Description METHOD FOR MANUFACTURI NG CATALYST FOR USE | N PRODUCTI ON OF
METHACRYLI C ACID Field of the Invention [0001] The present invention
relates to a nethod for manufacturing a catalyst for use in the production
of nmethacrylic acid including gas-phase catalytic oxidation of

met hacr ol ei n, isobutyral dehyde, or isobutyric acid using a highly active
and highly selective heteropol yacid catal yst having a sufficient
mechani cal strength. Background Art [0002] Many catal ysts have been
proposed for use in the productiogegérfg%p?ﬁrylic acid by the gas-phase
catalytic oxidation of nethacrolern, 1sobutyral dehyde, or isobutyric
aci d. MostMBfHPReBER cHLHPYE£S UEINGaICA TABIYPEd diflimUtTd I RPHEFUCHOR he
mai n conpowentscangdrbhaxers structure of heteropol yacid and/or salt

t hereof. A heteropol yacid catal yst has problens of poor noldability and

| ow mechani cal strength after nolding. [0003] Much | ess propositions have
been made tro=1apsoOVERE henvarehani cal strength of a heteropol yacid catal yst
than prop gééigns to inprove the performance of the catal yst, for
exanple, the yield of nethacrylic acid. Patent Document 1 proposes a
mol di ng met hod iThanhihe sweat - r esvstanbnf i befatesch toas acemamieod | bigry, 1S
mixed as g.4elAlAnel g agent, Balent Pagunenl 3 prepases. ganpl ding et hod
of a catalyst contalning essential conponents of nolybdenum ani

phosphor ustetharihi kh 4% ok eleu Pk e U TP e o o Yol arexid adebramt

nol ded. [Ratient-Docunent sdibudapangsgyRat ept Rublieatdion Na.g 2136296

Pat ent cunent 2 apanese. Pat ent |1 cati on Layi ng-open No.
£004_3512 éﬁiy aétfvg ang hlg%ﬁy séﬁgctive hetef%po ygéid catalyst

having a sufficient mechanical strength.

Background Art
[0002]
Many catalysts have been proposed for use in the

production of methacrylic acid by the gas-phase catalytic
oxidation of methacrolein, iscbutyraldehyde, or isobutyric
acid. Most of these catalysts contain molybdenum and
phosphorus as the main components and have a structure of
heteropolyacid and/or salt thereof. A heteropolyacid catalyst
has problems of poor moldability and low mechanical strength
after molding.

[0003]

Much less propositions have been made to improve the
mechanical strength of a heteropolyacid catalyst than
propositions to improve the performance of the catalyst, for
example, the yield of methacrylic acid. Patent Document 1
proposes a molding method in which heat-resistant fiber, such
as ceramic fiber, is mixed as a reinforcing agent.

Patent Document 2 proposes a molding method of a catalyst
containing essential components of molybdenum and phosphorus,
in which its oxide precurscr and an oxide are mixed and molded.
[Patent Document 1] Japanese Patent Publication No. 2-36296
[Patent Document 2] Japanese Patent Application Laying-open
No. 2004-~351297



Summary of the Invention [0004] However, according to findings of the
present inventors, even these proposed neans provide insufficient
mechani cal strength for an industrial catalyst, exhibit | ow production

yi el ds because of poor noldability, and have increased manufacturing
costs. Furthernore, |ow nmechanical strength may result in detachnent of an
active conponent while a catalyst 1is charged into a reaction tube. Thus,
requi red perfornmance cannot be achieved. Hence, further inprovenent is

desired. EQOQSL ngrggglxng%gQg%ﬁd catal ysts for use in the production of
met hacryl i i reactivity and the selectivity to a
target sub&f@néé and are al so shorter in life than nol ybdenum vanadi um

catal ysts IOrOpos%é%r\ﬁm@ii’ccco%&%%%rﬂib@g%r_ESH @%ir%s?ﬁltafh@é(zjl fdon

reaction of acrol ein, h is Knowm to be simlar e gas- phase

catal ytic ©BXPdabF6R Meitq TP ofewiet hREPBIEEN L NssdHutaiadl dehyefesnbpal

i sobut yri csegéfgt Thasr aht howgh: sose ©ft4hes oy opsed: €at &) Y§£c]§d1%<ﬁiﬁon
nce [0) ese

comerci al i ze there is a demand for jnproved perfo

cat al ysts.yT%Jg%%] NS¢ S5ar tO&y R84t r é‘f@zﬁ“ﬁ&@’opﬁﬂfggﬁavgal%n%‘?‘ﬁ%@% ng
essenti al rcompbaentsiondg amdydhdEnunhephogphol s maevanadidm steesptmmmaymoni a,
copper, a I mony. ]ﬁqgn i_nt I to Increase_the
nechanicaﬁ%???g%gt Cg%én{ e ylgﬁaé§TSE§%¥ a%?@ﬁ?ﬁeggi glgﬁeaﬁ?%%%%ﬁSt

i nventors ¥ouHtRidRE caleimatsdn 1of tgrizsmulBsls obteaiwedt: dypar§impices

precursor sluidy 0f AGYEQUSy . SQéH&&0nfuPﬁﬁggeimpkgkf@gem”%k%@sxxi Iproves
t he nnldabfiQ¢%§ to produce a catal yst having fndustrially satlsfvlng
mechani cal ngt h. The present invention is thus acconplished. Thus, the

present inventi duredaties daipd R0k tellysa cabal yst conpid singessent i al
28;Lg$,COQHPQ%QE%acP&lQB'%%%%p%ﬂkepfgggPOE%STM%%pagégc i%?%&“g%daqﬂﬁﬁ'a’
selectivity to a target substance and are also shorter in life
than molybdenum-vanadium catalysts proposed for the
production of acryliic acid by an oxidation reacticn of acrolein,
which 1s known to be similar to the gas-phase catalytic
oxidation reaction of methacrolein, isobutyraldehyde, or
isobutyricacid.Thus,althoughsome<Mftheproposédcatalysts
are commercialized, there is a demand for improved performance
of these catalysts.

f000¢6]

In a partly neutralized heteropolyacid salt containing
essential components of molybdenum, phosphorus, wvanadium,
cesium, ammonia, copper, and antimony, through an intensive
study to increase the mechanical strength and the yield of
methacrylic acid, the present inventors found that calcination
of granules, obtained by drying its precursor slurry or agueous
scolution, before molding remarkably improves the moldability,
to produce a catalyst having industrially satisfying
mechanical strength. The present invention is thus
accomplished. Thus, the present invention relates to:

[0007]

(1) a catalyst comprising essential active components

of molybdenum, phosphorus, vanadium, cesium, ammonia, copper,

and antimony for use in the production of methacrylic acid and



and antinony for use in the production of nmethacrylic acid and 2 a nethod
for manufacturing the catalyst, conprising drying a slurry prepared by

m Xi ng a conpound(s) containing the essential active conponents with water
and then calcining the resulting dry powder and nol ding the cal ci ned
powder; (2) a nethod for manufacturing a catal yst conprising essential
active conponents of nol ybdenum phosphorus, vanadium cesium anmonia,
copper, and antinony for use in the production of nethacrylic acid,

conpri si N9, dryi NG 8 St WAy £ P e XN ﬁgch %%qggié 9

r .ainiLng the
essential active conponents ot ef%fhan anti Wit waterlan%%ﬁgn5
cal ci ni ng B'WFRYurropa¥d@ fesulMikagadry powderinghdla compedndngcohhai ni ng

antinony apdsaptdhngs&hevealsiget ixture 632 raaethed, £an -ranutacturing a
cat al yst congrLsLn essential active_conponents of,qg%ybdenunl phosphor us,
vanadi um tesiuht “anfiori BOVE6pperd BRdCAREI by Fdcinss’ iBPndfF i product i on
of nethggrylic aciﬂzacmﬁﬁhbaimgrdﬁmﬁﬁQa®qﬁﬁﬂH@/aFﬁéﬂﬁﬂyﬁtthmﬁﬁiQQn@ .
conpound(s in he essential . active copponents other than antinony
with mater%s%%ﬁéﬁépnggc%ﬁgere%%T PR vy %%md%??y%%%nﬂ%1di P KEUr e of

t he cal ci nedhapowdercemidire eompodnad coppar niaygl antiimony, £o4)udhenmehdod for
manuf act ury | yst i .any f.. (3), i.n the
calcinati&%ﬂggﬂgg%%?u¥g.m%gﬁggggﬂgg %gégf 8%&%%%?#%3?%%?%@% ?é§¥ﬁ§%?uring
a cat al ystPERRDFEH ngY 8 EmMP chec@rogunydis) (gpntawhénsi i hehee bl gyl of a
powder af teftiddeceabehBatikoRC@IPIHISes £0alhdgy apitRekLtear rd &L widh the
powder using a binder to form oated catal yst; (6). the method for

manuf act urhig” ' Al & ?/‘%f(téf(’f?o?gi rﬁsug%)lfigmﬂéquerre SR8 T OTRC YR er
and/ or at dwdstimnes typeimofiyl &gdidosel egt edef camct hedgraupueensi sting of

an organic CO"HQH”Qanﬂ%%§gdaf89i%%Hgfggkﬂkigg 150G o J&ss at L ing

at nospheric pressure; t he netho or “man facturlnd]a cé{é?y§?

