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1 METHOD FOR REGENERATI NG CATALYST FOR THE PRODUCTI ON
OF METHACRYLI C ACI D AND PROCESS FOR PREPARI NG
METHACRYLIC ACID 5 FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates toja nethod for regenerating
a catalyst for the production of nethacrylic acid by
subjecting a deteriorated catal yst (spent catalyst)
conprising a heteropol yaci d conpound cont ai ni ng
MESPODIEORREGENERAPINGAATAAYSTPROBRTHE PRODUCTION
sel ected fromthe group 10 consisting of potassium
rubi @EMETEEACGRYAAC AGCIDIANR PROCESSdI@RFREPARING
treatment, and a nethod for produci ng nmethacrylic acid
usi ng a regener at ed M#&kH YbHﬁéiG&U by such a
regenerati on nmet hod. BACKGROUND ART 15 [0002] It is
known that the catalytic activity of a catalysts for

het eropolyact d coftBimOREE AYENTHR nor us,
(R OHEEY 0, Bleh3ye Bl 84 BNt BF BB b A catalyst

rou consi' s assium ru m Cces
fo@&ﬂetmuhbﬁma lof n;@cﬂ%ﬂﬂmdatthu} Jlﬁééuﬁé’ﬁ‘ﬁ&énbﬁ&eh' db@alyst
when it is used f ong tine a gas phase

(sfpéhak:atal?staQoﬂfpwﬁthhémdFamd&mmdmimgﬁ{t@imng or

the like as a raw materi al . 0003] As a regeneration
phesplodusf malyleteanim matdeat leastbys tlemait- AseleotdBiragPthe group

JP- A-2008- 86928 and JP- A-2008-93595 di scl ose net hods
censsting eﬁpﬂwssngnar@bnd@mo cesivmh anddhpliumdes regemgration

t he steps the _deteriorated.catalyst with a
trgptmgnt 4 azmaﬁwﬁg formanlusngdnethacplia pridHsing a regenerated

slu drying the ry.o;obtain a dried
AR RS Wy, hEH PRt PHEAGH e cat al vt
[ 0004] However, regenerated catal ysts obtained by the
conventional nethods are not always satisfactory in

the catalytic activi t(BACRGROUND ART

[0002] It is known that the catalytic activity of a catalysts for producing
methacrylic acid comprising a heteropolyacid compound containing
phosphorus, molybdenum and at least one element X selected from the group
consistiﬁg of potassium, rubidium, cesium and thallium is reduced due to
heat load or the like, 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 a deteriorated catalyst,
JP-A-2008-80232, JP-A-2008-86928 and JP-A-2008-93595 disclose methods
for regenerating a deteriorated catalyst comprising the steps of mixing the
deteriorated catalyst with a nitrate ion and an ammonium ion to obtain an
aqueous slurry, drying the slurry to obtain a dried catalyst and then
calcinating the dried catalyst.

[0004] However, regenerated catalysts obtained by the conventional

methods are not always satisfactory in the catalytic activity.
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SUMMVARY OF THE | NVENTI ON [ 0005] An obj ect of the
present ‘invention is to provide a nethod for
regenerating a catal yst for the production of

met hacrylic acid, which can g5 satisfactorily restore
the catalytic activity of such a catal yst. [0006]

Anot her object of the present invention is to provide
a method for preparing methacrylic acid in a high
conversion and a high selectivity using a regenerated
catal yst obtained by the regenerati on nethod of the
present i nvent SEMVMARYOOE/THEINYENTENhe above
obj ects, the present invention provides a nethod for
[Q@J@Z ndpgbiess of thamaegent inyentign 1p topyeviden wrethod for

rORROBEHE Arta for HOBHBICUOD Sfumothatsuliv gy which can
saf b R08 ErfoTe the CalivBe et AR A Ryt e ol n

BB FAFIFCecd
[00%1 "Rh Bt HBL: di Hhe iepeltt B onBoRYS th prafed iothod for

fepa¥ilg nidthachficoi@d dh YagisH GARBRHDA andns hidhbélestidit '
preZef’genegrat ed ?:at alyst is frggm 20 0.5:12 to Zé: 12: 1St’érﬁlsmg

a rkgeneraxed gatal gett sithiial byl th@regemiratienanettnd &ff the present
production process of nethacrylic acid, a nitrate
Invemtiomn ammoni umion and water to form aqueous slurry
Ain which an atomc ratio of the elenment X to
nol ybdenum (X: Mb) is adjusted from2 : 12 to 4: 12; 25
Step (I1): mxing starting conpounds of the
het er opol yacid conmpound and water to form aqueous
[Oﬂ&wy B in which an atomic ratio of the elenment X to
ybdenum (X: Mb) is adjusted fromO : 12 to 0.5:12;

I s N i R
mieflesd €6 ddpgnastisdlacdathlydt FéetHe plodiRtion of methacrylic acid
comprising a heteropolyacid compound containing phosphorus, molybdenum
and at least one element X selected from the group consisting of potassium,
rubidium, cesium and thallium, wherein the method comprises following
Steps (I) to (III), and an atomic ratio of the element X to molybdenum (X:Mo)
in a heteropolyacid compound constituting a regenerated catalyst is from
05:12t02:12:

Step (I): mixing a deteriorated catalyst recovered from a production
process of methacrylic acid, a nitrate ion, an ammonium ion and water to
form aqueous slurry Ain which an atomic ratio of the element X to
molybdenum (X'Mo) is adjusted from 2 : 12 to 4 : 12;

Step (II): mixing starting compounds of the heteropolyacid compound
and water to form aqueous slurry B in which an atomic ratio of the element
X to molybdenum (X:Mo) is adjusted from 0 : 12 to 0.5 : 12;

Step (III): mixing agqueous slurry A obtained in Step (I) and aqueous
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[0008] In a preferred enbodi nent, aqueous slurry A
obtained in Step (1) <contains 0.1 to 3.0 noles of the
amoni um i on per one nole of the nitrate ion. 5
[0009] In another preferred gnbodinent, the liquid
phase of aqueous slurry A obtained in Step (1) has pH
of 8 or less. [0010] In a further preferred
enbodi ment, the heteropolyacid conmpound further
slaerpBi sitanyahaoStsp (8)dndl thepodiyiggand cilEning theatigture.
fromthe group consisting of copper, arsenic,
[02081 nbms prbferoed emibiodementi ameols slwoy, A obthinedah Step (1)
| ant hanum and cerium _ [0011] The present invention
caitetngP dvtiodb 8 moles of the apynopiwpden pgr ometrholerofi the nitrate
.acid conprising the steps of. regenerating a catal yst
105 t he production of nethacrylic acid by the

OLFRP i Ao e e ttre R ot el e G T A FeaPug stumy

f - K nmet hacr ol ei n,
Aiog)g%teaqg%gdt%#%g,ﬁg?c’gg%ﬁ?gﬁg?%ﬁd i sobutyric acid to a
: . ) e :
[0929] Hf‘ﬁfi"ﬁ]x;ﬂlt%?{%rﬁfér?e&éhﬂﬁ&iﬁﬁ@nf,%% H&Brdd%b%%’ﬁ%gﬁlpgund

presence o € regenerated catalyst. |

furthed ydrhpriees VheadiaaUgihd ap ledst tRlehdemeht seRetdll frdm the
regenerated 20 according to the present invention,

group aatsidtng of eapiper] axseon antimeny, dforan osilver, bismuth, iron,
restored. Also, when a regenerated catal yst obtained
cabalt, danthayararand esriumet hod of the present invention
i S tsfg nmet hacrylic afc?'id can be produced, in a high
[0934) cF&¢ BResent Invengan adsaprqwides 2 precessay preparing

CRI ﬁTI OQ)I%O: THE. | I\%EI\I‘Q ON [ 0013] Hereinafter, the
mﬁﬁi%‘gﬁ GV RYTBLSHRE PR HEREL i bed in detail. [0014]
Th | Yalofh ic aci
o el B SORAETEK o Rt il acd by he

rdg@%eRi i nsQRBE! 288rEHRItRE prBfeift iBREREi0A, ak@KRENST,
that is, a deteriorated catalyst which is recovered

f r om subjecting at least one compound selected from the group consisting

of methacrolein, isobutylaldehyde, isobutane and isobutyric acid to a gas
phase catalytic oxidation reaction in the presence of the regenerated

catalyst.

