DESCRI PTI ON CATALYST FOR PRODUCI NG METHACRYLI C ACI D AND PREPARATI ON METHOD
THEREOF TECHNI CAL FI ELD The present invention relates to a catalyst for
produci ng nethacrylic acid by subjecting nethacrolein, isobutylal dehyde or
i sobutyric acid to gas phase catalytic oxidation, having a long life, a
hi gh activity as well as high selectivity, and the preparation nethod

t hereof . BACKGROUND ART A | arge nunber of catalysts for producing

nmet hacrylic acid by subjecting nmethacrol ein, isobutylal dehyde isobutyl al de
acid to gas phase catal ytic oxidation, have been proposed. Mst of the
catal ysts thereof are mainly conpB§€8I8TIANI ybdenum and phosphorus, and
have structures of heteropol yacids and/or salts thereof. The catal ysts
used in the reaction, however, have low reaction activities, |ow
selectivity for the desired substance, and short lives, as conpared to

mol ybdentf ¢anadi IR BROPYC L&t 14T YA GR Uk Be ACT Iy BHBtERTRARASH 3t YBITELRg
acrylic acid by subjecting acrolein to %as phase catal ytic oxidation,
which are known as reactions sini F3FRESTt he reaction for pr oduci ng

met hacrylic acid. Accordingly, the inprovenent of catalytic performance of
the catalysts is required although sone of the catalysts are industrially
uti!i;eqTEEﬁﬁIEAESEQE%bnyentors first tried the inprovenent of |ow 1
activities, Towselectivity and short |ives of conventional gas phase

catal ytic oxi dafi 4} Lol ¥ﬁ{rénfc95nrgaél%§;:8ia{"ca@ggy];(euf]cgr producing

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.
BACKGRQUND ART

Alarge number of catalysts for producingmethacrylic acid
bySubjectingmethacrolein,isobutylaldehydeorisobutyricacid
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, have low
reactionactivities,lowselectivityforthedesiredsubstance,
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 cétalytic
performance of the catalysts is fequired although some of the
catalysts are industrially utilized.

The present inventors first tried the improvement of low




out that gas phase catalytic oxidation catalysts fornethacrolein prepared
by the addition of a variety of elenents to Mo, V and P, have
het er opol yacid (salt) structures andhave high activities, high selectivity
and are particularly stable for the tine |apse. The inventors propose the
catal ysts described 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 environnents under which
oxi dat i oacreadtiens dresectenducted aid ehevatedrdecoperaiwie;i@atlabyst s t hat
exhibit further high activities, high selectivity and long lives, are
needed. Yariseus tprleparatkodamebhaos: ane tpr bposed hborpleindeand dbahyst s t hat
satisfy these demands. For exanple, Japanese Patent Laid-Qpen No. 5-31368
and JaparesdRrdters phasdcgied yNG ¢ 08106308 i dlivstes her hedbatgplpiapari ng
mol di ng catal ysts that involve using NH4 in addition to the conponents of
Mb, V an®repargadPiitihe Add tdpueodisa armpre oy &5 ehenarirsntan{eodt é8d | n
addi ti on, Japanese Patent Laid-CEen No. 11-226411 describes a  nethod for
prepar i ng - &M RF TR MR BYYStA { pat CL shpMcdas eganshha Yo hi #BASLA LA CRhen an
active conmponent of, the catalyst is. anul at ed,. apd i gprovi ng the pore
Tol ure of BASSLaar e g R PR L AL E L G A & P* (IRt g 668y
Furt her , Wh catalyst ,.s |loaded in .a fixed-hed_ _reactor _as_an
ndust 11 S codt st PREPYER frr AR ettt B B nb e Bs M Honst an
size in orden Lo;radyse the RURSUE AR hebhe BEReti-aRigas@rior to and
subsequent to the catalyst

59~24140, Japanese Patent PublicationNo. 62-14535 and Japanese

Patent Publication No. 62-30177,

Recently, because of high concentrations of raw material

gases and of envircnments 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 Laid-Open No.

8-196908 propose methods for preparing molding catalysts that

involve using NH; in addition to the components of Mo, V and

P, and utilizing agqueous ammonia as the ammonium source. In

addition, Japanese Patent Laid-Open Ne. 11-226411 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




| ayer. For this purpose, known nethods involve normally nolding a catalyst
powder to a cylindrical material, a pellet, a ring-shaped material, a
sphere-shaped naterial, or the like, and inpregnating or coating an inert
carrier with an active catalyst material al so. Advantages of a coated
catal yst having the inert carrier as the core include [11 being capabl e of
inproving the effective wutilization factor of active conponents of the
catalyst, [21 being expected to inprove the selectivity due to the
honbgeneous distribution of the residence tine of reaction materials

within bbhemoatiabysd,a aishiSdnt agitd tial iggidhe g emnae ehet beckeaetki on

heat on account of the inprovenent of the catalyst thermal conductivity or
the di | utirop @f freéet redcit hen igaerprLar iceand Abedesit to tiheratalgsmany
exanpl es applied to selective oxidation of a |arge heat release. on the

ot her haddyetrechibrahidisadwead ageswi negheparimg e coatetl gabdkysty i ncl ude
[11 the peeling of the coating layer and the difficulty of obtaining a
nechanicélp?tégﬁéﬁgp@aﬂaryép abeyaiserikelcanakydnli s aspfidet t 6 cracking,
[2] the difficulty of coating a carrier with a |large anount of active

cat al yti E1PFaf8ePad, MaRaris]l t AeSHRere TR dmaErAl Al ngPra thiegRiyeact i ve
catal yst due.to inclusion of inert materials. Methods for overcom ng the
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and the pr sgntt S|%uati%n i,S, to study catal ysts individually because of no
3 gener aF 2t8¢HRiTqlES ST BFSCEAEORE OF THE | NVENTI ON

Advantages of a coated catalyst having the inert carrier
as the core inciude [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 reaction materials 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. BAs
a result, there are many examples applied to selective oxidation
of a large heat release.

On the other hand, technical disadvantages in preparing
a coated catalyst include [1] the peeling 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 & highly active
catalyst due to inclusion of inert materials.

Methods for overcoming the disadvantages are related to
Lhe properties of active catalyst substances and the present

situation is to study catalysts individually because of no




The object of the present invention is to provide a catalyst or a coated
catal yst for producing nethacrylic acid in high yield and highly

sel ectively by subjecting nethacrol ein, isobutylaldehyde or isobutyric
acid to gas phase catalytic oxidation, and the preparation nethods

t hereof. The present inventors have tried to inprove the ow activities,

| ow selectivity and short lives of conventional gas phase catalytic

oxi dation catalysts for nmethacrolein as a method for solving the
above-nenti oned probl ens, and found out that when preparing a catal yst
cont ai ni ggnkthelessentiagliceQnmponents of M, V, P, Cu, 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 tinme | apse can be obtai ned when a cesium weak
aci d sal DISCLOSFRENMORY dHEX I IHFENS Iatded as the Cs raw material and ammoni um
acetate or ammoni um hydroxide is added as the NH4 raw material, with the
conpl etion of Fhe oprjesdmf thapersieon. LrTrettion i 8 togyotinte praseatstnvent i on
relates to: (1) A catalyst for producing nethacrylic acid by subjecting

met hacr oP&iancoa5o8 wayiad|vidhiere pspdlsabatys iy ol @ acgdd nohbgle vieadal yti c
oxi dati on, having as an active conponent of the catalyst a heteropoly acid
sal t conﬁPﬁsPﬁ@hgyhéﬁéﬁﬁﬁéW?lﬁcpﬂ s IRRiteRIVBE tRacPOleEn, Cs and NH4 are

contai ned a h ssentjal, active conponents, characterized iin ,that the
oy ot Le BBl s T AR en o JREEYE VISR T GORLPEARE SR taadrin

hydr oxi de_.as.the Cs _ra terial _and amuonium acetate_as the NH4
[ hwimat er D702 STy A En LT e EEGRBEASTE Tof St HE Bar RETEES |

The present inventors have tried to improve the low
activities, low selectivity and short lives of conventional gas
phase catalyticoxidation catalysts for methacrolein as amethod
for sclving the above-mentioned problems, and found ocut that
when preparing a catalyst containing the essential components
of Mo, V, P, Cu, Cs and NH,, i.e. when preparing a hetercpoly
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 completion of the present
invention.

That is to say, the present invention relates to:

(1) Acatalyst forproducingmethacrylicacidby subjecting
methacrolein, isobutylaldehyde or isobutyric acid o 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 contalned as the essential,




(2) The catal yst described in (1) above, wherein the Cs raw material is
cesium acetate or cesium hydroxide. (3) The catal yst described in (1) or
(2) above, wherein the catalyst does not contain arsenic as an active
conponent. (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 nmateri al
of the catalyst. (5) The catal yst described in any one of (1) to (4)
wherein the conposition of the active conponent of the catalyst is
represented by the formula(l): MJoVaPbCucCsd (NH4) eXfOQg(l) wherein Mo is
ol ybdendatiVel soMpbaehtl) PhhsaphespPherUSn €Hati SnEOPREEIYSS i§ cesium
(NH4) is ammoniumgroup, X is one or nore elenents selected fromthe group
consi sti optainSbleAs;y uAdng Mpesdum ReakBici® sadt, oPleshium EydrExidRe, Bi,
W Fe, Co, Ni, Ce, Th, Kand Ro, ato g represent the atomc ratio of each
el ement , as@hieCar posbtiveéahumussnmén Dudsast 610 ashrlisNR, posnbieeinlipber
of 0.5< b< 6.0, c is a positive nunber of O<c53.0, d is a positive nunber
of 0.01<cd<Bhe, aetiyeacpupihiene ndnbbe ohtBlyse.< 3.0, f is a positive
nunber of 0<_f< 3.0, and g is a value determ ned by the oxidation nunmber
of an acid of é3athl erdmly(b ene ibadalipst licseevbedtiaris) thisole,
wherein a'is a positive nunber of 0. b<a< 1 .2, b is a positive nunber of
0. 9< b k3w mgteslgli §S;CEE31H GeehaBeProfe@ine. bydgogidg-is a positive
nunmber of 0.2<_d:-0.8, e jis a positive nu r of 1 . e< 2.2, and f is a
positive nunbé?go?h?)&aft@_]@f%t. cr‘llllP@dc&Png?&tO’ae%?c)r ia%’a’%fnwgg)feéfl (6)
above, WRELELD: 4 ' ' -

yvst 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 cof the catalyst.