accordingessentlal active components of molybdenum, phosphorus,
vanadium, cesium, ammonia, copper, and antimony for use in the
production of methacrylic acid, comprising drying a slurry
prepared by mixing a compound(s) containing the essential
active components other than antimony with water, calcining
the resulting dry powder, and molding a mixture of the calcined
powder and a compound containing antimony;

(4) the method for manufacturing a catalyst according
to any one of (1) to (3), wherein the calcination temperature
is 200°C to 450°C;

{5) the method for manufacturing a catalyst according
to any one of (1) to (4), wherein the molding of a powder after
the calcination comprises coating an inert carrier with the
powder using a binder to form a coated catalyst;

(6) the method for manufacturing a catalyst according
to (5), wherein the binder is water and/or at least one type
of liguid selected from the group consisting of an organic
compound having a boiling point of 150°C or less at 1 atmospheric
pressure;

(7} the method for manufacturing a catalyst according
to any cone of (1) to (6), wherein a molded product after the
molding is calcined at 100°C to 450°C; and

(8) a method for producing methacrylic acid, comprising



to any one of (1) to (6), wherein a nol ded product after the nolding is
cal cined at 100C to 450C, and (8) a nethod for producing nethacrylic acid,
conprising 3 gas-phase catalytic oxidation of nethacrolein,

i sobut yral dehyde, or isobutyric acid using a catalyst according to any one
of (1) to (8) Advantages Effect of the Invention [0008] According to the
present invention, a highly active and highly selective catal yst
cont ai ni ng essential conponents of nolybdenum phosphorus, vanadi um

cesium a L pper tinmony, . havi ng hi gh nechanical strength
can be nggg a@?ﬁ%gd. Dggé%? F?gn ofq¥ﬁgﬂ€#%%érre :%nbod?%%h?%ro{%bﬁg] A
manuf act ur t AgPweyheddabrdedi ngrt oleheupresent acidvensiog i acl caeslpsepari ng
an aqueouszsebHEERY €8NLAaNLAY o2 GaPeund@s), containing active conponents
(ol ybdenum hosphor us, vanadi um _cesi um "anmoni a, copper, and anti nony;
hereinafteﬁgiégéﬁﬂ%ﬁ bbigetegdchfPall NESMEdRENts) of a catalyst or an
aqueous di spersi on of the conpound(s) (hereinafter collectively referred

t he aqueous

to as slurry), | cinin dry powder _prepared by dryi

sol ution or the ‘aﬂ%%ﬂggggV%ﬁé?sPBﬁS?Pﬁi%n%?%il?%'H%Eéﬁﬁgﬂt%Ft%gFGQW%d to
as precallkigiaty o)l ec@ndv ereladialy dtheoprecalicigned spawdel.. cdnpeakatsasf on
step (nmai |,Ch L on).y oW, di Step...10010] Furthernore,
in the prgns(g%}gc?ér}%ﬂrlﬁ' %%h%g%buxéﬁgf%%én%%sﬁiuﬁg e “ac a}’vecocpoprr(f)Jf)’nents
in the prepet agndamenyt nd shavipgddesdmotrenbesssari | oo tdi ncanl hde
active componends:urfart of the conponents nmay be added after the
precalcinqgion..1£001%l Inhthe resent invention, a netallic el enment other
t han escription of the Preferred Embodiments

00097

A manufacturing method according to the present
invention includes preparing an aqueous solution containing
a compound (s} containing active components (molybdenum,
phosphorus, vanadium, cesium, ammonia, copper, and antimony;
hereinafter referred to as essential components) of a catalyst
or an agueous dispersion of the compound(s) (hereinafter
collectively referred to as slurry), calcining a dry powder
prepared by drying the aguecus soclution or the agueous
dispersion (this step 1s hereinafter referred to as
precaicination), and molding the precalcined powder. A
calcination step {(main calcination) may follow the molding
step.

[C010]

Furthermore, in the present invention, a compound(s)
containing the active components in the preparation of the
slurry does not necessarily contain all the active components.
Part of the components may be added after the precalcination.
[0011)

In the present invention, a metallic element other than
essential components may be included as an active component.
Examples of ametallic element other than essential components
inciude at least one element selected from the group consisting
of arsenic, silver, manganese, =zinc, aluminum, boron,

germanium, tin, lead, titanium, zirconium, chromium, rhenium,



essential conponents may be included as an active conponent. Exanples of a
netallic elenent other than essential conponents include at |east one

el enent selected fromthe group consisting of arsenic, silver, manganese,
zinc, alum num boron, germanium tin, lead, titanium zirconium

chromum rhenium 4 bisnuth, tungsten, iron, cobalt, nickel, cerium
thorium potassium and rubidium A netallic elenent other than the
essential conponents may be added in any manner, provided that | ocal

concent ratp o8 dE §t 1 ichilieRof _itr}beh,co&}?ﬂélfmSn?%%é%r,'mceﬁ%%r’ g,y be
added (a) during the preparation of s urry, (b ef ore precal cination, and
(c) after BPpRecal®i natifoAuBidpumand Pefterd i wolediong st@mpr (B)aorthe) is

preferred.c{0042] a1 ndlie ROBSERAL v HY &I ON i nt NSy a0MG I 8LL9 18k qa epmpound
cont ai ni ng, an_active conponent 1o 10 nolybdenum atons is generally 0.1 to

6, preferabPy?d. LRI For" VARG LAY C L gRnet af 1y BPYERTS preteribiy 0. 7
to 2.0 forophosphordisiay genstaddy(D). QLding tBe preperablynOod di0u2:P, for

cesium ggneraldy O 0.0, .prefer BI 0.5 to 5.0 for.anmponia
(typi cal | y@)okggi&r%gdpégég%%a%ﬁlgﬂmagr%cg 57 SLET GoRETE Iy BoD1oP T
preferabl yamod 0% fore. ® fordanyi pody. The bypécandst heefampadt. of anot her
optional agjiie conponent are determ ned as appropriate to provide a
catal yst having optinum perfornmance depending on the condition under which
the catal yst is s&a° PUhEet o ENEt (E6npbeiiFomtio? od eataryaind
descri bed danddienipf esentcAventd@ibdisethat ol N.d heo Priedarahi aRopls raw
material s qug q#es Eoi %ptgln ox% en 00@3% én embodi.ment wi ||, be
descri bed $éIOW for th epd’  BESEFIBEd Yabdve. tBr epat af Pon YGFad ity 1 n
the presergeriansity o, 5 ekanpl ep reff earac:dnpount tcoft ai diorg pare saetd mes
conponent é;fe%ﬂé%ﬂe;} Nyt he Egellﬁroa}t | 9P PL - a8 GakAKY S, | nch udg a ghliqp) de, a
sul fate, nitrate, an oxide,
generally 0.1 to 10.0, preferably 0.5 to 5.0 for ammonia
(typically contained as an ammonium group), and generally 0.01
to 5, preferably 0.05 to 2.0 for antimeny. The type and the
amount of ancther optional active component are determined as
appropriate to provide a catalyst having optimum performance
depending on the condition under which the catalyst is used.
The atomic ratic (composition) of a catalyst described in the
present invention is that in the preparation of raw materials
and does not contain oxygen.
[0013]
An embodiment will be described below for the steps
described above.
Preparation cof slurry
~ In the present invention, examples of a compound
containing an active component for use in the preparation of
a catalyst incliude a chloride, a sulfate, a nitrate, an oxide,
or an acetate of an active component element. Specifically,
preferred examples of a compound containing an active
component include a nitrate, such as potassium nitrate or
cobalt nitrate, an oxide, such as molybdenum oxide, vanadium
pentoxide, antimony trioxide, cerium oxide, zinc oxide, or
germanium oxide, and an acid {or salt thereof), such as