[0012] When a catalyst for the production of methacrylic acid is regenerated

according to the present invention, the catalytic activity can be satisfactorily
restored. Also, when a regenerated catalyst obtained by the regeneration
method of the present invention is used, methacrylic acid can be produced in

a high conversion and a high selectivity.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Hereinafter, the present invention will be described in detail.
[0014] The method for regenerating a catalyst for the production of

methacrylic acid of the present invention comprises subjecting a spent
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preparation nmethod of nmethacrylic acid, to a
regeneration treatnent, whereby a regenerated

catal yst is obtained. [0015] The catalyst for the
production of nethacrylic aciyd which can be 5
regenerated by the regeneration nmethod of the present
invention (hereinafter sonetines referred to as an
"obj ect catalyst") is a catalyst conprising a
cARlWEtOfIeAti8C h Hetripruted capilyat ¥hich PhRspPeFddstrom a
nol ybdenum and at | east one el enent X selected from
ptdpargtionpmetinsd of methadryhiotaaiditom regenbi ath omnireadaiemnt)
and thallium The catalyst may conprise a free 10
wherebyparegenenated catalust isgtbtairesk er opol yaci d. Anpng

S B ks oy o iyl B b
R
ORI iR ARkt L o

ccgr%?ﬁsiﬂ? a Q{)eg%‘!gbg%ﬁgelﬁ:?@ %Bﬁﬁ)ioﬂﬂd(bfoﬁx’ é.’iﬁ’iﬁ?ﬁ% Ph@%@gﬁu’%’, molybdenum

I mony, ver, “bi snut I'ro

ahdnritheadtoranélefifthit W séleeted fraimt fHe ¢oiRestir®f 6f Pofa@sium,
as "elenent Y'). [0016] The heteropolyacid conpound

rulhidiiom¢ cesitit ahdthhHimmat dhestathlyst ey compeiseta free of

met hacrylic acid (object catalyst) preferably has, in
hetegopelyneidodr a saltrdfshheterapglyacide§ dmong sheseha catalyst

follow ng conposition forqula (1); 20 Pai\)/b Ve X, YeOx L
cquprigheg an acplic wplidapartiadly newnaliged splibela heteropolyacid is

enum,and ,vanadi um . .respectivel y: resents
plteralE 550 8 auaRh Eorbrisiig ARGt o KEBkri RS
ey i e .

h#eBHPoIF AR it BletBARES! PRI e Rerefl i it ompound
futkth&et&tats FARANIAE, MO UP1&RR DN MRt sEIRPRAT fronPthe group

arseni c, antinony, boron, silver, bisnmuth, iron,
ccgﬁd@aﬁﬁg of aspanareecaid Harimony, Kbrbg Psde@nbisneuttgeron, &obalt,

, C, d and e are nunbers satisfying O<a< 3, 0< c<_ 3,

laoxttan8maadd @eriexm Shenstimafter semédmesnmfoisstoms/ element Y").

det ermi ned dependin on the oxidation states of other
[QQ 'Bhe heteropolyacid compound which constitutes the catalyst for the
production of methacrylic acid (object catalyst) preferably has, in the state of
a fresh catalyst before use, the following composition formula (1):

P-MopVeXaYeOx (1)

wherein P, Mo and V represent phosphorus, molybdenum and vanadium,
respectively; X represents at least one element (element X) selected from the
group consisting. of potassium, rubidium, cesium and thallium; Y represents
at least one element (element Y) selected from the group consisting of copper,
arsenic, antimony, boron, silver, bismuth, iron, cobalt, lanthanum and
cerium; O represents oxygen; a, b, ¢, d and e are numbers satisfying 0<a<3,

0<c<3, 0<d<3 and 0<e<3, when bis 12; and x is a value determined depending

on the oxidation states of other elements.
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[0017] In particular, the atomc ratio of the el enent
X to nolybdenum (X:M) is preferably from0.5:12 to 2
12 in the conposition of the heteropolyacid
conpound which constitutes tRe catalyst for the
production of methacrylic acid (object catalyst). 5
[0018] The catalyst for the production of nmethacrylic
acid (object catalyst) may be produced by any
[0 e papftulE®! {HOatohsic ra1idTithe eleBhhNo HBIHHAHUMY
the steps of m xi ng conpounds each containing the
(Xddpastpreferablyefront 050 té Be 1€ ianthet omiessitiohed thove
whi ch constitute the heteropolyacid conpound (for
heteacnpbh’acn}mmpomd avhiclm comstitutes tbaatalyst foxithe produetion of
nitrate, Zrbonate a blcarbonate a hydroxi de or a

m&&ha@@ma@é ehiegt eatahst). nol di ng the m xt ure into a
(G330 The 3PSt Bl C?;%fc bﬁhﬁﬁpf??ﬁrge%%ﬁﬂoﬁrl"q}?(ﬁh@%a@alysﬂ
RO BE oA pal PRESTAFSHIRRAGE fof B BIF FnBmad
. S B0 HE SRS S LOELREE, Bug rpopective

eRéY BfoAk the CMSRBHRAISRMRAMBIY e WoRRHI doRstiBete iR
vanadi ¢ acid, vanadates (netavanadate) such as

hatnmpo]gmmt&dpbmd tioresiatiple i axaneida aa)oxovwidealtimn oxide,
oxi de, vanadium chloride and the Iike; and exanples
acﬂtlaite,oarpathmatem hicarhgnatee adiystronide)on abialide of eades
such ?s 20_pot assi um oxi de, rubi dium oxi de, and, cesi um

woldingdheqmtuye intgn desiredrshape.cand calghige dhe
A R ST SRR AL oy i
@gﬁ%gﬁ‘ﬁyg g‘% car tg)t e ariof”gc%(&eﬁsi?1 E%Pﬁtcgﬁl gogﬁlra %
“@%ﬁ%‘rﬁﬁ%’ﬁhﬂ%@r s 2 éﬁiﬁ?féfﬁ&?%x.‘*&*%ﬁév?‘sss

afliibnidn m1§baaternrﬁdslbzeﬂeﬁ!ﬁm oXide] ﬁlol&‘hdélﬁllﬂﬁ icHBbrideahdrthe
fluoride, cesiumchloride, cesiumbromde and cesium
hkedexmnphaﬂ; dﬂtecdmheundixmmmnmg){ramadmnp imoldde sahadiv agd,

the elenment Y include an oxo acid, an oxo acid salt,
vapadxiesdmetavapadate) such as ammonium vanadate (ammonium

metavanadate), vanadium oxide, vanadium chloride and the like; and
examples of a compound containing the element X include oxides such as
potassium oxide, rubidium oxide and cesium oxide, nitrates such as
potassium nitrate, rubidium nitrate, cesium nitrate and thallium nitrate,
carbonates such as potassium carbonate, rubidium carbonate and cesium
carbonate, bicarbonates such as potassium hydrogen carbonate and cesium
hydrogen carbonate, hydroxides such as potassium hydioxide, rubidium
hydroxide and cesium hydroxide, halides such as potassium chloride,
rubidium chloride, cesium fluoride, cesium chloride, cesium bromide and
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



