was 4.3 mm (average value).
Example 10

A coated catalyst of the present invention was cbtained
as in the case of Example 2 with the exception that the cocling
temperatureof theantimonytrioxide~dissolved, highlydarkblue

solution was changed into 26 to 30°C. The particle diameter

of the resultant coated catalyst was 4.3 mm (average value).
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Exanple 8 A coated catal yst of the present invention was obtained as in
.the case of Exanple 2 with the exception that the anmount of antinony
trioxide was changed into 2.21 g. The particle dianmeter of the resultant
coated catal yst was 4.3 nm (average value). Exanple 9 A coated catal yst of
t he present invention was obtained as in the case of Exanple 3 with the
exception that the anobunt of ammoni um acetate was changed into 21.41 g,
and that antinony trioxide was not used. The particle dianeter of the
resultant coated catalyst was 4.3 mm (average val ue). Exanple 10 A coated
cat al yst qil%herg esen% invgnt%on was obtained as in the case of Exanple 2
with the e Oé%?l “Yhat“the-¢ ling tenperature of the antinony

tri oxi de- di ssol vedio i Al ok, blis. csgluti,on, v ohapaed dntg 26 L. 30C

The particle dianeter resu tant catal yst wa aver age

val ue) . %@WE@%bﬁ?a@iWhﬁa% AcLOaY f gﬂanp%gg¥§%\}aftgﬁn09ﬂ§@rén§%m

obtained as 1n the <case of Cbnpa ative the exception that

anmoni um acetate was Aot dsed, and thak the aRuRks off 8 W%
or t hophosphoric acid and antlnDny trioxide were changed into 20.09 g and

8. 09, respectivehysplbe: pastigl endi ameledn of c t hexiaesubtanth£opd@diced al yst
was 4.3 mm (average value). Conparative Exanple 3

20.09 g and 8.09, respectively. The particle diameter of the
resultant ccated catalyst was 4.3 mm (average value).
Comparative Example 3

A coated catalyst for comparison was cobtained as in the
case of Example 2 with the exception that cesium acetate and
ammonium acetate were not used, and that the amount of cupric
acetate monchydrate was changed into 24.26 ¢g. The particle
diameter of the resultant coated catalyst was 4.3 mm (average
value) .
Comparative Example 4

A coated catalyst for comparison was obtained as in the
case of Examplile 2 with the exception that cesium acetate was
notused. Theparticlediameterof theresultantcoatedcatalyst
was 4.3 mm (average value).
Comparative Example 5

A coated catalyst for comparison was obtained as in the
case of Comparative Example 1 with the exception that the amount
of 8b wt% orthophosphoric acid was changed intco 19.22 g, and
that 13.54 gof cesiumnitratewas changed into7.02 gof potassium
acetate. Theparticlediameter of theresultant coatedcatalyst

was 4.3 mm {average value).

Comparative Example 6
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A coated catal yst for conparison was obtained as in the case of Exanple 2
with the exception that cesium acetate and anmonium acetate were not used,
and that the anopunt of cupric acetate nonohydrate was changed into 24.26
g. The particle diameter of the resultant coated catal yst was 4.3 nm
(average value). Conparative Exanple 4 A coated catal yst for conparison
was obtained as in the case of Exanple 2 with the exception that cesium
acetate was not used. The particle dianmeter of the resultant coated
catalyst was 4.3 nn1(average val ue). Conparative Exanple 5 A coated

catal yst for conparis a d as in the case of Co rati.ve  Exanpl e
1 mﬁt% t he excegB %%agﬁglc?%% %ﬁ%dﬁFTQﬁé3ﬁ¥ﬁﬁ%ﬁdV¥h8 e gélﬁhﬁanp

h d f ch d
708" g of Roraee amp Ratiare e pat vPER thﬁ%eé'%éﬁ”‘é?tlé%t T "

coated cat gkyst, , vas, g3, Sogxsr:@ge xahug) . CPURALALEXEEXaTphe,6 22,A

coated catalysf for conpari was obt’al ne case hparat|ve

Example 1 whih 1'[3}"'%4%(%%@(450[!1& H§£r59§ v@@&ﬁ‘én%géi 183 M G0 28 Lhaphesphosk

