DESCI || METHOD FOR REGENERATI NG CATALYST FOR PRODUCTI ON OF

. METHACHI LI C ACI D AND PROCESS FOR. PREPARI NG METHACRYLI C ACI D
Background of the invention technical Field [0001] 10The present
application clains the Paris Convention priority based. on Japanese
Patent Application No. 2011-1$8216 filed on June 22. 2011, the entire
content of which is incorporated herein by reference, The
present invention relates to a nethod for regenerating a catal yst for

t he production of methacrylic aci ;P)(}g ing a regeneration 15
treatment on a used catal yst (speﬁ?@tﬁ’gﬁg gﬂconpri sing a

het er opol yaci d conpound cont ai ni ng phosphorus, nolybdenum and. copper
and to a pr OE@P:E}q;ﬁ m% Qgir d
cat al yst obtal ne lgq?ﬂéggﬁnera ?gﬁfdbﬁ %gﬁ%ﬁ%ﬁ@;ﬁﬂgﬂi@g B
Lo009. 1 It is known t MAETFAALIRNEEC ASIDAND of a catal yst for
file production of Pﬂd@EsglFGRapRﬂmwequ‘mbmwgmﬁm d

conpound cont ai ni ng phosphorus, nol ybdenum and copper Is reduced due
to heat l|oad or the like 25 when. it is used for a long tine in a gas

phase cat aB}ﬁbkgrd@ﬂdj@ﬂﬂ}@n[ﬂv@ﬁﬁbhon usi ng nethacrolein or the like as
a raw mate |%m E i& As a regeneration sthod of such a used
catal yst:, lﬁé]h {fe®been proposed. nmethods (see Patent Documents
1-6) for ol ng a regenerated catal yst which conprises a

het er IyaC|dc oundln lChth ato atiQ of co

ol ybabhum (cu NeTeReeep il Gafhe e Erot Coftmtret prinez gped

of mxi ng thapaadse;&tabérylsApplacatldn Altoe 2D 0ir 186881 @Miledonniuwm 222414, the

obt ai n. r t dried
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[ 0004] The present invention relates to a method for regenerating a catalyst
for the production of methacrylic acid by performing a regeneration

15 treatment on a used catalyst (spent catalyst) comprising a heteropolyacid

compound containing phosphorus, molybdenum and copper and to a process
for preparing methacrylic acid using the regenerated catalyst obtained by

the regeneration method.

20  Background Art
[0002]

It is known that catalytic activity of a catalyst for the production of
methacrylic acid comprising a heteropolyacid compound containing
phosphorus, molybdenum and copper is reduced due to heat load or the like

25  when it is used for a long time in a gas phase catalytic oxidation reaction
using methacrolein or the like as a raw material.
[0003]
As a regeneration method of such a used catalyst, there have been
proposed methods (see Patent Documents 1-6) for obtaining a regenerated
30  catalyst which comprises a heteropolyacid compound in which the atomic
ratio of copper to molybdenum (Cu : Mo) is 0.3 : 12, wherein the methods
comprise the steps of mixing the used catalyst, a nitrate ion and an
ammonium ion to obtain an aqueous slurry, drying the slurry to obtain a

dried catalyst, and then calcining the dried catalyst.
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in the catalytic activity and. catalyst life, [00061 An
|nvent| on is to provide a nethod regenerating a

obj ect of p
catal yst f Flotrh%%éﬁ cd’ﬁl&‘?l? on of methacrylic acid, which satisfactorily

restores c&padnyit Docamentvity and catalyst life of a used catal yst 20
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Summary of the Invention
Problems to be Solved by the Invention
[0005]
However, regenerated catalysts obtained by the conventional
15 methods are not always satisfactory in the catalytic activity and catalyst life.
[0006]

An object of the present invention is to provide a method for
regenerating a catalyst for the production of methacrylic acid, which
satisfactorily restores catalytic activity and catalyst life of a used catalyst

20  used for the production of methacrylic acid as well as to provide a process for
preparing methacrylic acid at a high yield for a long time by using the
regenerated catalyst obtained by the method.

[0007]

The inventors had conducted an intensive research to solve the

25  above-described problem and accomplished the present invention.

[0008]

More specifically, the present invention has the following
configuration.

[1] A method for regenerating a catalyst for the production of

30 methacrylic acid comprising a heteropolyacid compound containing
phosphorus, molybdenum and copper, wherein the method comprises the
following steps (1) to (3), and wherein the atomic ratio of copper to
molybdenum (Cu : Mo) in the heteropolyacid compound constituting a
regenerated catalyst is from 0.05 : 12 to 0.25 : 12,

35 step (1): mixing a used catalyst used for the production of



| .0008] More specifically,the present invention has the aoUo i
configuration. ElIl A method fbr regenerating a catal yst for
the production of nethacrylic acid conprising heteropel yacid conpound
cont ai ni ng phosphorus, nolybdenum and. copper, wherein the nethod
conprises the follow ng stepsto (a), an@ wherein the atomc ratio of
copper to nol ybdenum (Cu : Me) in the heteropolyacid. conpound
constituting a regenerated catalyst is fromO0,05 12 to 0,25 12,

35step (1): rghxin . a used (‘tat | yst used. for the production.of 3
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aqueous sl urny 8&19@&1%&15%-%%8 ﬁ&lgﬂdé&ﬁm @?hﬂﬂ%ﬁﬁﬁﬁ?éh‘iﬁ&lﬂﬁ%ﬁ%%”ed
in step (2). and a. conpound cont ai ni ng copper. he net ho
accordi ng 8T8y lmﬁ’féggl)rﬂstﬁﬁ@ma%bé% 8 4s| ltiraspd/&het Henps ratasdiibe slameyt
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rati o of copper to no| %bdenum (Cu. Mod) contained. in the aqueous
slurry C i 2% Phil? ©n&5rdige of from0,05 : 12 to 0,25 12,

20 [3] The method according to [1] or [2], wherein the aqueous slurry C
obtained in step (3) is a slurry obtained by mixing the aqueous slurry A
obtained in step (1), the aqueous slurry B obtained in step (2) and a
compound containing copper.

[4] The method according to [3], wherein the aqueous slurry A, the

25  aqueous slurry B and the compound containing copper are mixed so that the
atomic ratio of copper to molybdenum (Cu : Mo) contained in the aqueous
slurry C is within the range of from 0.05 : 12 to 0.25 : 12.

[5] The method according to any one of [1] to [4], wherein at least one
of the aqueous slurry A obtained in step (1) and the aqueous slurry C
30 obtained in step (3) is a slurry subjected to a wet pulverization treatment.
[6] The method according to any one of [1] to [5], wherein the aqueous
slurry C obtained in step (3) is a slurry subjected to a heat treatment at
100°C or more.
[7] The method according to any one of [1] to [6], wherein the aqueous
35 slurry A obtained in step (1) contains 0.1 to 3.0 moles of the ammonium ion



[5] The method according to any one of [1] to [41, wherein at | east
one of the aqueous slurry A obtained in step (.1) and the aqueous
slurry C bo obtained in step (3) is a slurry subjected to a wet

pul verization treatnment. 1.6] The nethod according to any one ofto
[51, wherein the aqueous slurry C obtaifded in step (3) is a slurry
subjected to a heat treatnent at 100C or nore. [71 The
met hod according to any one of to la ighe.rsin the ag ueo us 35
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: d &
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i sebut ane #Hmelstepsludt yric acid to a gas phase catal ytic oxidation
reacti in the f I :
rooow™ ARG PR 4 %%ﬁgizgilﬂ?{%ﬁdaf&?%%*i% ATt Scfod Poe
and cat al ystgdrieratioh racthoddacsatdingso anveend af [ e [k eadct i on of
nmet hacrylic acid i I r tic
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acid is produced at’ a. ;gz% i long tinme with the use of the
r egener at efPedhaaroyein, Hebaitneddely denesapettapg and 1sobutyric acid to a gas phase

catalytic oxidation reaction in the presence of the regenerated catalyst.
15
Effects of the Invention
[0009]
According to the present invention, catalytic activity and catalyst life
of a used catalyst used for the production of methacrylic acid are
20 satisfactorily restored. Also, methacrylic acid is produced at a high yield for
a long time with the use of the regenerated catalyst obtained by the method.

Detailed Description of the Invention
[0010]

25 Hereinafter, the present invention will be described in detail. A
method for regenerating a catalyst for the production of methacrylic acid of
the present invention comprises subjecting a used catalyst for the production
of methacrylic acid used for the production of methacrylic acid to a
regeneration treatment, whereby a specific regenerated catalyst is obtained.

30 [0011]

The catalyst for the production of methacrylic acid which can be
regenerated by the regeneration method of the present invention
(hereinafter sometimes referred to as an "object catalyst") may be a catalyst
comprising a heteropolyacid compound containing phosphorus, molybdenum

35 and copper. The catalyst may comprise a free heteropolyacid or a salt of a



Detailed Descrit ion of the Invention |.00101 Her ei nafter,
the present invention will be described in detail. A nethod for
regenerating a catalyst for the production of nethacrylic acid of the
present invention conprises subje,cting a used catalyst for th.e
production of ingthacrylic acid used fors the production of
me,thaerylic. acid to a regeneration treatnment, whereby a 'specific
regenerated catal yst is obtai ned. 30l 0011i The cataly.st for

h duct f ; Li i d which. b th
egenerat| SROTPRNACEE CREOREILRRG ) BN oEORE B e FOr s et oo
referred tpaasaln nbobjaditedcatlalofst Hytemayolpacid ic atrafeysblec angdra satady st
het | . ' el
Coper SR ARSI DL AR e

a heterop id. Anong these, a catal yst conprising an acidic salt

a partially neu i .. I d
Sl Zo%F‘él?%ﬂe’fiﬁhif;*%f%ﬁ?‘eﬂélz?‘%ﬁﬁ#ﬁ%ﬂﬁﬁg%ﬂ%%ﬁ%%i?%&%&%%ﬁ%@.a%ﬂ"
(&

is nore prépg ent Rowiected from thegrewe consiRe NS @obpT yae g bidium,

conpound pi:@éti_ah@l?h?fi tﬁg{]hﬁhpﬁnatmé%_a%?efm%w L&RBMS %heagieiﬁlsém,f m(;jadihﬁa

group consi sting of potassium,ruhidium g¢esium an al i n

more pref eP3H| %qea%ﬁ&%gfem@te%ﬁ%ﬁﬁﬂ% roferaed o andoment s seled

el ement (héroeh nhé besup edesisgdgtod casperehesmit, Mtimsaldedred, 511060, bignuth,

group 6)nsi.sti n %% ]ICOI% er arsgni c, antinony, boron" silver,

i smut 1 1 Lo Condlt Rt R ARG A e cer  um | [ 00131 The

bet er opoi ya@dBlconmpound whi ch constitutes the catalyst for the

production of ne li¢ i d ject .catalyst ref erab as,. |
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1s 12.
[0014]
In particular, from the viewpoint of a yield of methacrylic acid and
30 catalyst life, the atomic ratio of copper to molybdenum (Cu : Mo) is
preferably from 0.01 : 12 to 0.50 : 12 in the composition of the heteropolyacid
compound which constitutes the fresh catalyst. Also, from the viewpoint of
a yleld of methacrylic acid and catalyst life, the element X is preferably
contained in the heteropolyacid compound which constitutes the fresh