6 carbonate, a hydroxide and a halide. [0019] In
general, when the object catalyst having a preferable
catal yst conposition as described above in a fresh
catal yst state before use isgused in the production
of methacrylic acid, the catalytic activity may
sonetimes 5 decreases due to heat |oad and the Iike.
According to the regeneration nethod of the present
carbonaté GPhydrplide addi£hhldet ed catal yst with decreased
catalytic activity is used as a catal yst to be
[G019] ebd genéxnlf Whendhendjedticatalyst bavivena prefevaklenmgalyist
aqueous slurries, that is, slurry A and slurry B, are )
compesitioanas deseritiediabayeiin alfiesh catalyststate beforentseasysed in

adjusting the atomc 10 ratjo of the element X to ..
thepyestnaiion ehmgghagrlie pad zﬂag catlyHeasbiyitypax sometimes

dApigestn Ak e ReRpIpatand hEARAL: QrcRRLaE 8 the Soahbiotion
TR 3P b §RGecllink Paflly ducp B 156 RRT Sraly 1 ERAH b hoased

(1), & d t ! |
c%ﬁg g%ggp is %%Ed% eﬁéatﬁlﬁt%)b%dsdﬂie&b& R8tBe Thpérdrafion

ng the atomc ratio of 15 the elenment X to

trERl A Nt ki dDIf Aduddie sleptbs,ithgt &8, wlidryi N aadrsdags B, are
from 2 : 12 to 4 : 12, preferably from2.5 : 12 to

niixed, ad@ thd heixtwreisrdiied anddaldpedcthereby adjstngetheogtomic
the resulting regenerated catal yst are inproved b

ratig iofighe plernént Xtte m@lwbdﬁuuzm@(édn?unithma@geidesmfgd above.

b S5 el it v

St B B A SR LS MR
OIS o AR A et o
aﬁhtﬁéﬂe%’ar@;'ﬁgg{@dw bR eO dhry AWM AduBkALQE8htomic ratio of

car bonat e ammoni um acetate may be used as an
théBlumh e Xa0 elybdenurb(dss)dastharsesnlting shirig in a range from

contai ning the el enents which constitute the object
2cat2atoy4t 12Ppsdferalidy fromi2. 5 atl@stoshd : d8ro AThesonyersion and

contai ning the elenments_ which constitute the object
selectivitgtachievagsley the reswtingiegeneraiad satalyst apgmproved by
mixing the nitrate ion and the ammonium ion in this step.
[0022] 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
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
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the ammoni umion source. Mire preferably, nitric acid,
amonia and 7 ammoniumnitrate are used so as to
adjust the ratio of the nitrate ion and the amobni um
ion in a range described bel gpw. [00231 |n aqueous
slurry A prepared in Step (1), the anpbunt of the
anmmoniumion per nole of the nitrate ion is preferably
0.1 to 3.0 noles, nore 5 preferably 0.5 to 2.5 nol es.
abeshitiREnARENArOhsddSo Ao Adjustithe riasiowftthieddtidie ion and
above range, the catalytic activity may be
thesmniafiaet o 1y a raage desckibédbelow. When aqueous slurry
Ai s _prepared, the atomc ratio_ of hpe el ement X to
[0928) bieaqueasslurred nrepargduuSten (. rthemmunbef oyl d

be adjusted in 10 the range described aboy
ammongust 100 per mole af thpmiratedonas W%f)%.l‘a@ﬁ&ift{’ %’Qf pples, more

t he omge ratjo adj.usted b in : .
prberay D 5 60 Agb el oW B g neni ot e S Blaphifitfon is

- cont.ai nj.ng. como . : Jhe
ol % A8 FRIEL RE SaRITHE pe BV AL BT ERREACorily
r&@@éﬁ%i ng a catal yst conposition (the kinds and

anounts of 15 the constituent elenments) of the
[bRiadr WoieH Bguenisdlvsty Aas preparedeties atomie ratio of the element X
fluorescent X-ray analysis, an | CP em ssion _ )
e prtydemimconedined inrmueads shiirg (Xd et dhrivdd betadjusted in
the elenent X to nol ybdenum (X: M) in a conpositi&n
tleé ramge tescaitrtid alvedthe matio o8 Fetn Me incraugomisfurry A).

SoesberlschensomicBausaman DB SR EcanBas pref 2
PR i Ll S A
o Bl R G TRERE AT e S B i be
Y il e s o il o

tHEe eheasiRnd Bhetibaty) fof the det@idmmiteX catalasidbefore regeneration
nol ybdenum even if nol ybdenum scatters or dissipates

witie atfludreatent Xrady amhlysie, 41 K6 Peamisstbrbspeastiometrhicetc., and
catalyst for a long tinme in the . ,

adjusting the atomic ratio of the element X to molybdenum (X:Mo) in a

-

composition after the addition of the element X-containing compound and/or
molybdenum compound in the range described above, based on the catalyst
composition of the deteriorated catalyst. Usually, the element X-containing
compound is added by taking the amount of molybdenum in the deteriorated
catalyst into account. The composition of the deteriorated catalyst may
sometimes fall within the range of the X:Mo ratio in aqueous shurry A
described above, depending on the decreased amounts of the element X
and/or molybdenum, even if molybdenum scatters or dissipates due to heat
load and the like caused by using the catalyst for a long time in the
production of methacrylic acid,. In such a case, neither the element

X-containing compound nor molybdenum compound may be added.
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production of nethacrylic acid,. In such a case,
neither the elenent X-containing conpound nor

nol ybdenum conpound nay be added. 8 [0025] One or
nore conpounds may be suitably selected fromthe

nol ybdenum cont ai ni ng conpounds and the el enent
X-contai ning conpounds which can be used in the
producti on of the object catal yst described above, as

[6025]mEntosiemorre conpoundsandy beeueladIR Bblebtod £8h B Ng
con‘gound whi ch are supplied for the preparation of

muyedesumséantaining doRbindaren topeleuserst! XircoytaAning
prepared, a conpound containing an el ement

cemponnds whighican heaused in the peoduckion ofithedbéentmanalyst
t he.el nﬁnt X tggy glg ggded I f necessary, based on the
des aboye. g theamalybdenymeempogn the elementhe

C ai ni an el ement,.copstituti ng the
XGRS o TR the Prepangtipn of aggous
sR{rrPN € conpounds may be suitably selected fromthe
cong%{jnds contai ning each elenent, which are wused in

[00B6] PWOskif hRBowd slufy Alk %FPﬁfécﬁlag&?sp&gﬁl?&l%tgi%igg an

Dei oni zed water may be usually use wat er

clempgi i castivutingetheldatalyepatlody thanOh oRf RSN Sn'dl the dement X
The amount of water supplied is usually from1l to 20
st be adedwed wenesbagebasedl onehpaompoyitiei ghtheofleteriorated
nol ybdenum.in resulting aqueous slurry A that is,
catdystor A1s the eomp@indreontairingrar elemaentechnstitubimg the catalyst

S AT N ST RN
| | d, th 1 X d f h :

BT DR oL B b 6o i ave

uSéitlid e BRodtti SHe dbjefcath(Be9] Vhen aqueous

slurry AI's prepared, errorated catal yst maybe

(oporlbatnnskiy s iy ey AL OAESS B BBl o e
prépardébardfaqaieeds slurry A, The amount of water supplied is usually
from 1 to 20 parts by weight based on one part by weight of molybdenum in
resulting aqueous slurry A, that is, the total weight of molybdenum
contained in the deteriorated catalyst and molybdenum contained in the
molybdenum compound supplied.