acid was changed into . g, and cesiumnitrate was

changed inteetQ:25 911@@ pra@@l@méram@@tﬁ@f B tﬂ@r@@uitgh@ ARt @étgiywe
resul tant coated catalyst was 4.3 mm (average val ue). Test Exanple

was 4.3 mm (average value).
Test Example

The coated catalysts obtained from Examples 4 to 10 and
Comparative Examples 2 to 6 wereoxidized as inthe case of Example
1 at a bath temperature of 350°C for 15 hours, and subsequently
the bath temperature was decreased to 310°C and the reaction
attributes were determined. The results are shown in Table 5
together with the atomic ratioc of each catalyst active component

of the coated catalysts.
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The coated catal ysts obtained from Exanples 4 to 10 and Conparative
Exanples 2 to 6 were oxidized as in the case of Exanple 1 at a bath
tenperature of 350C for 15 hours, and subsequently the bath tenperature
was decreased to 310C and the reaction attributes were determ ned. The
results are shown in Table 5 together with the atomc ratio of each

catal yst active conponent of the coated catalysts. 33 Table 5 Catal yst
active conmponents conposition Catalyst performance PT M V P Cu C NH4 Sb

Conversion Selectivity Yield (C) degree (% (% (% Exanple 4 10 0.8 1.15
0.4 0,5 lii glgn%ZS 85.0 83.9 71.4 Exanple 510 0.7 1.13 0.4 0.5 1.7 0.4
317 89.0 Exanpl-e—-6—10—0-8 1.15 0+-4-P+5--1+-8-0+4-322--81-9-86-4
70. 8 EanpIe 7 10 0. 15.0.4 05 1.8 323 83.6 85.1 71.1 Exanple 8|10
0.8 1.15 Pra—0-5—1-8 O D5 BHE C@W%%%%R%Wh qrmi-e—9- MBI 6. 4.0 5
52 L L TP IR Pt L 85 BB
cramle 2 comparatlv 10,06 115 0/ - 04 20 B2, 1002 600, e byan | o

Example 4 10 08 [115] 04 | 05 14 1 05 323 85.0 83.9 71.4

Example 5 10 07 (113104105 ] 17| 04 317 89.0 797 70.9

Example 6 10 108 1115104 1 05 | 1.8 | 04 | 322 81.9 86.4 70.8

Example 7 10 0.8 1115104 | 05 ¢ 18 | 0.4 323 83.6 85.1 71.1

Example 8 10 0.8 [1.15] 04 | 0.5 1.8 |0.05{ 321 80.6 85.6 69.0

Example 9 10 0.8 | 11571 04 | 05| 2.0 - 322 80.2 863 69.2

Example 10 | 10 08 115104 | 05 1.8 | 04 323 §3.7 85.0 71.2

Comparativ | 10 | 07 { 12 1 04 | 0.5 - 0.4 331 88.7 70.8 62.8

e Example 2

Comparativ 10 08 | 1L15| 05 - - 0.4 320 60.7 79.2 48.1

¢ Example 3

Comparativ | 10 | 0.8 [ 1,15 04 - 1.8 | 04 i 10.1 53.0 5.3

e Example 4

Comparativ | 10 | 07 | 12 [ 04 | 05 | 1.5 | 03 312 11.1 65.4 7.2

¢ Example 5 (K)

Comparativ 10 0.7 12 71 04 | 0.3 15103 314 35.6 85.5 30.5

¢ Example 6 (Rb)
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Conparativ 10 0.7 1.2 0.4 0.5 1.5 0.3 312 11.1 65.4 7,2 e Exanple 5 (K)
Conparativ 10 0.7 1.2 0.4 0.5 1.5 0.3 314 35.6 85.5 30.5 e Exanple 6 Ro 34
CLAIMS 1.A catalyst for producing nethacrylic acid by subjecting

met hacr ol ei n, isobutyl al dehyde or isobutyric acid to gas phase catalytic
oxi dation, having as an active conponent of the catalyst a heteropoly acid
salt conprising a heteropoly acid in which M, V, P, Cu, Cs and NH4 are
contai ned as the essential, active conponents, characterized in that the
catalyst is obtainable by using a cesiumweak acid salt or cesium
hydroxide as the Cs rawmaterial and @gﬁyﬂgun1acetate as the NH4 raw
material, of the active conponent of € Ccatalyst. 2. The catal yst
according to claiml1l, wherein the Cs raw material is cesiumacetate or