35 catalyst, and, in such a case, the atomic ratio of the element X to



35 catalyst, and, in such a case, the atomc ratio of the elenment X
to 6 nolybdenum (X) is preferably fromO0.5 :12 to 2 12, [0015]

The fresh catal yst may be those which are produced by any
conventional mnethod, for exanple, a nethod conprising the steps of
conpounds each containing the respectivé el ement anong the el enents
descri bed above which constitute the heteropol yacid conmpound (for
exanpl e., an oxo acid, an oxo aC|d salt, an oxide, a nitrate, a

car bonat e, i . hydr f anm ne conpl ex
of each el ﬁ'ﬁéﬁ’f’?‘?‘ﬁ‘g@mmgﬁﬁére ygrqmﬁ?%é aqgeglzr eid12 ‘'shape, and
cal ci ni ng {®@&l5tol ded ni xt ure. 10Armng conpounds containing the

respectlve el ene us
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e catalytic activi s. .dec ue ea an
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I . d.
catal yot o PRty R oo BaD f i Mcbho ol AOSA SHPRRALE e ¢ he
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a longyki r""ca:a¥1 dﬁzftgeﬁydfd}ﬂ&%qﬁlgﬁélﬁéi%ts r@tdlfeﬁd@f %ﬂi’fn xn%e and
e el enent _

i nvention e atomtcT ratlo to ﬁDIy enum
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vi ewpoi nt s -0fiueAIRlo¥deC c@&Gtihy b N r R cEa LRl ¥8dmidd £8d cesium iodide; and the
like. Examples of a compound containing the element Y include an oxo acid,
an oxo acid salt, an oxide, a nitrate, a carbonate, a hydroxide and a halide.

30 [o016]

In general, when the fresh catalyst having the above-described
preferable catalyst composition is used for producing methacrylic acid, the
catalytic activity may sometimes decrease due to heat load and the like.
According to the regeneration method of the present invention, such a used

35 catalyst with decreased catalytic activity is subjected to the regeneration



10 [ 0011 According to the regeneration nethod. of the present
i nvention, the regenerated catal ystobtai ned through steps (1) to (3).
in step (1), an aqueous slurry .A 1is obtained by mxing the used
catal yst,ate ion, an amoniumion and water, and adjusting the 15
atomic ratio of copper to nolybdenum (Qu M) in. the obtained slurry
to from 0,10 12 to 0,50 12, preferably fromO0.20 12 to 0.40 12.
Further, fromthe viewpoint of effectively restoring the catalytic

vty oot . ; yrie
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met hacrylic acid using e resu ;(51]59 re%ener ated catal yst are
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as amoniumnitrate ]{;ray be used as itrate ion source, besides .
nitrates cONEEIH: HytRhECHINSHBHOE HR tHTERR eGP etie atomic
catal yst. Eimfiosxﬂpné ¢laige i hE tarmvlybdenuen(X f o) gnanplregemad @atdlglst is
anmoni um sal t ch. as um nitr.at e, .ammoni um carbonate, anmoni u
nyar ogen cArSERaRE i G (hny acer RS thiy oeruiks oL SRRy aRiRRa At
i on sour cecatrgstde. anmoni um salts contai ning the el enents which
consti jyte é@ﬁ obj ect catalyst. Preferably, nitrates and. amoni um
salts cont gl ni r]g the el ements which constitute the object catalyst

are used as the Aictomtiegitonhs segorratdnthetlzd elorhieuwmnesent irsemtom, the
More prefe il i-d, @g?@i a@'rg' ns nitrate are
used so asrf?%é%’gaﬁgs(% E%%éﬁﬁaltgiog 0 pr@%ﬁ%ﬁﬁ% [ on(pt(%)'_ t he [0019. un
the range descri bedteiellowan aqueous sjyrryHeisaapiemnesl by arirynaths spet ed

in step (1hatA9st @ AiRLiteabhOaRfhnt REnAMOBL YR @Btd0ahhe dFhiti AL €hl ON,
the ampunt. of  the ammoniumion p

. er. nole of_th(g_nlts_lr@ao%e ]n{O?g'IS
pref er kbl y A0miC ¥HBOOCARFICES? TREdprEetEbl YL@ 15 g oRsins) dErihto
vi ew of tef et ItovF(b yt12 ?6 bga;o ngz,tﬂ%ﬁg@ttﬂ% gltz%ﬁ oavao PRty 0l40 t hg.t hFurther,
regenerated ca st to be .obtai.ned. en preparj.ng the
aqueous sl SWQ/ the Veneoaindief € aw@squeét%yb%rh% GALEORGE FEHBHUT(EE N ed
contai ned irfigdrhteraeslieaiady sl tarieyolfsashal) the . dhemadj st ed thé thineithE to
above-s pecﬂélggdég&&e()é %oytiln 'the %%%%8{1'3 sﬁlr% Wis@fefesl%%%f L.Idjcuaélt(laa to from
20 2:12to4:12, more preferably from 2.5 :12to 3.5 : 12. The conversion and
selectivity in the production of methacrylic acid using the resulting

regenerated catalyst are improved by mixing the nitrate ion and the
ammonium ion.
[0018]

25 For supplying the nitrate ion, for example, nitric acid and nitrates
such as ammonium nitrate may be used as a nitrate ion source, besides
nitrates containing the elements which constitute the object catalyst. For
supplying the ammonium ion, for example, ammonia and ammonium salts
such as ammonium nitrate, ammonium carbonate, ammonium hydrogen

30 carbonate and ammonium acetate may be used as an ammonium ion source,
besides ammonium salts containing the elements which constitute the object
catalyst. Preferably, nitrates and ammonium salts containing the elements
which constitute the object catalyst are used as the nitrate ion source and
the ammonium ion source. More preferably, nitric acid, ammonia and

35 ammonium nitrate are used so as to adjust the ratio of the ammonium ion to



the atomic ratio nmay be adjusted by adding at |east one of a conpound
cont ai ni ng copper (copper-containing conpound) and a conpound
cont ai ni ng nol ybdenum ( nol ybdenuar cont ai ni ng conpound). An anount of
such a 15 conpound may be determ ned so as to keep the atomic ratio
of copper to nol ybdenum (Cu Md) in the &qjueous slurry A after the
addi ti on of the copper-containing conpound auditor nolybden UM - CCM
tainir4,, conpound wi thin the above- speC|f|ed range, based on a

catal yst c (ki.nd stituent el enents) of

t he used ca a %hQQ%'& %F@gga§g8§8%39§? s ‘of the fresh catal yst
and. the uﬁ@ﬂl atal yst may sonetinmes be dlfferent from each other
since nol ybdenu f ctqiyo

aci d scatters or Miosioardad e A‘iﬂreégr?%%g% Prmeti %%%ﬁ&@%ﬁ%y
| ong peri o@naﬂogsl@ndontthéhwmay%tomrt ¢ ke Py ducihiesrmafomyichiey pé1 mole

aci d. Thergf %@mﬁaﬁ‘@{(ﬁa‘ ]x%}ref&%gsotv Q@n.0khdids, ARde 3nDEBLISIVAD.5 to 2.5
constituent el enents) ?P the cat al yst before regenerafion is

preferably af yz &by ffﬁ‘&‘ ¥ apstoringihegipidiGactivity in the regenerated
i nducti vel yagoul edbpbasnRed TCE' ) emi ssion spectronetry or the |ike.
When the % ratio in the used catal yst before regeneration is
within the & Qz]e specified range of Cu Mo ratio in the aqueous slurry
A, neither the cdpphet peapdranithg agaspausidiraph, the atomic ratio of copper to

Coer HE0n BALBHA R EOMRR Al TRYa 3% 1B S5fealh shi%y A shomd s adisted

may be addedthimsifearbas-driveif@d Mngeaito: Mo inheyagueclsrrsi A r Spkcifcally,
Choaton o ot ACRROVEIGREG ] SHEORGy 0L by IORE S doung,

aqueous s| gpRiaipingscouret deahioy cadjaisteg cuinphind hadabmmp@p@ducbnwmng
X. fi
range ( %@w%&&m%&%ggam %ﬂ{lhg @#@@@1 ' A&‘laéﬁnx nt ResaLew C

rati o may adj ust ed I ng at eas corrpoun cont al ni ng
the el ErreneoRpPeERdeAy b x dedermanatt yas te Sapp tihe ptamee gatio of copper to

ol ybdenurrm(qgnaa@ﬁ@mr@:womwmhe aﬁue@ﬁpgmrr% SHEP (1% SOARAUNGS fRY be
determ ned so as to keep the atom ¢ atl(ﬁggg t_‘le elerent. X to

nol ybdenun%l?P?rncqufél@BﬂﬁBQwa HrUEF ¢ IRV G B IRRSOBI RATEME

X- fﬁnt alt RI ﬁggmmnﬂwm?@?cmed ﬂﬁhi)m Ihyibe@ By @ﬁﬂﬂﬁé&crﬁo?ﬁ)dé@ﬂi@@ l@ltaﬂlds ar%d
wi thin the above-specified ra on a,cati., dyst,.co ition o
the Used CAUHTYES BEpBra I CIanEpra T A ieRd 8 lEbor TS BPATHR:
above- mscrzbimgdsfmﬁisycﬁ' ithe %ﬂncztﬁaéy@ﬁ Ma tlat u@ed caﬂaﬂuﬁttmayl soedeftimss be
before reg ratl hin. t he i I

Pt To i n DRUEEER et e bt Rl D R BHER RRERL IS S b3NRT R e
conmpound nprodlhmtmmbﬂmdathmmihccamésmmgrsocmdmsnmtem@ubdao hdde&ba,d and the

the el emeng; X- ﬁ%%@%&'b IBQ %%gu&%s%néyt%% g&;ﬂsé* the o%lhctio&ofvb

nmol ybdenum'cont'ai ni n I'NSO
rati o and miethxcngie actldo uhetreu‘ér@,cwe@ﬁ@éym qwmgosmtlan kugbtalwd ammmth@f

above- ﬁ@ecb&h&%uéxﬁw@mem%ﬁhﬁs@ﬁ%ﬁgﬁ APIERUTEOM Habiofd s 4
=4

and the coppercontaining co repar &n 3
t he aqueougngiyredybipflugpascent o @W@@nusduﬁéyveéﬁ cgup edm sma Fd

from the ceppesBdspeetbaidi-nar TRY MienuWREE the te, cRMPAUMIS elentiabdi ng
copper which, are Q)fgabl e for the pro uction of fresh_catal yst

descri bed &BGVESt pejovsTegnarabonjhanthpy dsari g tnest of O WMa,
n conpoundrggptiaithingu@bulsBifMA caRstdrt tel d@gpbh@oﬁaélﬁhyg,%o@bbﬁﬁdtmn

nmol ybdenum and copper may he.added if necess on the
roroot T ohRe iR A o i HOE CoRP R EoRao AR o an
el ement consppéméontglmlng dom;aimﬁi aﬂd/h)e nthe hﬁd&\lybdbnbdemmnammlgommpdﬁund

I f !
cont ai ni ng TEAEHE AN EnaHR apatear e HLEEH R oF At BAatNE PO or frogH
cat al yst, within the above-specified range
[0021]

35 When preparing the aqueous slurry A, the atomic ratio of the



[ 0024] Deionized water may be usually used. as water to be suppli ed,

for the preparation of the aqueous slurry A The anount of water

supplied is usually from 1 to 20 parts by wei ght based on one part

by wei ght of 10 nol ybdenumin the resulting aqueous slurry A that

is, the total cight of nolybdenum contaithed in the used. catal yst and

nol ybdenum cont ai ned in the nol ybdenum cont ai ni ngconpound suppl i ed.

