VMETHOD OF PRODUCI NG CATALYST USED I N THE PRODUCTI ON OF METHACRYLI C
ACI D AND METHOD OF PRODUCI NG METHACRYLI C ACI D TECHNI CAL FI ELD [ 0001]
The present invention relates to a nethod of producing a catal yst
used in the production of methacrylic acid, and a nmethod of producing
met hacrylic acid using the catal yst obtained by the nethod.
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DESCRIPTION OF RELATED ART
[0002]
Conventionally, as a catalyst used in the production of methacrylic acid by a
15  gas-phase catalytic oxidation reaction of methacrolein or the like, a catalyst containing
a heteropolyacid containing phosphorus and molybdenum or a salt thereof is known to
be effective. In general, such a catalyst is produced by drying an aqueous mixture
containing raw materials for the catalyst, followed by calcination. The calcination
method is described in Patent Documents 1 to 5.
20 [0003]
Patent Document 1 discloses a method in which calcination is performed at
400 to 500°C in a non-oxidizing gas atmosphere, followed by calcination at 300 to
400°C in an oxidized gas atmosphere. Patent Document 2 discloses a method in

which calcination is performed at 360 to 410°C in an oxidized gas atmosphere or a



Pat ent Docunent 4 discloses a nmethod in which calcination is
performed at 300 to 400C in an oxidi zed gas atnosphere, followed by
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atmosphere of an oxidized gas containing a water component of 30vol% or less.
Patent Document 4 discloses a method in which calcination is performed at 300 to
400°C in an oxidized gas atmosphere, followed by calcination at 400 to 500°C in a

10  non-oxidizing gas atmosphere, followed by cooling down to 280°C or lower in the
non-oxidizing gas atmosphere. Patent Document 5 discloses a method which includes
a first calcination at 300 to 400°C in an oxidized gas atmosphere, elevating the
temperature to 420°C or higher in an atmosphere of a non-oxidizing gas containing a
water component of 0.1 to 10vol%, and a second calcination at 420 to 500°C in a

15 non-oxidizing gas atmosphere.

DOCUMENTS OF RELATED ART
[Patent Document]
[0004]
20 [Patent Document 1] Japanese Unexamined Patent Application, First
Publication No. 2004-188231
[Patent Document 2] Japanese Unexamined Patent Application, First
Publication No. 2005-21727

[Patent Document 3] Japanese Unexamined Patent Application, First



[ 00051 However, catalysts used in the production of

met hacryl i e add obtai ned by 10conventi onal nethods were not al ways
satisfaeorv in. terns of catalyst acSr catalyst life, An

obj ect present invention is to provide ajnmethod of producing catal yst
used in the production of methacrylic acid which exhibits excellent
catal yst a (%ﬁ@?ﬂb ajysbylife. Further, another object of the
pi esent i t) I'S10 provide a nethod of producingacrylic acid
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met hacrylic acid containing a hetenpoiyacid conpound contai ni ng
phosphdr usPablitatiod Wodzrosn2g4sbe net hod i ncl udi ng: a first
caleination step in which a catal yst precursor is subjected to
calcination at 360 to 410"C in an atnosphere of a gas co.ntai ing a
wat er conmponent. of 0.1 vol%to |less than 2.0vol % a second

calcination step in which a lei I 'fnﬁqi \Fst cal ci nation
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non- oxi gas; and ﬁ)ﬁﬁgling step in which a. cal ci ned product obtained
in the second cal’@®natic step is cooled down to 280T or lower in an

at nosphere of aOXi QEZf|l ording to item (1) aboveheteropolyacid | O
conpound f at her deyraydr catalysts used in the production of methacrylic acid obtained by the

10  conventional methods were not always satisfactory in terms of catalyst activity and
catalyst life.

An object of the present invention is to provide a method of producing a
catalyst used in the production of methacrylic acid which exhibits excellent catalyst
activity and catalyst life. Further, another object of the present invention is to provide

15  amethod of producing methacrylic acid using a catalyst produced by the method, so as
to convert the raw materials with an excellent conversion and stably produce
methacrylic acid over a long period.

[0006]

As a result of intensive studies of the present inventors, they have found that

20 the following embodiments could solve the problems, and completed the present
invention based on these findings.

(1) A method of producing a catalyst used in the production of methacrylic
acid containing a heteropolyacid compound containing phosphorus and molybdenum,

the method including:



at |l east one elenment selected fromthe group consisting of
potassi um ruhi cesiunthallium and at | east one clenent selected from
the group consisting of cosettle, antinony, boron, silver, bisnuth,
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ni trogen, argon, helium and carbon di oxi de. (6) A method of
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conpound sel ected fromthe group consisting of inethacrolein,
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catal ytic oxidation reaction in the presence of the catalyst used in

the pr oducgh?ﬂ_ogg{dii{g%?%gwdi c acid obtained by the nethod according
to any one of itens ) to (5) above, [0007] According to the present
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the raw materials can be converted with an 10excel | ent conversion,
and net hacryl i e @ilde seathaskacserslingtopieatite ebovy sherin hgdeapnadrcid/oDE
FOR CARRYI NG QUT THE | NVENTI ON [ 0008] The catal yst used in the
pr oduct( oncafiperetifarthgrldoataéist d obt ai ned
vanadium;
at least one element selected from the group consisting of potassium, rubidium,
cesium and thallium; and
at least one element selected from the group consisting of copper, arsenic,
15  antimony, boron, silver, bismuth, iron, cobalt, lanthanum and cerium.
(3) The method according to item (1) or (2) above, wherein the catalyst
precursor is subjected to calcination for 1 to 20 hours in the first calcination step.
(4) The method according to any one of items (1) to (3) above, wherein the
calcined product obtained in the first calcination step is subjected to calcination for 1 to
20 20 hours in the second calcination step.
(5) The method according to any one of items (1) to (4) above, wherein the
non-oxidizing gas is at least one member selected from the group consisting of nitrogen,

argon, helium and carbon dioxide.