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

M019VaPLCucCsg (NHy) X 04 (1}
wherein Mo is molybdenum, V is vanadium, P is phosphorus, Cu
is copper, Cs is cesium, (NH,;} i1s ammonium group, X is oné or
more elements selected from the group consisting of Sk, As, Ag,
Mg, Zn, Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni,
Ce, Th, KandRb, ato grepresent the atomicratioof each element,
a is a positive number of 0.1<35£6.0, b is a positive number
0£0.5<b<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 0.1<e< 3.0, £
is a positive number Qf 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 0.5<£a<1.2, bisapositivenumber of 0.9<h<1.5,




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 conpounds A-1 to
A-3 and, as needed, conpound A-4 with water to prepare an aqueous sol ution
or = dispersion of the conpounds (hereinafter, called a slurry, including
bot h), wherein the conmpound A-1 is a compound containing Mb, a conpound
containing V, a conmpound containing P, and a conpound containing Cu, the

compoundcAt 2 4 o icasicumuweeak aeidl. 3atdo oF, eesisum dy# oxideumplele cgonpound
A-3 is anmoni um acetate, and the conpound A-4 is one or nore conpounds

sel ect ed0f podx0 he, @rioup peeyisiisid mgniedr oEanpBWIds Goni@EnisngposetafreSh, As,
Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, O, Re, Bi, W Fe, Co, Ni, Ce, Th,
K and RonuabdrstépOEBxO0oB.drying the slurry yielded in step (A) to obtain

a dried slurry. (9) The nethod for preparing the catalyst described in (8)
above, wher ei n(¥heTkcempoundy % ddsonidet! 45 dh) essehtl albovsonpbrertin (10)
Amet hod for preparing a coated catal yst for producing nethacrylic acid by
subj ect i RienetkadvetecAntieddsutyl alsdaby @6 Sendrails edemgnite acid to gas phase
catal ytic oxidation, the nethod conprising: step &a) of bl endi ng conpounds
a-1 to a-3 and/8asPnBedbad fegnpseRarard & chRtRdter £6rpPEPErElRA aqueous

sol ution_or ! . : . . .
methacrylic acid by subjecting methacrolein, isobutylaldehyde

or iscbutyric acid to gas phase catalytic cxidation, 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
containing V, a compound containing P, and a compound containing
Cu,thecompoundA—Zisacesiumweaka;idsaltorcesiumhydroxide,
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 yielded 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
component.

(10) Amethod for preparing a coated catalyst for producing

methacrylic acid by subjecting methacrolein, isobutylaldehyde




di spersion of the conmpounds (hereinafter, called a slurry, including
both), wherein the conmpound a-I is a conpound containing M, a conpound
containing V, a conpound containing P, and a conpound containing Cu, the
conpound a-2 is a cesiumweak acid salt or cesiunhydroxide, the conpound
a-3 i s ammoni um acetate or ammoni um hydroxi de, and the conmpound a-4 is one
or nore conpounds selected f romthe group consisting of conmpounds
cont ai ning one of Sh, As, Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re,
Bi, W Fe, Co, Ni, Ce, Th, K and Rb; step (b) of drying the slurry yielded

in step 62)ido@Pfald acdddfdASHHEEY, st £P{i) 0ff 060abhN:#e GAkKbLEr W th
the dried slurry obtained in step (b) using a binder to obtain a coated
mol ded prefipeti siand step (d) of calcining the coated nol ded product
obtained in step (c) . (11) A method for preparing a coated catal yst for
produci ng netbaepylac cachblechyisyliegidngisrathacs al-8 andj sobukykakddehyde

or isobutyric acid to gas phase catal ytic oxidation, the nethod
conpri si rgnpstiep @ay efi thl endieng toompeprdse anl sgocaud aodutasnneeded,
conpound a-4 with water to prepare a slurry of the conmpounds, 7 wherein the
conpound da-sPeirs ignc ofp dined covpoangisng ey e inadsrpousd L ledhraisAivag vy, a
conpound containing P, and a conmpound containing Cu, the conpound a-2 is a
cesiun1wé§¥lﬁéﬂﬁgsgpﬁhdw cesi um hydroxi de, the conpound a-3 is ammoni um

acetate or annnniun1h¥9roxide, and o
whereln the compound a-1 1s a compound containing Mo, a compound

containingV, 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 che or more compounds selected from the group
consisting of compcocunds containing one of Sb, As, Ag, Mg, Zn,
Al, B, Ge, 5n, Pb, Ti, Zr, Cr, Re, BRi, W, Fe, Co, Ni, Ce, Th,
K and Rb;

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

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

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

(11) Amethod for preparing a coatedcatalyst for producing
methacrylic acid by subjecting methacrolein, isobutylaldehyde
or isobutyric acid to gas phase catalytic oxidation, the method
)comprisinq:

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

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




t he conpound a-4 is one or nore conpounds selected fromthe group

consi sting of conpounds containing one of Sb, As, Ag, My, Zn, A, B, GCg,
Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th, K and Rb; step (b) of
drying the slurry yielded in step (a) to obtain a dried slurry; step (b')
of blending the dried slurry obtained in step (b) with a solid conpound
contai ni ng copper to obtain powders; step (c) of coating a carrier with

t he powders 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)whéi2inThe: aehpednlicl- prepacbhgotine Goal=Lidhiaat mby s cdaperhbed in
(10) or (11) above, wherein the conpound a-4 is used as an essenti al

- conponentonti3jifbhe/  netdoathdhuord poepathhgg tthezcdatednsatrad yohtdéadngbed in
any one of (10) to (12) above, wherein at |east one species selected from
t he groufucdhs smpmet 2 vwat ere eyl we gaak e cé dmpdindsce hawmh hydaokoidki ng poi nt
of 150C or |ower at one atnospheric pressure is used as a binder. (14) The
met hod f 6heprapzeundg atRel ¢ cared icwt argse tdexe pipedivnh A3z igsovandwher ei n
the binder is ethanol. 8 (15) The nethod for preparing the coated catal yst
descri be@heiGrm3Inhpod s Whe ] ROt AE BINTFSdshas %ct@? GRETY Jt§ 8T8 et hanol

to water being from10:0 to 5:5. (16). The nethod for‘£reparin t he coat ed
CatalystC8§§&§F5€ﬁ of compounds contdaining one of Sb, As, Ag, ﬁ%, n,

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 (b') of blending the dried slurry obtained in step
(b) with a solid compound containing copper to obtain powders;

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

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

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

{13) Themethod forpreparing thecoatedcatalyst 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
pressure is used as a binder.

(14) Themethod forpreparing the coatedcatalystdescribed

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




in anyone of (10) to (15) above, wherein the coated nol ded product is
calcined in the presence of a reducing agent in step (d). (17) The nethod
for preparing the coated catal yst described in (16) above, wherein the
reduci ng agent is ethanol. (18) A coated catal yst for producing nethacrylic
acid by subjecting nmethacrolein, isobutylal dehyde or isobutyric acid to
gas phase catal ytic oxidation, obtainable fromthe nethod described in any
one of (10) to (17) above. ADVANTAGES OF THE | NVENTI ON The catal ysts of the
present invention are capable of producing nmethacrylic acid from

net hacrol ein, (i splutaldeiysepobph & 9RYHE o A4 e I ghdgk et doand hi ghly
selectivity, and further of being used for reactions under high | oaded

condi ti ong, {Bhd adas  haverexhrere by nkdargea s ndust ghal ravod uegsetBESI1I MODE FOR
CARRYI NG QUT THE | NVENTION First, a catalyst prepared by using a cerium
weak aci dc waktrobeden drchydoori de amd.anmoni um acetate, a first

.enbodi nent of the present invention, wll be described. A preferable

met hod for obt &l ) Mpeanedtal §st pobkrabnengridsamatéhoebal pat devekvbsd

di ssol ving and/or dispersing in water a 9 plurality of conpounds containing
each of &nanypbue alfi ti0lotoNBS) apove, duer€sn dhe aWdd esho 1 dsd peedBErl ot her

el ements (hereinafter, 1in some cases, the conpounds including the active
conponent$ CBeFhgeEl 4B ERFIREESweET VoL G iFEHENNY G0N AitnG teBmi8dind" )

using a cesium k acid sal% or cesiuym hydroxi de ,as_a. cesium ¢ ound and
anmoni Um acet atl e Ad R TSR ARPESRAGHRE MifPated Catalyse descriBel
in (16) above, wherein 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} to {(17) above.

ADVANTAGES OF THE INVENTION

The catalysts of 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 MCDE FOR CARRYING OUT TEE INVENTION
First, a catalyst prepared by using a cerium weak acid
saltor ceriumhydroxide and ammoniumacetate, a first embodiment
of the present invention, will be described.
Apreferablemethod forobhtainingacatalyst of the present

invention involves dissolving and/or dispersing in water a




preparing a slurry (step A), and drying the resultant slurry (step B). In
the present invention, an active conponents-containing conpound used for
preparing a slurry other than that of a cesium weak acid salt, cerium

hydr oxi de and ammoni um acetate is preferably a conpound that fornms a
heteropoly acid or a salt thereof by drying (step B) or calcining. The
conpound includes chlorides, sulfates, nitrates, oxides andacetates, of
the active conponent el enments. Preferable exanples of the conpound include
nitrates such as potassiumnitrate and cobalt nitrate, oxides such as

nol ybdengmuexi dey; yardeibeiinPRNEsRXh t8ingd™MddPBY 4F :0%1 d8a1i €QIJUMLOXI de,
zinc oxide and gernmani um oxi de, and acids (and the salts thereof) such as

ort hophogpltar ca, axd dndpsphd) 6¢ Beédled, atser €1 atdith s apapBi uArpBesphat e
and 12-tungstophosphoric acid. 1In addition, use of copper acetates

(copper (ih acetatesescopperddipowlcdd aifre; 1 \bhisic eppet iacetaipsnentpri c
oxide and so forth, preferably copper(ll) acetate) sonetinmes |leads to a

pr ef er abbeiefif edsc Thédednipclie ves edmpohelhny seconmaandngt coapcohdtf'\w or nore
speci es. Cesiumweak acid salts are not particularly limted if the salts
are sal t ¥shagweepeebdn waahd Yeherdltl prkasahuncakises dde a0 aThesgant s
include, for exanple, cesium hydrogencarbonate, cesium carbonate and

cesi um aEEMRPENIaAYIc BNGML AT REEEAtS Firefdr aBIen I UNdgirrPeRar Yhebf t hese,
al t hough connenciallg%available cesium _acetate can be used directly, for

exanpl e, PAAPEqI8GuE EoeFhih (e8Pt b sttt or bt &® DY T&ddi 7dUES Yan

ﬁqueous Zg%ggigguof a water-soluble salt of cesiumsuch as cesium

ydroxi d cesi'um

' In the present invention, an active components—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, oftheactive
componentelements. Preferableexamplesof thecompcundinclude
nitrates such as potassium nitrate and cobalt nitrate, oxides
suchasmolybdenumoxide, vanadiumpentaoxide, antimony trioxide,
cerium oxide, zinc oxide and germanium oxide, and acids {(and
thesaltsthereof) suchasorthophesphoricacid, phosphoricacid,
arseﬁicacid,ammoniumphosphateand12—tungstophosphoricacid.
In addition, use of copper acetates (copper(I) acetate,
copper(II) acetate, basic copper acetates, cupric oxide and so
forth, preferably copper(l1l} acetate) sometimes leads to a
preferable effect. These may be used solely or in a mixture
cf two or more species.