[ 00251 OWhent he aqueous slurry A, the m xing order of each conponent

descri bed, r. I r

set. [0028 fmgﬁt Xstoriﬁf)ly@)aﬁhhﬁy b o IMO) éoﬁ't%fn%d 191%%138 e%ﬁs%il%lrgr %Es

used cat al pseferahlyhedjvotad wefdlla§hs mbhvensmqﬁe gamne KXalMy ratio in the
retreated. r t

p aqueB882 élurry A). Sﬁe&%ﬁp&"’tf}ié fcoﬁ{mtr fio Ig%} dgﬁi&regg@; H?r glr%

of the used cat al yst not particu
350C o0 80K ESA% Qi GHesh eOPHENS GPT LB e Erral ek ﬁ@ﬁmeiné Xigpntaining

particukar |cM1ﬂpoliﬁ|nU§@nﬂ@rﬂolﬁbd&ﬁﬁhldénﬁéﬂﬁfhg coﬁapohﬁdz"rAhpét'ﬁl%unt of such a
preferably from to,10 hours, The t

retreat nent
a1 ed ouCOMPoRRLIHBLSH B BRIk Pars & e@%éﬁ% Gttagarato of the eloment X

oxvgen- eonttalmcslyabdema(mmeﬁeh@fcoﬁ@i@sﬁmrﬂaﬁeﬂgh@aadﬁtmhoﬁme element
ni t rogen.

th t t h
prepar at i th S?H'%aﬁ%n%q(i?@?ﬁ% eIlgq ﬁpﬁ@ﬁiﬁ? @yﬁ&%ﬁg&ugﬁ i Co%o%‘i ded
catal yst nayithe useshas suechfiot ranye, tbasp)d ei a)crsdajtyqzlﬁommdsmdn by the used

|
convent onel 54D L ASESREEY WIS VRETLESL 8P ST Ao
pul veri zat iapalysieat heedXt- o Eh@prmlthprlxsedemttarhﬁt befole regelearadion is

-these tregligpnt fhd SpARL ﬁé(f%ng%é ¥ Xi: Wrh ?th‘ﬁﬂ'th@ atthﬁ%ous glurry A,

pul veri zation nt 1s usua ¥( carri out prior
pr et r eat medeithegghgjelement X-containing compound nor the molybdenum-containing

compound may be added, or the element X-containing compound and/or the

15 molybdenum-containing compound may be added insofar as the Cu : Mo
ratio and the X : Mo ratio in the aqueous slurry A are kept within the
above-specified range.

[0022]
As the molybdenum-containing compound and the copper-containing

20 compound to be mixed in the preparation of the aqueous slurry A, one or
more compounds may be suitably selected from the compounds containing
molybdenum and the compounds containing copper which are usable for the
production of fresh catalyst as described above.

[0023]

25 Also, when preparing the aqueous slurry A, a compound containing
an element constituting the catalyst other than molybdenum and copper
may be added if necessary, based on the composition of the used catalyst.
As the compound containing an element constituting the catalyst other than
molybdenum and copper, one or more compounds may be suitably selected

30  from the compounds containing each element, which are used in the
production of fresh catalyst.

[0024]
Deionized water may be usually used as water to be supplied for the
preparation of the aqueous slurry A. The amount of water supplied is

35  usually from 1 to 20 parts by weight based on one part by weight of



The |iquid phase of the aqueous slurryA obtained in step (1)
preferably has pH of 8 or | ess. Wen pH of the |iquid phase of the
aqueous slurry A exceeds 8, the catalytic activity may not be
satisfactorily restored. 10030j In step 12), the aqueous
slurry B is obtained by m xing at | east10he conpound cont ai ni ng

nol ybdenum anong t he conpounds contai ning the constituent el enments of
the hete.ropolya.cid conpound consisting the objective catalyst wth

wat er so that e atom g ratio.of copper d a

(1o tn t ABOLLEFRRECH fie Feolifk sARBRRE SR ¥REEITYBE o méthht phe
preparati ormm]fybtlhnunqcmﬂame;] ur the &e(hctatlamtartdhmolybdenum contained in
nmol ybdenum COM ting compounds of the
het er opol yg@%ﬁﬂ&l&bﬁbﬂgag gﬂp‘gg er c ﬁle?]il’ ng conpound is used
so as to keéep2fhe atomic ratio of copper to nol ybdenumin the

conpoung cont ai ni

range (%u Mo rat%eﬁkgﬁ%ﬁg%g%ugp Q&?\ré%/&lg%% ,&ggée%&ﬂ pEiG ffeéh

atomi ¢ _rat icoUGoneBpPEpcIEle hpPYItEmAh ST LY dingidpdis dn%b@ aﬂintrarﬂy
there is ngepeed. to m x the 10 copper-contai ning conpound. [00321

As the noe- 8§£€F|ning conpound and. the copper-containing conpound
supplied |r{ preparation of the aqueous slurry B, one or nore
conpounds nmay be WHeh abbyasakest edluefm@ Rhirte ahbueasdéseriket may be
nnlybdigun}contalnln conpogah@}and]. %Pg% r,- cont ai ni ng conpounds
whi ch BRRGLet? Tt HeBy otulte bt PIHE S lect catal yst. [00331
VWen prepardddg7t he aqueous shady B. a corrpound contai ni ng an el enent
constituting the t al ot h be

added, if necessé?‘{a/e él]iaﬁig ﬁ{.}bﬁlgrglo%ﬁpél ﬁl]e @gfg%ﬁgéd@yaly&%mt
consti tuti mgrtielady bnyised andes piréfanalpiyl ﬁm@ﬁ%@%%@erﬁMme@m time

Tore SoTPOURR TR L BHLY, AR 4 LG D TR G A6l 09
catal y3b. Andrighauss, pmfpmhlmérora &8 rvpdUnepwent dihei trhgrm@é rebewepmexti s
preferably added. caﬂl@d%h@'i‘h%xf&%ﬂl T;ﬂfer& he o8l BIRIM g6 sl 4P ybdenum (X

Mo) in the aqueous slurry Bis ad) ustedtofromU 12 to
0,5 12, reréCYE?TéTC@P’&@p}ng gaa‘arprgm anzatww rq2 fnppyaadizing g seeh as
water may hetisdal |y used as water to be supplied in the ou
preparati °39$§ the aqueous slurry B. The ampbunt of water mxed is
usual Iy fr ]to 20 parts by wei ght based on one part. by wei ght of

nol ybdgoum pr esehef thbeiseésutlyBguasilgotise pi‘éﬂa’rﬁtan df&ﬁaﬁqu\ébae slurry
preparing t & SHGI96d caJca %é’ tﬁe mgﬁeT t&gfsgggae;be usg(?as such or may be

previously pulverized by a conventional method, if necessary. When the

used catalyst used in the preparation of the aqueous slurry A is subjected to

both of the pulverization treatment and the thermal pretreatment, the order
25  of these treatments is not particularly limited, while the pulverization

treatment is usually carried out prior to the thermal pretreatment.

[0029]

The liquid phase of the aqueous slurry A obtained in step (1)
preferably has pH of 8 or less. When pH of the liquid phase of the aqueous

30  slurry A exceeds 8, the catalytic activity may not be satisfactorily restored.
[0030]

In step (2), the aqueous slurry B is obtained by mixing at least the
compound containing molybdenum among the compounds containing the
constituent elements of the heteropolyacid compound consisting the objective

35 catalyst with water so that the atomic ratio of copper to molybdenum (Cu :



35 conponent described above is not particularly Iimted and. may be
arrbitrarilv 12 St. [10038] in steb (3), the aqueous slurry
A obtained in step (1) and the aqueous slurry B obtained in step (2)
are mxed. to obtain an aqueous slurry C. A S mxing ratio between

t he aqueous slurry A and the aqueous slutry B is not particularly
limted and may be adjusted so that the atomic ratio of copper to

nmol ybdenum (Cu. Nilo) in the heteropol yacid conpound constituting the

finall y-obtmgﬂ%dtﬂee&t%ﬁggig%gﬁﬁggtigb%% P;‘El {00@.12%. ol2 to 0.25 12 by

taki ng i ntg account enum and “copper contained in
the 10 aqueéd®sllsiurry C. Specifically, it is possible to attain the

u. M ratio of fihfGuBBalAidoPtiidaddeddl SUER! 8 pRALYRCT N
conmpound constituting the finally-obtal ned. redgenerated catal yst by,
for exanpl éroly@fesumepntaeningdorpauEd B wedt drestagtiagrersiannds o thed

t he aqugousesbMpboYyRid @oﬁﬁbﬁhﬂ, Lhe tBt @ Ser &dtQi0h s CORRRIuis used so as
nmol ybdenum C(fq%t ai in.the :

ged _aqijeous sl uréf/ gof fromO0,05 : 12 to
0,25 12 and°t%€Rt ?ﬁtﬁﬁll%ﬁ%Fl‘éS €?Rﬂet¥gf0tlﬁ YOEE R REH gﬁ‘h%‘&lﬁ}go‘ép rry C.
[ 003_7] contaﬂi{l@g fﬂ(ilyﬂikﬂalrﬁﬂldﬂfclu 1M?) gﬁfmgr@btﬁkﬁ)vaﬁgﬁtﬂ%dsﬂa%ﬂg’d (@ : Mo
condi nons are no articula mted a e grbitrarily. set,
when the ad@B8ud LeHadpoEs Slusy &hr Abcordinghy Whet the poabgatiot opper
t he aqueouso shelybyeSimwian: Mot id adjudted ageolls thbty fsyndAnwéd bo thi& the
agueous I y\{hen or after the heat treatnent described

i

slurry B. . .
| at er |9. tCRPéel:sﬁ%%l TeR0N IS Carried. out, a conmpound cont ai ni ng
an el ement [8032kituting the object catalyst and water may be added,

o , C _ca . h _
TR L PR SO TR S BRI B el
mi xi ng t he covmevmdds urBmdainnihegpeoppaiion vf the agrepas aluron Fefonetne more

aqueous. sl WhhipndsndHH ity Seldhsy OFPONNGLSANALING an el ement

constituting th.e catalyst In an 30 agueous .suspensi on
i s prefer abRylyhdaeum qHE AR mMRAYis Het Sbf CoRBLTHOTSAINIABICmpPOUnds

sel ected seyiidBicahh® NEIEHPRY YAt tlenmakebaRhkitt.ng the
finally- obt[ﬁé&gd regenerated catal yst has a conposition which

satisfies t bove-described fornula (i), and that the atomic ratio
of copper to nol yWwHeAwFehiHnMheiagdeoaBsburkd B2 tenPodhd E3ntaining an