[0028] When aqueous slurry A is prepared, the mixing order of each
component described above is not particularly limited, and may be
arbitrarily set.

[0029] When aqueous slurry A is prepared, the deteriorated catalyst may be
mixed as such, or may be thermally pretreated.

[0030] A temperature of the thermal pretreatment of the deteriorated
catalyst is not particularly limited, and is preferably from 350 to 600°C.

The treatment time for the thermal treatment is not particularly limited,

and is usually from 0.1 to 24 hours, preferably 0.5 to 10 hours. The thermal
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catalyst is not particularly limted, and is
preferably from 350 to 600C. The treatnent tine for
the thermal treatnent is not particularly limted,

and is usually from0.1 to 24 hours, preferably 0.5 to
10 hours. The thermal 9 prefreatnent may be carried
out in an atnosphere of oxidizing gas such as
oxygen-contai ni ng gas, or in an atnosphere of

pRRFe AN ditahAg Wamrdiedbiasin 41 hifesFhedeQIdiddivhiangafsuch as
deteriorated catal yst used in the preparation of

oxygeactmtaimin yasy ovin anatmisghdre af ndby-okidizing gad sieth as
catal yst may be used as such, or nmay be previously
nyindgesr.i zed by a conventional nethod, if necessary.

V\h fibers or the like for reinforcing the cata
Tc%em heqid ¢tﬁr10n@tqﬂﬁafelcyst@a@@éuyéﬁew@pﬂatbqrhpééqueous

slg\%'g?’ B \%Ztﬁl%%ﬁi%ﬂ{al&@tt%p ohEF PRIt ey ey RA R,
g b Pravifg %3 ﬁa%? SR Ao VEptippat RN ‘g?‘eﬁﬁ%aﬂ’-ke%e“
ﬁﬁé fx“f eol.rlke ﬁfﬁ)r[:l{?l%e c\% sﬁ:la eggﬁﬁﬁhé’ﬂi’ﬁ%ﬂe molded

use ar at aqueous slurry A

catalﬁmﬂsfetrﬁﬂatéu ﬂﬂﬂ&ed B&taayét\) elrtug @Eei@&ialblia&ﬁtaﬂjﬁst addgree of
the thermal pretreatnent, the order of these

pulveaizagivhssd thatcthefirers oulthe like ave natccutviribrekes, bémuse the
pul verization treatment is usually carried out prior
strengtieofitiie catalitst enayrbedet¢0sapd Thhd fibenscorihedekepre cut or
a ueous slurry A obtained in Step (1) preferably has
ex¥. 8 or | ess. Wien the liquid phase of aqueous

Qiﬁ? oot felerit BT t Bt iR R %'B%ﬁ"} ‘%h%é%ésews
A RIS RO e
p?ét‘f‘e %Re to?@(é I\;Egﬁ]e%@ s&xﬂéﬂt‘s 9s ndf phf‘ﬁcﬁ'a@lﬁﬁ‘ﬁu%d while

num eresutlngsurryls
t@puﬁxe&ﬂkaﬂbm traﬁtxhaﬂgﬁs hEwallPeditiddodt prid2 to phefmeahbl y

fromO : 12 to 0.3 : 12 to prepare aqueous slurry B.
pretreatment.
[0033] The liquid phase of aqueous slurry A obtained in Step () preferably
has pH of 8 or less. When the liquid phase of aqueous slurry A has pH
exceeding 8, the catalytic activity may not be satisfactorily restored.
[0034] In Step (II), the starting compounds of the heteropolyacid compound
constituting the object catalyst and water are mixed so that the atomic ratio
of the element X to molybdenum (X:Mo) in the resulting slurry is adjusted in
the range from 0 : 12 to 0.5 : 12, preferably from 0 - 12 to 0.3 - 12 to prepare
aqueous slurry B.
[0035] In the preparation of aqueous slurry B, at least a compound
containing molybdenum and optionally a compound containing the element

X is used as the starting compounds of the heteropolyacid compound, so that

the atomic ratio of the element X to molybdenum in the compound containing
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25 [0035] In the preparation of aqueous slurry B, at

| east a conpound containing nol ybdenum and optionally

a compound containing the elenent X is used as the
starting conpounds of the hetgropol yaci d conpound, so

that the atomc ratio of the elenent X to nol ybdenum

in the conpound containing 10 nolybdenum (X M) is

within the range described above (the X to Mo ratio in |
neajyedersuml (%Mo) B widiaahdiraaky debéribbd® abbes(iher@td Mefatio in
the element X to nolybdenum (X M) is adjusted to

aqugczus slvary Bop o decordingly) ifithg atbmic ehoefithXelemest X to

ce sarily mxed. 5 [0036] As the nol ybdenum conpound
H g lfxadbwwi 0 l?c the eoma oyndpiongaining the
repargt.i on, of a us slarryB one or nore

e a%nﬂﬁyeﬁ%ﬁ sel ected fromthe

[ A AR f”{ﬂ%? RR B0 B8 c1bient X Eepfaining
AP S SV BV, W
cmﬁh?ﬁﬁﬂﬂs aPA\shé bliftaBhy §él@ct%ﬁtﬂbﬁﬁsﬂlquﬁ§g)g§g_ﬁﬁl1 ]gontaining

ybdenum and the €l enent X may

corepaands yndAhetdiemen i Poesittabtingaiofptarals Whiteddn be used in
formng the catal yst other than nol ybdenum and the

the prashiction dfitheabjentroatalyspounds nay be suitably
sel ﬁﬁg fromthe conpounds contai ni ng each 15
en\pgeepus dureel i preparas acempamdbeontaining an

SN i e
Th t of t [ |
nBy 50308 JEhkedtonly)” AP borRpotRa Shufhibtie ot digment”
t1,Qf, |
fo‘sf'ﬁidrﬁrﬁ )}:h% ca%&Fpgqgé?%ﬂrrﬁﬁgﬁtggbgn{s ?ﬁ?rﬁl %?elﬁgﬂf ggznrlg gr more
cdrhpoiihdd ﬁfhy%éjgﬁltﬁﬁlye@ﬂ&teﬂqm}ﬁrtﬁ@tcoﬁﬁﬁﬁﬂcﬁ% %h;i/’x‘ﬁg% leach

not particularly limted, and may be “arbitrari
elpae40] whiclSaepuééd iy thé pt@dﬁgﬁorﬁ@ﬁlﬁm_]ééwdtdly@t

Obt?l ned in Step (1) and
[0038] Deionized water may be usually used as water to be supplied in the

preparation of 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 resulting aqueous slurry B.

[0039] When aqueous slurry B is prepared, the mixing order of each
component described above is not particularly limited, and may be
arbitrarily set.