Cesium weak acid salts are not particularly limited if

thesaltsaresaltsbetweencesiumandgenerally knownweak acids.
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carbonate one or nore equivalents of acetic acid, may also be wused. In the
present invention, an active conponent other than M, V, P, Cu, Cs and NH4
are not particularly limted if the conponent is a conpound fromthe

el ements known as the conponent elenents of the catalyst for producing

met hacrylic acid. The elenents contained in the conpound include one or
nore species selected fromthe group consisting of Sb, As, Ag, My, Zn, A,
B, Ge, Sn, Pb, Ti, Zr, O, Re, Bi, W Fe, Co, N, Ce, Th, Kand Rb. O
these, the elements excluding As are preferable. For the ratio of each

active coRB@REMs DicBudal abyehakp1d, e PSR rbH¥EREHOON 2 PAS8Es00ma
nol ybdenunmi s atomc ratio of 10, the ratio of vanadiumis normally from

0.1 to 6cBrobathe dntlusivie, aqueies abhy ddonPadetatd. {k phetrhrantkusi ve,
particularly preferably from0.5 to 1.2, both inclusive, the ratio of
phosphor asdiis inaeiall, yof thesl, aithdugl cobekhcintl ysiwe lalpretesabhy from
0. 9tol. 5 both inclusive, the ratio of copper is normally fromO

excl usi vecetaBeOchnchasived @iedierbbl yEdr amanthl)l aro abued@usboebiincl usi ve,
particularly preferably 0. 2 to 0. 8, both inclusive, the ratio of cesium
i s nor nakcgtitensolotien oBtapieddih addéngs Foean praderabh|sp futgmnoofl to 1.
5, both inclusive, 11 particularly preferably from0.2 to 1.0, both

i ncl usi v&WaltRr —§ukidl oF 2 Aeint &5 18 SHEPmS F§S E PBRYRIPRIse30D CefotR
inclusive, _preferably fromO.5-to 3.0, both inclusive, particularly

pr ef er abSFTPPEMEE. BREC D BT HEM IR &L FRECkFnasiand"ahé 1898t at i os

of other act,ive conponents necessary for use are determ ned, as
appropri gg'in such a way that a catal yst having
In the present invention, an active 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 Sh, As, Ag, Mg, Zn, Al,
B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K 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
ratio of phosphorus is normally from 0.5 to 6.0, both inclusive,
preferably from 0.2 to 1.5, both inclusive, the ratio of copper
is normally from 0 exclusive to 3.0 inclusive, preferably from
0.01tol.0, both inclusive, particularly preferably 0.2 to 0.8,

both inclusive, the ratio of cesium is normally from 0.01 to

3.0, both inclusive, preferably from 0.1 to 1.5, both inclusive,
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the best suitable performance is obtainable, in accordance with the use
conditions, etc. of the catalyst. A preferable catalyst wused under nor nmal
conditions is one having an active conponent conposition represented by
the formula (1): Ml oVaPbCucCsd (NH4) exfg (1) wherein M is nolybdenum V
is vanadium P is phosphorus, Cu is copper, Cs is cesium (NH4) is
ammoni um group, X is one or nore elenents selected fromthe group
consisting of Sh, As, Ag, M, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re, Bi

W Fe, Co, Ni, Ce, Th, Kand Ro, ato g represent the atomc ratio of each

el enent , k it r 0p 1 < 46.0, S : j:ti.ve nber of
_g%théui‘a?@% bké?e%ﬂ'@g n%g{;mog.ffu.% bgnehs 12 AN v e hd

0. 5<_b< , C 1S a positive n O<c< 3.0, Is a positive nunber of

0.01<_d<r3t9o &f isSumidbrlQsh tisvRoPMAREY Ofol-0L 1<:8<33p O.bdth iSic@uReSkY i Ve
nunber of 05f<3.0, and g is a value determ ned by the oxidation nunber of

each el epeaferhB1gddirbinon,. 5t ke 3C1I, VeotROARENERE veQNpasittiic-on at-her eof neans
the conponent in the dried slurry bel ow and does not necessarily reflect

t he conpesktfeeablef fite ponwder 2via 5P itd1lus iNanel PYhebecadseraf tae
calcining tenperature and a calcining tinme in the calcining step (step
(d) ) , NH& cemposentt mdeevapdiake camghobensubsikickstad ywiolr asehgdeogen
ornetal atom According to the findings of the present 12 inventors, NH4
conponenteitgrihacds | ¢ apicgory 1edeet 1 mssichvapeavatlest abyapatgshdavtingugh t he
calcining step. The evaporation |level of NH4 depends on a cal cining

t enper at L%Fl@,b%fat EUAICAY LEi Pl Bpvanarat disnvihga B apbphéneacordan@Rle thhe air
or nitrog%n, and reaches up to about 90 nole% In the formula (%) above,
el ement iaglﬁﬁ. g@:@gégpg;ngb_etgb. of the catalyst. Apreferable catalyst

used under normal conditions is one having an active component
composition represented by the formula {(1):
MO10VaPeCUcCSqg (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, Zan, Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni,
Ce, Th, KandRb, a to g represent the atomicratiocof each element,
a is a positive number of 0.1<a<6.0, b is a positive number of
0.55b<6.0, ¢ is a positive number of 0<c<3.0, d is a positive
number 0f0.01<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) ), NH; component may evaporate and be substituted with a

hydrogenormetal atom. Accordingto the findings of the present
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is used, as necessary, in the range of 0 to 2.2, both inclusive,

preferably from0.01 to 0.8, both inclusive, in the fornula (1) above. The
catal yst can be obtained in the follow ng procedure. First, an aqueous
solution or dispersion of the active conponents -containing conpound
(hereinafter, called a slurry, including both) is prepared. The slurry can
be obtained by wuniformly blending a plurality of conpounds containing each
active conmponent with a solvent, preferably water. The slurry preferably
contains all the conpounds containing necessary active conponents in the

needed ampgh t@frsGalifldlponkif: o d8E ardfepddits P8.RE - cAABRYALS reeREal Ni ng
active conponents when the slurry is prepared 1s not specifically limted,

but it igy paekenagblierdhgh tid IS1ciGAMROYRES . COMtAi fjdlhMyioh aredeR are
made a slurry and then to the slurry are added a conpound containing a

. cesi um wedkNdgidkrsalds oh eeshlm Ay dyoxedeer a0WPS| Uba BERE R @ T iadd ageipper .
The tenperature when the slurry is prepared is not particularly limted
unl ess caadicrig itoo eltlce®,spard e, he. . d.enpeleat whe whien ca cadirvmengaknalci d sal t
or cesium hydroxi de, anmonium acetate and a copper- containing conmpound is
nor mal | y r&dcheemu® tte 3BCutpreéf erdls®: from 10 to 30C, which soneti nes
results in nmaking the resultant catalyst highly active. The tendency is
remar kabl e whedTcoppdioraidiaat é) i abesed cdsrgntopper pesteiphiligSl copound,
and so the adoption of the above-nentioned, preferable nethaod of addition
for prepdfiAgcea SUPEFEFE2EN hir topfrerenct Bnt‘? e 2preSBRALINIHYEAMSN, a

slurry is preferably an aqueous '
y pﬂ%feragiy'¥ron10f%l.%o 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 containing 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
madeaslurryandthentotheslurryare addeda compoundcontaining
a cesium weak acid salt or cesium hydroxide, ammonium acetate
and copper.

The temperature when the slurry is prepared is nbt
particularly limited unlesé causing troubles, and the
temperature when a cesium weak acid salt or cesium hydroxide,

ammonium acetate and a copper-containing compound is normally
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solution. The use ratio of a compound containing each active conmponent in
a slurry is not particularly limted if the atomc ratio of each active
conponent is within the above-described range. The anmount of use of water
is not particularly limted if conpounds to be used can be dissol ved
conpletely or honogeneously blended, and is determ ned taking into account
the drying nethod, drying conditions, etc. described below That is, the
anount of water is about 200 to 2000 parts by weight, based on the total
anount, 100 parts by weight, of conpounds for preparing a slurry. Although

a large auBpMY +9B5wal ?rre'f%Ycabli% HISAPL 6 ¢ LMot Neh APEBhe FUABs Yz 1ERan the

nor mal anount | eads o many denerits, including a high energy cost in the

drying shepa@sn¥ethe aS SOMEIIITRS teaAYS NG 1gRGYTREEL €= dr VIH + cRidned t he
suitable anount s preferable. Next, the slurry obtained above is dried to

be made asdfdémed-kab1e WhenAd@idwdcbontdrid 1getls Nlcoppti-Adndraliyiinigm ted i f
the slurrycan conpl etel ybe dried, and, nethods include, for exanple,

drumdr yi mgnrbueez eardd gonde spoaydsy cfig;heanbdoevapenal onaddmpriafgrable t hese,
in the present invention, the spray drying, which allows a slurry state to
dry to ampdhwderobraddigriaonlfer prapshong & isteirryand 1diehew gidiiatiiegrt .dryi ng,
which directly dries the slurry 14 sinply and easily, are preferable, and

t he evapor at i oAndmyg pyesert pavenddoar |y s prestElaid e I Ifrb I L APEAIANE of t he
spray drying varies depending on the concentration and the transport rate
of a sl ubPyltand -t hEheteeperaiin @of CRBEPEXNE ePhBaHRiR? $3CHAE A9y from