(6) A method of producing methacrylic acid, comprising subjecting at least one



production nmethod u 3rdng to the present invention contains a
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advantageous effect can be achieved in that the raw materials can be converted with an

10  excellent conversion, and methacrylic acid can be stably produced over a long period.

MODE FOR CARRYING OUT THE INVENTION
[0008]
The catalyst used in the production of methacrylic acid obtained by the
15  production method according to the present invention contains a heteropolyacid
compound containing phosphorus and molybdenum. The heteropolyacid compound
may be composed of a free heteropolyacid, or a salt of a heteropolyacid. Among these,
a heteropolyacid compound composed of an acidic salt (partially neutralized salt) of a
heteropolyacid is preferable, and a heteropolyacid compound composed of an acidic
20  salt of a Keggin-type heteropolyacid is more preferable.
[0009]
The heteropolyacid compound may contain any other element, as long as it
contains phosphorus and molybdenum as essential elements and the catalyst activity is

not obstructed by the other element. Examples of other elements include vanadium,



of nmethaerylic acid according to the pre -cation (hereafter,
sonmetxnes referred to as "production nethod of the present
invention") ncludes a firsttion step, a second eal cination step and a
cooling step, [0012] (First calcinationgstep) The first
calcination step is a step in which a catalyst: precursor subjected

to caci nat] : j t .of hoLNg a
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nol ybdat es, nol ybdenum oxi de and nol ybdenum chl ori de. Exai nt.on

di ni ng Sl0vanadi usoiyddenighe, vanadi ¢ aci d, yauadates, vanadi um oxi de and
vanadi um chl ori de. Exanpl es of a conpound contam ng the el enent X

include oxides, pfpRLES, carbonates, bicarbonates, hydroxides and
hal i des. Exanpl es of a conpound containing the elenment Y include exo
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cesium and thallium (hereafter, sometimes referred to as “element X”); and
at least one element selected from the group consisting of copper, arsenic,
10  antimony, boron, silver, bismuth, iron, cobalt, lanthanum and cerium (hereafter,
sometimes referred to as “element Y”).
[0010]
In particular, the heteropolyacid compound preferably contains 3 or less atoms
of phosphorus, vanadium, an element X and an element Y, relative to 12 atoms of
15  molybdenum.
[0011]
As described above, the method of producing a catalyst used in the production
of methacrylic acid according to the present invention (hereafter, sometimes referred to
as “production method of the present invention™) includes a first calcination step, a
20  second calcination step and a cooling step.
[0012]
(First calcination step)
The first calcination step is a step in which a catalyst precursor is subjected to

calcination at 360 to 410°C in an atmosphere of a gas containing a water component of



15[ OOH| The ca. alyst precursor is generally obtai ned bynuxing
t he above conmpound with water to obtam an aqueous solution or a
suspension, followed by drying the agqueous sol ution or suspension. As
a method of drying, a spray drying using a spray be eexthe
dried product, is nolded into a desired shape (e.g., a cylindrical
shape, a s o bng shape or the ke), and a nold aid
agent may Eggégggyggﬁﬁg%%gggpe. The obtainedd article is preferably
subjected to a n@ﬁﬁﬁfreatnent (precalcirtation) at a tenperature of
about 180 to 300C"i™ an at nosphere of an oxidized as or a
nonoxi di zi ng gas. The nol ding may be conducted after subjecting he
dried product tolkeeatalysteseomser I{pmedrealsampapyds costam@agﬂe elements thaf,
t he preparation of the above aqueous sol ution or suspension, it is

pr ef er abl eatecoatthedimthni catadyst asedamiionprodungmintof n8shapsylicoacesht dixnnapies of
aqueous sol ution or a suspension containing anmoniumion. |nstead of
addi ng amewhaofipoandsantingt uxo sald, oxaaciAnangiotides atipaus darveyates used
as at |east one of the conpounds containi ng phosphorus, nolybdenum
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[ 0016] The obtained catal yst precursor is subjected to o
cal ci nat i omoktbdgwen wyide pod malykdenameidgsiter e Espmaleg a8 a compain ¢rptaining
wat er conponent of 0.1.vol%to |ess than 2.0vol % 15In the production
met hodi®f véedpmesehtdeivauadit bdd, vanhéatem yanaslino oxpranid cahaditng chlomideed,
as long as it contains the specific amount of a water conponent.
Exanpl es ofxitiplegasa torapsidfl dftanhgizadedas X ficlude@%U@emiR4ited, Rerbonates,
Iike), a non-oxidizing gas (an inert gas (nitrogen, argon, helium
neon or the; L1 . [ as L O
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halides.
15 [0014]

The catalyst precursor is generally obtained by mixing the above compound
with water to obtain an aqueous solution or a suspension, followed by drying the
aqueous solution or suspension. As a method of drying, a spray drying using a spray
drier can be mentioned. In general, the dried product is molded into a desired shape