[0040] In Step (III), firstly, aqueous slurry A obtained in Step (I) and
aqueous slurry B obtained in Step (ID) are mixed. The mixing ratio of
aqueous slurry A and aqueous slurry B may be adjusted so that the atomic
ratio of the element X to molybdenum in the heteropolyacid compound
constituting the finally obtained regenerated catalyst (X'Mo) is from 0.5 : 12

to 2 : 12 by taking into account the amounts of molybdenum and the element
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aqueous slurry B obtained in Step (Il1) are m xed. The
m xing ratio of 25 aqueous slurry A and aqueous slurry
B may be adjusted so that the atomc ratio of the

el ement X to nol ybdenumin t het er opol yaci d conmpound
constituting the finally obtained regenerated catal yst
(XxM) is from0.5: 12 to 2 : 12 by taking into
account the amounts of nol ybdenum and the el-enent 11

Xcompairmidmdbath dfahle sdhirtibe slurries. [00411 The mi xing
order, the tenperature and the stirring conditions are
[0fbt1] pTheimining loyder, the ¢eimpanaturearikbtler dtitring coydisizns are
when aqueous slurry A and aqueous slurry B are m xed.

ngt pgriaculaplydimatede 6ud mpybeyarkitrasily gob ovkens hgnegusslurry A
arne m xed, . or en or. after the m xture of aqueous

anfl pquegus glupy lhare miged- as described bel ow, a
o OB RS AT ien
aftef TRE mikpdfy o ROt i o RHIRER 1Y agsl At Bef Befow, o
cEthBORAN coRfhiffNS hi el BHt E&l?stﬁ%ttﬁioé’ ?Le %?Ete@fﬂﬁhien

conpound containing elenent Y, an e

phrticulat, Bcoraguend oftEpdNs e elein &itCN niaye bepeisted; if HRessary.
anounts thereof nmay be suitably selected so that the
Imeuch apaisg aitiis preferalerts abhtita ¢ohpognd benfainaig 3m element
obt ai ned regenerated catalyst has a preferable

constiuting e estalyist suph estthexompaimd epnthinivgalement Y, and
tfrﬁggca al yst 5 before use. [00431 In Step (I11),

he tigekan the fozm,of an agpaeys susmensicniobguch aicampayndoy The

oL 5P YR e e RS
cotiipnd chi§ifnliihd thefidhily dbthitedSHEBn&Mted catalyst h
evaporatl on-to- ot yness. Spray aryifg. aramearyr ng and

pldfasiblé cumpasitih SRrhelol ot QUSHst TH 8he sYARDLIGLHREEE AP Ayst
are not particularly limted, and they may be

beafuird abéy sel ected so as to satisfactorily decrease a
wat er content in the mxed slurry. For exanple, the

(09431 e SeeppdIBt seconidly, dhe aixed|sbueny ditained by mixing aqueous
slurry A and agueous slurry B is dried. The drying method is not
particularly limited, and a method usually used in this art field, such as
evaporation-to-dryness, spray drying, drum drying and flash drying may be
employed. The drying conditions are not particularly limited, and they may
be suitably selected so as to satisfactorily decrease a water content in the
mixed slurry. For example, the drying temperature is usually lower than
300°C.

[0044] The mixed slurry obtained by mixing aqueous slurry A and aqueous
slurry B is preferably aged by heating the mixed slurry at a temperature of
100°C or more in a closed vessel, prior to drying described above. When the
mixed slurry is aged, the catalytic activity can be effectively restored. The

upper limit of the aging temperature is preferably 200°C or less, more
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300C. [00441 The m xed slurry obtained by m xi ng
aqueous slurry A and aqueous 25 slurry Bis
preferably aged by heating the m xed slurry at a
tenperature of 100C or norsﬁin a cl osed vessel, prior
to drying described above. en the mxed slurry is
aged, the catalytic activity can be effectively
restored. The wupper limt of the aging tenperature is
pRTeAIRN50°CRTesy. IBis6 agiipf fmbds Wyl B IhoukSdiGmere,

| ess. The aging tine is usually 0.1 hour or nore,
prefefalpld yowrshoumeregrinrorder to satisfdetorily reatdrefthetcatalyyic

restore the catalytic activity, while it is '
agiaty valbily it26 preferably 20 dours o hessHeom thepaewpouit of

productivity. 5 [0045] In Step (II11), the dried
PEK%@@EPWbbtained after drying is subsequently

T3 Seanl ) PR PR SHpAREl PR ! Rinell Gseauently
céggl‘;nte'd? u"lqlrel %/all:i'n fo%dCar%FQ% g?%?g@ Bﬁt bl la MBYRSL ﬁ@ﬁﬂlg glrs]aed in

I'n an atnospnere O ZI Ng gas sucn as oxy

tH5 arPAieTH, AR parBbul PP LML 21 e %f‘a%nﬁ}é?hﬁ A%y be carried

nitrogen at a cal Cination tenperature usual Iy, 10

ofRCaR fatiﬁoﬂ?ﬁéxe o efigizht yas isheh @8loxiygah ] 6in 8n GdinosgHere of
out by a nmulti-step process in an atnosphere of

naxiodidizing gmsswoh aonitrsgeh at agal@nationdetperature of, usually,
satisfactorily restore the catalyst life. Mre )

3004} er higher. aﬁm&xgbbp the oaleinatigmid catiringl owteby amulti-step
calcipation step whigh is carried out in,an atnpsphere

pEcesHin anﬂtﬁ@sgggr%fgo’pﬁbz@scg@ﬁ&rewném 719§ gapap order to

I T RT T —
SR A 15 S PSS O B Bpogpons of

okidliANY 339 A SicBHd AfSnatiBh STV GIER & QYT oHDER

In the oxygen-containing gas is usually fromabout 1

atriogiindie o8 Atmboxididibiggas As emploped:e of oxygen, an air
or pure 20 oxygen nay be used, and it nay be diluted

[00i46t Ehe oritizingagas usediactusealyinatitepmeess edntgingman
oxrgad}/zhggtl;lgtréﬂ;ly %ogge%érgeﬁ;ggiplmﬁxgﬂ a é£seis oxygen-containing
gas. The concentration of oxygen in the oxygen-containing gas is usually
from about 1 to about 30% by volume. As a source of oxygen, an air or pure
oxygen may be used, and it may be diluted with an inert gas, if necessary.
The oxidizing gas may optionally contain water. However, the
concentration of water in the oxidizing gas is usually 10% by volume or less.
The oxidizing gas is preferably an air. Usually, the calcination carried out
in the atmosphere of the oxidizing gas is carried out in the stream of the
oxidizing gas. A temperature in the calcination step carried out in the
atmosphere of the oxidizing gas is usually from 360 to 410°C, preferably from
380 to 400°C.

[0047] The non-oxidizing gas used in the calcination process contains
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concentration of water in the oxidizing gas is usually
10% by volunme or less. The oxidizing gas is
preferably an air. Usually, the calcination carried
out in the atnosphere of theqoxidizing gas is carried
out in the streamof the 25 Oxidizing gas. A
tenperature in the calcination step carried out in the
at nrosphere of the oxidizing gas is usually from 360 to
sdBStantiBf g6 oRldiziheaiateiBMl Sithdadéxydd?04 Qpetifec examples of
non- oxi di zi ng gas used in the cal cinati on process
thonvaiasdizbg gabindnde ihént gas smechdisnitgogent, earkadn diccdde,
as oxygen. Specific exanples of the non-oxidizing gas
hehsn drgpneete. gdhesneny oxlizing gagonay cptisovallyi eontam water.
etc, non- oxi di zi ng

el i um _argon, Th S, may . 0
P@mwa#he)ﬂ%ﬁmamqna@ Watermqn'pw%?@aﬁmmaﬁuahly 10%
of ter i.n the non-oxidi zi. as_is usually 10%5 b
by ol ' 1Pes o. In Raxsteilay, ithdechgas dg pRetrablygused’as'a
k e - xi di-zi 2. Ly,
oBAGhEAABAY ey, NSO BT oSt Wl lhere o
tHO RoRXGHZINS g985s éfrrfell S fHE strBatF thhRATLRIAIZIBE gas.
non- oxi di zing gas. A tenperature in the calcination
Astegiperatiiteeth the cdlbindifrostepsiaitied cut ihlthe atmosphere of the
non-oxi di zing gas is usually from 420 to 500C,
npnafedziny ghs tnmusidly froabaZ0 to 500710 Op:ferabilp franp 42840 450°C.
cal ci nation grocess, the dried product obtained after