70 to 150' C In addition, the average particle dji ameter of the resultant
dri ed component an a slurry fs not pgrtgcu ar!Ly llIt%.te(flf the atomic

ratio of each active component is within the above-described
range. The amount of use of water is not particularliy limited
if compounds to be used can be dissolved completely or
homogeneously blended, and is determined taking into account
the drying method, drying conditions, etc. described below.
That is, the amount of water is about 200 to 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 obtained above is dried to be made a dried
slurry. A method for drying is not particularly limited if the
slurrycan completelybe dried, and, methods include, for example,
drumdrying, freezedrying, spraydrying, andevaporationdrying.
Of these, inthepresent invention, the spraydrying, whichalloews
a slurry state to dry to a powder or a granule in a short time,

and the evaporation drying, which directly dries the slurry
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slurry is preferably dried to be fromabout 30 to 500 ~tm The evaporation
drying may be carried out according to the standard nethod, 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 ~tmor less. In the present invention, a dried slurry includes such a
ground slurry. The dried slurry obtained in this way can be utilized for
gas phase catalytic oxidation as a catalyst of the present invention and,
as described previously, the slurry is preferably forned into a
cylindri %@inpﬁ?t shhalas @ peldd prareirigishaped tH@tsrd Rl -2t csPherenghaped
material for the purpose of reducing the pressure |oss of reaction gas.
For thesgs‘gggtﬁ@ungkmg pexpeetedet,0 i nprove selectivity and renove
reaction heat, it is particularly preferable that an inert carrier is
coated wth thacdtéebeshtniry ¢ tOk 3bfag cpaied wat bty slepahdithernore, in
step (A a slurry is prepared wi thout using a copper- containing conpound,
and the shercynicsnsuppliordand the Trapspprst epteand atdlencthe angk gheant
dried material is blended with a powder of the copper-containing conpound
to be abkempereiugienof that ekystof sfdnimy peeasarirdnvedtPon’/ Gsoweid C-In the
follow ng, a nethod f or preparing a coated cata%yst, is a second
enbodi neAR astdithieopr Eie al ciragenaont c 3¢ fiapetesrffidie hesuptephrad edat al yst
of the present invention can be prepared _as for the preparation qf the
e

dried sl Sty TdesdrPheteidobe Edehtto PRat L Smf dPoxP 8 ®an {06r t her be
sel ected as_an _anmonium _source in ste gA% . In $Ihe% rds,t [ aw conpounds
are di ssEPTBAT SATAIGH Hi RBFSenSi Tt e OPb HrEPHTERG 181 LT 3 SRS S o) )

and

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 pm or less. In the
present inventicn, a dried slurry includes such a ground slurry.

The dried slurry obtained in this way can be utilized for
gas phase catalytic oxidation as a catalyst of the present
in_vention and, as describedpreviously, the slurryis preferably
formed into a cylindrical material, a pellet, a ring-shaped
material or sphere-shaped material for the purpose of reducing
the pressure loss of reaction gas. For these, due to being
expected to improve selectivity and remove reacticon heat, it
is particularly preferable that an inert carrier is coated with
the dried slurry to obtain a coated catalyst. TFurthermore, in
step (A) a slurry 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,
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this is dried to obtain a dried slurry (step (b) ) . In step (a) the order
of addition of each raw conpound is not particularly restricted, but as in
step (A) it is rather preferable that conpounds containing Mo, V and P are
first made a slurry, and subsequently conpounds to be a cesium source, an
ammoni um source and a copper source are added to the slurry. For step (a)
as well, the tenperature when a cesium source, an amoni um source and a
copper source are added is normally fromO to 35" C, preferably from10 to
30'C. Additionally, in step (a) a slurry is prepared without wusing a

copper- SR BELEQREHRG, £ AR ﬁﬂ@se%{ﬂl&h%eh%léid?mllqdbetééﬁ kerdhyi ng
step, and then the resultant dried materi al ended with a powder of

“the copper- coAtRI2HICLOAPPLNE £t 6nh ORISR N a1 i &t &h CShede bRebhrehir om
whi ch a coated catalyst of the present invention can be obtained as well.

The resubtdnlr diié @a eplatiany ofas £ the drddis tudes ekisked baklovesve Beeepnaf t er,
the dried slurry includes the above-nentioned mnmixture) is supplied to the
coati ng thep aeseriledieklocvidesten fdthéorod beleaaktings strepmfishépm(c) )
the rolling granulating process described belowis preferable. This
process Eavoteds: ¢6epi oroushywtdyt avirdg, for cexarphes arsd Ag saodeedce
having an even or uneven disc at the bottomof a fixed vessel, a carrier
in the ¢edéer @ySP@raeﬁngnt%@t@rs%oa@r%pmw@hasﬁe@amad@tﬁmuéarépéaﬁ|ng t he
rotation and revolution of the carrier and adding to thls an nlxture of a

bi nder aﬁﬁlé.%ﬁ|QQ}%9 GPr?b%ﬁﬂflﬁa§rﬁ§§déﬁurﬁfhﬁﬂ*¥hdél i-vekl Sifth (&84 a

mol di ng %hg g@ er o d%gEQOh %qgéég)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 source, an ammonium source
anda copper scurceare addedisnormally from 0 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 the resultant dried material is
blendedwith a powder of the copper-containing compound to obtain
amixture (step (b’)), fromwhicha coatedcatalyst 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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material, to coat the carrier with the m xture. Methods of adding a binder
can adopt any nethod of [1l] adding in advance the above-nentioned m xture
to the binder, [2] adding the binder simultaneously with adding the

m xture to the fixed vessel, [3] adding the binder after adding the

m xture to the fixed vessel, [4] adding the binder prior to adding the

m xture to the fixed vessel, [5] separating the m xture and the bi nder and
adding the total anobunt in a conbination of, as appropriate, [2] to [4]

O these, for [5], for exanple the speed of addition is preferably

ambunt 62%52?9%? A e Bon e P S T e emt % the.
m xture ﬂ@v&hX&gsaeéée&he V@éﬁt&ﬁ'%f%a%]x%ﬁ QR sQfe1the Waxtyee particles

W th eac inder is not partic imted'if it is at |east

one spec 'tﬁé "R ROl e fort%mltn@emé a‘chocQ@%'lﬁﬂd}ﬂQpQéd Walefnaddep@bEan,C
conpounds having a ling point of 150C or” | ower at one atnospheric

pressur ethé“ﬂo@abﬂ@ﬂ%n@%ﬁt@l@ﬁﬂi ldmghpotAtriet DG RIidPwRr thss
~preferable considering drying after coating, etc. Exanples of binders

except wahetixbtateade allsDhats suth dasedeihanot anet hanolgedqudpanbks and
butanol s, preferably alcohols having a carbon nunber of 1 to 4, ethers
such as etlhylti¥?set bach bst yl metlkiéngard ddizoxiane steshgts-saplrogd ngt hyl
acetate and butyl acetate, ketones such as acetone and nethyl ethyl

ket one, mafg¢ragdedisscsat the owe rtiearaioth thedisthanol Netlpeds pé@ldéﬂrlmyi
preferable. Wien ethanol is used as a binder, the ratio by weig of
et hanol BobdaLer icanf peerfoan vt leghed @ﬁeﬁéra@ﬁ?lPQOﬁpl@dﬁanFé 7h§

articul arl referably about 10 to 30% Db i ht
P abo epmentlone% m?xture to the glgaer g

addlng the binder
simultaneocusly 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 to the fixed
vessel, [5] separating the mixture and the binder and adding
the total amount in a combination of, as appropriate, [2] to
[4]. Of these, for [51, for example, the speed of addition 1is
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 cther.

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
0of 100°Cor lower ispreferable consideringdrying after coating,
etc. Examples of binders except water include alcohols such

as methancl, ethanol, propanols and butanols, preferably

alcohols having a carbon number of 1 to 4, ethers such as ethyl
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et hanol concentration. The amount of use of a binder is normally from2 to
60 parts by weight, preferably fromb5 to 25 parts by weight, based on 100
parts by weight of a dried slurry. Exanples of carriers capable of being
used in the present invention include silicon carbide, alumna, silica
alumna, nullite, and alundum which are sphere carriers and have a
dianeter of froml to 15 mm preferably from2.5 to 10 mm and

particularly preferably from2.5 to 4.5 nm The pore ratio of carrier for
use is normally from10 to 70% The pore ratio of <carrier is defined as
(V8- W)/ cY8Y2) 11001 MPRELT fn Vol Sx&nd) Yes G d IRIcRIORn M2 akgtatcearrier
weight in water, and WBis a carrier weight at saturation with water

absor bedandteityatd @t Hfe AkEOBLEBGUHH £62 8L HHRY ahe dhey dEteG SdbhY, + a
carrier) is normally from10 to 75% by wei ght, preferably from 1S to 60%
by wei ghtndWaenebhe EBalliugiehsatteakoly dhdedtskubly ikSphatdgenlkléy reaction
activity of the coated catal yst tends to becone |arge, but the nmechani cal
strengt hptreddszbdehe Bhahkthbhe ldegueedak a bindétrphhbeiaigid ayge)ght

I nversely, when the ratio of a coating dried slurry is small, the
mechani calf sthanglhté svpreone ¢ drom 10aPgeo (b he, degpeeradfly ringmi dR :Bei ng
small), but the reaction 18 activity is prone to be small. In the present

i nventi oo Whén BathifcPéprily poafedailyvhabeutdri @ds|ifty py aahsihd 4§ aid
such as silica_gel, diatonmite or an alum na powder may further be used, as
needed. ThEARSHANCHIL T Rhy ¢ Fpunselivs ot AR IRATT SF9HE 180 part s

by viel oNte, D330 b TR RRLL WY e, I e AL iy Foil L8 S Y pares oy
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,
mullite, 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 (Wa-W,)/ (W3-W,;)*100, wherein W, is a dry
carrier weight, W; 1s a carrier weight in water, and W; is a
carrier weight at saturation with water absorbed. The ratio
of a coating dried slurxy 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 ratio of a coating
dried slurry is small, the mechanical strength is prone to bhe

large {the degree of friction being small}, but the reaction
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In addition, use of additional, as needed, inorganic fibers such as
ceram c fibers and whisker as a strength-inproving nmaterial is useful to

i nprove the nechanical strength of the catalyst. However, fibers, which
react with catal yst conponents, such as potassiumtitanate whi sker and
basi ¢ magnesi um carbonate whi sker are unsuitable. The anmount of use of the
fibers is normally from1l to 30 parts by wei ght based on 100 parts by

wei ght of the dried slurry. Additives such as the nolding aid and the
strength-inproving material above are introduced into a granulating

machi ne gg&g@hky g Lheneoabi g shep:along with a carrier, a dried slurry,
a binder, etc. fto be used to coat the <carrier. Inthis way, a carrier is

coated wWith a dhietle Irdant antredth® 06 Br 88K6t cpbiAitRd SRoEARKI Y has a
di aneter of about 3 to 15 mm preferably about 3.2 to 5 mm A coated