20  (e.g., a cylindrical shape, a spherical shape, a ring shape or the like), and a mold aid
agent may be used if necessary. The obtained molded article is preferably subjected to
a heat treatment (precalcination) at a temperature of about 180 to 300°C in an
atmosphere of an oxidized gas or a non-oxidizing gas. The molding may be

conducted after subjecting the dried product to heat treatment (precalcination).



may be used individually, or in a conbination of two or nore. [0017]
The above gas contains a water conponent of 0.1vol %to |ess than
2.0vol % By containing a water conponent in a specific range, the
catal yst activity and the 9 catalyst |gfe of the obtained catalyst
can be effectively inproved, The anount of the water conponent is
preferably fnn10[¢ngﬁ 1. 8vol % [0018] The first calcination is
performed at 360 10C. By performng the fi rst cal ci nation at 360
to 410C, the catgl?%gt act|V|t t he catal(%fs i fe of thet % ebq
catal yst can he HFIRFER! noﬁm‘e QY° AHYBYS ¥ gtgonc(éﬂsgpwgﬂogﬂ sspre erable
preferably performed at 380 to 400C. [0019] The first calcination is
pr ef er abl y thafd BRREEIA0s AN EENIRIHE SR16 SO AR P PRIFIE 2RGFPETUS FABHGN PBR 1.

.1 5 hours, By performng the first calcination for 1 to 20 hours,
CaI cinati omuspanmhecmammga}mmmmum iper fmsmgﬂof@iglmgﬂmmgm@forah@mmomum
conposition of the catal yst precursor. [0020] The thus
obt ai nesl cahlgianeehnpsatid Cbmipbuiid@al be atedealacleastdnenf sicenpuadbianiiathg
to 15the second cal cination step, [00211 (Second cal ci nation step)

The second ,Gal BHARL B bELER, Van#iShShh LB XX Br hibSlesRhCY.NER RERFYELe,
obt ai ned i 8 e first calcination step is subjected to cal cination at

420 to 500C {h% ﬁféd%‘rcf&&%{’ Q% &1}%{ px%gﬁs&o&n%gsgd (7$f aplgorgﬁﬁggm-type

heteropolyacid salt is obtained, and by subjecting the dried product to heat treatment

(precalcination), a rearrangement reaction occurs to change from a non-Keggin-type to
10  aKeggin-type, thereby obtaining a catalyst precursor composed of a Keggin-type
heteropolyacid salt.
[0016]
The obtained catalyst precursor is subjected to calcination at 360 to 410°C in
an atmosphere of a gas containing a water component of 0.1vol% to less than 2.0vol%.
15  Inthe production method of the present invention, the gas is not particularly limited, as
long as it contains the specific amount of a water component. Examples of the gas
include an oxidized gas (air, oxygen or the like), a non-oxidizing gas (an inert gas
(nitrogen, argon, helium, neon or the like)) and a reducing gas (carbon dioxide,
hydrogen, ammonia or the like). Among these, nitrogen, air, argon, helium and
20  carbon dioxide are preferable, and air and nitrogen are more preferable. These gases
may be used individually, or in a combination of two or more.
[0017]
The above gas contains a water component of 0.1vol% to less than 2.0vol%.

By containing a water component in a specific range, the catalyst activity and the



[ 0022] Exanpl es of the non-oxidizing gas used in the second.
cal cination step include the aforenentioned non-oxidizing gas (an
inert gas (nitrogen, argon helium neon or the like)) and a reducing
gas (carbon di oxide, hydrogen, anunoniagor the like), 10 Anong these
non- oxi di zi ng gases, helium and carbon di oxi de are preferable, and
nitrogen i - Qr - N AN WA . ma
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second cal cination step ma I ntajn a water conponent, but
agas in a“@FEC85ﬁ?5?ﬁ?%ﬂﬁﬁ%§“&g§¥l@gh%ggﬁwséh L. [0023] The second
calcination is performed at 420 to 500C. By performng the

secondi nation at [W18lto 500C, the catal yst aetiviy and theyst |ife of
t he obtai ned catal ysteffectively inproved. The second cal ci nation
step is 10pr ef er dbt firpealcoatiedisgerdsoed a 3690¢410WD 243y performingHe first
second eakina ion is preterably perfornmed for 1 to 20 hours, and nore

pret hr apl y chigiation 5B 6D tbaU0SC, tly cpayitactivingadd@e sealadifealf chenstithiaad
for I to 20 hours, calcination can satisfactorily perforned

regardl ess caag&h&n%@faéﬁwwnnﬂ%vwe BRAYSHcidRRES Pedhbly [RPRAned at
The cal ci ned product obtained 1n the second calcination stéep is

subj ect ed Oioh‘?o(p%ol ing step, [0026] (Cooling step) The

cool ing st g I's a step in which the cal ci ned product obtained in the
second calcinatiﬁ81§iep is cooled down to 280C or | ower n an

at nospher et ou- ox 1 gas.

The first calcination is preferably performed for 1 to 20 hours, and more
10  preferably for 1 to 5 hours. By performing the first calcination for 1 to 20 hours,
calcination can be satisfactorily performed regardless of the composition of the catalyst
precursor.
[0020]
The thus obtained calcined product in the first calcination step is subjected to
15  the second calcination step.
[0021]
(Second calcination step)
The second calcination step is a step in which the calcined product obtained in
the first calcination step is subjected to calcination at 420 to 500°C in an atmosphere of
20  anon-oxidizing gas.
[0022]
Examples of the non-oxidizing gas used in the second calcination step include
the aforementioned non-oxidizing gas (an inert gas (nitrogen, argon, helium, neon or

the like)) and a reducing gas (carbon dioxide, hydrogen, ammonia or the like).