Spect 118l | A0PT, LG, SAuenie, gUEE X, C1 B ot ahnet B mie 00,0
cont ai B0ng acldppeif, ndecossayanmplseheidonifoypobsinihéning @t taintertthenCtitutihg
const i tuti HECCRETRehatfy GatumRuditruh haR CBhEE RS 3508 CRIPOLRTR
t he mi xi ng may be sofitabfie selgoeousos! tire yorApothés ecuieous:gséantr sleBeard
ati o of oanue e A MR ARE R B (hO BT RE R ekl ShohOTRE PUr ¢
Cis kept tomnosmds, eonpaumdocozsaiingdhg eltraant Xyismyesrdbet adéed.i n’ﬁﬁe
the obpgi ned,AQUERUS 0Bk E¥erfent X to molybdenum (X : Mo) in the aqueous slurry
B is preferably adjusted to from 0 : 12 to 0.5 : 12, more preferably from 0 : 12
to 0.3 1 12.
[0034]
Deionized water may be usually used as water to be supplied in the
30 preparation of the aqueous slurry B. The amount of water mixed is usually
from 1 to 20 parts by weight based on one part by weight of molybdenum
present in the resulting aqueous slurry B.
[0035]
When preparing the aqueous slurry B, the mixing order of each
35 component described above is not particularly limited and may be arbitrarily



[ 0030] 10In the preparation of the aqueous slurry C. the atomc ratio
of the elenment X to i mdybdentim (X M) is preferably adjusted so
that the. atomc ratio in the heteropol yacid conpound constituting
the finally-obtained regenerated catalyst is from0.5 12 to 2 : 12 by
taking into account the anpunts of nol ybdenum and the el enent X
contained in the aqueous slurry C. hoecthcalls, it is possible to
attain tb.e Cu Mo ratio of fromO0.05 12 to 0.25 12 and the X : M
ratio of fr,m0.5 12 to 2 12 in the heteropol yacid conpound
constituti tﬁe finally-ohtained regenerated catal yst by, for
exanple, a @%@ing the mxing ratio of the aqueous slurry . A and the

aqueous slurry Blaatéhéd) theaghdiLslualy A obXaivet i@fstbh€1et MRt a¥ukBus
nmol ybdenum cont ngd .n.the aq@e)‘ous sl urr Cg is within the rangg 2%
fromo0,5 : ® grygég taBed iR §teh et ATE e iPtam 2B F98FOTS SHBFY Bdentm
(() 021 5!\/2)25 Com%ﬁﬁﬂril@datib etheen glﬁa@ Hgusbwy slyiresy Aﬁaﬂ@ﬂie am%dmlueryoﬁ iléalotto
: , and_t.hen drying and,c. aicini,.. t obt.ai ned aqueous. sl urr
C “Rere. torripEiali B0 S bedandlie sfp8P R AR IER Fbpger to
satisfy. theolgbdeeuspébi f Med inahgéstemipolygasd congofbdabnshivutingpbend
cont ai ni ng I t X - Al N )o 2N .
nol ybdenum%%n a+kﬁ%%gé%%% %&%%&?a%%gé%géggg’h?gﬁg?%%gozu% g% E)Pft)a}kgg
as requi r edntq @840t the amounts oferlyhéwhymaaiti ngpwateontamerhie the
prepar agi o u = ot . - y
sed ast hadiarer TaEe iUy S bRLRM 60 Bhihe T B Lol
slurry C i $ramé0%r 18do Orke’ 42 yn hhe hetersmolacibeopartpd upasiijuting the
limted, amhAyEltaoskd Hsiealelk¥tcRNmdta¥Rd bynfdrixdn@ile, hiflsting GHCRIAS
evaporatlon-to-?rﬁgess, spray drqug, drum dryi ng agg flash drying 35
may be enpF8yed! th@ddpinglEsndi 11onae afEepist SIHAFY Fchn alitpip Hroitaaic
an ? 14 W?)faﬁe of@&ﬁpp&! 0 Selyaledins @oataihed $1|Ei'fth§ Iaﬁ@lbgﬁé !sMu@ltyzezI Qﬂﬁ@{xa
wat er n u.the ed.s' yrry, For exa . e dryin erature
o nsulfly Bl oap S0608 “Fa e &g ATl nin ot Shfine f ARSH &8
preferablysbubryedtted to a heat treatnment at 100C or nore prior to the
drying desrcﬁg('g%d above since the heat treatnent enables to stably

obtai n met lic acid at a high yield thr a. long time. As the heat
treatnment, for eXawphesinghedaqubeusnglenatyre@uidtlagedribyg cheditions are

e st 940000y TR B LY AERTPL RS, By 08 A
activity i & efpweorie@dly restored. An upper linit of the heating

t enper at ur gghgp]t he heat treatnent is preferably 200C or less, nore

preferably 150ce _or |l ess. Heatinge in the heat treatnent is usually
0,1 hour or norelnphemseppragion of the aqueous slurry C, when mixing the aqueous

slurry A with the aqueous slurry B, or when or after the heat treatment
described later in this specification is carried out, a compound containing an
25  element constituting the object catalyst and water may be added, if necessary,
and the copper-containing compound is preferably added. It is possible to
effectively restore the catalytic activity by mixing the compound containing
copper in the preparation of the aqueous slurry C. In such a case, the
compound containing an element constituting the catalyst in the form of an
30  aqueous suspension is preferably added. The mixing ratio thereof may be
suitably selected so that the heteropolyacid compound constituting the
finally-obtained regenerated catalyst has a composition which satisfies the
above-described formula (i), and that the atomic ratio of copper to
molybdenum (Cu : Mo) is from 0.15 : 12 to 0.25 : 12. Specifically, when the
35 aqueous slurry C is obtained by mixing the aqueous slurry A, the aqueous



hours or nore, in order to attain a satisfactory effect of restoring
the 15 catalytic activity, while it is preferably 20 hours or |ess
fromthe viewc productivity. Wen obtaining the aqueous slurry C by
m Xxi ng t he aqueous oueous slurry B and the conpound
cont ai ni ng copper, the heat treatnent of3the aqueous slurry C at 100C
or nore may he performed, for exanple, by enploying (A a. nethod. of
pe.rfbrmng the heat treatnment at 1.00C or nore on. the mxed slurry

f th bt :
cont i i ng e %‘E@f{%c@ﬁaﬁ%?%@w%%@%%ﬁ?ﬁ@f?%%e@ﬁéeﬁa?f@??%‘%t assible o
100C or noreét@atheden mMethtic phifmoym 8f0% hi2 tyUdbusl Bintheyh@eanpolyheid

aqueous sl B i i 0j er,
q ‘éBﬁﬁboEnd%stlﬁﬁﬁtﬂg%ﬁg fﬁﬂaﬂ%bt%?%’cgié&%rfé?&%éﬂ éatagyhsg%gng

foll owed by perform ng heat treatnerit a r nmpre on
resul ting MdeHIRE Gre VRIXBKE ¥ae0 Pf e aqoeuBslrRy A theqrquqovedlurneP and

the drypng tRBYoR o0 thit R @sﬁjf)éleaiﬂﬁﬁ 3Re raHeh b@svRRichithg, atBmic ratio
pellet, a sphere or a E | nder(ge,m cal CII%%'[.IO or pre-calcination
descri bed [° F%PPethOW@}é’é%&W He g %R?"eb%l‘g'é’ﬁ’ﬁ WrIFUY 1pyrert
met hod or ditadrdrhy).@spllayed.25: 1D] sn@thed deyighe Sl balatihabhelobbined
extrusion nol di n%. 1 For d{;ml ding, water, a nolding aid or a

£ Ay e

pore-form r?éluﬁ%g added to the dried product, if necessary.
Exanpl es ofl0® mol ding aid inclutie ammonium nitrate as well as

oSO e . . e
functi 005 as a 3aratitebabfion bLURARALEH|rRTE R Ml il 6 che
Pr ef er abl y elethentdl tedo hyst (X héMei mafrefrabnedjiuses] setflort @ 2tonzs
et ey o : € o Dl hor DE :

subsequont e if 8 H(BR%o i 6, ARKE AESEHLARY IR TG MagReE | D

nol ded cat abgetenaged gpfadrttad fromtthe ‘tlénjoct al Ars-thmalinty aseadnt floni ng

before cal %n@&iﬁ&%f%o@%ﬁéﬁéﬁf&ﬂ&%h@ RieBe K QLI AR ifahe aﬁ{tﬁb’%h@ slurry
particul rat ure-hum.d

condi  16ni i égécgﬁgélbé?bmpwl g%éat%ﬁtthé% Blasradae af from D2 to
2 Tecprer s Ty g atys sl 0, 406, s gty
may be ar CPERPOBE C %itgﬁaﬁgﬁs,ﬁqqﬁfvag%ﬂ?@ir?@ﬁ% thep bt g
t enper at ur exantblbuadjdistiigatheyi:ihguwhnig o tha.asubams BRueoA 10d kBd aqueous
Lsed g an AP BRI fieRt A PR: SBUDIY G et Rokime S Whkr e
an i neb gasptm’nhdein the twagens Ry rp & isseithil B OOdidde of from 0.5he 2o 2d12
bn 2t nospherstEphEutahiciX A JopoRE ) MATOALREL - AP SoRBHBLTEE b
of about 18QGepus 300ty prkart toofrphel Sal ‘cidhat 0.80 ‘dés emddde owg and
[38832 éug(r)l![ Ir&afttiﬁﬂlg( He oA ke AILAUEEy ePt A8 A thE D HPYENBhdSthe Cu :
1\%0 ratio and the X : Mo ratio satisfy the above-specified ranges, at least one
25  of the compound containing the element X (element X-containing compound)
and the molybdenum-containing compound may be added to the aqueous
slurry C as required.
[0040]
When newly adding water in the preparation of the aqueous slurry C,
30 deionized water may be usually used as the water to be added.
[0041]