orthophosphoric acid, phosphoric acid, boric acid, aluminum



or an acetate of an active conponent elenment. Specifically, preferred
exanpl es of a conpound containing an active conponent include a nitrate,
such as potassiumnitrate or cobalt nitrate, an oxide, such as nol ybdenum
oxi de, vanadi um pentoxide, antinony trioxide, ceriumoxide, zinc oxide, or
germani um oxi de, and an acid (or salt thereof), such as orthophosphoric
aci d, phosphoric acid, boric acid, alum num 5 phosphate, or 12

t ungst ophosphoric acid. Preferably, a cesium conpound is cesium acetate or

cesi um hydroxide.and & weak,ackd - i Pr.ef Ly, moni um
conpound :j% angm?li um acet a%lggorogl'?;?f%%?g%n%ﬁ%% gg..e% %;a%gﬂea%(%r%}?es of
a copper ToMpOLRd inhergdercoppert acet g6 1CEUPpYeUS=Adetan@ 2 vapkiacid
acetate, basit CORRYYIACEPRLEE @b IGUPERCaAXbHSUMPEShEEARRY: s CAHRkd;C1 acet at e)

or copper oxide (cuprous oxide, cupric oxid Each of the conpounds
cont ai ni nga%%t?ﬁ%i eawﬁﬁéﬁg‘n?yﬂﬁg?gbge'ﬁ%%%?ﬁfﬁf@“ﬁ%?%@lﬁb?r?ﬁ@w A

slurry canchepdondednbyudenidaspady BEcxicAgeeathiConpOuAadetankal niugr an
active corg)@g% t referably, in the prepar.ation of_.th lurry,
a corrpoundé)con i ﬁ?%sgy\gmi?é%%gﬁu?nce\%%di am Pl éﬁhgf{t}s,e’arpdre%en%%lsr
opti onal rtall¢ éceltement or sogufefd ckenel {culhssod wed dehetopeitheiatititi on of
a conpound:; £a0Nta¢ NG LEHHMaA LHMReUnd, ; contal i ng c]adﬂﬁ%wé%(% R0 R
conmpound contai ning. a copper to the gfhurgr%. Preferably, en a conpound
cont ai ni ng* it i iOAYLY sOradded TR et pPpafatsilert f @ ur by, formes dtded
lastly af teri fdiel phhenngosPer nasnSOM RiRinta ittheiessent ¢ abe &Gidpthent
conponents _ rweataddegp eI\gre Lﬁferab%%, after atsl urry. c ntai.ni ng active
conponent 6t K& thart & %‘?ﬁ)kg d tontarnPhgPanti-ndhy “i's %ﬁresdéﬂretg”ar‘?d is
dried, thedricethdonderaantng hecdomplennt, containumg phtspbpyuar e ariked and
cal ci ned, 0f, P8 dided pawder. - hs calchned and 4§ fti*&%n’ﬂlf}ﬁ% i stcﬂx}&]e
conpound cont al ni n antinony. In the preparation of a slurry, the slurry
is  pref eP&BIF skt egdtid ipnt Aperaraperat i e g owpdund & comralwichg
ol ybdenumornphospher dsmoManadi M aRdmaRahReson ORLh ORGla FBLAkK €0 alrent
can be di siol ved spuf ftJ Ci %rlt ly. The _ . .
slurry. Preferably,” when a compound containing antimony 1is
added in the preparation of slurry, it is added lastly after
the other compounds containing the essential active components
are added. More preferably, after a siurry containing active
compeonents other than a compound containing antimony is
prepared and 1is dried, the dried powder and the compound
containing antimony are mixed and calcined, or the dried powder
is calcined and is then mixed with the compound containing
antimony. In the preparation of a slurry, the slurry is
preferably heated to a temperature at which a compound
containing molybdenum, phosphorus, vanadium, and another
opticnal metallic element can be dissolved sufficiently. The
temperature at which a compound containing cesium and a
compound containing ammonium are added is generally 0°C to 35°C,
preferably about 10°C to about 30°C. This tends to provide a
catalyst having a higher activity. Thus, the temperature is
preferably decreased to 10°C to 30°C. The amount of water in
the slurry is not limited, provided that the whole guantity
of compounds used in the slurry can completely be dissolved
or uniformly be mixed, and is determined as appropriate in

consideration ¢f a drying metheod or drying conditions. In



tenperature at which a conmpound containing cesiumand a conpound
cont ai ni ng amoni um are added is generally 0Cto 35C, preferably about 10C
to about 30C. This tends to provide a catalyst having a higher activity.
Thus, the tenperature is preferably decreased to 10C to 30C. The anmpbunt of
water in the slurry is not limted, provided that the whole quantity of
conpounds used in the slurry can conpletely be dissolved or uniformy be

m xed, and is determ ned as appropriate in consideration of a drying

met hod or Lpg)c r n [
slurry is g%gut %bgd}ggotah%%%t bgrwagc&qul @ge éﬂ&@{g% ébgu’gv%f@q:o of t he

total conpBBRbE PXi¥Ed Gt PRE Q%Mqﬁ &1 ‘6‘?1@11315 asff GirhreytOV\HﬁI %O%Pq)wﬁi‘er

anount  of uwediern e he-disedit ah excessi weuaiuniyhef cvat 8L r§ausesciany
denerits, fCh as_an increase in t he energy cost _of_a dry |ng step and

i nsuffici et "HYinGo8f PEnee SFuiry S*FE6EAT S BFYFRY CTHET ST FBUEFErTFSP Y or nmed
in the stepemdesttspeshiabove drs ididrethdention ahdr ynpewdetosthefst utryimay be

dried by ﬁgﬁe%]p(gdinsgf?#gggttggg g O%I Ery |ls conpletely dried.

Exanpl es I'nc rum Llrfrlyeeze dryi ng, spray
dryi ng, b‘ﬁ/hporatl on to dryness. Anobng them the spray drying is

parti cul arlbjy vPeferred in the present invention, because it can dry the
slurry into a powder or granules in a short tinme. %0015 The tenperature
of the spray dry i dépénds "t KETEIdr iy thBneeRPréatsontand ¢pevéded rate

and is gengfiadd )inE@Catdtﬂ@@Gde&t the ouite} el Be Hyetg b@rgﬁgr@i}y@d a dry
Pr acal ci nation o Py LRI ML 10N P 1o BRI T oy Powaer- Pkt by
i mproves tdhey imgl dabhbiltinahntie Heushadpel mnd firke zrechaniregl spstyehgtingf a
nol ded Ca%ﬁky%%a§8¥%6¥&$%kﬁwyyﬂégg?Egﬁﬁﬁ?%ﬁ%m, the spray drying is
particularly preferred in the present invention, because it
can dry the slurry into a powder or granules in a short time.
[0015]

The temperature of the spray drying depends on the slurry
concentration and the feed rate and is generally 70°C to 150°C
at the outlet of a dryer. Preferably, a dry product has an
average particle diameter of 30 to 700 um.