cat al yst aobt atdedilirry hissmsay i6gna di reedn \ahe i 1supphéed dixtgas tkhase
catalytic oxidation as a catalyst. It is preferable that the catalyst is
cal ci nedafstbpr{dy sondéi mesy fnausiangbichesedpr ayeneaied! (e eabahyst
activity. In this case, the calcining tenperature is normally from 100 to
420' C, l1efpreidiabplaid fom 256 i MO0 landroheScal Gidnpagtsibewiedghtom 1 to
20 hours. In addition, calcining is normally carried out under an aeri al

at nosphepPasefagbe 10ngadtted bndierd g iodethegsly ischedpiree, or after
cal ci ning under. an_jnert gas atnosphere, additional calcining, as
required, may BB 3EHfoteditmaérdss tdenadl, asneeded, inorganictibers

such as ceramic fibers and whisker as a strength-improving
material is useful to improve the mechanical strength of the
catalyst. However, fibers, whichreactwithcatalystcomponents,
such as potassiumtitanate whisker andbasicmagnesium carbonate
whisker are unsuitable. The amount of use of the fibers is
normally from 1 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 obtained normally has a diameter of about
3 te 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 frem 100 to 420°C,
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at nosphere. Furthernore, it is preferable that calcining is carried out
under an inert gas atnosphere, preferably in the presence of a reducing
agent, which sonetines |eads to obtaining a catalyst with a higher
activity. Areducing agent is not particularly limted if the agent
preferably becomes gaseous at the calcining tenperature. Exanples of
reduci ng agents include CO al cohols having a carbon nunber of 2 to 5,
al dehydes, ketones and organic acids, and ethanol is particularly
preferable. A catalyst of the present invention obtained as described

above iSﬁ)Hé?é’ré{@E Meihacyy dL 1a0hd 480 Rireducad By rsuiieet EBYfrom 1 _
nmet hacr ol ei n, 1sobutyl al dehyde or isobutyric acid to gas phase catalytic

oxi dati opy Addhéihpsal |y, catalysts of the present invention include,

unl ess otherw se stated, both a dried slurry obtained via steps (A) and
(B) and a coatefl axaiialivst, ehtlaiimdcthg Yeanstepsl ¢ a)atmi dd putanddpreder abl y
further via step (d)). Hereinafter, a gas phase catal ytic reaction of

met hacr oher hal ehimolsphe rehenapbe conefuertabl mmdanenineritalad atinbheprhense of
using a catal yst of the present invention, will be set forth. Mlecular
oxygen o®r aafjasr comtaimimyg yrnlec Wradrexigens s trOspbedes oprdgatiphase
catalytic oxidation. The nolar ratio, for _use, of nolecular oxygen to

met hacr of @l Alnsngr epdr ABHYIFEEm Vayshet peofopapeei BRAGF| §RpreFefably from 1

to 10. Water is preferably introduced into raw_nateri al gases in,a nolar
rati o of 2WAPEPNEFS - net AT FE bet ot § PERIEHEP e Gt 6Pder™ bl Fow t he

reaCtiOnca%giggngagl3ﬁ£g8%5$%kmﬂt 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 if 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 is used when methacrylic acid is produced by subjecting
methacrolein, isobutylaldehyde or iscobutyric acid to gas phase
catalytic oxidation. Additionally, catalysts of the present
inventiocn include, unless otherwise stated, both a dried slurry
obtained via steps (A} and {B) and a coated catalyst obtained
via steps (a) to (c) {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 is
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The raw materi al gases may contain oxygen and, as needed, inert gases,
such as nitrogen, carbon di oxi de gas and saturated hydrocarbon, in
addition to water (normally contained as water vapor). Further, for

met hacrol ei n, gas obtai ned by oxidizing isobutylene, tertiary butanol and
met hyl tertiary butylether may directly be supplied. The reaction
tenperature of the gas phase catalytic oxidation is nornmally from200 to
400' C, preferably from 260 to 3600C. Wth the anount of supply of raw

mat eri al gases, the space velocity (SV) is normally from 100 to 6000 hr-1,

pref er abl yeq faMAQO 1@ 3000t Bl v cUsei @it ok at alnshoafart RELRHESEN
i nventi on does not cﬁange the reaction nerit even though the SV is

i ncreaseglse ARG b1 OWS1 at e FRAC LI t10a PF OTERM 13t pPe i gibBpadecemvel Beity. In
addition, the catalytic oxidation is possible at an increased pressure or

at a redused, pRssiune &St Wwekkfeandla PoesBHHEL 0 .Nnedatan i ppsphealb Ly pressure
.is normally suitable. Exanples Hereinafter, the present invention wll be
descri bethtfodtded Specifdealdyewisa hgdaemplres and aCompéiat pfewEkanpl es. 21
Additional ly, in Exanples and Conparative Exanples below, the degree of
conver si onneddlasatd e inybahdg yimiml dre? Heifi pedeaso ablpovdie TCoagereion
degree= (nol arnunber of reacted nethacrol e in/ nolar nunber of supplied
met hacr ofei #yoxthbp Sepeeeflvity = (nol ar nunber of produced methacrol ein/

The raw material gases may contain oxygen and, as needed,
inert gases, such as nitrogen, carbon dioxide gas and saturated
hydrocarbon, 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
oxidation is normally from 200 to 4bO°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 pecssiblie at an
increasedpressureoratareducedpressureaswell,andapressure
near an atmospheric pressure is normally suitable.

Examples
Hereinafter, the present invention will be described

further specifically using Examples and Comparative Examples.
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nmol ar nunber of reacted nethacrolein) x 100 Yield = (nolar nunber of
produced net hacrol ein/ nolar nunber of supplied nethacrolein) x 100
Furthernore, the catalytic, active conponents conposition in the Exanples
all are ratios calculated fromloaded raw materials. In addition, Formulae
are indicated without oxygen. Exanple 1 1) Preparation of Catal yst To
1200m. of purified water were added200 gof nol ybdenum trioxide, 8.84 g of
vanadi um pent aoxi de and 17.61 g of 85 w % orthophosphoric acid, and the
solution was heated at reflux at 90 to 100'C for five hours to yield a

reddi sh-brown, phs2nspaLeny s2ohhoMs SHbveARRU v BddieL SObULLAD s

added 6.07 g of antinony rioxi de and the résultant sol ution was further

heat ed atneefediie At c8HvE@s1BQ’ GEDECE NI PPWS 0Bt B RITiaRId ABNY
trioxi de-dissolved, highly dark blue solution. Then, the resulting solution

was cool gditewtrom 15 to 20C. To the solution were gradually added a
solution of 13.33 g of cesiumacetate dissolved in 150 nL of purified
wat er and a sotuhvensioh dkGr@e g (0b1armombem et etateedinesbbeedlennZ50 L of

purified 22 water at the sane tinme with agitation. Then, to the slurry was
further amdded ausbkut pdnspppparcddmbyhdicssdkiinng=x110009 g of cupric acetate
nonohydrate in 170 nmL of purified water and the resultant solution was
aged at 15 to 20lectdvibme=hdmeles phebdraogr espdupkdemskhpeyolThBh, the
resultant slurry was heated in a water bath to
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 ratios calculated from loaded raw
materials. Inaddition, Formulae are indicatedwithout cxygen.
Example 1
1) Preparation of Catalyst
To 1200 mL of purified water were added 200 g of molybdenum
trioxide, 8.84 g of vanadium pentaocxide 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 gof 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 solution was cooled to from 15 to 20°C.
To the solution were gradually added a solution of 13.33 ¢ of

cesiumacetatedissolvedinlS0nlofpurifiedwater andasolution

of 16.06 g of ammonium acetate dissolved in 150 mL of purified
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be evaporated and dried. The residue was ground with a nortar to cause the
size to be 300 Wor less, thereby yielding a dried slurry. The conposition
of the resultant dried slurry is: M)10VO. 7P1. 1CU0. 4Sbo. 3Cso.5 (NH4) |.s
Then, 215. 9 g of the resultant dried slurry was uniformy blended with
29.8 g of a strength- inproving material (ceramc fiber) , and200 gof
aspherical, porous alum nacarrier (particle dianmeter of 3.5 nm 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- gRkdrbyr tHRABSMAM 108 it L th"t%‘f!ﬂ atT}‘l‘@nPrtE)C‘Eﬁé sl'?f&‘fyng:afsh' S

process, - the | oss of powder was rarely observed. Subsequent

resul t anttygeaked dmd dad Pnadust pMesareals) Bedsaneetq a1f bowy of @ipriat 310'C
for five hours, thereby vyielding a coated catalyst” of the present

i nvent i oaceThee aidh edea th anete mob Aher coat @dacat-alnsthotainednwas 4.3
mm (average value). 2) Catalytic Oxidation of Methacrolein Into a

st ai nl essodueebnr @ast bgadt abel WMitdy 207Ci isirdendi ot efto WiellB.a2 4mmeanas

i ntroduced 10. 3nlL of the resultant coated catal yst, and the oxidation of
met hacr obéiue wasirear.ri ed out at a space 23 velocity (SV) of 1200 hr-1 and
at a reaction bath tenperature of 310C, with a raw material conposition in
terms of the ndbhgn, Eheikedilimtthaduglwi Wasohexygenn ¢ water valporta o
nitrogen being 1:2.0:4.0:18.6. First, the reaction results were determ ned
at a realfi® ﬁaEaﬁﬁt?@nﬂﬁi sinirasl -of Theores hfde s grpandedi £ h o MBAER

tenperat% ri.sen.to 350C and a reaction was all owed
o cause the size to be 300 pm or less, thereby yielding a dried

slurry. The composition of the resultant dried slurry is:

Mo14Vp,.7P1.1CU0.48b0.35Cs0.5 (NHy) 1.5

Then, 215.9 g of the resultant dried slurry was uniformly
blended with 29.8 g of a strength-improving material (ceramic
fiber), and200gof a spherical, porous aluminacarrier (particle
diameter of 3.5 mm, pore ratic 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 ceoating-mold by
means of the rolling granulating process. During this process,
the loss of powder was rarely observed.