[@048]nBricx tpthe eplmingting proeessathedrigdaroduet ohiained attar
RS 3 SR S 8835 Fodiin
RS 87 POy SHIARE gal pt Zre Rl E o Aol e o sl
A7 580 bR S A SR A Bt  desind

shapé 58ch QYla rilY, APEIEOY §HARNEIcyTRURP AnAUKR A& before
tabl eting or extrusion nolding. For nolding, water, a

calelthtign ar gretakipgtien fif het&gaage Themol i gadgcthd earried out
the dried product, if necessary. Exanple of the
bypweingi eogpvantionat metbod suohiasrtabletingoe estrugin madding. For
ceram c fiber and glass fiber. In particular,_ anmpni_um
ding, veater, s meddimer aid or apere forming ageni ey be askled to the

or.e- f t besid . . :
d?l%rdepro {1@, rllgnggeesrs]ary. esﬂlxaerﬁpfle of the molding aid include ammonium

nitrate as well as ceramic fiber and glass fiber. In particular, ammonium
nitrate is preferably used since it function as a pore-forming agent besides a
molding aid.

[0050] Preferably, the molded catalyst obtained by the previous molding
process is subsequently subjected to temperature-humidity conditioning.
When the molded catalyst is subjected to the temperature-humidity
conditioning before calcination or pre-calcination, a more stable catalyst can
be obtained. In particular, the temperature-humidity conditioning is
carried out by exposing the molded catalyst to an atmosphere having a

temperature of 40 to 100°C and a relative humidity of 10 to 60% for about 0.5
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nol di ng aid. [00501 Preferably, the nol ded catal yst
obt ai ned by the previous nolding process is

subsequent|ly subjected to tenperature-humdity

condi tioning. Wen the nnldgg catal yst is subjected

to the tenperature-humdity 25 conditioning before
calcination or pre-calcination, a nore stable catal yst
can be obtained. In particular, the

té eonakur Thewshditioniagnday iberdargiedsoute forrdxatnple! by
exposing the nol ded catalyst to an atnpbsphere having a
cortainenhavingrdomboiel tdoEEEtUre andlha.tmuhty; @mbdn blpwang a gas
10 to 60% for about 0.5 14 to 10 hours.

heying eongaphed femppeataae anddhemidity &p the atmlsied cpfalyst. An air

cont ai ner havi ng control led t erature and hum
reiogls o A3 o8 SOTET dgocohen CRr Bitp b ceditiine.

dity to the | ded_cat al yst An is usually
V{}E‘E ot sAS A qﬁ%%e A ng out the

Fod i b
r@é@rﬁﬁ*ﬁfed BYRIN 4tAaEAR PERMBIGEoRly rr@%i‘@d shefy&ahetivity. The
having a satisfactorily restored catal ytic activity.

rdeneraegt oftady stcbondaisys heterop eliyasi decompeund diathelobject
conpound, |ike the object catalyst, and may conprise
catdlyste anek magpompiseda freet hetesepaly atidorthe salt of a

het er opol yaci d. Anmong these, .a catal yst conprjsing a
hgtergpelyagid. oAma) ghféleéeo@gagaéwtocqnsmﬁs@rgemaap@ca of a

cat al r| analdlc alt of a.
é@repéﬁfm‘ggqp prefer é@ﬁ&comngsm%ﬁg% die BT gf a

e&g@? Smﬁsﬁ%rape%ﬁs"% §5%gf§fx f?@%‘ B "Hiomic zotip of the
@'Iﬁ ﬁtto'rﬁf;{fbﬂgh M@) Otk h ﬁﬂwgclﬂrc% cﬁfﬂd/

e cata e sane pre e conposition as

cbﬁ'@ﬁtlﬁiné fiee Pé’géﬂ‘etratéiﬁéétbl/ﬁtt 1§l B%mi 'Ob?d 12beee. 14, G hreferably

In general, the nmethod for regenerating a catal yst for
thheaulpsilhs tie saheaefmabld canpositionfad thatpfehenbject

invention applies to a deteriorated catal yst which
chtadypledescuibed dboviehe production of methacrylic acid.

Fur t her nor e
[0052] In general, the method for regenerating a catalyst for the production
of methacrylic acid of the present invention applies to a deteriorated catalyst
which has been used in the production of methacrylic acid. Furthermore,
the regeneration 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. In such a case,
excellent effects can be attained as in the case where a deteriorated catalyst
1s regenerated.
[0053] The method for preparing methacrylic acid according to the present

invention comprises subjecting a compound selected from the group

consisting of methacrolein, isobutyl aldehyde, isobutane and isobutyric acid
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20 the regeneration nethod of the present invention

may be applied to, for exanple, a catalyst which has

not been used in the production of nethacrylic acid,

such as | oss powder produced,guring the production of

a fresh catalyst, or a catalyst which does not have

desired properties. In such a case, excellent effects

can be attained as in the case where a deteriorated

(batethafsér sdhetimasagéneeditecs "r@@Bhteria foe ohethakoylic acid”) to

preparing nmethacrylic acid according to the present

al gasphasercatalyiid cddatiohjreaction im the ppesenste uflaceatalyst for the
consi sting of nethacrolein, isobutyl

fromthe fgr ou NSi ¢ i )
papdieetioreo w@gwa*he agid whaeh in yegenegeted lsthe regeneration
oot Syesaneramons. Mo Sad AT Fekasn
i COL A e A T e el which
- ' f th
R A S RS S e

[H634] SPKAESIRadA]s %stliaﬂ? prebasdd ¥y Ehaflgihgg;hbh:ﬁtalyst in a

regener at ed ‘cat al yst whic i's regenerated by the
hxedHnd efultibebylae Feaétor v pplyinglf StkirtiMy g@cmyikiwre

acid is usually prepared by charging the catalyst in a

- chnteddirgeoxygdnt and bhé aawreatdrdal fononethaperylingeid, although a

starting gas m_xture containing oxygen and the raw
rpgction aystey swah Anedfluidizedcher onpmeaye hedimayaise bemsed.
system such as a fluidized bed o aBrmgli ng bed rmé

AS Ay OBEZRIL BPprCe pqN T By EB8fte, PEHAST PXYECR A Ithﬁ raw

used. ;Besi d oxygen. the raw mat.erial for L
o ERinl FoF it R e P re R IRl ponssipigroeen.
] 6% f"deﬁ%‘H Wk xi de, water

C\H/gl!;o‘{)ﬂr), et%e.”cc%g@g e ?‘gv@" mat g%ﬁggwg'_r met hacrylic
(06551 T ¥ nilAesH For mbtREcrFlitackd iy R6t ABlREAALy be a

wth a high purity. For exanple, nethacrolein may be a
pieifiat neiterial edth aibigh @uritsct Fop eranplet mgtisacyblean mealy be a

by a gas phase catalytic oxidization reaction of
methlagrol e eontrainigngt reagtiph podubbgas dbtained hyta gap phase

‘m xture may contain one raw material for metha r)[I i%
catalytigoxidization reaction of 1sobutylene or tert-butyl alcohsl. The
starting gas mixture may contain one raw material for methacrylic acid or
two or more raw materials for methacrylic acid.
[0056] The reaction conditions of the method for preparing methacrylic acid
may arbitrarily selected depending on the kind of the raw material for
methacrylic acid contained in the starting gas mixture, etc. For example,
when methacrolein is used as a raw material, the reaction is carried out
usually under conditions such that a concentration of methacrolein in the
starting gas mixture is 1 to 10% by volume, the concentration of water vapor
is 1 to 30% by volume, a molar ratio of oxygen to methacroleinis 1 to 5, a

space velocity is 500 to 5000 h-! (based on the normal state), a reaction

temperature is 250 to 350°C, and a reaction pressure is 0.1 to 0.3 MPa.
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two or nore raw materials for nmethacrylic acid. 20