[0016]
Precalcination

Precalcination of the resulting dry powder remarkably
improves the moldability and the shape and the mechanical
strength of a molded catalyst. The precalcination atmosphere
may be in an air current or in a current of an inert gas, such
as nitregen. An ailr current is industrially preferred. The
precalcination temperature is 200°C to 400°C, preferably 250°C
to 380°C, and more preferably 2%0°C to 310°C. Precalcination
at a temperature less than 200°C tends to have a smaller effect
on the meldability. Precalcination at a temperature more than
400°C has an adverse effect on the catalyst performance. The
precalcination time is preferably 3 to 12 hours and more
preferably 5 to 10 hours. While the precalcination time may
be 12 hours or more, the effect consistent with the

precalcination time can hardly be achieved.



may be in an air current or in a current of an inert gas, such as
nitrogen. An air current is industrially preferred. The precalcination
tenperature is 200C to 400C, preferably 250C to 380C, and nore preferably
290C to 310C. Precalcination at a tenperature |less than 200C tends to have
a smaller effect on the noldability. Precalcination at a tenperature nore
than 400C has an adverse effect on the catal yst performance. The

precal cination tinme is preferably 3 to 12 hours and nore preferably 5 to
10 hours. YWhke;the precalcination tine may be 12 hours or nore, the
effect consistent with the precalcination tinme can hardly be achieved. 7
[0017] The reasof’®or 9SG hpr ovdd nvi@abi FrpyoBgd preeadfebPaaifbn iBY not

clear. In gﬁ@@é@tiné’c@@ﬁtié’ rﬁﬁiﬂcfl@b'rzeﬂn qraleropolygeirdl §aldut SMLIL&8 the
catal yst described, ab vﬁ stly has a §Eicalled Dagﬁﬁ? structure when
slurry is JUSE CRPTEACAAdSEHE" On St (06t 17 31 ot TP Tt 3P Keggi n
structure hysheathag. a The- i eseat Dhnyent of suassueedhéhas 1 hhi g iconver sion
results ing i o] I I t 0018 Nbldin Then, th resultlng
d%bgd b %%g "B g@d étgﬁ ure ls bl et ﬁgl&Pt g%.%nldlng

precal ci ne granu es are Tl as" ‘descri bed
ai d, such ara¢tiea byéekatdingt.ofhe gouss wal tihnv eort care alswmmnmeai pbaﬂetrhﬂm m xed

with the precal oined granukesyl %her%ﬁ%egdb%%%ﬁ tgood workability. A
nolding aid is generally used in an anbunt to 30 parts by wei ght per

100 parts H%IH% ght of precal cined granules. Furthernnre use of inorganic
fiber, sualbmsigeranm c fiber or whiskers, inert to catalyst conponents as

a reinforcing terl%% as necessary is seful in_increasin tf

mechani cal strengtf/of-"g E&CAIYS S BORET gFlnF bgfénPﬁﬁﬁ ?EﬁgTo §%?H*%

cat al yst ciﬁﬂmné:mc; bsuchv asiqpotiassiadmetr tanaldinki skdp ssuoh dasdicl inegnesi um
car bonat e phi smréeon@%&pg PLeferred.-an Tese 14 RSsaar & gepsral ly; used in

an anount of 1 to 30
the precalc1ned granules 1s preferred because of good

workability. A molding aid is generally used in an amount of
1 to 30 parts by weight per 100 parts by weight of precalcined
granules. Furthermore, use of inorganic fiber, such as ceramic
fiber or whiskers, inert to catalyst components as a
reinforcing material as necessary is useful in increasing the
mechanical strength of a catalyst. However, fibers that react
with a catalyst component, such as potassium titanate whiskers
or basic magnesium carbonate whiskers, are not preferred.
These fibers are generally used in an amount of 1 to 30 parts
by weight per 100 parts by weight of precalcined granules.
[0019]

To reduce pressure iloss of a reactant gas, precalcined
granules prepared as described above or a mixture of the
precalcined granules, a molding aid, and a reinforcing
material are used after they are molded in a celumnar, tablet,
ring, spherical, or another shape. Among these, coating inert
carriers with precalcined granules or the mixture toc provide
coated catalysts is particularly preferred, because
improvement in selectivity and removal of reaction heat are
expected to be achieved.

[0020]
Preferable coating step is a tumbling granulation method



by wei ght per 100 parts by weight of precal cined granules. [0019] To
reduce pressure |loss of a reactant gas, precalcined granules prepared as
descri bed above or a m xture of the precalcined granules, a nolding aid,
and a reinforcing nmaterial are used after they are nolded in a col umar,
tablet, ring, spherical, or another shape. Anong these, coating inert
carriers with precalcined granules or the mxture to provide coated
catalysts is particularly preferred, because inprovenent in selectivity

and renovas ohcLeachiban;eal, ane, expect e g be achiaved, L0204,

Preferabl e coating step is unmbling granul ation ne
bel ow. Th|@riﬁ‘éahchﬁfﬂﬁo%ir@@ué@at%d:rhﬁ er.g twirth bypr éeal ekaed gr ampedlor the

m xture bYroE@ﬁlﬁéadTml%, paphad Yen rOtRL R0 A S @l Oryunevandige dhsan
appar at us haV|ng the disc at the_ inner bottomof a fixed container so as

to stir cafriers PP tAe" cOMA Ref ¥ YGVUSI Y Theugh thel tXrepetitive
r ot at Iory imttli"@ncandaﬁlhblrtﬁig@”ﬁbhﬁmy?ﬂ&lcﬂb@;}a@@ﬂeﬂ& bepé@mla@%dﬂaﬂw] ﬁld ned
granul es O Xt ur.e e ow,.n t 0 to
add blnder@96ﬁ3n o7 ent & é?%éqﬁfﬁhﬁ?g 3ﬁaﬁﬁéggq§ﬁﬁgﬁfs ﬁﬁﬂﬁ%gsﬂf &
m xt ure, Z;rétrwh%iﬁ ozihéiftﬂ mdertsixat. ey sdnehei ﬁellmhengpmethbdsncemg:veanul es
or @ mxt uh, i, addedddba ket ixedo a0l DEE, Hado, add Lhe, Blie

re |s a |n | Xe contal ner,

after precalcined granu a nlxt
4) to add $HEUEINRE § BersEESpr dtateiand tg%mﬂé@r@r 2& phxtsree|tiesided

into the ﬁh@fﬁ@r@@@ﬁ@l@@d g2BdudkstOr di Mk deypeecal Lidned sgranth s Ofeq @
by ALAGERE Sl SRR AhE BSCES 09, 000 L1C Mol e ) A, Y
preferablenla mmﬂtn@b addatiden iate tisd id xaut eonfreadenrs andctheadiitkes to
ot o YRS bROG,ATOLOL, ) 5 B0 d ek Q1L LRCa SIS L0

exanpl e, adhesion o6 Fecalcin Fanul es or m xt'uf e
of the flﬁéﬁ fééﬁﬁa@ﬁ@FaaﬁQrag@m@datK@ndbé@deemrth@lpleeél@I@&mﬂ@ﬁammles or

a mixture and binders into separate pieces and add the whole
anount by combining the above 2-4) as appropriate. In the case
of 5), it is preferable to control addition rate using auto
feeders and the like to ensure that a defined amount is carried
on the carriers without, for example, adhesion of the
precalcined granules or the mixture to the wall of the fixed
container and aggregation between the precalcined granules or
the mixture.

[0021]

Binders have no limitation so long as it is water and/or
at least one type of liguid selected from a group consisting
of organic compounds having boiling point no more than 150°C
at one atm. By consideration of drying and the like after the
coating, organic compounds having boiling point no more than
150°C are preferred. A specific example of the binders other
than water includes alcohols, preferably alcohols having 1-4
carbons, such as methanol, ethanol, propanols, butanols,
ethers such as ethyl ether, butyl ether or dioxane, esters such
as ethyl acetate or butyl acetate, ketones such as acetone or
methyl ethyl ketone, and aqueous solutions thereof, with
ethanol being particularly preferred. When ethanol is used as

abinder, it is preferable tomake the ethanol/water ratioc being



the m xture. [0021] Binders have no |imtation so long as it is water
and/or at |east one type of liquid selected froma group consisting of
or gani ¢ conpounds having boiling point no nore than 150C at one atm By
consideration of drying and the |like after the coating, organic conpounds
havi ng boiling point no nore than 150C are preferred. A specific exanple
of the binders other than water includes al cohols, preferably al cohols
having 1-4 carbons, such as nethanol, ethanol, propanols, butanols,

et hers suc _ I r, tyl ' n esters h et hyl
acetate orﬁ%a?yﬁyg%egg%gsrﬁé?é&éspg%?§£%§iggg?%§efé? &ﬁ§¥h§§%g?hy?ﬁﬁ%tone,
and aqueousngwilutdiohseskepenferpiuded ashanok lbgi her pamaEdd aylwe prief erred.