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

Z2) Catalytic Oxidation of Methacrclein

Intocastainlesssteelreactiontubewithaninsidediameter
of18.dmmwas introducedl0.3mLof theresuliant coatedcatalyst,

and the oxidation of methacrolein was carried out at a space
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to continue for another 15 hours. Then, the reaction bath tenperature was
decreased to 310C and the reaction results were determ ned. Table 1 shows
the reaction results. Table 1 Conversion degreeSelectivityYield PT(C) NN)
Initial stage of reaction33070.083.858.7 After 15 hr at 350C32783. 483. 169. 3
* Pt: Peak or H ghest Tenperature (the sane in Tables below) *Conversion
degree: conversion degree of methacrolein (the sane in Tables below *
Selectivity: selectivity of nmethacrolein (the sanme in Tables below) *
Yield: yield of nmethacrolein (the sane in Tabl es bel ow) Exanple 2 1)
Prepar at iyenoef tGat gy sé £ Toe @pA0-maed purd f-Rdtwahehawer ecagddedt3s0 g of
nol ybdenum trioxide, 17.69 g of vanadi um pentaoxi de and 32.27 g of 85 w %
ort hophosph®r 0% ,ant dh @ancGw hetsel Hi i Ofmyesi heat ach akriefd £ hat md4290 to
100C for five hours to yield a reddi sh-brown, transparent solution.
Subsequentkyp dbrthhasebltiantwasyagdedeth VEte?vapaf tantitmyen beiogi de and
the resultant solution was further heated at reflux at 90 to 100C for two
hours toloBt&i:A.8nlénbi. nonyrst) oxiele-al csial ewtslitghivg réadk tblkmensdl ut i on.
Then, the resulting solution was cooled to from15 to 20C.

at a reaction bath temperature of 310°C, and then the reaction

bath temperature was risen to 350°C and a reaction was allowed
to continue for another 15 hours. Then, the reaction bath
temperature was decreased te 310°C and the reaction results 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 purified water were added 350 g of molybdenum
trioxide, 17.69 g of vanadium pentaoxide and 32.27 g of 85 wt$%

orthophosphoric acid, and the solution was heated at reflux at
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To the solution were gradually added a solution of 23.33 g of cesium
acetate dissolved in 170 nL of purified water and a solution of 33.73 g of
anmoni um acetate dissolved in 170 nL of purified 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: Mol ovo. 8Pi.i5Sbo.4Cso.5 (NH4)

1.8 Thengpl, 1he°@RWHCE i A AW L 8 Added s 1% di $h-Of r AnDOWEEhspaEeRYPT C
acet ate nonohydrate in which the atomc ratio of the Cuto tﬁer is 0.4:10

and 66. 1sgiaf:ianstrength-inproving material (ceramc fiber), and the
resulting material was m xed uniformy, and then 444.1 g of a spherical,
por ous al um nasabeebeentpgy ticctiee sdilanebarnf added nm. 7pey €f satioocnf 25. 5%
was coated with the resulting mxture |leading to a coated nol ded product
usi ng antraquedesar8dthe ré=etlhand ssbdlti dowaasiar bhaddrahedcaatieddurnol d by
means of the rolling granulating process. The particle dianmeter of the
coat ed cataPystoobC& helionabwd. Bowns (bhverhjeinabueynt 28omhe resul t ant

coat ed nol ded product was calcined at 380C for 10 hours using ethanol (20
g/ h) as &riedacengiggertednddighd vi dewkobliiet seder 108 L/ min) with a

box- shaped hot-air circulating calcining furnace to yield a coated

catal yst of th&PpPeddtt TeFRYERRE GIPIUHEOTEERF o LGBREHRCE tokBadi Ciron of
the resulT'Eji Qﬂe ggflgggor?avgearlgsc}raidsﬁall\ibyl%\cli%e%lag' s%?%gbﬁsgg'% 5g %W) 1.8
cesiumacetatedissolvedinl7OnLofpurifiedwaterandasoclution
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
to cause the size to be 300 ‘um or less, thereby yielding a powder.
The composition of the resultant powder is:
Mo16Vo.8P1.15500.4Cs0.5 (NH; } 1
Then, to the powder akove were added 19.41 g cf a powder
of cupric acetate monchydrate in which the atomic ratio of the
CutotheMois 0.4:10and 66.1 gof é strength-improvingmaterial
(ceramic fiber), and the resultingmaterial was mixeduniformly,
and then 444 .1 gof 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
agqueous 90 wt% ethanol soluticn 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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2) Catalytic Oxidation of Methacrolein As in Exanple 1 except using the
resul tant coated catal yst, oxidation was carried out. The reaction results
are indicated in Table 2. Table 2 Conversion degreeSel ectivityYield PT(C
Initial stage of reaction32786.576.866.5 After 15 hr at 350C32385. 286.473. 6
Exanmple 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 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

sol ution. Thenthéhe At Bgaseluld Diedps oaekatk$ @afllicamelbat 3820C.  To
the solution were gradually added a solution of 13.33 g of 26 cesium
acet at e dbssod vegidH IR edhaponi ficedgwal esis andcaligalnt isgentohind@r27 g of
ammoni um acetate dissolved in 100 nL of purified water at the sane tine
wi t h agi tdtlicoro andttbgend$ul traint) 8ot hititark - sk catjedt adiA8itrou260Cnfior one
hour to yield a green blue slurry. Then, the resultant slurry was heated in
a wat er bathinongbdusnaper &veptiand dricediefheatadivdlieoWashgr puadenith a
mortar to cause the size to be 300 mor |ess, thereby yieldin% a powder.
The conpdsvenrshost tHhee pefiiMeaptrpondeEsigpuposition of the resulting

coated catalyst is:
Mo19Vo.5P1.15CU0.45000.4CS0.5 (NHy ) 1.8
2) Catalytic Oxidation of Methacrolein
As inExample 1 except using the resultant coatedcatalyst,

oxidaticn was carried ocut. The reaction results are indicated

in Table 2.
Table 2
Conversion degree | Selectivity | Yield
PT(°C)
(%) (%) (%)
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) Preparation of Catalyst

To 1400 nL 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 solution was heated at reflux at
90 to 100°C for five hours to yield a reddish~brown, transparent
sclution.

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

To the solution were gradually added a soiution of 13.33 g of
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Mb10VO. 8Pi . 15Cs0.5 (NH4) 1.e Then, to the powder above were added 11.09 g
of a powder of cupric acetate nonohydrate in which the atomc ratio of the
Cutothe Mo is 0.4:10 and 28. 9 g of a strength-inproving materi al
(ceramic fiber), and the resulting material was mxed uniformy, and then
200 g of a spherical, porous alumna carrier (particle dianmeter of 3.5 mm
pore ratio of 25.5% was coated with the resulting mxture leading to a
coat ed nol ded product using an aqueous 90 wt % et hanol sol ution as a bi nder
by coating-nold by neans of the rolling granul ati ng process. The particle

di amet er ce@fi uttha-coatedi sab abyst naltcmed pwas £4 3 Wit roaed age lvalive) . The
resul tant coated nol ded product was calcined at 380C for 10 hours with

et hanol @©201¢/hY @ faaredudiungzagent eutesol ved liowlol nltesdgearri(fSeld m n)
usi ng a box-shaped hot-air circulating calcining furnace to yield a coated
cat al yst waftetrhet theesan¢ tiimeent tlorgiHe iact aveé thenpeseht sntapodiitonon of
the resulting coated catal yst is: MioVO 8Pi.15Cu0.4Cs0.5 (NH4) 1l.e 2)

Cat al yt i e'aGxedadiain 16ftav@feciof eine RFundd miEkdmplog eenektepts isimg t he
resul tant coated catal yst, oxidation was carried out. The reaction results
are indicated Thentaplhe mesubbArt 31csmrerspore degd cesal ¥etryi Ry d1d PT( Q)

Wolnitial stage of reaction32583.580. 266. 9 )
be evaporated and dried. The residue was ground with a mortar

"to cause the size to be 300 um or less, thereby yvielding a powder.
The composition of the resultant powder is:

M010Vo.8P1.15C80.5 (NHy ) 1.6

Then, to the powder above were added 11.09 g of a powder
of cupric acetate monohydrate in which the atomic ratic of the
CutotheMois 0.4:10and 28.%gof a strength-improvingmaterial
(ceramic fiber), and theresultingmaterial wasmixeduniformly,
and thenr 200 g of a spherical, porous alumina carrier (particle
diameter of 3.5 mm, pore ratio of 25.5%) was cocated with the
resulting mixture leading to a coated molded product using an
aquecus 920 wt% ethanol solution as a binder by coating-mold by
means of therollinggranulatingprocess. Theparticlediameter
of the coated catalyst obtained was 4.3 mm'(average value) .

The resultant coated molded produclt 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 compositicn cof the
resulting ccated catalyst is:

M010Ve.8P1.15CU0.4C80. 5 (NHy ) 1 6

2} Catalytic Oxidation of Methacrolein
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After 15 hr at 350C32384.983.470.3 Conparative Exanple 1 1) Preparation of
Catal yst To 1500 nmi of purified water were added 200 g of nol ybdenum
trioxide, 8.84 g of vanadi um pentaoxi de and 18.42 g of 85 w %

ort hophosphoric 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 ref lux at 90 to 100C for two
hours to obtain an antinony trioxide-dissolved, highly dark blue sol ution.
Then, the resuhtiiRorsahdtd ORA$ 10001 €4 the fdamikh it €-20£4 catall/be, sol ution
were gradually added a solution of 13.54 g of cesiumnitratedissolved in
200nL of patibhitednwad €fcaand « satut i THe r@fac 128% agueoysemmBAiaasebut i on
(26.08 g) diluted in 150 nL of purified water at the sanme tinme with

agi tati odnamdbike3r.esul tant solution was aged at 15 to 20C for one hour to
yield a green 28 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 conpdsitlieod of the resultant powder is: MloVo.7P1.1sSho. 3CsQ.5 (NH4)
1.5 Then, to the powder above were jadded 11.09 g ¢f a powder| of cupric

acet at e [monohydrate i n whilch t he at|ofPeversien degsee { heSelactivitso { helillp ils
0.4:10 and 34.7 g of a strlenBT6O) ngroving nateri al
(%) (%0) (%)
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 solution was 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 solutionwas cooled to from 15 to 20°C.
To the solution were gradually added a solution of 13.54 g of
cesiumnitratedissolvedin200mLofpurifiedwater andasolution
of a 28% aqueous ammonia solution {26.08 g} diluted in 150 mL
ofpurifiedwaterat thesametimewithagitationandthe resultant

solution was aged at 15 to 20°C for one hour to yield a green
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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 dianeter 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 nmm
(average value). The resultant coated nol ded product was cal cined at 310C
for five hours under a flow of air to yield a coated catal yst for

conpari sbnueTheueegposi tion of the resulting coated catalyst is:

MoloVo. 7P1. 15Cu0. 4Sbo. 3Cso.5 (NH4) 1.5 2) Catalytic Oxidation of

Met hacr ol ei n Tiikenestih¢ ardswddatrad statralysh s Wasa tsahjiechedat or Mdtdatioon as
in Exanple 1 with the exception that the reaction bath tenperature was
310C onl e dhapoeaced oma ekulets afke shemindus wakabgleudd RBtTabe rdaPT
CConversion degree ¥sel ectivity %ield 31933.074.624.6 Exanple 4 A coated
cat al yst tefcaure phessime tamenBPBnuwas leistsai hedrehy vile lidiagcapevwderExanpl e 2
wi th the exception that the amount _of antinony trioxide was changed into
22.14 g, ThRaforResampamt ©fofthemrssiudireateratdoras séhanged into 26.23 g, and
that calcining step_conditions were changed into being under a flow of air
at 310C for fiQeYhobessSHneCrr i e sdi anet er of the resul tant

Then, to the powder above were added 11.09 g of a powder
of cupric acetate monchydrate in which the atomic ratio of the
CutotheMols 0.4:10and 34.7 gof a strength-improving material
(ceramic fiber), andthe resultingmaterial wasmixeduniformly,
and then 232.6 gof 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
aqueous 90 wt$% ethanol solution as a binder by coating-mold by
means of therollinggranulatingprocess. Theparticlediameter
of the coatedmoldedproduct obtainedwas 4.3 mm (average value) .