cesi um hydroxi de. 3. The catalyst according to claim1l or 2, wherein the

catal yst does nof aond@i @{%%@Eﬁ%é%@{‘nmﬁ?nteit%%c% oNent 4 pyhub - At @l yst

according to any one of clains erein copper acetate or cupric

oxide is uﬁ@lda@@r&D@iﬁpﬂpﬁibuﬁ}al/\él@él@ﬂi@oﬁﬁsbB@t&%Eé'a\/éid_t%_- gBe i al yst
according to any one of clainms 1 to 4, wherein the conposition of the

active conponenhitof dhedeatahyshaviisigr epr esented Wy ddae dremalee (Be
Mo, oV, Ph, Cu, Csd (NH4) eXf;09 (1) wherein M is nol ybdenum V is vanadium P
i s phosphoratszl @eit a heteropoly acid salt comprising a heteropoly acid
inwhich Mo, V, P, Cu, Cs and NH, are contained as the essential,
active components, characterized in that the catalyst is
obtainable by using a cesium weak acid salt or cesium hydroxide
astheCsrawn@terialandammoniumacetateastheNHqrawmaterial,
of the active component of the catalyst.
2. The catalyst according to claim 1, wherein the Cs raw
material is cesium acetate or cesium hydroxide.
3. The catalyst according to claim 1 or 2, wherein the
catalyst does not contain arsenic as an active component.
4. The catalyst according to any one of claims 1 to 3,
wherein copper acetate or cupric oxide is used as the copper
raw material of the catalyst.
5. The catalyst according to any cne of claims 1 to 4,
wherein the composition of the active component of the catalyst
is represented by the formula (1):
MO15VaPrCucCsy (NH, ) X £0q (1)
wherein Mo is molybdenum, V is vanadium, P is phosphorus, Cu
is copper, Cs is cesium, (NH,) is ammonium group, X is one or
mere elements selected from the group consisting of Sb, As, Ag,
Mg, Zn, Al, B, Ge, Snrn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni,

Ce, Th, KandRb, a to g represent the atomicratioof each element,



is copper, Cs is cesium (NH4) is ammoniumgroup, X is one or nore
el ements selected fromthe group consisting of Sh, As, Ag, M, Zn, A, B,
Ge, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th, Kand Rb, ato g
represent the atomc ratio of each element, 35 a is a positive nunber of
0.15a<_6.0, b is a positive nunber of0.55b<-6.0, c is a positive nunber of
0<c<-3.0, dis a positive nunber of 0.015d< 3.0, e is a positive nunber of
0.1Se5 3.0, f is a positive nunber of 0Sf53.0, and g is a val ue determ ned
by the oxidation number of an acid of each elenent. 6. The catal yst

is a

d I mb f 0.5<-a-l
posi 11 ve ntimber Jopoa e 1 B e PO T v e o b2 B 5 4
L A AR b LR R A LB ST N
Ay i

and f is a positive nu The cataly$t
5 or 6, whepghBrthe ocaiabystoc tlagréﬁ 45 AN BRREN I '%@”3.03,3 £A
met hod for preparing a catalyst for uci ng et acry icacid

subjectlnglﬁEéh@@éﬂfﬁvg,nhﬁBQHthabdﬁbyd§ Qﬁd'50?%t¥rbglg§'9e£gra9ﬁeahase
catal ytic oxidation, the nethod conprising: step endi ng conpounds

A-1 to A—3b§ndhea5xme&dedn neemReuURd ATd M i yater -t o- PLEPRE e an aqueous
solution or dispersion of the conpounds (hereinafter, called a slurry,

i ncl udi ng bot h), 6 wikreiat 4hes ttonpouddndtb ¢ Ba an Gopound contsal pb gt Me a
conpound containing V, a conpound containing P, and a conpound cont ai ni ng
number of 0.5<a<1.2, b is a positive number of 0.9<b<1.5, ¢ is
apositivenumber of 0.25¢<0.8, dis apositive number of 0.25d50.8,
e 1s a positive number of 1.0%e<2.2, and f is a positive number
of 0<£<£0.8.