When et ha } i.nde bt fara e
o hano! |y SZAED B B Ay e P e e b o e o Y 1/ o

(mass raIiEQWdﬁ%e anount of these binders used is usually 10-60 parts by
wei ght, prederably 15-40 parts by weight to 100 parts by weight of dry

owder. [0022 speci fic exanpl.e of  carriers that can be used jn the
P aaent | modt i an Gl Bt e b EANPE 8358 LA s,

a!unina, gm&x&nmﬁmMamxidnmhbﬂadambp%@nﬂualmmkﬁiEXSkﬁkﬁ,oﬂMﬂﬂnm@ve a
di anet er Oéaogsjicgg,gg‘&_u%‘%[g?lh%céggg&%i%‘ nu NESECALY 'a‘igl%d%%ugﬁk&%ﬁ‘ea"e a

pore ratio . . ween the carrrers and precal cined
granul es ofike mwitigre hageda dsaguar 1of prddalwei nedegeanblgs? op—-H0 rum.

m xture/ (pnecal ¢iand o /A 3RU8S \OhageM PN E 5 O/ eI §-} 05, 1Bhd 3 Jo by
wei ght , preferablg 15-60% by wei ght. [0023] Precal cined granules or a
m xture ar® Q55T Bt T E e AP RTCF HCTRPS YA i OF IfellE BEUF BithiF € oat ed

products arse ussarl ¥ ypapproximetelgr 3rils e i nadingn@hefe/ (24l cined
granules or a mixture + carriers) = 10-75% by weight, preferably
15-60% by weight.
[0023]

Precalcined granules or a mixture are applied to the
carriers in this way, and the resulting coated products are
usually approximately 3-15 mm in diameter.

[0024]
Main Calcination

While coated catalysts obtained as described above may
be used for gas-phase catalytic oxidation reactions as
catalysts without further modification, c¢alcination may
sometimes preferably increase catalytic activity. In this case,
the calcination temperature is usually 100-450°C, preferably
270-420°C and the calcination time is 1-20 hours.

[0025]

Calcination is usually conducted under air atmosphere,
but it may be conducted under inert gas atmosphere such as
nitrogen atmosphere. Calcination under inert gas atmosphere
or reducing gas atmosphere may optionally be followed by
calcination under air atmosphere.

{0026}

Catalysts obtained as described above (hereinafter

referred to as catalysts according to the present invention}

will be used to produce methacrylic acid by gas-phase catalytic

10



Mai n Cal ci nation Wiile coated catal ysts obtained as described above may be
used for gas-phase catalytic oxidation reactions as catalysts w thout
further nodification, calcination nay sonetines preferably increase
catalytic activity. In this case, the calcination tenperature is usually
100- 450C, preferably 270-420C and the calcination tinme is 1-20 hours.
[0025] Calcination is usually conducted under air atnosphere, but it may
be conducted under inert gas atnosphere such as nitrogen atnDsphere

Calcinatio ngct 0as ere; S atno y
optionall y%y&]%@{?%v\gg aﬁt@%gtl On158%uE§g|§§d%ﬁﬁ%8 % Cﬁb‘b Gﬁlnéa

Cat al ysts &bt@i ned as descrlbed above (hereinafter referred to as

catal ysts gﬂgprplng to the present invention) wll be used to produce
met hacrylic acid by gas-phase catalytic 10 oxidation of nethacrolein,

i sobut yr al dehydel™br E P& oBGt-}PIé NIadlsd C L G027 1 n2t He SHENESR i st pt i on,
a gas- phase«icated o ireacticdabion seaatiet Middd be wli@rstnreaetred:ﬁdléw ch

met hacr ol e erable raM/ terial for use with t catalysts
of the pre%sheéntm |Slr]1CveDnrt o{?f‘p kf%s mal I\}{) tedtiar” 1&3&/ tr?§1

oxygen- contfaithiengrigasen s uummilmnihesgasephase catal yti c oxidation
reaction. atio of nolecular oxygen to nethacrolein is preferably in
t he range ~ of 5-20 molar ratio, and particularly preferably in the range
of 1-10 nol ar rddlecHlan expeenepabiel teuAdd WayesnTaets aiNeedas ild gas

in a nol andeat ke Ohe Jggélﬁrpa@tc%%%ﬁq)@dﬁok@d%%& £9c-PEOADL R, 4 he igact i on
smoothly. 00891 R0k b a0 Pn XY E8n,20d LoPL I nar L SRl €T, (Hsua ),
of 0.5-20molar ratio, andparticularly preferably in the range
of 1-10 molar ratio. It is preferable to add water into raw
material gas in a melar ratio of 1-20 to methacrolein in order
to promote the reaction smoothly.
[0029]

In addition to oxygen and optionally water (usually
included as water vapor), the rawmaterial gas may contain gases
inert to the reaction such as nitrogen, carbon dioxide and
saturated hydrocarbon.

[0030]

Alternatively, methacrolein may be supplied as a gas
obtained from oxidation of isobutylene, tert-butanol and
methyl tert-butyl ether,

[0031]

The reaction temperature of a gas-phase catalytic
oxidation reaction is usually 200-400°C, preferably 250-360°C
and the amount supplied of the raw material gas expressed in
space velocity (SV) is usually 100-6000 hr"?, preferably
300-3000 hr7t,

[0032]

The catalytic oxidation reaction can be conducted under
elither increased pressure or reduced pressure, however,
pressure around atmospheric pressure is generally suitable.
Example
[0033]

11



i ncluded as water vapor) , the raw material gas may contain gases inert to
the reaction such as nitrogen, carbon dioxide and saturated hydrocarbon.

[ 0030] Alternatively, nethacrolein nay be supplied as a gas obtained from
oxi dation of isobutylene, tert-butanol and nethyl tert-butyl ether. [0031]
The reaction tenperature of a gas-phase catalytic oxidation reaction is
usual Iy 200-400C, preferably 250-360C and the anmount supplied of the raw
mat eri al gas expressed in space velocity (SV) is usually 100-6000 hr-1

preferably 300- 0 0 at trc oxrdatr n.re tron n be
3000 v ., [0032L. e, cal ghy Lon Legeti on, ca

conducted under “eit I NCcr eadse pressure or reduced pressure howeve
pressure afbefdfacadsphlri caprefsure ¢samgehesal hyvsudt ablles lmyam@i@n[0033]

11 The presgngotnyeﬂgrga w5l Lnpow.hedescribed more specifically by way of
t he exanpl e however, the i ivention  is not limted to the exanpl es.

[ 0034] Cbn@%@%ﬁ dn rate, selectivity and yield are defined as foll ows.

Conversion rate cofptes wibestof s@tbhact ol el nareagiey 4raoher nyadess of
met hacr ol ej n%iupglred X 100 Sel ectivity = nole nunber of nethacrylic acid
pr oduced hunber of methacrolein reacted x 100 Yield = nole nunber
of nmethacrylic abi@hewsﬁbmeﬁaﬁerﬁﬂmbleunﬁmwexﬁoﬂmmdﬁﬁgdﬂ&ﬂgﬁﬁmeuéfmbx 100

[0035] Ex/arm(gfe %&%bglgeg?rrﬁé{:ﬁgcgél&a}ra pp}_led % 100

Selectivity = mole number of methacrylic acid produced
/ mole number of methacrolein reacted x 100

Yield = mole number of methacrylic acid produced / mole
number of methacrolein supplied x 100
{0035]

Example 1
1) Preparation of catalyst

To 5680 ml of pure water were added 800 g of molybdenum
trioxide, 40.43 ¢ of vanadium pentoxide, and 73.67 g of 85%
by weight orthophosphoric acid, stirred for three hours at 92°C
to yield rust-colored clear sclution. The solution was then
cooled to 15-20°C and 307.9 g of an aqueous solution containing
©.1% by weight of cesium hydroxide and 689.0 g of an agueous
scilution containing 14.3% by weight of ammonium acetate were
gradually added with stirring, and maturation for one hour at
15-20°C provided yellow slurry.