[0027] Exanples of the non-oxidizing gas useool ng step include the
afore, mai ned non-ex, en , (nitrogen, argon, helium neon or the
like)) and a reducing gas (Carbon dioxi de hydrogen:, ammoni a of the
i ke). Anmong these non-oxidizing gases, jmitrogen, argon, helium and
carbon di oxi de are preferable, gen is nore preferable, in

terms of referabl e sum. i di_zin hat;. ] 0
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calcination step is jn sit' The non-o0xjdizj ases,.nay be use
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may or may not contain a water 1 Oconponent, but a gas in a dry state
cont ai ni ng itvidatlbs ot iBripeebination ¢teper avire, Tgesthe non-oxidigeg gas used
cooling is performed to cool dew,/ to 20C or |ower, and preferably
250C or | owethe sByongrealcémition gtepheaycatrahyset contam beiateg cexposet, i agas in a
oxi di zed gas at a tenperature higher than 20C, the catalyst activity

and t hescatda} stafe cohfathis@no hatet 26thpegdnt weryfekampe.[ 0029] ( Producti on
met hod of met. acrylic aci The catal yst used in the production of

meg/ acrylic aci drgqpkai ned by the production nethod of the present
i nvention exhibi{s excel l ent catal yst activity and 20catal yst life,

By subjecting a %g rséciorrll SRIBASE 95 ése%rr]mgé at”l’io'}%%'bBL@.‘ nBy performing the

second calcination at 420 to 500°C, the catalyst activity and the catalyst life of the
obtained catalyst can be effectively improved. The second calcination step is
10  preferably performed at 430 to 440°C.

[0024]

The second calcination is preferably performed for 1 to 20 hours, and more
preferably for 1to 5 hours. By performing the second calcination for 1 to 20 hours,
calcination can be satisfactorily performed regardless of the composition of the catalyst

15  precursor.

[0025]

The calcined product obtained in the second calcination step is subjected to the
cooling step.

[0026]

20 (Cooling step)

The cooling step is a step in which the calcined product obtained in the second

calcination step is cooled down to 280°C or lower in an atmosphere of a non-oxidizing

gas.

[0027]



i sobut yral dehydes i sohutane andl or isobutyric acid to a gasphase
catal ytic oxidation reaction using the catalyst used in the
production of nothacrylic conpourd can be convened, with an excel |l ent
conversion, and nethacrylic acic reducedjpver a long period. 12

[ 0030] The production of nethacrylic add is generally
perfornmed by packlng s ' - reactor,
fol | owed by supp %?ﬂﬁ%gggﬁgbﬁbﬁgh%%ﬁ%gﬁ%%égﬁ%H%qggghggﬁggkﬁ%ﬁaﬁgxygen
to the reac%or, Ins%iad of. the fixed, bed, 2 fluidized Réd or a

movabl e bed REyIONEE B ORLIA RGBS A&N LR S NG LT R, DefYm-dieop gr dhe
oxygen is ?enerally used Nitrogen, carbon dioxide, carbon nonoxide,
wat er vapobkeh anghareduring sy (ebappridedydegcheapmapiagy theliept  Amerng
the starting conpound and the gas containing oxygen. [0031] 10Wen
met hacr ol ethes¢ sontsxidizasg gdses, sitargennggen mebumdint lverboe alowdidmare preferable,
preferably performed wider the follow ng conditions. The space

vel oci ty i andigitepsi RadolYréferabil. Ngn tdidrs o€ @ ricdilety (il is/Prgfeibld foause the
staiiing material (starting material and ot her gases) which passes

through the,heaGt-8%idPele dasNRYhatR¥ed MGHY YUAR cAEinkiién &@%6!&’,&& i nsi de
the reactor (L). 15Concentration of metha.crolein in the raw

materi al s: g % centrati.o mwat er . At heyraw
mat eri al s. n{fn'rtbgl%%g%o zﬁalnrteilr%asf3 I&)(%l dé’? lc%attl\éggfegl%?ﬁﬁ{uodsg%ggrlll:e 1/1to
1/5 (inethacrol gj.ni oxygen pace, velocity: 500 to. 5, 0001f1 (in termns
of st andar AOLPSIUAEEHER Max TE anfb gt ol pargn s oTdision SRES of Biore
pressure: 0.1 to O. 3NPa'c£iO'0321 ) When isobuUne is used as_the
starting c&hpbemiie noR@xidaosgahused ip Hhefwphpg ftep arayor veay tigh dentairhewater
foll owi ng conditions. Concentration of isobutane in the raw

mat eri &0 s: cdmpondhfh\bml &gas in a dry state containing no water component is preferable.

[0028]
The cooling is performed to cool down to 280°C or lower, and preferably
250°C or lower. By preventing the catalyst from being exposed to an oxidized gas at
a temperature higher than 280°C, the catalyst activity and the catalyst life can be
15  effectively improved.
[0029]
(Production method of methacrylic acid)
The catalyst used in the production of methacrylic acid obtained by the
production method of the present invention exhibits excellent catalyst activity and
20  catalystlife. By subjecting a starting compound such as methacrolein,
isobutyraldehyde, isobutane and/or isobutyric acid to a gas-phase catalytic oxidation
reaction using the catalyst used in the production of methacrylic acid, the starting
compound can be converted with an excellent conversion, and methacrylic acid can be

stably produced over a long period.