[ 00561 The reaction conditions of the nethod for
preparing nmethacrylic acid may arbitrarily sel ected
dependi ng on the kind of theygaw material for

nmet hacrylic acid contained in the starting gas

m xture, etc. For exanple, when nethacrolein is used
as a raw material, the reaction is carried out

Wiker idobutngelis asedlng iaansy siutbriahfér metlaaghitraeid, dheakaction
met hacrolein in the 25 starting gas mxture is 1 to

id Gasrimd oot usesally nadev nerditionsi ssehdhatat eoncenfration of 1
to 30% by volune, a nolar ratio of oxygen to

ispbuitane ah dhe startng gasis hto §5%chy velusae 3 Wateryaper

oR oo S5 0. bR OB S b Mpane
0.3 M .

o 3,85 e AT NS Rpnihac), o

rBQEtidrFPe #Era&ﬁ&‘?ﬁé Y50 E&' 20056 gid | h‘%@éct%é&? rédidre 35 0.1 b0 1 MPa.

concen utanein the start ng gas IS

WReﬁ 53{913%]‘;1@9&@15?@ 8r ¥RAbAtyNAReTd isARAUY 4 QﬁWQﬁat(ﬁ'lﬁ fo
30% by vo a nolar ratio of oxygen to isobutane is

nrethadbylivadid, substaaciallel thel same sedddfbrt corfdifionk-at those
(based on the normal state), reaction tenperature
ensplaged whetOmethandlanris med@n theeasumaterabate adonted.
MPa. Wen isobutyl al dehyde or isobutyric acid is used
as a raw material-for nethacrylic acid, substantially

the sane reaction condit : ﬁgE ga ITt;gose enpl oyed when
net hacrolein is used as Lerial are adopt ed.
LES
O AN b A
dhce t47hE k30 n@l%& %v‘hi@}gd{. ggg REh8TscbpEof the

pres nt |nvent|on In a An air ‘used in

prBgedsavBhBonGANA Bay3. 5% by vol ume of water
(corresponding to the vvater content of an atnosphere),

[0058TiAr eiyensedsiectlieExaimpl Exconthars 35% hpsohmealf water
(cf:t;r(le'gs;ofnd\gﬁtg (i(r) the water content of an atmosphere), and nitrogen used in
the Examples is substantially free of water.

[0059] The catalysts obtained in the following Examples were analyzed and
evaluated as follows.

[0060] A catalyst composition (ratio of elements constituting catalyst) was
determined by analyzing a catalyst by fluorescent X-ray analysis using a
fluorescent X-ray analyzer, ZSX Primus II manufactured by Rigaku
Corporation.

[0061] Activity Test of Catalyst

[0062] Nine grams (9 g) of a catalyst were charged into a glass micro-reactor
having an inner diameter of 16 mm, and a starting gas 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
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[0059] The catalysts obtained in the follow ng

Exanpl es were anal yzed and evaluated as follows. 20

[ 0060] A catalyst conposition (ratio of elenents
constituting catalyst) was g¢etermned by analyzing a
catal yst by fluorescent X-ray analysis using a
fluorescent X-ray analyzer, ZSX Prinus |l manufactured

by Ri gaku Corporation. [0061] Activity Test of
mfaahatyodéin? aif, 80dmdh adeitprgens w#b fgll toftha reattlryatta vywerace
charged into a glass mcro-reactor having an inner
velloaitgtof 6 70th1 6amdna readtian srag camipdgarst @m%medenwature
by volume of nethacrolein, 12% by vol ume of nol ecyl ar
(theterrperaturesf afirpase uged for heatyag the aneresyeadigr) of 355°C for

05«@#@-5’Eﬁ%'?’rf%%?%%gﬁég%aaéﬁldf‘ﬁfs The shthe gampositipp asiabove
WA aEn 6 486 abicRBRFReig B BEL bt sriR Y1 G B8 aBoys, and the
redctfort FABGE MR L0liaRE SR AR o BBY-CNI AT carrying

ofif Md euttimsfoaVhalir frbfh SR R-SQFPEPtHE fdhction2BaiDgas (a gas
was fed to the mcro-reactor at the same space

after eeadtyordswad exmpled dntlmmalysabby gas vhsomatagraphgdamd a
a furnace tenperature of 280C. After carrying out the

corperysioonofl metHadrolein (%0a stlectivitytefmetifacrylic nedd)and a
an_exit gas (a gas after reactjon) was sanpled and

viedd of methagryicsacid were cadewlpigd by the follovwmnecpanaipnsy:

(315 faRuenion GRSl stmelfactoledk aoqapt oI, eq
Pioles of et hacr aBetiSolein BbPL o0V or st on (49—

AR 00 R0 RS SES e o
met hacr ol ei n react edpthacrdlRen ¥6adte@HS] 100el d (% =

(rmol es of nethacrylic acid generated)/(nol es of

.|
[0685] a¥idddbe) s[(pplleedf methd@Qlic acid generated)/(moles of

methacrolein supplied)] x 100

REFERENCE EXAMPLE 1
[0066] Preparation of Fresh Catalyst
[0067] In 224 kg of ion-exchange water heated to 40°C, 38.2 kg of cesium
nitrate [CsNOs], 27.4 kg of 75 wt% orthophosphoric acid, and 25.2 kg of 70
wt% nitric acid were dissolved to prepare Liquid a. Sepérately, 297 kg of
ammonium molybdate tetrahydrate [(NH1)eMo7024-4H20] was dissolved in
330 kg of ion-exchange water heated to 40°C, followed by suspending 8.19 kg
of ammonium metavanadate [NH,VOj3] therein to prepare Liguid 8.
[0068] After Liquid a was dropwise added to Liquid B while stirring and
maintaining the temperature of Liquids a and B at 40°C, the mixture was

further stirred for 5.8 hours at 120°C in a closed vessel, and then a
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REFERENCE EXAMPLE 1 [0066] Preparation of Fresh
Catal yst 20 [0067] In 224 kg of ion-exchange water
heated to 40C, 38.2 kg of cesium nitrate [ CsNO31,
27.4 kg of 75 wt % ort hophospjgric acid, and 25.2 kg of
70 wt%nitric acid were dissolved to prepare Liquid
a. Separately, 297 kg of ammoni um nol ybdate
tetrahydrate [ (NH4) 6Mb7024. 4H201 was di ssolved in 330
shspeafsidrnof e CHepn afanirtmyhieasde (SbATankdol0.2gdofBopper
suspendi ng 8.19 kg 25 of ammoni um net avanadat e
n{tmmvnmydm.e ¢Cn(WO3hridbz0lein 23)ligwfBon-cikohaisie Mater was
quid a was dropwi se added to Liquid B while stirring

add@id tlmem ai 'Hhalgeatfm themmdxtunerwapstirveguatdi2Qf Gfar Bheurs in
Ogewg vgs iﬁe\rsggléﬂlugr %1:}3{'& ?@%rﬁgéggéugﬁgﬁgf éﬁff’@? ' To
1@@ Basfsgbsﬁ%ezﬁ‘é‘etef"?%y piiihs ?%%%ers s v Sebighye of
céﬁﬁlﬁiﬁeﬂ%éi%%ﬁa’% gﬂ?«c%%ﬁﬂ FCnitl R SR paltdy
w\é?gﬂﬁ%f ion¥kch8Abb Wdter %\Je% rand\éfasaﬂa itRd rbbdIting SPkRYe was