In step (3), the aqueous slurry C is then dried. The drying method
1s not particularly limited, and a method usually employed in this art field,
such as evaporation-to-dryness, spray drying, drum drying and flash drying

35 may be employed. The drying conditions are not particularly limited and



cal cined. The calcination can be carried out by a nethod usually used
inthis art field and the nmethod is not particularly limted. For
exanple, it may be carried out in an atnosphere of oxidizing gas such
as oxygen or in an atnosphere of non-oxidizing gas such as nitrogen.
A cal cination 26 tenperature i s usuallyl800C or nore. In order to
satisfactorily restore the catalyst |life, the calcination is carried
out preferably by a multi-step process in an atnosphere of oxidizing
gas or non n?ﬁé;l ﬁl? %hﬂgbgﬂf?ele%ﬁesop:{se{ el AR chtﬁi‘ﬂg dbliall %%Bf&?&ﬁ&ent in
conpri si ng e first crnation s Irch rs carried out in an

at mos: pl i t the nopfxedelwirzi nfoy asamrpdle,t Gwvonteroptvithae ionssalép balavch
is 30 carrigggdo@ut in an atnosphere of non-oxidizing gas. [00471 The
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mat eri al , At f@xanples of such a gas include oxygen-containi ng gas.
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the heat treatment at 100°C or more on the mixed slurry of the aqueous

slurry A and the aqueous slurry B, and then adding the compound containing
copper, followed by performing heat treatment at 100°C or more on the

25  resulting mixed slurry, or the like.
[0043]

The dried product obtained after the drying may be molded into a
desired shape such as a ring, a pellet, a sphere or a cylinder before
calcination or pre-calcination described later, if necessary. The molding

30 may be carried out by a method ordinarily employed in this art field, such as
tableting or extrusion molding. For molding, water, a molding aid or a
pore-forming agent may be added to the dried product, if necessary.
Examples of the molding aid include ammonium nitrate as well as ceramic
fiber and glass fiber. In particular, ammonium nitrate functions as a

35 pore-forming agent besides a molding aid.



and the aqueous slurry Cis preferably subjected to a wet

pul verization 25 treatnment fromthe viewpoint of ef& ctively rest
tiring catalytic activity am catalyst life, [0050] The wet

pul verization treatnment is a treatnment which is perfornmed dzing a
solid. content in the slurry and is usuably perforned by 30 using a
wet pul verization treatnent apparatus. Exanples of the wet

pul veri zation treatnent apparatus include a ball mll, an oscillating
ball mll, Jod mll, a mediumstirring type mii. an oscillation
rod mll and a.” jet mill. In the wet pulverization treatnent, the

pul veri zation i s Bpeérebhibtie perlfied nedlsy @ereipadter someaipas reforeed to as
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condi ti@ns d. did-uti i 1] i Li.m .
The et Opu Rk ditbhE: SIS LATRANG, B LAY ih Wk SlmeriiRAhe
at | east omentflieHgeampeaatsresind hynadandrieblyiagusgat bavinaCorkrahd
the vi ewpoicpt, Qf.o @ re GG ﬁﬁnﬂﬁ}t{%}r%%ﬁé%blﬁ%d%&tﬁg@' y&h oid {seuér’&ﬁlFsgused s
ot hers, only g%e 15 aqueous sluarry A or both. 0f the aqueous slurry %
and the aq@dougnesnlery sesarkeprangindpyt subperdisignins. thblloan inert gas

pul veri zat is@RhtizeatRRh-mhp I . to subject only the aqueous slurry
Ato thg ég@l verization treatnment, for exanple, in steps (1) to
aquiebiis

(3), th slurry A after the wet pulverization treatnent and

the aqueous sl ur hcBidae@ pb&est diraohidahfet H@i@gdg?lﬂéfe?gbryr?teaaecgg a[ld
s n or e({ 0O Su gé—:-g

t hen the aqueous, slurry Cis driied and cal ci ne !

the aqueousPEFAIFHRCA) 4 &t HenarRiess o SrRFeE %R Retipstaizing gas

pul veri zat itemplefgaimeiftabol10r 86x@npl3e0°¢C pritrapshe Lhldina{idh detstiebed below.
aqueous SIE@@ 6]Aafter the wet pulverization treatnent and the

aqueous sl % B are mxed to obtain a mxed slurry; the wet

pul verR@at i on tr datstent3), shpericdrpreduconbthirediated diyurg is swhsehuantly

drying. and Caaty e P B ihagef gl R AN S L Moty L AT ©
100f | e or rbreagriitlieraytieouethbdis poCparthenlnely litnvied z dvarexamezlensnt
may he perfRryed Hefi8ASut in an atmosphere of oxidizing gas such as oxygen or in an
atmosphere of non-oxidizing gas such as nitrogen. A calcination
25  temperature is usually 300°C or more. In order to satisfactorily restore the
catalyst life, the calcination is carried out preferably by a multi-step process
in an atmosphere of oxidizing gas or non-oxidizing gas, more preferably by a
two-step process comprising the first calcination step which is carried out in
an atmosphere of oxidizing gas and the second calcination step which is
30 carried out in an atmosphere of non-oxidizing gas.
[0047]
The oxidizing gas used in the calcination process contains an
oxidizing material, and examples of such a gas include oxygen-containing
gas. When the oxygen-containing gas is used, the concentration of oxygen

35 in the oxygen-containing gas is usually from about 1 to 30% by volume. As



30 the beat treatnment or nmay be perforned after the heat treatnent,
The wet pulverization treatnment is preferably perforned after the
heat treatnment. [005,4] it is possible to obtain the regenerated
catal yst having satisfactory catalytic activity and catalyst life as
descri bed above. The regenerated 35 catafyst conprises a

het er opol yani d conmpound., like tb.e object catalyst, and 18 may
conprise a free heteropolyacid or the salt of a heteropoiyacid. Anong
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conver 30 onpagigrablyhfreel €209G/ia $5046F. a 00 long time. 0057] Methacrylic
acid. is usy@id)y prepared by charging tne catalyst for the
In the method for regenerating a catalyst for the production of
methacrylic acid of the present invention, at least one of the aqueous slurry A
and the aqueous slurry C is preferably subjected to a wet pulverization
25 treatment from the viewpoint of effectively restoring catalytic activity and
catalyst life.
[0050]
The wet pulverization treatment is a treatment which is performed
for pulverizing a solid content in the slurry and is usually performed by
30 using a wet pulverization treatment apparatus. Examples of the wet
pulverization treatment apparatus include a ball mill, an oscillating ball mill,
a rod mill, a medium stirring type mill, an oscillation rod mill and a jet mill.
In the wet pulverization treatment, the pulverization is preferably
performed so as to attain a particle diameter of 5.0 um or less, more

35 preferably 2.0 um or less. The particle diameter in the present invention



production of niethacrylic acid in a fbied-bed 310 ultitithular
reactor, and supplying a starting gas m xture containing oxygen and
the raw material for nethacrylic acid to the reactor, although a
reaction systemsuch as a | C fluidized bed or a noving bed nmay

al so be used. As an oxygen source, an ail% or pure oxygen is usually
used. Besides oxygen and the raw material for inethacrylic acid, the
starting gas m xture may contain nitrogen, carbon dioxide, carbon
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to 10% by V0akte, the concentration of water vapor is 1to 30% by

vol une, a nol ar rlqltelgg%tg%%ase @10&105 g&:ﬁﬁ@ﬁ{ f%;? Sd glu&‘ﬂlésa}%lie?)ﬁgﬁ(o\ﬁ of

velocity is 500 to or ma
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is0,1to dﬂéobuté/ s@ deorlig rlCﬁ is u
as a raw r’rﬁ’fe&IFnaﬁn 51 Mt AARTSIHS LB B T8 Bt e agypgus s urry
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t he react ofrqeémesriefcromaniniel i stepss‘S) s Ght ta}hq/aQuwlmsimrasr A sdftert the wet
reactor. %leerlzatmn treatment and the aqueous slurry B are mixed to obtain a
mixed slurry; the wet pulverization treatment is performed on the mixed
25  slurry to obtain the aqueous slurry C; and the obtained aqueous slurry is
subjected to drying and calcination.
[0053]
When performing the heat treatment at 100°C or more on the
aqueous slurry C, the wet pulverization treatment may be performed before
30  the heat treatment or may be performed after the heat treatment. The wet
pulverization treatment is preferably performed after the heat treatment.
[0054]
It is possible to obtain the regenerated catalyst having satisfactory
catalytic activity and catalyst life as described above. The regenerated
35 catalyst comprises a heteropolyacid compound, like the object catalyst, and



Exanpl es [ 0060] T:lereinafter. the present invention is
explained in nore detail in conjunction wth exanples, which do not
Limt the scope of the present invention in any way. An air
used. in the exanples contains 9.5% by volunme of water
(correspointin.g to water content of ath®sphere), and nitrogen used
in. the exanples is substantially free of water. 10[006.1.1 The

catal yst conposition analysis and catal ysteval uation of the catalysts
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catal yft% regeneratlon method of the present invention may be applied to, for example,
a catalyst which has not been used in the production of methacrylic acid,
such as loss powder produced during the production of a fresh catalyst, or a
catalyst which does not have desired properties. Excellent effects which are
attained in the regeneration of used catalyst are also attained in these cases.
20  [0056]

The process for preparing methacrylic acid according to the present
invention comprises subjecting a compound selected from the group
consisting of methacrolein, isobutyl aldehyde, i1sobutane and isobutyric acid
(hereinafter sometimes referred to as a "raw material for methacrylic acid")

25  to a gas phase catalytic oxidation reaction in the presence of a catalyst for
the production of methacrylic acid which is regenerated by the regeneration
method of the present invention. With the use of the regenerated catalyst of
the present invention as described above, it is possible to produce
methacrylic acid while maintaining high conversion and high selectivity for a

30 long time.