13 Concentration of water vapor in the raw materials: 3 to 30vol %

Mol ar ratio of isobtaane toen: 1/0.05 to 1/4 (isobutane /oxygen)
Space velocity: 400 to 5,000 hl (in ternms of standard state) Reaction
tenperature: 250 to 400C Reaction pressyye: 0,1 to 1MPa [0033]

When i sohutyrai dehyde and/or isobutyrie acid is used as the starting
conmpound, the reﬁﬁﬁb?n is perfornmed under substantially the sane
conditions as in case of using nethacrolein as he starting
material. Further, the startjng conpounds 10need not necessarily be a
hi ghl y-purified Eh%aw.ctl%ﬁréité?&s?’g?a‘ilglw?é‘e ¥ &Pt harading the
met hacrol ei n obtained, by a gas-phase catal ytic oxidation reaction of
| sob tyl eneatglyst mmﬁ)qu-laﬂdanwmubagm r¢petonstetowrd hp spPhURE fistesingpompound
EXAMPLES 15[ 00341 As follows is a description of exanples nd
conpar at i vanéxaapt@esainiglolggqrtesknteacton eihstom ofahe fisedybed, hdlwwdiapé bed or
ofese t invention is by no way limted by these ex,anple-s. Nitrogen

used i n5eaghh@fableRdexani @sd ands aRa cahtaenLxaiiph asr GiQk@bRegen is

substantially no water 1in 31 20[ 001 (Preparation Exr'ion of catalyst

P oon) EIS oL, B BT ARLRE I G tR 08 b onh ke
may be supplied to the reactor, apart from the starting compound and the gas containing
oxygen.

[0031]

10 When methacrolein is used as the starting compound, the reaction is preferably
performed under the following conditions. The space velocity is determined by
dividing the feed rate (L/h) of the starting material (starting material and other gases)
which passes through the reactor per 1 hour by the volume of the catalyst inside the
reactor (L).

15 Concentration of methacrolein in the raw materials: 1 to 10vol%

Concentration of water vapor in the raw materials: 1 to 30vol%
Molar ratio of methacrolein to oxygen: 1/1 to 1/5 (methacrolein/oxygen)
Space velocity: 500 to 5,000 h! (in terms of standard state)
Reaction temperature: 250 to 350°C
20 Reaction pressure: 0.1 to 0.3MPa
[0032]
When isobutane is used as the starting compound, the reaction is preferably

performed under the following conditions.

Concentration of isobutane in the raw materials: 1 to 85vol%



Cesiumnitrate (1.1.:sNG3): 38,2 kg Othophospharic acid (an
85svt"./t product');24.2 kg Nitricd (ti 701, et% product): 252 kg
<l.'quid 13> t-r (40C.): Anunoni um nol yhdae tetrahydu gm 14 (3702 4
.D): 297 Amonium nettivanadate (NR4VO3)3 8.19 kri. 10Subsequently,
Liquid A was dropwi se added to liquid B while stirring. After the dr

addition. stirri wa ndelct t .2 for 5, rSal.hoa seal ed
contai ner. Then, %%89?§?§8%8P‘év fé?yrﬁjr%l &}g&‘? eéfr%égggtf%gkgl/ﬁo, 2 kg of
c trihydrate NC3) 2;.3H20) were sus djn .23 kg of ar tor
exchangedc t he ré/gﬁg"t’iaﬂ Ogﬁg‘%‘é‘ﬁ%‘? temc&wﬁi‘ﬂ@ﬁtq tfgt(’ﬁg Hpgegyeen)
container, followed by stirrin 15120C for 5 hours. [0037] The

obt ai ned slurry waaceswiantydf@lie A0 alis ey ofsipedard skt o 100 parts
by of the obtained dried product was added 4 parts by wei ght
of a ceram c fi b&eadtsnG2mpbAtud3 25930 4060°C fi beractor: 2 to 4 nm
average fiber length: 400 un), 13 parts by wei ght of aEnnoni um

nitratesand 9.7 pahdtfontessBicgbll tofiv@m | on exchanged water, followed
by kneading rnd extrusion noldng to obtain a cylindrical nolded

article (,dianet ?(5033@ nun, n). Then the obtained nolded article was
dried at 90C for "3 hours in an atnosphere with a humdity of 30%Rl- 1.

The abtained dri g4 prioduct s, sublected .0 eatis (AL TROMGRY om &t
compound, the reaction is performed under substantially the same conditions as in the
case of using methacrolein as the starting material. Further, the starting compounds

10  need not necessarily be a highly-purified product. For example, in the case of

methacrolein, methacrolein obtained by a gas-phase catalytic oxidation reaction of

isobutylene or t-butyl alcohol can be used without purification.

EXAMPLES
15 [0034]

As follows is a description of examples and comparative examples of the
present invention, although the scope of the present invention is by no way limited by
these examples. Nitrogen used in each of the examples and comparative examples
contains substantially no water component.