7. The catalyst according to claim 5 or 6, wherein the
catalyst contains Sb as an essential element.

8. A method for preparing a catalyst for producing
methacrylic acid by subjecting methacrolein, iscbutylaldehyde
or iscbutyric acid to gas phase catalytic oxidation, the method
comprising:

step (A) of blending compounds A-1 to A-3 and, as needed,
compound A-4 with water to prepare an aqueous solution or
dispersion of the compounds (hereinafter, called a slurry,
including both),
wherein the compound A-1 is a compound containing Mo, a compound
containingV, a compound containing P, and a compound containing
Cu, thecompoundA-2isacesiunweakacidsalt or cesiumhydroxide,
the compound A-3 is ammonium acetate, and the compound A-4 is
one or more compounds selected from the group consisting of
compounds containing one of Sb, As, Ag, Mg, Zn, Al, B, Ge, Sn,

Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, X and Rb; and
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Cu, the compound A-2 is a cesiumweak acid salt or cesium hydroxide, the
conpound A-3 is ammoni um acetate, and the conpound A:4 is one or nore
conpounds sel ected fromthe group consisting of conpounds contai ning one
of Sb, As, Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co,
Ni, Ce, Th, Kand Rb; and 36 step (B) of drying the slurry yielded in step
(A) to obtain a dried slurry. 9. The nethod for preparing the catal yst
according to claim 8, wherein the conpound A-4 is used as an essenti al
conponent. 10. A method for preparing a coated catal yst for producing

met hacrylic acid subj ecting nethacrolein, .isobutyl al dehyde. or

i sobutyric acid ?gggagﬂpﬁgégggéﬁéﬁyFfgigfﬂﬁgﬁFé%?%F%éS&@Phﬁg}t@dﬁ%??%?ng:
step (a) of gkgggigguggﬁpounds a-1 to a-3 and, as needed, conpound a-4
with water to prepare an aqueous solution or dispersion of the conpounds

(hereinafter, cab[Qﬁé%é%ﬁ%£¥orﬂﬂEHé%%ﬁ@tPQ@@Ua¢%$§5%80£Q§ng&§$ﬁgw%a-1

is a conpound containing M, a conpound ~ contai ni a conp

cont ai ni ngs P,wiadte Bn GHED R CORE AL DI NG A4 alh8nCONPONPH: B- ZhSoef€ST UM
weak acid salt or cesium hydroxide, the conmpound a-3 is amonium acetate

or ammoni um hydroXi demeBindd fidiepeepPROUNG Acda 8 QN OF y DS r G
selected fromthe group consisting of conpounds containing one of Sh, As,
Ag, My, ZmeticrBliGxciShpyPbubTectZng iFthderoBeinWidFeyutGola Nigh@ee Th,
K and Rb; step (b) of drying the slurry yielded in step (a) to obtain
or isobutyric acid to gas phase catalytic oxidation, the method
comprising:
step {a) of blending compounds a~1 to a-3 and, as needed,
compound a-4 with water to prepare an agqueous solution or
dispersion of the compounds (hereinafter, called a slurry,
including both),
wherein the compound a~1 is a compound containing Mo, a compound
containingV, a compound containing P, and a compound containing
Cu, thecompounda-2isacesiumweakacidsaltor cesiumhydroxide,
the compound a-3 is ammonium acetate or ammonium hydroxide, and
the compound a-4 isonecnrmorecompoundsselectedfromiﬁngroup
consisting of compounds containing one of Sb, As, Ag, Mg, Zn,
Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th,
K and Rb;
step {b) of drying the slurry yielded in step (a) to obtain
a dried slurry;
step (¢) of coatingacarrierwiththedriedslurryobtained
in step (b) using a binder to obtain a coated molded product;
and

step (d) of calcining the coated molded product obtained

in step (c).
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a dried slurry; step (c) of coating a carrier with the dried slurry
obtained in step (b) using a binder to obtain a coated nol ded .product;

and step (d) of calcining the coated nol ded product obtained in step (c).
37 11. A method for preparing a coated catal yst for producing nethacrylic
acid by subjecting nethacrol ein, isobutylal dehyde or isobutyric acid to
gas phase catal ytic oxidation, the nethod conprising: step (a) of blending
conpounds a-1 to a-3 and, as needed, conpound a-4 with water to prepare a
slurry of the conpounds, wherein the conpound a-i is a conpound contai ni ng