[0057]

Methacrylic acid is usually prepared by charging the catalyst for the
production of methacrylic acid in a fixed-bed multitubular reactor, and
supplying a starting gas mixture containing oxygen and the raw material for

35 methacrylic acid to the reactor, although a reaction system such as a



Then, after lowering the furnace tenperature to 280C. the starting
gas m xture. having the sanme conposas above was fed. to the

m cro-reactor at the sanme space velocity as above, and the reaction
was started, After carrying out the reaction, for one hoar fromthe
start of the reaction at the furnace tehperature of 280C, an exit gas
(gas after reaction) was sanpled and anal yzed by gas chronaat ography,
and. conversion of nmethearolein (14), selectivity of nethaerylic acid
(.99 and a t cal t
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fibers, hﬁblbmmsfl @dcted d@ﬁ@”ﬁ)@i r{ltl&é atel anthdrahv mﬁe&mmfor

wei ght of |o : e ._wat er, and the resul mxture
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di anet er Oi;v}fen memhaadlanhglugba alsdth6 r@WmafbﬁaHﬁirdmdthigfhcfacmSthe
dried at a. Cﬁé erature of 90Cai§rd a,rel at e hum

3imirs. andeAHE et dptalisuider pnditigp? PB&@#%’E R eaRach Atign of
hours 20' i dadthethdeirain hdQ@Briinggmsanixtsire eaintorl (8e bguwosimAf tler t hat ,

the nol ded Gl ¥5lioNRP WRSPYEP G 'Yy 486 Sofime, 4 Bfflaf PAAb ¥Pbsygen

to methacrolein is 1 to 5, a space velocity is 500 to 5000 h-! (based on the
normal state), a reaction temperature is 250°C to 350°C, and a reaction
pressure is 0.1 to 0.3 MPa. When isobutane is used as a raw material for

25  methacrylic acid, the reaction is carried out usually under conditions such
that a concentration of isobutane in the starting gas mixture is 1 to 85% by
volume, a water vapor concentration is 3 to 30% by volume, a molar ratio of
oxygen to isobutane is 0.05 to 4, a space velocity is 400 to 5000 h-1 (based on
the normal state), a reaction temperature is 250°C to 400°C, and a reaction

30 pressureis 0.1to1 MPa. When isobutyl aldehyde or isobutyric acid is used
as a raw material for methacrylic acid, substantially the same reaction
conditions as those employed when methacrolein is used as the raw material
are adopted. The space velocity may be determined by dividing an amount
of the starting gas mixture passing through the reactor per one hour (L/h) by

35  a catalyst volume (L) in the reactor.



i.006711 The fresh catal yst conprised a heteropol yaci d
conmpound cont ai ni ng phosphorus, nolybdenum vanadi um antiniony,
copper and cesiumat sws3: the atomc ratio of 1.3, 12, 0.50, emand
1,4, respectively, The results of 10the ;activity test of the fresh
taitalyst are shown in 'Table I, 0068! 2ef erence Exampl e 2
Preparati on of Used (Spent Catal yst The fresh catal yst.
prepared in Reference Exanple 1. was used in a 1.5 gas phase

catal ytic oxidation reaction of nethaerolein for a predeterm ned tine
to give a used catal yst. The | asteropol yadd conpound constituting the
used catal}%%lébhﬁained phosphorus, nol ybdenum vanadi um anti nony,
copper and [§g&olat the antnio natio of 1.3, 9.9, 0.49, 0.5, 0.29 and

1.4, respectlvel q%({]er t han oxygen). The relsults of thﬁé
test of the used ?H} Hhe DEeRewh Ve AT & explaprd inserpAetat g@ep

CE: Prepar abhfithc@iof withesxpusplsk Wrhich &4 ndblieni$ 1Re gcife dfheaxehange
wat er) 200. ‘g%of .the used catal yst. obtained th Reference Exanple 2

was added, DAL 2By " rring. Next, to conpensate for the
deficient el errentAm air ided msmé mh@lysfcontainsGMnyWum dtheatgresh

tal yst, : I t) i-d lis, | yhd
cotiroe, o orroR R Y SAERE Menh ol HEmberht Sy w i nlefR HSTHTbee,
and 0.2 g ekanglearmswwhananaBydvauadabte. a: : 3 a vanadi um source were
added,%)@nd W an aqueous sol ution obtained by dissolving 32.6 g of

antill : itrate C511-13,N0:31 in 108 g of ion-exchange water
was added, fol | oW dayalvshtomgosisioros1dysisTel mtﬁﬂym@magrtkmtaluamon of

the sanme teppenrahyLe JiRhifdeid hﬁ?é%u?i@_‘i‘ﬂ%ﬁ m\Jﬁas R %ggi‘foggégloc HeQiS

ananmni a gded t her et o, e mx
one hour. Ebl% after, the mxture was stirred in a closed 2'3

Catalyst Composition (ratio of elements constituting catalyst)

15 A catalyst composition was determined by analyzing a catalyst by
fluorescent X-ray analysis using a fluorescent X-ray analyzer, ZSX Primus II
manufactured by Rigaku Corporation.

[0063]
Particle Diameter

20 An average particle diameter (a volume-basis median diameter) of a
solid content in a slurry was measured by using a laser diffraction/scattering
type particle size distribution measurement apparatus, LA-920
manufactured by Horiba, Ltd. Water was used as a dispersion medium, and
the measurement was performed at a relative refractive index of 1.80 (value

25  relative to water).

[0064]
Activity Test of Catalyst

Nine grams (9 g) of a catalyst was charged into a glass micro-reactor
having an inner diameter of 16 mm, and a furnace temperature

30 (temperature of furnace for heating micro-reactor) was raised to 355°C.
Subsequently, a starting gas mixture composed of 4% by volume of
methacrolein, 12% by volume of molecular oxygen, 17% by volume of water
vapor and 67% by volume of nitrogen, prepared by mixing methacrolein, air,
steam and nitrogen, was fed to the reactor at a space velocity of 670 h-1, and

35  areaction was carried out for one hour to artificially deteriorate the catalyst.



vessel at 120C for 5 hours. The m xture was stirred and then cool er
to 40"C, Then, an aqueous sol ution of 40C obtained by dissolving 35.7
g of cesiumnitrate in 107 g of ion-exchange water was added to the
m xture to obtain Aqueous Slurry Al. O Aqueous Slurry A ., a
particle dianmeter of a solid content wa8114,3 tim a. nolar ratio of
the ammoniumion. .1.0 the nitrate ion was 1.9, and a |liquid phase
had pH of 6.1 The atomc ratios of the netal elenents, i.,

€,
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[0070]  Pr ogirae amt Gl neldly SEAbAE, JAdHORAEIMT WEPschrted i Afren
by addi ng iCefryeReREhgee weacnl Brquemauryfrometheostarpobiteaianct®o af tdfe a
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mll at a @FE@ of, 53 r for. 16 hours, and. Aqueous urry A2 was
obt ai ned, ANy %}%&?WA{% eqUgHPPScl e 20 di ameter of a solid
content was 1,3 WomvessioBI(%) =r Eiriode D6 tbeh aruIbi AireARte @) (tholdshe

ni trate ion was 1.9, and a |iqui dt}Phaglg. hgd EH 6.4. The atomc
ratios Of the metal el enents, iR&HAHEEHH e ybdenum vanadi um
antinony, copper Sahattivési () = danblai néhdthadegtaousd SenerateAR (wetes df. 5,
12, 0,50, 0.5, 0"29 and 3.2, r ectiveb t at opi,c rati o of copper
to nmol ybdenum was 25 0.29 12, %%@1%%81%{1%%‘%%?&7 gm())f cesiumto

nol ybdenum was 3Y2eld (¥9.= [@07t}sicn ép) (Rel@epataff%dilasf Aqueous Slurry
In 1.05 g %Oégﬂn-exchange wat er heated to 40C, 12.9 g of 75 w, %

oi Ji onFospior" "acid and 12,3 g of 87.5 wt.%nitric acid were

di ssol Ved Redersmepdramplgui d a. Separately, in 165 g of ion-exchange

vat er heat ggopQrAQn (ARG OftAYEONI UM nol ybd, ate tetral aydrate was
di ssol ved, and then aimmoni um net avanadat e was suspended

therein to prepate Qiziiaésﬂsﬂfg@%twh@m@m"ﬂat&? hepiteflif @1 46° a3 drighol esium
added. whi lngtraté [CSNO 31 @70PkaioT 7AGKEIHSTtRLERhb Y BIric 8t NRAR Be of 70
neteropol e gompound, s, atpmc rarl ox 9L e el al il
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12. [0072] oSaepn(B)um Prepanatiate [ EGOEousreSh o pyerCire Liquid p.
[0066]
After Liquid a was dropwise added to Liquid B while stirring and
25 maintaining the temperature of Liquids o and B to 40°C, the mixture was
further stirred at 120°C for 5.8 hours in a closed vessel, and then a
suspension of 10.2 kg of antimony trioxide [Sb203] and 10.2 kg of copper
nitrate trihydrate [Cu(NO3)2-3H20] in 23 kg of ion-exchange water was
added thereto. Thereafter, the mixture was stirred at 120°C for 5 hours in
30  the closed vessel. Of the resulting slurry, a particle diameter of a solid
content was 1.9 um. The resulting slurry was dried with a spray dryer. To
100 parts by weight of the resulting dried powder, 4 parts by weight of
ceramic fibers, 13 parts by weight of ammonium nitrate and 9.7 parts by

weight of ion-exchange water were added, and the resulting mixture was

Qo
o

kneaded and extrusion-molded into cylinders each having a diameter of 5



475 g of Aqueous Slurry. A2 was taken out and. m xed. with the whole
quantity of Aqueous Slurry Bl, and then the m xture was stirred in a
cl osed vessel at 12.0C for 5 hours. Then, a suspension of 4,30 g of
antinmony 10 trioxide and 1,59 g of copper nitrate trihydrate in 3.57
g of ion-exchange water was added. to t#e mixture, and the mixture
was further stirred in the closed vessel at 120C for 5 hours to
obtain Aqueous Slurry . O Aqueous Slurry C., a particle dianeter

of a soli dnﬁﬂrﬁxﬁﬁﬁ h‘é@gﬁltlof%ﬁiﬁl T‘Fﬁe%@l@ea ﬂr%Hh@tSwQE dtNe 4ed 8bmp erature
el enents, | n(g hor us. enur‘% ga Lum 15 dantl nony, cop
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was 0, 19 : and th c atl nol yod