[0036]

To the slurry, 709.5 g of an aqueous solution containing
©.3% by welght cupric acetate was gradually added, and
additional maturatiocn was performed for 30 minutes at 15-20°C.
[0037]

The slurry was then spray dried to provide granules. The
composition of the resulting granules was

Mo19Vy.8P1.15Cu0.4CSp, 3 (NHg) 2.3,

[0038]

In an air current 320 g of the granules were calcined
at 310°C for five hours to vyield ‘precalcined granules.
Precalcination decreased the mass of the granules by about 4%

12



To 5680 ml of pure water were added 800 g of nolybdenum trioxide, 40.43 g
of vanadi um pent oxi de, and 73.67 g of 850 by weight orthophosphoric acid,
stirred for three hours at 92C to yield rust-colored clear solution. The
solution was then cooled to 15-20C and 307.9 g of an aqueous sol ution
containing 9.1% by wei ght of cesium hydroxi de and 689.0 g of an aqueous

sol ution containing 14. 3% by wei ght of ammoni um acetate were gradually
added with stirring, and nmaturation for one hour at 15-20C provi ded yell ow

slurry. [0936]cTonthersl Lt{fé/nuf@s? %38, @fq ¥ %ﬁ‘ﬂ%%ﬁys%%&%eco%é' ping
6.3% by weight cupric acetate was_gradua tional

mat ur at i ong\faafsrséﬁffaefﬁéagf%t%@l@ﬁ dlﬂee"sanattc isbzetwel{@em]fom@kmww was
t hen sprayaﬂﬁlmet@ Q\éddeogmm @s sPheri € icis0R1ahihBecsesubtsng

ranules 10\0. 15 In.an air current
gzo g of t %/Eéﬁhia Cgl tee%?g Hed u%ﬂt“é g% }f%ﬁ’“@f%@{m ﬁgb@otl A yrery®
precal ci nesioguanuh% a Rreal byrmtumbldegrgamemaﬁteamssh@fd,tjﬂﬁegdjanm_nl es by

abopt 4% A2nBYauE! Ol TNG QAN Cor, 22, 1.0, 08 LANLLTRY, LIIGHILE,  a0d 45
g of rmrﬁorC|ngrnuer|m eranlcfl r} were uni formy xe wer e
appl i ed t0:$D©1ge@ff@phhnﬁc@bugaramSBaDﬂhﬁnaamaadkecsrrepartbc¢eoﬂ1®@eter

3.5 M USér@bggg@@ycggtggtcggggpgk_aqueous solution as a binder by a
tunbl i ng ghg£a£at|on nmet hod, yielding a nolded coated product. The

resul ting product was calcined for five hours at 380C in an air

current tortps vageosat;d@xsidﬁ@dtﬁ@akeéu@ahaby&tataﬂ9@39hasThe conposi tion of
the resulting caf st ,was. OVO 0.4Cs0.3 (NH4) 2.33b1 0 [0040]

al
2) Catalytic OX|dﬁP?%ﬁP?éééﬁib = ¢ Eéﬁa% ol %in
[0040]

2) Catalytic oxidaticn reaction of methacrolein

10.3 ml. of the resulting coated catalyst was f£illed in
a stainless steel reaction tube having an inner diameter of
18.4 mm. Oxidation reaction of methacrolein was performed at
a raw material gas composition (mole ratio) of
methacrolein:oxygen:water vapcr:nitrogen = 1:2:4:18.6), a
space velocity (8V) of 1200 hr™*, and a reaction bath
temperature of 310°C. The reaction was performed initially at
a reaction bath temperature of 310°C for three hours and then
at a reaction bath temperature of 350°C for 15 hours (this
treatment is hereinafter referred to as "high-temperature
reaction treatment"). The reaction result was determined after
the reaction bath temperature was decreased to 310°C
(0041]

Takble 1 shows the resulis.
[0042]
Measurement of strength

50 g of the resulting coated catalyst was charged into
a cylindrical rotating machine having a radius of 14 cm and
having a bafflie therein. The machine was rotated at 23 rpm for
10 minutes. After detached powder was sieved out, the remainder
was measured tobe 49,82 g. Thus, the percentage of the detached
powder was 0.36% to the whole. This value 1s hereinafter
referred to as friability and is listed in Table 1 together

13



10.3 nL of the resulting coated catalyst was filled in a stainless steel
reaction tube having an inner dianeter of 18.4 nmm xidation reaction of
nmet hacrol ein was performed at a raw naterial gas conposition (nole ratio)
of nethacrol ei n: oxygen: water vapor:nitrogen = 1:2:4:18.6), a space
velocity (SV) of 1200 hr-1, and a reaction bath tenperature of 310C. The
reaction was perfornmed initially at a reaction bath tenperature of 310C
for three hours and then at a reaction bath tenperature of 350C for 15

hours (thig; freatment %sogegekg@gﬁ %treferred to as "high-tenperature
reaction treatnent?§. The redction ésult was determined after the

reaction baPh4€énperature was decreased to 310C. [0041] Table 1 shows the
results. (0942]-Measurenment of strength 50 g of the resulting coated

catal yst was charged into a cylindrical rotating machi ne having a radi us
of 14 cmand haVviGid-2d Wt FRE PRePRIAC Thé eas AR RIS ¥ GtsatadE B m2be r pm

for 10 m nutgse ft@ﬁagettﬁf@e%r@%\é@%ﬁn‘é@%o%i eved Ol r 1 he [Jpmbager  was
nmeasur ed tﬁ Bg 4 .gZ%.aTQus, t f Berﬁenta e .of the detgched eg&fer was
0.36% to the-Whot@" TRAS V& ue”T sTREFEFRALELF 1ot ePPelCtBeds 1 abiFity
and is |istedengtTabke mebogetder Takhl3ewlt bhthe shapeeefilascatal yst. [0043]

Exanple 2 @&ﬁﬁl yst was prepared in the sane nanner as in Exanple 1
except that the precalcination tenperature was 290C. Oxidation reaction of

met hacr ol eb#iase performed and the strength was measured. Table 1 shows

the results. [0044LcoByaRDLEsdA0tal St YRS HERAEL ] Aol he HagE. mmnner
as in Exaqple 1 except that the ‘precal cination tenperature was 270C.

except that the precalcination temperature was 270°C.
Oxidation reaction of methacrolein was performed and the

strength was measured. Table 1 shows the results.
[0045]
Example 4

A catalyst was prepared in the same manner as in Example
1 except that the precalcination temperature was 250°C.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[G046]
Example 5

A catalyst was prepared in the same manner as in Exanmple
1 except that the precalcination temperature was 380°C.
Oxidation reaction of methacrelein was performed and the
strength was measured. Table 1 shows the results.
[0C47]
Example ©

A catalyst was prepared in the same manner as in Example
2 except that 320 g of granules after the drying step and 22.7
g of antimony trioxide were mixed before precalcination.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[0048]
Example 7

A catalyst was prepared in the same manner as in Example

2 except that 10 g of reinforcing material (ceramic fiber) and
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Oxi dation reaction of nmethacrolein was perfornmed and the strength was
neasured. Table 1 shows the results. [0045] Exanple 4 A catal yst was
prepared in the sane manner as in Exanple 1 except that the precal ci nation
tenmperature was 250C. Oxidation reaction of nethacrolein was perforned and
the strength was nmeasured. Table 1 shows the results. [0046] Exanple 5 A
catal yst was prepared in the sane nmanner as in Exanple 1 except that the
precal ci nation tenperature was 380C. Oxidation reaction of nethacrol ei n

f h Tabl
[0047] °r§§§| 298 3PRarFp E RO ERRY Pl Bt RN S i

2 except thab B20 geofe gaéﬁﬁﬁegiuaflm@r adeeidryy i agds e ddmd . 22071 dag Jpin
antinony tyioxi dgn Wef %Mgérgfé%ewgé ecal £4 AAL b ODn g @édﬁf&&w%&; on of

met hacrol ein was perforned and the strength was neasured e 1 shows
the resul t%eaTW@i T@éﬁpﬂes?oﬂscébal §SEUWAS -prepared in the same manner
as in Exanpd@io@ except that 10 g of reinforcing material (ceramc fiber)

and 14 33 of spherj cal us alumna carriers (particle dianmeter 3.5
mm were aé‘ﬂ%ﬁa f %%IP?E gnd mol di ng. Oxi dation reaction of

met hacr ol ei n wast peth@wmdwaaobztés;eazséai engt hevasme measweds Taleniplshows

the resul ts. o10040] o COMRALI e fBAATh € . A,57¢ BLustan pispared i the

sane manner as I excep nation Was no pertor nmed.
Oxi dat i on r@%&%@mm%ﬁnaﬁtmlﬁ@ v A P pefrd ondrd ot rath d- hdhes tstarexigt vasas

measured. Table 1 shows the results.
[C05C]
Comparative Example 2

To 7100 ml of pure water were added 1000 g of molybdenum
trioxide and 75.81 g of vanadium pentoxide, 88.08 g of 85% by
welght orthophosphoric acid, and 11.05 g of copper oxide. The
mixture was heated at 92°C for three hours with stirring to
form a slurry.