20 [0035]
(Preparation Example 1: Preparation of catalyst precursor)

The following raw materials were mixed together to obtain liquid A and liquid

<Liquid A>



and at 250C for | how, thereby obtaining precal ci ned catal yst
precursor conposed of a Keggi n-type heteropolyacid salt. [00381

(Exanpl e 1) The catal yst precursor obtained in Preparation
Exanple | was maintained at 390C for 3 fwurs under flow of a m xed
gas containing air and steam (water content: .Ovol% (first

calcination): Then, them xe S alying air and steam was changed
to nitrogen, and t 8 %8 a&ﬂ%‘iﬁ%&@ﬁ%%\% further naintai ned at
435C for 3 hours (second, calcinatio After the second cal cination,
the cal ci ned produetS!\aditie M‘éﬂ g‘%}%\hgto 70C under nitrogen flow,
and was taken out to atnospheric air. The obtained calcined product
(catal yst 1) was afArthesthgisphosiglacidofan#SrEggredugpe2héiker opol yaci d

cont ai ni ng phosphorus (L5), nolybdenum (12), vanadium (0.5), antinony
(0,5), copper (03)Nardadésa Gow®% pA)ducBaZh2 kgl ue in the brackets is
the atomc ratio. [0039] (Exanple 2) A cal ci ned product
(catalyst 2) was<phfuai Bed by the same procedure as in Exanple 1,
except that the water content was changed to | Avol %in the first

calcination. 2.0[ o) A cal ci ned product
%ﬂ%oﬂ%ﬁ%@ﬁ{a r 340 C):330k

(catal yst 3) was tal ne e sa procedure as in Exanple 1,

except that the water content chan t 8vpl % i n.the fir st
cal cination. 16 | WEPT“’?%%%e%&}%ﬁ%ﬁ@ﬁé@ﬁgﬁ’ég@c%@aggﬂﬁt 4)
was obtai ned by the sane procedure as in Exanple |I. except that the
m xed gas cont ai ni‘ﬁﬁméﬂmu‘ﬁﬂ&t%‘ta%&qt%\ﬁ%H@ﬁgﬁg%dﬁ‘B a nm xed 5gas
containing nitrogen and steam (water content: 1.8vol (f10) in the
first cal ci nati off036]

10 Subsequently, Liquid A was dropwise added to liquid B while stirring.  After
the dropwise addition, stirring was conducted at 120°C for 5.8 hours in a sealed
container. Then, 10.2 kg of antimony trioxide (Sb,0O3) and 10.2 kg of cupric nitrate
trihydrate (Cu(NOs),-3H,0) were suspended in 23 kg of an ion exchanged water, and
the resulting suspension was added to the closed container, followed by stirring at

15  120°C for 5 hours.

[0037]

The obtained slurry was spray dried with a spray dryer, and to 100 parts by
weight of the obtained dried product was added 4 parts by weight of a ceramic fiber
(Si0,-Al,0; system; fiber diameter: 2 to 4 pm; average fiber length: 400 pm), 13 parts

20 by weight of ammonium nitrate and 9.7 parts by weight of an ion exchanged water,
followed by kneading and extrusion molding to obtain a cylindrical molded article
(diameter: 5 mm, height: 6 mm). Then, the obtained molded article was dried at 90°C
for 3 hours in an atmosphere with a humidity of 30%RH. The obtained dried product

was subjected to heat treatment (precalcination) at 220°C for 22 hours under air flow



[ 0042] (Conparative Exanple 1) A cal ci ned product (catal yst
5) was obtained by the sane procedure as in Exanple 1, except that
the m xed gas containing air and steam was changed to just air
10(water content: 0.0vol% in the firstjgalcination,. [0043]
(Conpar ati ve Exanpl e 2) A cal ci ned product (catal yst 6) was

i xed gas B PARRRIoR! BOG B PR blinE AR AR sFETEEbirkbs bposeo

(water content: 0.OQvol Wg inthe first calcination_ [00441
(Conparatnga gerigpeghcteropolyacig saly ¢i ned product (catal yst 7) was
obtai ned by the same procedure as in Exanple 1, except that the water
content was char 3810 2,8vol %in the first calcination. [0045]
(Conpar ati ve Exanpl e 4) A cal ci ned product (catal yst 8) was
obt ai ned by the &gl bredure as in Exanple 1, except that the water
content was changed to 3.5vol % in the first calcination, [0046]

(Conpar§ A cal ci madcpragsiusiteidbor obtasedoBtFaEfesti RYEAMGHE € il enAftained at
except that the water content was changed to 4, 0Ovofirst calcination,
390°C for 3 hours under flow of a mixed gas containing air and steam (water content:
1.0vol%) (first calcination). Then, the mixed gas containing air and steam was
changed to nitrogen, and the catalyst precursor was further maintained at 435°C for 3
hours (second calcination). After the second calcination, the calcined product was
10 cooled down to 70°C under nitrogen flow, and was taken out to atmospheric air. The
obtained calcined product (catalyst 1) was an acidic salt of a Keggin-type
heteropolyacid containing phosphorus (1.5), molybdenum (12), vanadium (0.5),
antimony (0.5), copper (0.3) and cesium (1.4). Each value in the brackets is the
atomic ratio.
15 [0039]
(Example 2)
A calcined product (catalyst 2) was obtained by the same procedure as in
Example 1, except that the water content was changed to 1.4vol% in the first
calcination.
20 [0040]
(Example 3)
A calcined product (catalyst 3) was obtained by the same procedure as in

Example 1, except that the water content was changed to 1.8vo0l1% in the first

calcination.