S [o0731050° BRYhg it ki cha @ TI8nd saRubotes recovbredpad dia ds
t hus- obi ai fiedhAguegous Slurry Cl was dried at 1.35C. To 100 parts by
wei ght of L@ﬂn ed product obtained, 2 parts by weight of ceramc
fiber, by wei ght of ammoniumnitrate and 7 parts by wei ght

of ion- exchange Wat ereshera agod edm e dt & &e i alyeciae kpeate doatzdning
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hei ght of
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the dryjng¢pd Q&1§1§%%§é’§<§]ft‘3{r%§fréﬁi]8éﬁ%t ORI Ageit, 1n an air

stream at 220 en at 80C or one hour, then. in
an. air sttd¥mlat 390C for 4 hours and further in a nitrogen 20
stream at £38Gehes Phankdrs, and. fi naI Iy the nol ded catal yst was

recovered o obt aln I}gg %ﬁrgt ed; Cat st (RD. The at:O01Ellk rati os

of met al fleted10m O ybdenum vanadi um anti nony

igpper and ceSI umhecfﬁmmate strprE?pgﬁaraHIﬁRefbr@ﬁ&@ExammRJl)wmemeed115,a

0. L th t t
copperito’ FOP PhaSH CRBSE 6RO TacGon aNSTRR Rt 1 P eude e
nol ybdenuntismstdgﬁrela?usél'dleaﬁagsﬂ ts of activity test of Regener at ed
Ca lyst (R1L hqwn 00741 1
andP)r/:paﬁ ati)o('rj:r gFﬁﬁ%§8W§O£Y &lcg@p% Eé%ngﬁéﬁﬁg Jise cg&:}]i)ygg_ A2
and Bl wer eomumd\phosphomﬂsensﬂyﬂmdemnnevansdmm Eaaanqnloay,lcop@m‘&hdSt ep
(3): Prepag@%hﬂﬁ?ﬁh%@gfbﬁﬁfrw? A 30§ 94654 ] (5 B9y S1 3 i’é§ @v@hr\"’as

t aken outi 0 ‘quanti Aq’ueous urty

the i3 ur &thas than pregen). n Thectassdic Qf 9actm1tﬂ®©D@f tlw useﬁgautraslyst are
Then" a SU§H@‘£}§IIQH%RJ ¢4.80 g of antinony trioxide and 3,18 g of
copper nltiate tri érate in 7,34 g of ion-exchange water was added
to the mx ,] and the mxtare was further stirred. in the closed
vessel at £2000,jfar 5 hours to obtain Aqueous Slurry 02, O Aqueous

Step (1): Preparation of Aqueous Slurry Al

25 To 376 g of ion-exchange water, 200 g of the used catalyst obtained in
Reference Example 2 was added, followed by stirring. Next, to compensate
for the deficient elements of the used catalyst in comparison to the fresh
catalyst, 30.6 g of molybdenum trioxide (MoO3) as a molybdenum source, 2.4
g of 75 wt.% orthophosphoric acid as a phosphorus source, and 0.2 g of

30 ammonium metavanadate as a vanadium source were added, and then an
aqueous solution obtained by dissolving 32.6 g of ammonium nitrate
(NH4NO3) in 108 g of ion-exchange water was added, followed by heating to
70°C . The mixture was kept at the same temperature for one hour. Then,
47.1 g of 25 wt.% aqueous ammonia was added thereto, and the mixture was

35 kept at 70°C for one hour. Thereafter, the mixture was stirred in a closed



15 Slurry 02, a partide diameter of a solid content was 1,4 ism The
atomc ratios of the nmetal elements. i.e., phosphorus, nolybdenum
vanadi um anti nony; copper and cesium contained in Aqueous Slurry 02
were 1.5, 12, 0,50, 0.5, 0,24 and 1.1, respectively, the atomc ratio
of copper to nolybdenumwas 0,24 : 1.2,24nd the atonic ratio of
cesiumto nol ybdenum 20 was 1.4 : 12. [0076] Drying and Cal cination.
of Aqueous urry Aqueous Slurry 02 was dried and calcined the .0
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Table 1. o9 Steps..( 1) Rr epay.atd of Agueous _Sl.urrijgs
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rati o cesi um,to.no, S : .
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Aqueous S y 1 to obt ener ted
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of the metal elements, i.e. phosphorus, molybdenum, vanadium, antimony,
copper and cesium, contained in Aqueous Slurry A2 were 1.5, 12, 0.50, 0.5,
0.29 and 3.2, respectively, the atomic ratio of copper to molybdenum was
25 0.29 12, and the atomic ratio of cesium to molybdenum was 3.2 : 12.
[0071]
Step (2): Preparation of Aqueous Slurry Bl
In 105 g of ion-exchange water heated to 40°C, 12.9 g of 75 wt.%
orthophosphoric acid and 12.3 g of 67.5 wt.% nitric acid were dissolved to
30  prepare Liquid a. Separately, in 165 g of ion-exchange water heated to 40°C,
139 g of ammonium molybdate tetrahydrate was dissolved, and then 3.85 g
of ammonium metavanadate was suspended therein to prepare Liquid b. To
Liquid a, Liquid b was dropwise added while stirring to obtain Aqueous
Slurry B1 containing a heteropolyacid compound. The atomic ratios of the
35 metal elements, i.e. phosphorus, molybdenum and vanadium, contained in



25 [0080] Example 4 Steps (1) and 02): Preparation of Agueous

Slurries Al and Bl Aqueous Slurries Al and Bl were obtained
in the sanme manner as in Exanple 1. 30[0081] Step (3): Preparation of
Aqueous Slurry C4 Aqueous Slurry Al was diluted by adding

i on-exchange water to the whole quantity4thereof to obtain 950 g of a
slurry (solid content concentration: 29 w,% . 475 g of the obtained
slurry was taken nut and :35 m xed with the whole quantity of Agueous

Slurry 131, Apdukhen-4e Wéi-& 4o, ]fﬁzﬁél‘@gw%%ﬂ&@w'e%%l’@ﬁ?ﬂ dﬁ&s 6" C

for 5 hours. Then, a Suspension rioxi
1.59 g of COBERPINICOPRERART CASIHTANEIP ﬁlwrrm(%a@dcﬂmgéemtpmwm@o of
added to th ﬁ(ﬁdlﬁl%ly@‘lwlutn}ﬂ%n@ PHeW 8B $afib bt B&fiubeth dolyBdisnEhased

vessel at 2 c*C 5 hours to obtain Aqueous Slurry 04, .u.eaus
Slurry 04, thQrt ?cle di aneter of a solid content was 1. 1. 4 um The
atonmic bat |[o(372]f t he rret al el ements, i.e. phosphorus, nol ybdenum
vanadi um rir@n)[, er a cesi u Z)t ained in Aqueous Slurry
(14 were 1! 2 rﬁ 1‘5‘% u‘i‘éusa respectively, the atonic
rati o of copper t465rg3bﬁﬂb@m8\hﬁrjﬂA29wéQtalemdomhendmmed wihitbeathole

Aqueous. S GRRES WRGHIRS Shady B SpRE Hb I BuRipt s SRR Bl ndlpsed
the same manser adsl20ACOpybripwnd Chleoi natispenobn Afdediug oShutiyo of
mera o emippSitellt R APORIAh AL St S i F8TH R Gt
copper and WST HAS %Bﬁidatm@@ ixtRegened éh@dal@amm yes fugher \ﬁ@ﬂreed_l_lrsthe
12, 0,50, Qlo‘éed%é@elaa%dmb ¢ fo?gmﬁ&fs\&%'dbfcaﬁm alom Sh{ﬁ%;@l ofO£RRAES us

to nol ybde V\E : atom_c raloo umto
mol ybdenu %rY1 L, a?artltﬂ@ diamgpter obp sglidicoptept was 1.4 um.  The atomic
ratios of the metal elements, i.e. phosphorus, molybdenum, vanadium,

15  antimony, copper and cesium, contained in Aqueous Slurry C1 were 1.5, 12,
0.50, 0.5, 0.19 and 1.4, respectively, the atomic ratio of copper to
molybdenum was 0.19 : 12, and the atomic ratio of cesium to molybdenum
was 1.4 1 12.

[0073]
20  Drying and Calcination of Aqueous Slurry C1
The thus-obtained Aqueous Slurry C1 was dried at 135°C. To 100
parts by weight of the dried product obtained, 2 parts by weight of ceramic
fiber, 13 parts by weight of ammonium nitrate and 7 parts by weight of
ron-exchange water were added, and the mixture was kneaded and extruded

25  into cylinders each having a diameter of 5 mm and a height of 6 mm. The
resulting molded catalyst was dried at a temperature of 90°C and a relative
humidity of 30% for 3 hours. After the drying, the catalyst was calcined by
maintaining it in an air stream at 220°C for 22 hours, then at 250°C for one
hour, then in an air stream at 390°C for 4 hours and further in a nitrogen

30  stream at 435°C for 4 hours, and finally the molded catalyst was recovered to
obtain Regenerated Catalyst (R1). The atomic ratios of metal elements, i.e.
phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R1) were 1.5, 12, 0.50, 0.5, 0.19 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.19 : 12, and the

35  atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity



20 test of Regenerated Catal yst (11.4) are shown in Table 1. 10083)
Example 5 Steps (1) and (2): Preparation of Aqueous Slurries A2 and
131 Aqueous Slurries .A2 and EIl were obtained in. the sane
mannem as in Exanple 1. [0084] Step (31; Preparation of Agueous
Slurry CS 475 g of Aqueous Slur?@ A2 was taken out and m xed
with the whole quantity of Aqueous Slurry Bl, and then, a suspension
of 4.80 g of antinony trioxide and 1.59 g of copper nitrate

trihydratetb&t of Blochedhited @hﬂﬂfisﬁ’@ﬂ@rar\é@ﬁoﬂﬂﬁﬁl‘éﬁletlhe m xture. Then,
i osed. vessel at 120C for 5 hours to

t he mxturi %\25] stirred in ac
obtain Aqu @ Slurry C5. O Aqueous Slurry. C5, a. particle dianeter
of a solidEemght2was 1.3 inn. The atom c ratios of the netal

el enent s u van nt i y. 35 copper
and cest umStEenfIRELC) P rerRahonat o i58 Hiipibs A2 MALREY- 0% COB
0.19 and | A, respepteoueldltheeat8rarml Bat\ﬁrm'eojbtanmplamﬂmsmhqlmdmnm as in
0.1912, an(i'ééj‘l p tfn”ic ratio of cesiumto nolybdenumwas 1 [ow

Cl na

Drying and i on of Aqueous Slurry CS Aqueous Slurry C5
was dried d¥75lcal cined in the sane. maxin®Pr as in Drying and