[0051]

The slurry was then spray dried to provide granules. The
compesition of the resulting granules was

MoieVy,2P1 . 1Cug. 2.

320 g of the granules were calcined at 290°C for five
hours in an air current to produce precalcined granules. The
precalcined granules and 45 g of reinforcing material (ceramic
fiber) were uniformly mixed and were applied to 300 g of
spherical porous alumina carriers (particle diameter 3.5 mm)
using 20% by weight ethancl aqueocus solution as a binder,
yielding a molded coated product. The resulting molded product
was calcined for five hours at 310°C in an air current to provide
a desired coated catalyst.

[0052]

As in Example 1, oxidation reaction of methacrolein was
performed and the strength was measured. Table 1 shows the
results.

[0053]

Comparative Example 3
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measured. Table 1 shows the results. [0050] Conparative Exanple 2 To 7100
m of pure water were added 1000 g of nol ybdenum trioxide and 75.81 g of
vanadi um pent oxi de, 88.08 g of 85% by wei ght orthophosphoric acid, and
11.05 g of copper oxide. The mxture was heated at 92C for three hours
wWith stirring to forma slurry. [0051] The slurry was then spray dried to
provi de granul es. The conposition of the resulting granul es was
MD13V1. 2P1. 1Cu0.2 320 g of the granules were calcined at 290C for five
hours 1n an al T G4 88080k G SIQAULPoPLRAGIAINAL O AUl S rfjﬂﬁed%% &ined
granul es and 45 of reinforcing material (ceramc fiber) were uniformy
ni xed and %%%ﬂfé’%%ﬁ%rﬂte@sw@dg »F LispRBPREAl g6 BEdMRlam RECEREIT R
(particle giaset €fn3t oAMhas UsdNGHIQ% e weirght: etihgnel,sagHeomss $pi 4t i on as
a binder, %égéfing a nol ded coated product. The resulting nol ded product
was caIcinE five hours at 310Cin an air current to provide a desired
coated catdiatste I1D052] As in Exanple 1, oxidation reaction of nethacrolein
was perf and engt reasured. .Table 1 ows the results.

[ 0053] Cgfnﬁf%t?veég%%% ng %X\%%ltgg?i oRoreadt 63% &escﬂ?eaﬁraoclreo neianm\&l/vas

per f or med EREYIRINEREF enft At wasgpeasured, as in Conparative Exanple 2
except that priecal cination|yas not:.AGLL.oLpEd. [Table T . ghows..the Lesurts.
[0054] [Table 1] Table 1 Results of oxidation rieaction qf nethacrolein and
measur emgnt s of| str engt h conversion acid acid yield % | %

rate % selectivity %

Exanple | early phase of | 82.44 79.97 65,93 0.36 sracoth

1 the reaction spherical

after 88.25 82.32 72.65
high-temperature
reaction

treatment

Example | early phase of | 81.71 81l.16 66,32 0.10 smooth

2 the reaction spherical

after 87.82 B3.61 73.42
high-temperature
reaction

treatment

Example | early phase of | 82,67 81.71 67.55 0.37 slightly

3 the reaction uneven

after 88.66 84.37 74.72
high-temperature
reaction

treatment

Example | early phase of | 82.74 80.79 66.84 0.88 slightly

4 the reaction uneven

after 87.84 83.60 73.44
high-temperature
reaction

treatment

Example | early phase of | 71.88 77.86 55,97 0.35 smooth

5 the reaction spherical
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met hacrol ein nethacrylic nmethacrylic friability shape conversion acid acid
yield% S rate % selectivity R Exanple early phase of 82.94 79.97 65.93 0. 36
snooth 1 the reaction spherical after 88.25 82.32 72.65 hi gh-tenperature
reaction treatnent Exanple early phase of 81.71 81.16 66.32 0.10 snooth 2
the reaction spherical after 87.82 63.61 73.42 high-tenperature reaction
treatnent Exanple early phase of 82.67 81.71 67.55 0.37 slightly 3 the
reaction uneven after 88.66 84.37 74.72 high-tenperature reaction

treatment; Exanplg.early phdseg of 82779 0. 79 6p,84 0.8 slightly 4 the
reaction pneven|after 87.84(83.60 73.994 high-tenperaturle reactipn
treat nent| Exanphigrearryptphase of 71.889 77.86 55.97 0.35 smooth b the
reaction spherical.c+:d6 aften 79.03 83.24 65.78 | hi gh-tenperature} reactign
treatment; Exanple early phase of 82.|66 81.61 67.46 0.15 snooth
treatment
Example | early phase of | 82.66 81.61 67,46 0.15 smooth
6 the reaction spherical
after 87.57 83.28 72.92
high-temperature
reacticn
treatment
Example } early phase of | 982.05 81.56 75.08 G.71 smooth
7 the reaction spherical
after 91.64 84.14 77011
high-temperature
reaction
treatment
Compara | early phase of | 86.86 81.88 71.13 2.34 uneven
tive the reaction
Example | after 90.20 83.58 75.38
1 high-temperature
reaction
treatment
Compara | early phase of | 55.43 81.79 45.34 0.58 smooth
tive the reaction spherical
Example | after 54.54 83.62 45,60
2 high-temperature
reaction
treatment
Compara | early phase of | 63.50 79.17 50.28 1.59 smooth
tive the reaction spherical
Example | after 74.96 80.62 60.43
3 high~temperature
reactiocn
treatment

[0055]
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6 the reaction spherical after 87.57 83.28 72.92 high-tenperature

reaction treatnment Exanple early phase of 92.05 81.56 75.08 0.71 snooth 7
the reaction spherical after 91.64 84.14 77.11 high-tenperature reaction
treatment Conpara early phase of 86.86 81.88 71.13 2. 34 uneven tive the
reaction Exanple after 90.20 83.58 75.38 1 high-tenperature reaction
treatnment Conpara early phase of 55.43 81.79 45.34 0.58 snooth tive the
reaction spherical Exanple after 54.54 83.62 45.60 2 high-tenperature

reaction treatnﬁggmﬁgggpa?%iegﬁby @Q r8£}§g92%§%%%%g6gp %ﬁg% 59h§€DOth

tive the reaction s erica
hi gh- terrpe?é?ﬁ?éc1Pé5&PPohmPFP§§§w@ﬁtlda[bGd5?}]Y BPdEddisicds 1% and

Conpar at i ve Exampje,@ngilé ko & @&bmpﬁreeg%'h@wn@ﬁé@@hlen@cﬂ@i/@§oﬂ@|f@b‘tilhéﬁ(y and
friability show t hat the addltlgp of antlnDny

trioxide b%?b?%ng?egﬁﬁegﬁaPﬁﬁg%%£$Q%ﬁi%ﬁuﬁ@%fFBEtSégetﬁ

addition of antimony trioxide after precalcination, both
providing almeost the same catalyst performance.
[0056]

Comparative Examples 2 and 3 show that a catalyst that
does not contain scome of the essential components of the
catalyst according to the present invention as an active
component has improved friability by precalcination, but may
have much poorer performance.

[0057]
Example 8

To 5680 ml of pure water were added 800 g of molybdenum
trioxide, 40.43 g of vanadium pentoxide, and 73.67 g of 8b%
by weight orthophosphoric acid, stirred for three hours at 92°C
to yield rust-colored clear soluticn. The solution was then
cooled to 15-20°C and 307.9 g of an aqueocus solution containing
9.1% by weight of cesium hydroxide and 689.0 g of an agueous
solution containing 14.3% by weight of ammonium acetate were
gradually added with stirring, and maturation for one hour at
15-20°C provided yellow slurry.