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

Mo1oVe.7P1.15C10.45b0.3CS0.5 (NH ) 1.5

2) Catalytic Oxidation of Methacrolein

The resultant coated catalyst was subjected to oxidation
as 1n Example 1 with the exception that the reaction bath
temperature was 310°C only. The reaction results are shown in

Table 4.
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coated catal yst was 4.3 mm (average value). Exanple 5 A coated catal yst of
the present invention was obtained as in the case of Exanple 2 wth the
exception that the amount of vanadi um pent aoxi de was changed into 15.48 g,
that the anobunt of 85 w % ort hophosphoric acid was changed into 31.71 g,
that the amount 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

catal yst was 4.3 mm (average value). Exanple 6 A coated catal yst of the
present rakésat kon was obtained as in the case of Exanple 2 with the
excepti on that § solution of 23.[33g of cesium acetate|lin 170 nL water was
changed| i PTGC) a| shinuérsion degre (41 GekttidgsPim| hydid®tde nonohydrate in 175
mLwat er | (t her at [ oof Cs: Mobel ng0. 5:]{10) . The parnticle di aneter 30 of the
resultant atxted catal yBStOwas 4.3 mm (2uérage |valdde). |[Exanple 7 A coated
catal yst of the present invention was obtained as in the case of Exanple 2
with the exception that a solution of 23. 33g cesiumacetate in 170
m.wat er was changed into a solution prepared by adding a solution of 7.30
g of aceErem@died4in 52.5 nL water to a solution of 20.41 g of cesium

hydr oxi de nmonohydrate in 123 nL water. The particle dianmeter of the

resul tant coat 8dcoehedl yakalast 2B tha paﬁéﬁagel%@a*é}on Basshsicd-eg n&dcoat ed

cat al yst of the gresent i nvention_was .obtai ned .
case of Example 2 with the exceptlon that the amcunt

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 {averadge value).
Example 5

A coated catalyst of the present invention was obtailned
as in the case of Example 2 with the exception that the amount
of vanadium pentaoxide was changed into 15.48 g, that the amount
of 85 wt% orthophosphoric acid was changed into 31.71 g, that
the amount of ammonium acetate was changed intoc 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 23.332g of cesium acetate in 170 mL water was changed into
a solution of 20.41 g of cesium hydroxide monohydrate in 175

mLwater (theratioocfCs:Mobeing0.5:10). Theparticlediameter
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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 nmm (average value). Exanple 9 A coated catal yst of
the present invention was obtained as in the case of Exanple 3 with the
exception that the anbunt of ammoni um acetate was changed into 21.41 g,
and that antinony trioxide was not used. The particle dianeter of the
resultant coated catal yst was 4.3 nm (average val ue). Exanple 10 A coated
catal yst of the present invention was obtained as in the case of Exanple 2
W th t heoExideptianulidmit tdenteabldang 1 ispersatiusensf (hfieragei vahye) .

tri oxi de-di ssol ved, highly dark blue solution was changed into 26 to 30C
The partEicdrepbeaheter of the resultant coated catal yst was 4.3 mm (aver age
val ue). 31 Conparative Exanple 2 A coated catal yst for conparison was

obt ai ned as i mtdvateshse tofl vEanpar el ¢ ver Examiplimvenkiiton whe extaphédn t hat
ammoni um acetate was not used, and that the anmounts of 85 w %

or t hophoBpHidt ithieagracamél Bxamimiony vitbxide sweepthandédt atoolrdion g and
8.09, res ectlvely The particle diameter of the resultant coated catal yst
was 4.3 Cav B’&&él\%wtat%apﬁhw/%t@‘dﬁﬁc@aamdcl@é;peﬁs%ﬂélwgt f or
conpari son was ng%al ned as in # case of Exanple 2 wth the exce t|on

that cesPUPPALET 4% 3H "ammdnt vhi R dthat’e %}aeaeo‘ﬁo@c%e%a%lphé%

amount OI]:‘lL %I%. re'rcto a solutionof 20.41 g of cesium hydroxide monchydrate

in 123 mL water. The particle diameter of the resultant coated
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 the 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 obtained
as in the case of Example 2 with the exception that the cooling
temperatureof theantimony trioxide-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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acet at e nonohydrate was changed into 24.26 g. The particle dianeter of the
resul tant coated catal yst was 4.3 mm (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

di anmeter of the resultant coated catalyst was 4.3 nmm (average val ue).
Conparative Exanple 5 A coated catal yst for conparison was obtained as in
the case of Conparative Exanple 1 with the exception that the amount of
85 wt % ort hophosphoric acid was changed into 19.22 g, and that 13.54 g of

cesi um n¢cbhpt faaseChangelei pto 7. 02 g of potassium acetate. The particle
di aneter of the resultant coated catalyst was 4.3 nmm (average val ue).
Conpar ati ve Example:d&d 32athAlooat drcababyst sbarweemiaird sosd was iabthened as
in the case of Conparative Exanple 1 with the exception that the anount

of 85 w &asetdibghosphartiiveaEkdnpds T hangetdhend:ocd®t 22n ghagndmmphatml13. 54 g
of cesiumitrate was changed into 10. 25 g of rubidium acetate. The
particl eadébhabeevasf noheusedul eadt tbeat stecarahpss oRa854W8%nm (aver age

val ue). Test Exanple The coated catal ysts obtained from Exanples 4 to 10
and Conpakhepiesphanpresc2dtand Ik EMONY di ek ke Meneheheage bfinERanple 1

at a bath tenperature of 350" C for 15 hours, and,subsequent%y the bath
t enper at 6P eOWe$ AL feded TESPREFICANG t hBerkaktighe diameter of the

resultant coated catalyst was 4.3 mm {average value).
Comparative Example 3

A coated catalyst for comparison was obtained 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 monohydrate was changed into 24.26 g. The particle
diameter of the resultant coated catalyst was 4.3 mm (averade
value} .
Comparative Example 4

A coated catalyst for comparison was obtained as in the
case of Example 2 with the exception that cesium acetate was
notused. Theparticlediameteroftheresultantcoatedcatalyst
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 85 wt% orthophosphoric acid was changed into 19.22 g, and
that 13.54gof cesiumnitratewas changed into 7.02 gof potassium
acetate. Theparticlediameter of theresultant coatedcatalyst
was 4.3 mm (average value).

Comparative Example 6
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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

catal ysts. 33 Table 5 Catal yst active conponents co positionCatal yst

per f onnance MoVPCuCsNHASbPT Conversion Selectivity Yield (c)degree (% % (ON
Exanpl e 4100. 81. 150. 40. 51. 40. 532385. 083. 971. 4 Exanpl e

5100. 71. 130. 40. 51. 70. 431789. 079. 770. 9 Exanpl e

6100. 81. 150. 40. 51. 80. 432281. 986. 470. 8 Exanpl e

7100. 81. 150. 40. 51. 80. 432383. 685. 171. 1 Exanpl e

8100. 81. 150. 402 5o 80D 53X R0, L8F G68obpEXasphewas obtained as in the

9100. 81. 150. 40. 52. 0- 32280. 286. 369. 2 Exanpl e

10100. 81c&56.ADCSMP80ad 32833 AGDL DT WixCohpagatdption that the amount

100. 71. 20. 40. 5- 0. 433188. 770. 862. 8 e Exanple 2 Conparativ

100. 81. 156. §5-0t 4320600 779sPASE IC ea Ekd A ® Gabuigshriattiov 19.22 g, and

100. 81. 150. 4-1.80.431110. 153.05.3 e Exanple 4 Conparativ o
that13.54 gof cesiumnitratewas changed into10.25go0f rubidium
acetate. Theparticlediameterof theresultant coatedcatalyst
was 4.3 mm (average value).
Test Example

The coated catalysts obtained from Examples 4 to 10 and

Comparative Examples 2 to 6 wereoxidizedas 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 ratio of each catalyst active component

of the coated catalysts.
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100. 71. 20.40.5 1.50.331211.165.47.2 e Exanple 5) Conparativ 100.71.20.40.5
1.50.331435.685.530.5 e Exanple 6(Rb) 34 CLAIMS 1. A catal yst for producing
met hacrylic acid by subjecting nmethacrolein, isobutylal dehyde or

i sobutyric acid to gas phase catalytic oxidation, 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 contained as the essential,
active conmponents, characterized in that the catalyst is obtainable by
using a cesiumweak acid salt or cesiumhydroxide as the Cs raw materi al
and ammofebicaéetate as the NH4 raw material, of the active conponent of

the catalyst. 2.] The catalyst according to ¢larm I, wherern the Cs raw
material is cesijumaerttatife impsRsis Ydoyeinoxijde. B. Themsat@hrshncaccor di ng
toclaiml1l or 2, wadreirl thg cdtalyst does|net fontain arsenic hs an
active ¢onponent| Mo4. VThe rcdt ah y|sts dourding t o Aoynversien PfSeledtigi™s Ykidt 0 3,
wher ei njcopper acetdte ar cuprig oxiide ils uggeclas the copper raw naterial
of the catalyst.|{ 5. [The [catal yst| acdordiing tlo any demne (Bf | cl &ns I &0 4,
wher ei n|t he conplosit|i on |of tlhe gcti e canponent pf the catalyst jis
r epr esentBdmply4 t @0 flod.bul lal5([19.4 | 05 | 14 | 0.5 | 323 85.0 83.9 71.4