Cal ci nati O@@)(%ﬁgﬂéra%dﬁ E¥AL e Qs ?@g?a to obtain Regenerated

Catal yst K atomc ratios o el ements, i.e
phosphor us, ol yBdertups Avaerat SiTaA Fenyakeopplrndraxedsyiih the whole
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and 1.4, 1 pectiv e atomc ratio of copper_to denum
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1.2. The resdkide @ﬁd 3CI8 g ¥f toppieastitite Reﬂsrra@aﬁat /d7 Gatabysih- &a&hn@ée
shown 1n Tab.c.L 0(%%!3 i ity tulr\ée(!md %héL ?m?: u esv%gg flglgt)her STTro ?Itl Itl?e?
of Aqueous "GHEF F{ase? athegn
closed vessel at 120°C for 5 hours to obtain Aqueous Slurry C2. Of Aqueous
15  Slurry C2, a particle diameter of a solid content was 1.4 ym. The atomic
ratios of the metal elements, i.e. phosphorus, molybdenum, vanadium,
antimony, copper and cesium, contained in Aqueous Slurry C2 were 1.5, 12,
0.50, 0.5, 0.24 and 1.4, respectively, the atomic ratio of copper to
molybdenum was 0.24 : 12, and the atomic ratio of cesium to molybdenum
20 was1.4:12.
[0076]
Drying and Calcination of Aqueous Slurry C2
Aqueous Slurry C2 was dried and calcined in the same manner as in
Drying and Calcination of Aqueous Slurry C1 of Example 1 to obtain
25 Regenerated Catalyst (R2). The atomic ratios of metal elements, i.e.
phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R2) were 1.5, 12, 0.50, 0.5, 0.24 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.24 : 12, and the
atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity
30 test of Regenerated Catalyst (R2) are shown in Table 1.
[0077]
Example 3
Steps (1) and (2): Preparation of Aqueous Slurries A2 and B1
Aqueous Slurries A2 and B1 were obtained in the same manner as in

356  Example 1.
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of Aqueous Slurry A2 was taken out and m xed with the wholc quantity
of Aqueous Slurry B],, and then the m xture was stirred at 120C for 5
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molybdenum was 0.16 : 12, and the atomic ratio of cesium to molybdenum
was 1.4 :12.
15 [0079]
Drying and Calcination of Aqueous Slurry C3
Aqueous Slurry C3 was dried and calcined in the same manner as in
Drying and Calcination of Aqueous Slurry C1 of Example 1 to obtain
Regenerated Catalyst (R3). The atomic ratios of metal elements, i.e.

20  phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R3) were 1.5, 12, 0.50, 0.5, 0.16 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.16 : 12, and the
atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity
test of Regenerated Catalyst (R3) are shown in Table 1.

25 [0080]

Example 4
Steps (1) and (2): Preparation of Aqueous Slurries A1 and B1

Aqueous Slurries A1l and B1 were obtained in the same manner as in
Example 1.

30 [0081]

Step (3): Preparation of Aqueous Slurry C4

Aqueous Slurry Al was diluted by adding ion-exchange water to the
whole quantity thereof to obtain 950 g of a slurry (solid content
concentration: 29 wt.%). 475 g of the obtained slurry was taken out and

35 mixed with the whole quantity of Aqueous Slurry B1, and then the mixture
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was stirred in a closed vessel at 120°C for 5 hours. Then, a suspension of
4.80 g of antimony trioxide and 1.59 g of copper nitrate trihydrate in 3.67 g of
1on-exchange water was added to the mixture, and the mixture was further
stirred in the closed vessel at 120°C for 5 hours to obtain Aqueous Slurry C4.
Of Aqueous Slurry C4, a particle diameter of a solid content was 11.4 um.
The atomic ratios of the metal elements, i.e. phosphorus, molybdenum,
vanadium, antimony, copper and cesium, contained in Aqueous Slurry C4
were 1.5, 12, 0.50, 0.5, 0.19 and 1.4, respectively, the atomic ratio of copper to
molybdenum was 0.19 : 12, and the atomic ratio of cesium to molybdenum
was 1.4 : 12.
[0082]
Drying and Calcination of Aqueous Slurry C4

Aqueous Slurry C4 was dried and calcined in the same manner as in
Drying and Calcination of Aqueous Slurry C1 of Example 1 to obtain
Regenerated Catalyst (R4). The atomic ratios of metal elements, i.e.
phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R4) were 1.5, 12, 0.50, 0.5, 0.19 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.19 : 12, and the
atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity
test of Regenerated Catalyst (R4) are shown in Table 1.
[0083]
Example 5
Steps (1) and (2): Preparation of Aqueous Slurries A2 and B1

Aqueous Slurries A2 and B1 were obtained in the same manner as in
Example 1.
[0084]
Step (3): Preparation of Aqueous Slurry C5

475 g of Aqueous Slurry A2 was taken out and mixed with the whole
quantity of Aqueous Slurry B1, and then, a suspension of 4.80 g of antimony
trioxide and 1.59 g of copper nitrate trihydrate in 3.67 g of ion-exchange
water was added to the mixture. Then, the mixture was stirred in a closed
vessel at 120°C for 5 hours to obtain Aqueous Slurry C5. Of Aqueous Slurry
Cb, a particle diameter of a solid content was 1.3 pm. The atomic ratios of
the metal elements, i.e. phosphorus, molybdenum, vanadium, antimony,
copper and cesium, contained in Aqueous Slurry C3 were 1.5, 12, 0.50, 0.5,
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0.19 and 1.4, respectively, the atomic ratio of copper to molybdenum was
0.19 : 12, and the atomic ratio of cesium to molybdenum was 1.4 : 12.
[0085]
Drying and Calcination of Aqueous Slurry C5

Aqueous Slurry C5 was dried and calcined in the same manner as in
Drying and Calcination of Aqueous Slurry C1 of Example 1 to obtain
Regenerated Catalyst (R5). The atomic ratios of metal elements, i.e.
phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R5) were 1.5, 12, 0.50, 0.5, 0.19 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.19 : 12, and the
atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity
test of Regenerated Catalyst (R5) are shown in Table 1.
[0086]
Comparative Example 1
Steps (1) and (2): Preparation of Aqueous Slurries A2 and B1

Aqueous Slurries A2 and B1 were obtained in the same manner as in
Example 1.
[0087]
Step (3): Preparation of Aqueous Slurry C6

475 g of Aqueous Slurry A2 was taken out and mixed with the whole
quantity of Aqueous Slurry B1, and then the mixture was stirred at 120°C
for 5 hours in a closed vessel. Then, a suspension of 4.80 g of antimony
trioxide and 4.77 g of copper nitrate trihydrate in 11.0 g of ion-exchange
water was added to the mixture, and the mixture was stirred in the closed
vessel at 120°C for 5 hours to obtain Aqueous Slurry C6. Of Aqueous Slurry
C6, a particle diameter of a solid content was 1.5 um. The atomic ratios of
the metal elements, i.e. phosphorus, molybdenum, vanadium, antimony,
copper and cesium, contained in Aqueous Slurry C6 were 1.5, 12, 0.50, 0.5,
0.29 and 1.4, respectively, the atomic ratio of copper to molybdenum was
0.29 1 12, and the atomic ratio of cesium to molybdenum was 1.4 : 12.
[0088]
Drying and Calcination of Aqueous Slurry C6

Aqueous Slurry C6 was dried and calcined in the same manner as in
Drying and Calcination of Aqueous Slurry C1 of Example 1 to obtain
Regenerated Catalyst (R6). The atomic ratios of metal elements, i.e.,
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phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Regenerated Catalyst (R6) were 1.5, 12, 0.50, 0.5, 0.29 and 1.4,
respectively, the atomic ratio of copper to molybdenum was 0.29 : 12, and the
atomic ratio of cesium to molybdenum was 1.4 : 12. The results of activity
test of Regenerated Catalyst (R6) are shown in Table 1.

(@]

[0089]
TABLE 1
Cu : Mo ratio in
aqueous slurry |Cu : Mo ratio Activity test result
(atomic ratio) | in catalyst
Aqueous|Aqueous|(atomic ratio)|Conversion| Selectivity| Yield
slurry A |slurry B (%) (%) (%)
Ref. Ex. 1 0.30 : 12 90 82 74
Ref. Ex. 2 0.29:9.9 31 84 26
Ex. 1 0.29:12] 0:12 0.19:12 94 82 77
Ex..2 0.29:12| 0:12 0.24:12 93 82 76
Ex. 3 0.29:12| 0:12 0.16 - 12 94 82 77
KEx. 4 0.29:12 0:12 0.19:12 93 83 77
Ex. 5 0.29:12 0:12 0.19:12 96 79 76
Comp. Ex. 1/0.29:12 0:12 0.29:12 93 80 74
[0090]

As shown in Table 1, it is found that each of the catalysts obtained in
Examples 1 to 5 enables to obtain methacrylic acid at a high yield after the
10  artificial deterioration and to produce methacrylic acid at a satisfactory yield

for a long time as compared to the catalyst obtained in Comparative
Example 1.
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step (3): mixing the aqueous slurry A obtained in step (1) with the

aqueous slurry B obtained in step (2) to form an aqueous slurry C, and then
drying and calcining the aqueous slurry C.
20
2. The method according to claim 1, wherein
the heteropolyacid compound further contains at least one element X
selected from the group consisting of potassium, rubidium, cesium and
thallium,
25 the atomic ratio of the element X to molybdenum (X : Mo) in the
heteropolyacid compound constituting the regenerated catalyst is from 0.5 :
12to 212,
the atomic ratio of the element X to molybdenum (X : Mo) contained
in the aqueous slurry A in step (1) is from 2 : 12 to 4 : 12, and
30 the atomic ratio of the element X to molybdenum (X : Mo) contained
in the aqueous slurry B in step (2) is from 0: 12 to 0.5 : 12.

3. The method according to claim 1, wherein
the aqueous slurry C obtained in step (3) is a slurry obtained by
35 mixing the aqueous slurry A obtained in step (1), the aqueous slurry B
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process conprising, the 1 d: regenerating
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accordi ng HalweWzamen efeath@n®® 1 to 4, and 35subjecting a conp:nil:id
selected fromthe ;12, TOUP COai.S:dfl g 32 nethacrolein,

i sofl utyl ai dehycl e, isebutano and isobutyric acid to a gas phase
catal yti c oxi dat ion Tdat inethddatdiedHELeLaee ok of BRifregetes aldrein
catal ypf. the aqueous slurry C obtained in step (3) is a slurry subjected to a

heat treatment at 100°C or more.

7. 'The method according to any one of claims 1 to 4, wherein
the aqueous slurry A obtained in step (1) contains 0.1 to 3.0 moles of

20  the ammonium ion per one mole of the nitrate ion.

8. The method according to any one of claims 1 to 4, wherein
the pH of a liquid phase of the aqueous slurry A obtained in step (1) is

8 or less.
25
9. The method according to any one of claims 1 to 4, wherein
the heteropolyacid compound further contains vanadium and at least
one element selected from the group consisting of arsenic, antimony, boron,
silver, bismuth, iron, cobalt, lanthanum and cerium.
30

10. Aprocess for preparing methacrylic acid, the process comprising
the steps of:
regenerating a catalyst for the production of methacrylic acid by the
regeneration method according to any one of claims 1 to 4, and
35 subjecting a compound selected from the group consisting of
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methacrolein, isobutylaldehyde, isobutane and isobutyric acid to a gas phase
catalytic oxidation reaction in the presence of the regenerated catalyst.