[0058]

To the slurry, 709.9 g of an aqueous solution containing
6.3% by weight cupric acetate was gradually added, and
additional maturation was performed for 30 minutes at 15-20°C.
To the slurry was added 32.4 g of antimony trioxide, and
maturation was performed for 30 minutes at 15-20°C

The slurry was then spray dried to provide granules. The
composition of the resulting granules was

M0O10Vo.8P1.15Cug 4Csp, 3 (NHg) 2 38bg 4.

[0059]

In an air current 320 g of the granules were calcined

at 290°C for five hours to yield precalcined granules.
Precalcination decreased the mass of the granules by about 4%
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addition of antinony trioxide after precalcination, both providing al nost
the sane catal yst performance. [0056] Conparative Exanples 2 and 3 show
that a catalyst that does not contain sone of the essential conponents of
the catalyst according to the present invention as an active conponent
has inproved friability by precal cination, but may have nuch poorer
performance. [0057] Exanple 8 To 5680 m of pure water were added 800 g of
nol ybdenum trioxide, 40.43 g of vanadi um pentoxide, and 73.67 g of 850 by
wei ght orthgop ri (ol j ree u t_92C . '
rust-colorgg Qﬁggggéofﬁgi%g??%%gﬁégﬁu%?%ﬁEagg §n5§c§o?§d§%%£§%¥ég%gand
307.9 g of Maheagaeolz ZHt e iLéRegonyaf aivg: L riogmby cne yhiveske epsl Uag
hydroxi de apd %89.9 @ rofs@N. AOUEOUS - r$RIULL Oy CONt 21RING 14, B by; wel ght  of
ammoni um acetate were  gradually added with stirring, and maturation for
one hour at13d5L28C pr GWI'dEd1PEl 7o =Y wiadyah ] 66581 cFor ERECEFUF P YUt 79, 9 ¢
of an aquestis: 50htit 05, aonind Mg g r&n3t0=y: MehgBho8YUPF &£ ACEE alifo Wasa
gradual | y agdﬁdd aqgi qu% i_onal turatifg was rforned fgr.SO n}nutes at
15-20C. o't hel Sty wad "Sdtan 30, oG o Can i Yt ToxPaLC L RRE Tor

mat ur at i onf was hperfsos msd oPoriBnminutasrahtlihs 28CvIhe shuehy oiasodhed spray
conposition of the resulting granul es was

dried to provide,granules. The
MD10VO 8P1.€%C§%%4CBO.3(NH4)2.33b0.4

[ 0059]

In an air current 320 g of the

granul es we?@5¢hl cined at 290C for five hours to yield precalcined

granul es.

Precalciipatkonpdect easedidie, s of; dherahanul esobyighoad 4%

18 by weight._ The precal cined granu es and 45 of reinforcing material
(ceramic fiPer§® ‘feﬁn i o7 nPTRIYED HAG WERSUESHI-i dgPble 2 shows the
results.
[0061]
[Takle 2]
Table 2
methacrolein | methacrylic methacrylic | friability | shape
conversion acid acid yield % %
rate % selectivity %
Example | early phase of | 91,61 78,01 71.46 ¢.36 SMooth
8 the reaction spherical
after 92.45 80.93 74.82
high-temperature
reaction
treatment
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to 300 g of spherical porous alumna carriers (particle dianmeter 3.5 nm
usi ng 20% by wei ght et hanol aqueous solution as a binder by a tunbling
granul ati on nethod, yielding a nolded coated product. The resulting nol ded
product was calcined for five hours at 380Cin an air current to provide a
desired coated catalyst. [0060] As in Exanple 1, oxidation reaction of

nmet hacrol ein was perforned and the strength was neasured. Table 2 shows
the results. [0061] [Table 2] Table 2 nethacrolein nethacrylic

met hacrylic friability shape conversggﬂ acid acid yield ; es rate %

sel ectivit %)Exangle early phase of 1.61 78.01 71.46 0.36 snmooth 8 the
reacti on shphert B&Fhodfief 16 URcE@rd8 978 B &hi - COMPER & 00es s $aletd bn

treatment d9: Graid¥hnpcherfs MBENRSH Higde MBAUIARALWHIG A Gahakysh, campnis) ng
essential _active co bdenum phosphorus, vanadium cesium

onents aof nol e
ammoni a, ¢ %Q%aanﬂggﬂ?FnDﬁ?dfSPt&éQnanPﬁétﬁ%bdﬁbﬁﬁ i ?ﬁﬁ%ﬁﬁﬁ%ﬁic
aci d, conmpmétshagrdlyingcdds! ureypipt epeg edrbyngmiaxi aguargonpeades) by
the resul (RO My < povalrBSha 5 Gr D PG 10l cimed FoRir 2 A Tethbd for
manuf act ur¢eigp et al ystncoapeirsing tssantizdlcindetd viéiec orgronerntsy ofry
ol ybdenurgophosphior Us, 1 ¥aRadi ua) ocesiigy panmeeia. copper, and antimony

or use in the production o nmet hacrylic acid, conprising drying a slurry

pr epar ed 59 Amethod for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
ammonia, copper, and antimony for use in the production of
methacrylic acid, comprising drying a slurry prepared by
mixing a compound{s) containing the essential active
components other than antimony with water and then calcining
amixture of the resulting dry powder and a compound containing
antimony and molding the calcined mixture.
3. Amethod for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
ammonia, copper, and antimony for use in the production of
methacrylic acid, comprising drying a slurry prepared by
mixing a compound{s) containing the essential active
components other than antimony with water, calcining the
resulting dry powder, and molding a mixture of the calcined
powder and a compound containing antimony.
4, The method for manufacturing a catalyst according to any
one of Claims 1 to 3, wherein the calcination temperature is
200°C to £0G°C.
5. The method for manufacturing a catalyst according to any
cne of Claims 1 to 4, wherein the molding of a powder after
the calcination comprises coating an inert carrier with the
powder using a binder to form a coated catalyst.
6. The method for manufacturing a catalyst according to Claim
5, wherein the binder is water and/or at least one type of liquid
selected from the group consisting of an organic compound
having a boiling point of 150°C or less at 1 atmospheric

pressure,
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m xi ng a conmpound(s) containing the essential active conmponents other than
antinony with water and then calcining a mxture of the resulting dry
powder and a compound containing antinony and nol di ng the cal ci ned

m xture. 3. A nethod for manufacturing a catal yst conprising essential
active conmponents of nol ybdenum phosphorus, vanadium cesium anmoni a,
copper, and antinony for use in the production of nethacrylic acid,
conprising drying a slurry prepared by mxing a conpound(s) containing the
essential acti t I n..anti Lt h ; iJdng the
resul ting ?iyt%§38§%$9§ﬂ§%ﬁ3PgﬁﬁgaéE%?%Fgr% g$@¥%ggga?%?%ggln%g%ﬁé?hgnd a
conpound cot &nt hgiantl fery. Wherthe arhelddf B opnnbfaddtaur Fhg e chitd yst

according {0 any-Q0g ﬁ{ Chabdrs. 1 foy3, wherein the cal cination tenperature
is 200Cto 400C. 5. The nethod for manufacturing a catalyst according to

any one of- O & SN AOTMhBFeFHCLRE MSITdIATT Y0t @ ponder G¥RErtS e
cal ci nati aqyucappgsses coathbgtan inepkicarhibar W idE t he mgrowderolusimg a

bi nder to form.a co d catal yst.. 6., The nethod, for_manufactur.i.n

catal yst oot HE Lot dim & WherRi Tho B1mder 19 At of AT o 1 east
one type dafcddixiny selecyednérom €heigsoliptcoisi sting of an organic
conpound having a boiling point of 150C or |less at 1 atnospheric

pressure. 20 7. The nethod for nmanufacturing a catal yst according to any
one of Clains 1 to 6, wherein a nolded product after the nolding is
calcined at 100C to 950C. 8. A nethod for producing nethacrylic acid,

conpri sing gas-phase catal ytic oxidation of nethacrol ein,

i sobut yral dehyde, or isobutyric acid using a catalyst according to any one
of Claims 1 to 7. 21
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