Ve, a compound - containifga\e. A compeynd contaln g, B anda gonpound,

n
C
containing Cu, e conpoun acCl cesli um

hydr oxi de, ganggggmﬁe%ﬂgl&1> L8 AITR0 kUM BEELALS) 88 amTDl uy gbyﬁég%yéé and

t he conpoun S one or onpou écte roup

consi sti ng,ef { 0, n, Ge,
S OQerscchm%% a%?'@i @brq:ansgp@z%%e c{;atSQC}éy@E”c] d%gld%@gloréb;:hﬁ%t%()i o

drylng thecghﬁfgglﬁ kel ded in step (a) to obtain a dried slurry; step (b" )
of bl ending the dri ed slurry obtained in step (b) with a solid conmpound
cont ai ni ng coppestée @bt aifno pendens; cob@d €)a-af teoat Bnthda earréetem th
the powders obtained in step (b') using a binder to obtain a coated nol ded
product; compound a-4 with water to prepare a slurry of the compounds,
wherein the compound a-1 is a compound containing Mo, a compound
containing V, a compound containing P, and a compound containing
Cu, thecompounda-2 isacesiumweakacidsaltor cesiumhydroxide,
the compound a-3 is ammonium acetate or ammonium hydroxide, and
the compound a-4 is one or more compounds selected from the group
consisting of compounds containing one of Sb, As, Ag, Mg, Zn,
Al, B, Ge, 5n, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th,
K and Rb;
step (b) of drying the slurry vielded in step {a) to obtain
a dried slurry;
step {b’) of blending the dried slurry obtained in step
(b) with a sclid compound containing copper to obtain powders;
step (c) of coating a carrier with the powders obtained
in step (b’) using a binder to obtain a coated molded product;
and
step {d) of calcining the coated molded product obtained
in step (c).
12. Themethod for preparing the coated catalyst according
toclaimlOor 1ll, wherein the compound a-4 isusedas anessential

component .

13. Themethod for preparing the coated catalyst according
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and step (d) of calcining the coated nol ded product obtained in step (c).
12. The method for preparing the coated catal yst according to claim10 ot
11, wherein the conpound a-4 is used as an essential conmponent. 13. The
met hod for preparing the coated catal yst according 38 to anyone of clains
10 to 1.2, wherein at |east one species selected fromthe group consisting
of water and organi c conpounds having a boiling point of 150C or |ower at
one at nospheric pressure is used as a binder. 14. The method for preparing
the coated catal yst according to claim 13, wherein the binder is ethanol.

15. Th hod f N d Ly di . I 3,
Lo, T TELOGN ol pLeRstino e ool o opl gk, ACE g Lol almAS,
to 5:5. 16 X f j | i :

10,5, 0 TRSy LRy OraPLERALL I LOP CoRLETcatal Yoty PECOE gyl oy

the prese”&%@l}f‘n%%ﬁ@%@%@ﬁ? QFSRSQeEdit e e S Oed T10F - pE@pari ng

the coated catal yst ‘according t alm 16, wherein the reducing agent is

et hanol . 18s Ascgaied catakyst for producing nethacrylic acid by
subj ecting nmet hacrol ein, isobutyl al dehyde or isobutyric acid to gas phase

catal yti c oxi dationrrebtaineblre rfiomd hengetkath 2 86 0BMaNG sttoa @nyr dey of
clainms 10 to 17. 39
to claim 13, wherein the binder is ethancl.
15. The method for preparing the coated catalyst according
to claim 13, wherein the binder has a weight ratio of ethanol
to water being from 10:0 fto 5:5.
16. The method for preparing the coated catalyst according
to any one of claims 10 to 15, wherein the coated molded product
is calcined in the presence of a reducing agent in step (d).
17. Themethod for preparing the coated catalyst according
to ¢laim 16, wherein the reducing agenlt is ethanol.
18. A coated catalyst for producing methacrylic acid by
subjecting methacrolein, isobutylaldehyde or isobutyric acid

to gas phase catalytic oxidation, obtainable from the method

according to any one of claims 10 to 17.
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