Example5 | 10 | 0.7 |113]| 04 | 05 | 1.7 | 0.4 | 317 89.0 79.7 70.9

Example6 | 10 | 0.8 {115]| 04 [ 05 | 1.8 | 0.4 [ 322 81.9 86.4 70.8

Example7 | 10 | 08 |1.15] 04 [ 05 | 1.8 | 0.4 | 323 83.6 85.1 71.1

Example8 | 10 | 0.8 | 1L.15]| 04 { 05 | 1.8 [0.05] 321 80.6 85.6 69.0

Example 9 10 : 08 | 115 04 ;1 05 | 20 - 322 80.2 86.3 69.2

Example 10 | 10 | 08 |1.15| 04 | 05 i 1.8 | 0.4 | 323 83.7 85.0 71.2

Comparativ { 10 [ 0.7 { 1.2 | 0.4 | 0.5 - 04 | 331 88.7 70.8 62.8

e Example 2

Comparativ 10 08 [1.15] 0.5 - - 0.4 320 60.7 79.2 438.1

¢ Example 3

Comparativ | 10 | 08 [1.15]| 04 | - | 1.8 | 04 | 311 10.1 53.0 5.3

¢ Example 4

Comparativ | 10 | 0.7 | 1.2 | 04 | 05 | 1.5 | 03 | 312 11.1 65.4 7.2

¢ Example 5 (K)

Comparativ | 10 | 0.7 | 1.2 | 04 | 05 | 1.5 | 0.3 | 314 35.6 85.5 30.5

e Example 6 {Rb)
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MOLoV, PbCucCsa (NH4) eXfQg (1) wherein Mo is nolybdenum V is vanadium P
i s phosphorus, Cu is copper, Cs is cesium (NH4) is amoniumgroup, X is
one or nore elenents selected fromthe group consisting of Sb, As, Ag,
My, Zn, A, B, Ge, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, Ni, Ce, Th, K
and Rb, a to g represent the atomc ratio of each elenent, 35 a is a
positive nunber of 0.1< a<-6.0, b is a positive nunber of0.5< b<6.0, c is
a positive nunber of 0<c< 3.0, dis a positive nunber of 0.01Sd< 3.0, e is
a positive nunber of 0.1l:-e<- 3.0, f is a positive nunber of 05f53.0, and
g is a value determned by the oxi@aidh nunber of an acid of each
el enment. 6. The catal yst according to claim5, wherein ais a positive
nunber of 0.5<<a5l.2, b is a positive nunber of 0.9<_b< 1.5, cis a
positive nunber of 0. 2< ¢50 . 8, d is a positive number of 0. 25d<-0O. 8,
e is a positive-Aupderlonit fogwwlwmethﬁgrzlp@9qud/1@yﬁubber:tlaﬁ
0-<<f<<-0.8. 7. The catalyst according to claim5 or 6, wherein_the
cat al yst "66REEFAS CSH a5SErl pebehi¢AYAR anEReLU BY Y C mstikbBOfHRS BRepsring a
met hacrylic acid by subjecting nethacrolein,

catal yst f roducin
isobutyl&?géﬁgﬁéc 8518§658Pyrpé¥ @ﬁdaﬁoa&a§cﬁﬁ §e CORPRPFRC OEX|Bﬁt|on t he
i RO Rl T SR S G
o sper o0 11Ol (LIRS SRS SHUL ol LSRG
active components, characterized in that the catalyst is
obtainéble'by1ising a cesium weak acid salt or cesium hydroxide
astheCsrawnmterialandammoniumacetateastheNH4rawmaterial,
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 one of claims 1 to 4,
wherein the composition of the active component of the catalyst
is represented by the formula (1):
M0O15VaPrCUcCsq {NH; ) (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, Z2r, Cr, Re, Bi, W, Fe, Co, Ni,

Ce, Th, KandRb, a togrepresent theatomic ratioof each element,
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containing V, a conmpound containing P, and a conpound containing Cu, the
conpoundA-2 is a cesiumweak acid salt or cesium hydroxide, the conpound
A-3 is anmonium acetate, and the conpound A-4 is one or nore conpounds
selected fromthe group consisting of conpounds containing one of Sh, As,
Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th,
K and Rb; and 36 step (B) of drying the slurry yielded in step (A to
obtain a dried slurry. 9. The method for preparing the catal yst according
to claim 8, wherein the conmpound A-4 is used as an essential conponent -
10. A nmethod &opopiepaei ngmBeeoated.cakabys! HoLspaogueingvsehhassylic acid
by subjecting nethacrol ein, isobutylal dehyde or isobutyric acid to gas
phase catéabPyb£lo<ox®dat iena ddee: hetdadmbeanPriGiawR . 5t €piéa) pokihlieadi ng
conpounds a-l to a-3 and, as needed, conpound a-4 with water to prepare an
aqueous svlberont oF - OEdPerGi an isf at hes¢onpeunusbéhenti haldet 3.0al fed a
slurry, _including both), wherein the conpound a-1 is a conpound contai ning
M, a coﬁrﬁoénﬁoshbh‘tfgl ﬂﬂlﬁ@ev of ¢shpouhd ayohtailn g VR 1vandeiecoipednd
containing  Cu, the conmpounda-2 is a cesiumweak acid salt or cesium

hydr oxi dEY thReCtoApEURE BUBLES afmBRi amidcefarachr eafmsRitum hydr oxi de, and
t he conpound a-4 one or nore conpounds selected f romthe group

consi sting of éoﬁ;’}@&?&sﬁ tc%?ﬁ‘?ﬁﬁ ﬂéocﬁlaéﬁwﬁg’heﬁﬁlnl@gls ZROSIALVER e,

S Pb, T = | st b :
dII:]yI ng tﬁgﬁ%ﬁur?g%lée? 1 4" stlgg (paﬂslttol %{lélirrpper 0 020G, BPi 5 SteR (b) o

apositivenumber of 0.2<¢c<0.8, disapositive numberof 0.2<ds0.8,
e 1s a positive number of 1.0<e<2.2, and f is a positive number
of 0<£f<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, isobutylaldehyde
or isobutyric acid to gas phase catalytic oxidation, the method
comprising:

step (A) of blending compounds -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-2isacesiumweakacidsaltorcesiumhydroxide,
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, K and Rb; and
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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-1 is a conpound contai ni ng
Mo, a conpoundsteonBaidt agyYngatlcoBpaung Cisltdddingf3p any ta cotpdund
containing Cu, the conpounda-2 is a cesiumweak acid salt or cesium

hydr oxi de,drt&é sbapound a-3 i s anmoni um acetate or anmoni um hydroxi de, and
t he conpound a-4 is one or nore conpounds selected fromthe group

consi sting of 2ofpewwihabhtrpmergrong Wic ShiaAgst Agcoiylingrio cArinB, Ge,
Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th, K and Rb; step (b) of
dryi ng t he vHiairein yihel gerpprngdtpl (19 usedobs ath esgediiied gpmmayengt ep (b')
of blending the dried slurry obtained in step (b) with a solid conpound
cont ai ni ng copp®r P{%e%tb@%ufﬁrm%mq §tf‘ecpﬁtz%c} cefaéyatiffy RYedrFiR? with

t he powder obta ed in ste sing .a binder to. obtain 0 d nol ded
prodgct maﬁ acry Qc'a01dﬁnr£héj gtﬂmgnmthacroleln, 1sobutyla18 g

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
containing Vv, acompoundéontainingP,Eﬂuiacompoundcontaining
Cu, thecompounda-2isacesiumweakacidsaltorcesiumhydroxide,
the compound.a—3 is ammonium acetate or ammonium hydroxide, and
thecompoundar4:Usoneornmrecmmpoundsselectaﬂfrmnthegroup
consisting of compounds containing one of Sb, As, Ad, 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 (c) of coatingacarrierwith thedriedslurryobtained
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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step (d) of calcining the coated nol ded product obtained in step (c). 12.
The nmethod for preparing the coated catal yst according to claim1l0 or 11,
wherein the conpound a-4 is used as an essential conmponent. 13. The net hod
for preparing the coated catal yst according 38 to anyone of clainms 10 to
12, wherein at |east one species selected fromthe group consisting of
wat er and organi ¢ conpounds having a boiling point of 150'C or |ower at
one atnospheric pressure is used as a binder. 14. The nethod for preparing
the coated catal yst according to claim 13, wherein the binder is ethanol.
15. The net hodiioR pethpadifitg pherevated cas bty sk tadeastdiegprroduciabm 13,
wherein the binder has a weight ratio of ethanol to water being from 10:0
to 5:5. methFpsvhiechoeid by prepacthpy et voareke dat élsp@mtafé@éri@gﬁée to any
one of clainms 10 to 15, wherein the coated nol ded product is calcined in
the presBAdesBU Fidacingtagas Phassteraytic pxidphd opet HRITESROPr epari ng
the coated catalyst according to claim 16, wherein the reducing agent is
et hanol . “¥8PTAS¢o8t ed catal yst for produci ng nethacrylic acid by

subl ecti 10, et RCEOL S e RERHLN L SSHES: S SPOUM hgoc] o das phase
cl ai ms 190%80%£d §94 with water to prepare a slurry of the compounds,

wherein the compound a-1 is a compound containing Mo, a compound
containingV, a compound containing P, and a compound containing
Cu, the compounda-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 compcunds centaining one of Sk, 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 yvielded in step (a) to obtain
a dried slurry;

step (b’) of blending the dried slurry obtained in step
(b} with a solid 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.Then@thodforpreparingtheéoatedcatalystaccording
toclaiml0or 11, wherein the compound a-4 is used as an essential

component.

13. Themethod for preparing the coated catalyst according
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toanyoneofclaimsi0to 12, whereinat least one species selected
from the group consisting of water and organic compounds having
a boiling point of 150°C or ilower at one atmospheric pressure
is used as a binder. |

14. Themethod for preparing the coated catalyst according
to claim 13, wherein the binder is ethanol.

15. Themethod for preparing the coated catalyst according
to claim 13, wherein the binder has a weight ratio of ethanol
to water being from 10:0 to 5:5.

16.Themethodfofpreparingthecoatedcatalystaccording
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 claim 16, wherein the reducing agent is ethanol.

18. A coated catalyst for producihg methacrylic acid by
subjecting methacreolein, isobutylaldehyde or isobutyric acid
Lo gas phase catalytic oxidation, obtainable from the method

accerding fto any one of claims 10 to 17.
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