[ 0047] Wth respect to the catalysts (catalysts Ito 9)
obtained in each of the Anples and coinparatiples, the catal yst
activityas conducted by the follow ng 10nmet hod. [0048] activity

9 g of the obtained catalyst was wei ghegly and was packed in a

i theroreael or nmade of glass and having an inner dianeter of 16 nmm and
t he furnace tenpﬁkﬁg?re 15(tenperature of the furnace for heating
the) was el evate 280C, Then, a source gas prepared by m xing

nmet h, wat er vapor and r]i trogen (nethaerol eini 4vol k1A, nol ecul ar
oxygen: 12vol94 (&faPi§4bor: 17vo. 1% trogen: 67vel %) was supplied
to the mcroreactor at a space velocity of 670h-i, and a reaction was
started, After 1Amslninddrpradudiécasalnstitd) ufas pheineddetthoprme precehye a$ frused
(gas after the 20n) llcmthe outlet of the mcroreactor was sanpl ed,
and anal yzé&stahypleghexcdpt drmatlegnxpligas contesingtagramd stbafir wm dhaegédtd Dmixeg
formul a, Conversione' Cl.10 = (A41) x 100 wherein, 18 Ais the nolar

nunber of rgsagérﬁﬂnfﬁFtlﬁ@@geﬂl a8t RieamHvaBriconfeh 1MRbBL) MUA SFst 04l chiaBph | ed
nmet hacrol ein. [0049
[0042]
(Comparative Example 1)
A calcined product (catalyst 5) was obtained by the same procedure as in
Example 1, except that the mixed gas containing air and steam was changed to just air
10  (water content: 0.0vol%) in the first calcination..
[0043]
(Comparative Example 2)
A calcined product (catalyst 6) was obtained by the same procedure as in
Example 1, except that the mixed gas containing air and steam was changed to just
15  nitrogen (water content: 0.0vol%) in the first calcination..
[0044]
(Comparative Example 3)
A calcined product (catalyst 7) was obtained by the same procedure as in
Example 1, except that the water content was changed to 2.8vol% in the first
20  calcination.
[0045]
(Comparative Example 4)
A calcined product (catalyst 8) was obtained by the same procedure as in

Example 1, except that the water content was changed to 3.5vol% in the first



Subsequently, the furnace tenperature was elevated to 355C, and the
above source gas was supplied at the above space velocity (67010, and
a reaction was perfornmed for 1 hour, so as to three deterioration of
the catalyst. The furnace tenperature was returned to 280C, and the
above source gas was supplied to the deteriorated catal yst at the
above space velocity (670115, so as to start a reaction. After 1 hour
fromthe sfﬁ?ﬁ”ﬁ?mthe reaction, the gas effused (gas after the ma on)
from 10 the outlet of the m eroreactor was sanpl ed, and was anal yzed
by gas chronatogl@%%@ to determ ne the conversion of nmethaerolein in
t he sane manner as descri bed above. Wth respect to each catal yst
(catal ysts 1 to ¢fompiretiveobvammledh of met hacrol ein before and after
the forced deterioration are shown in Table |I. 15 [0050] [Table 1]
Exanpl e |  ExanplAecaikedeprpliect Scatdxa 9 has dbtabedpartat sanee pioasthare as in. . .
Conparative: Exanmaie Coroparative Exanple 4 Conparative Exanple 5

At mospher e pamph 1, excepfitfat MictwRgEdntedt WalbRR@ed ot . OvaDs inAhé filrétr st

cal ci nati on
calcination.

[0047]
With respect to the catalysts (catalysts 1 to 9) obtained in each of the examples
and comparative examples, the catalyst activity test was conducted by the following
10  method.
[0048]
(Catalyst activity test)
9 g of the obtained catalyst was weighed, and was packed in a microreactor
made of glass and having an inner diameter of 16 mm, and the furnace temperature
15  (temperature of the furnace for heating the microreactor) was elevated to 280°C.
Then, a source gas prepared by mixing methacrolein, air, water vapor and nitrogen
(methacrolein: 4vol%, molecular oxygen: 12vol%, water vapor: 17vol%; nitrogen:
67vol%) was supplied to the microreactor at a space velocity of 670h™", and a reaction
was started. After 1 hour from the start of the reaction, the gas effused (gas after the
20  reaction) from the outlet of the microreactor was sampled, and analyzed by gas
chromatography. The conversion of methacrolein was determined from the following
formula.
Conversion of methacrolein (%) = (A/B) x 100

wherein,



Wat er content (Vol %
1 Catalyst 7
Cat al yst

10

15

1.0 1.4 1.8 0.0 4.0 Obtained catal yst Catal yst

talvst 3 Catahnt Catthyst Catalyst. 7 Cat&vst8

deterioration t4  Conversion Before forced 94 78 92 90
18

A is the molar number of reacted methacrolein, and

B is the molar number of supplied methacrolein.

[0049]

Subsequently, the furnace temperature was elevated to 355°C, and the above
source gas was supplied at the above space velocity (670h™), and a reaction was
performed for 1 hour, so as to force deterioration of the catalyst. The furnace
temperature was returned to 280°C, and the above source gas was supplied to the
deteriorated catalyst at the above space velocity (670h™), so as to start a reaction.
After 1 hour from the start of the reaction, the gas effused (gas after the reaction) from
the outlet of the microreactor was sampled, and was analyzed by gas chromatography
to determine the conversion of methacrolein in the same manner as described above.

With respect to each catalyst (catalysts 1 to 9), the conversion of methacrolein before

and after the forced deterioration are shown in Table 1.

[0050]
[Table 1]
First calcination Conversion ratio (%)
Water Obtained Before After forced
Atmosphere content catalyst forced deterioration
(Vol%) deterioration :

Example 1 Air 1.0 Catalyst 1 91 91
Example 2 Air 1.4 Catalyst 2 94 91
Example 3 Air 1.8 Catalyst 3 93 91
Example 4 Nitrogen 1.8 Catalyst 4 93 91

Comparative| ;| g9 Catalyst 5 95 | 81
Example 1 . '

Comparative .
Example 2 Nitrogen 0.0 Catalyst 6 76 65

Comparative} 28 Catalyst 7 92 89
Example 3 '

Comparative  ,. | 35 Catalyst 8 92 86
Example 4 |

Comparative Air 40 Catalyst 9 90 79
Example 5 |




ratio (% After forced deterioration 91 81 55 89 86 79 19 [0051] As
shown in Table |, the catalysts obtained in Exanples | to 4
(catalysts | to 4) were able to mai ntam a hi gh conversi on of

met hacrol ein even after the forced dete{¢oration, and were capabl e of
produci ng i nethacrolein. over a long period with an excell ent
conversion, as CEFE? ed to the catal ysts obtained in Conparative
Exanples to 5 (c Lsts 5to 9), [0052] Wiile preferred enbodi nents
of the invention have beenlgesc i bed and_ il lustrated above, it should

be understood thAf ShpEE &7 eé,xtéﬁﬁ?talryytswaérwé Ip hxempiesd Ad kst nist

to he considered as limting. Additions, om ssions, substitutions,
and ot her Abwers abda foonginwana bighreadeergion lod otetivepdeinieren altasihe fascebi ri t
or scope of the present -ention. Accordingly, the

i nventi on deteriofatibn, dnd vome saghbicad. praduchel mgthhénoiciredvdry lohepérisegith ag
description, and is only limted by the scope of the appended cl ai ns.

\(;\?a} ni s5 ai BREklleft coftveBionOsk @mpiQridahd ety S bBlaktiin CoffpaRiived UslahPles 1
to 5 (catalysts 5 to 9).
[0052]
While preferred embodiments of the invention have been described and
illustrated above, it should be understood that these are exemplary of the invention and
10 are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the spirit or scope of the present

invention. Accordingly, the invention is not to be considered as being limited by the

foregoing description, and is only limited by the scope of the appended claims.



conprising a heteropol yaci d conpound conprised of phtlolyhdenum the
met hod conpri si ng: a first calcination step in which a

catal yst precursor ts subjecE.ed to ctdcination at 360 to 410C. in an
atmosphere of a gas ¢ g a water cc ent gf to less than 2.0vol %
secon.d calcination step in which a cal cined product obtained, in the
first WhikOi c&liigpd iss subjected to further calcination at 420 to
500C i n an atnosphere of a nonoxi di gas; and a cooling step

whi ch a cal ci ned product obtained in the second caicination step is
cool ed down to 280C. or lower in an atnosphere ofidizing gas. The

met hod accpr wher Ig%{%fﬁoﬁe H})%cﬁfcﬁl%oi é’a?rﬁ&ég yseRHe Brofdﬂ&ﬁ%e&f rﬁ%%&yﬁg Acid

vanal i ni east “one elfenen romthe gr
consi sting of potassiuni. rubidium cesiuman hal liu and ai | east
one el ementOlYuISEE: BFIFPBAYEH Camawi%ﬂ%l?%sﬁgﬁgp 5P %%‘ﬁi%d ng)ﬂyl?cjfmw the

boron, silver, bismuth, En.cerium The nmethod accord.''kr' |. wherein
t ho: 00-, t hingthog cemprisiee: i s subl eeted to 21 4, The method according to
claim1l1, wherein the cal cined product obtained in the first

cal ci nati on st em fist sudipatainedert in wlakle i nathlyshpreoursdr is eutéctébior saldinatidment
second cal cination step. 5. The nethod according to claim1, wherein
t he non- oxiah taidnge@asan &nkphe@@st a iEcoNRIRAp aselt@tathohe@aitohe offfoqu Pess

consi sting of nitrogen, argon, hellum and carbon di oxide.
than 2.0vol%;
a second calcination step in which a calcined product obtained in the first
calcination step is subjected to further calcination at 420 to 500°C in an atmosphere of a
non-oxidizing gas; and

a cooling step in which a calcined product obtained in the second calcination

step is cooled down to 280°C or lower in an atmosphere of a non-oxidizing gas.

% The method according to claim 1, wherein the heteropolyacid compound further
comprises:
vanadium;

at least one element selected from the group consisting of potassium, rubidium,
cesium and thallium; and
at least one element selected from the group consisting of copper, arsenic,

antimony, boron, silver, bismuth, iron, cobalt, lanthanum and cerium.

3. The method according to claim 1, wherein the catalyst precursor is subjected to

calcination for 1 to 20 hours in the first calcination step.



6. A nethod of producing nethaerylic acid, conprising subjecting at

| east one compound selected fromthe group consisting of

i net hacrol ein, isobutyral dehyde, isobutane and isobutyric acid to a
gas- phase catal ytic oxidation reaction hp the presence of the

catal yst used in the production of nethacrylic acid obtained by the
met hod accer di ngriieomathyd ac@rdihig € il 1 lwhéein. the calcined product obtained in the

first calcination step is subjected to calcination for 1 to 20 hours in the second calcination

step.

S The method according to claim 1, wherein the non-oxidizing gas is at least one
member selected from the group consisting of nitrogen, argon, helium and carbon

dioxide.

6. A method of producing methacrylic acid, comprising subjecting at least one
compound selected from the group consisting of methacrolein, isobutyraldehyde,
isobutane and isobutyric acid to a gas-phase catalytic oxidation reaction in the presence
of the catalyst used in the production of methacrylic acid obtained by the method

according to any one of claims 1 to 5.