dryer. To 5 100 parts by weight of the resulting dried

knesdiel and er@risionynolded ih toddylicdura Bach havng a didnieaes 6f 5
by wei ght of ammoniumnitrate and 9.7 parts by weight

moh ansha deidtetnafes wah er The molaédqitodantwhkalriek at hitamperature
m xture was _kneaded and extrusi on-nol ded_ into

ok90iChanda relative bumriglity of 30Petfer 3droums, amd then galeineshat
o8. M The nol ded prodyct was d at a tc erature
4% (g%n gaetEpgenstEeam oy Lf}wamiﬁs eyoh JY} %ﬁérstream

f(ﬁ%élﬁ‘%d‘:@% PR Bhe st Rludly R o8 HROnRd By ed’as a

?EE er that, the nol ded catal yst was recovered

use 4s a fresh catal yst. [0069] The fresh

[(Hﬁﬁ%' ThE frMXdtaR%t QoNDrEIcAPP h¥aGhHo5AERP AP ound containing
contai ning 15 phosphorus, nolybdenum vanadi um

phodphorny, mobgpkmnwandv aesdium, ain tidonftcepper hadicesiifm at an
1.5, 12, 0.50, 0.5, 0.3 and 1.4 respectively. The

atossigl tagioodf L. 5912 0. 50 0.5, 0.3 and 1.4 respectively. The results of the

activity test of the fresh catalyst are shown in Table 1.

REFERENCE EXAMPLE 2
[0070] Preparation of Deteriorated (spent) Catalyst
[0071] The fresh catalyst prepared in Reference Example 1 was used in a
gas phase catalytic oxidation reaction of methacrolein for a specified time to
give a deteriorated catalyst. The heteropolyacid compound constituting the
deteriorated catalyst contained phosphorus, molybdenum, vanadium,
antimony, copper and cesium at an atomic ratio of 1.3, 9.6, 0.48, 0.5, 0.3 and
1.4 respectively (other than oxygen). The results of the activity test of the

deteriorated catalyst are shown in Table 1.
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activity test of the fresh catalyst are shown in Table
1. REFERENCE EXAMPLE 2 20 [0070] Preparation of
Deteriorated (spent). Catalyst [0071] The fresh
catal yst prepared in Referengg Exanple 1 was used in a
gas phase catal ytic oxidation reaction of nethacrolein
for a specified tine to give a deteriorated catalyst.
The het eropol yaci d conpound constituting the
deteri orated catal yst coRKaMEBUFphosphor us,
bdenum vanadi um 25 antinony, copper and cesium
[05(17 nSh&m%cPreaIa'ratioh Qfmlu@uﬁ Slary8A 0.5, 0.3 and
respectively (other t oxygen). The results_of
[QQ{fe?’]a@tnie\M eé‘;/arams‘f 109 hefithe erigratedicatglyst gbtained in
own | Table f[0072] Step (1):
PéfﬁaP% x3mple Addled)t er?h?gm 1@@‘% ZREe Miaten awd the

bt T e o
déehflratéd ga(%aﬁ'fstgiﬁlg@ozﬁel?‘ﬁlﬁsd’i@?o ﬁfé fr% g@ﬁ'ﬁ 159 g of

conpensat e cien
iRy SddiatiebxEdd ABeR) a@ a‘iﬁﬂ%ﬂbﬁﬁﬁa S&utcﬁelfi’{%ﬁﬁ% Wt.%
catal yst, 15.8 g of nolybdenumtrioxid as a
orthlop hdsphuwonic acidcas a bhdsphefus/souite, %ndJOtlhg) pﬁaﬁﬁﬂmﬂm
acid as a phosphorus source, and 0.1 g of anmoni um
mesavaadalatas avanadamdoucswore added ¢haddedollbeedthy, the
f ol [ oned b§ the 10 addition of 17.9 g of cesium
addrtzon of KR8 of @sglmfmm‘mmnﬁﬂﬁpt& aMUEMROBjtratihe

@%ﬁ@ﬁe%ﬁgﬁﬁﬁgﬁ %%ﬁﬁfe%ﬁd th abh8 A ibe guggﬁbek%ﬁg Yot at
o B i RE oBg i Them 8% 84 28 b taeo#“%%*ﬁe
afintbiifasw %d?%ﬂ 'th&Fbth And e yuX?%?%k@ﬁt zI;HZ efhour

nour s tO orm Agueous

Thbﬁeaamfom@mmﬁ&et&ag Beirrdd td é"cﬁ)sbaﬁrebéblA&tUWE ﬁwna‘urs to
Al was 1.0 : 1, and the Ii qui d phase of Aqueous
foBmAgyedhs BharrgtADf Ph&molhe ratiowf ¢thé ammeniiimtibe to the

netal elenents, i.e.
nitrate ion in Aqueous Slurry Al was 1.0 : 1, and the liquid phase of Aqueous

Slurry Al had pH of 2.8. The atomic ratios of the metal elements, i.e.,
phosphorus, molybdenum, vanadium, antimony, copper and cesium,
contained in Aqueous Slurry Al were 1.5, 12, 0.50, 0.5, 0.3 and 3.2,
respectively, and the atomic ratio of cesium to molybdenum was 3.2 : 12.
[0074] Step (II): Preparation of Aqueous Slurry B

[0075] 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.
form 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 form Liquid b. To
Liquid b, Liquid a was dropwise added while stirring and maintaining the

temperatures of Liquid a and Liquid b at 40°C to form Aqueous Slurry B1.
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phosphorus, nol ybdenum vanadi um antinony, copper and
cesium contained in Aqueous Slurry Al were 1.5, 12,
0.50, 0.5, 0.3 and 3.2, 20 respectively, and the
atomc ratio of cesiumto bdenum was 3.2 :12.
[0074] Step (I11): Preparation of Aqueous Slurry B
[0075] In 105 g of ion-exchange water heated to 40C,
12.9 g of 75 wt.% orthophosphoric acid and 12.3 g of
Thé atoMiic Patibd 6f thedmietalVE b eits Sl ) vg Hodphorh8! folybtitntim and
a. Separately, in 165 g of ion exchange water heated
vawadidih c@htailed gn diquects sluny Bl wedatl e, 1t amd Pdithtrespectively,
was di ssol ved, and then 3.85 of anmoni um
WheledMHadmslemlmuapmﬁedr ahgroe'sium overeral zexpui0d, and thus
To Liquid b, Liquid a was dropw se added whil e
thg angra&wﬁhofm@ismlmtmmglybﬁ@nuanﬁé Ot W-es of Liquid a

PRSP S Rt LR o At s 11
PR 0 FALSHTES 69 ARG s e B

q?%iitif’f ogﬁqﬁgéﬁé@ﬁﬁwg?g%%?dr tg{é?loﬂlgﬂe?lh(i:ﬁg@gyﬁ :fasgéﬁn%ﬁrlﬁ a closed
véRel REIZROTT ¥&S5 Bourd.2. Theh O/ ihle mitre] iHe susdexisitm 614.80 g
Aqueous Slurry A and Aqueous Slurry B [0077) The whol e
ofjaratitiony teioxdde aadst. 36 grof\coppemaiiratedaihyditate ihd 1vihg lof
quantity of Aqueous Slurry A, and then the m xture
mna@xrgtangleeuateﬂr wag added, andthyemisture2oss further horesl in a
to.the m xture, the suspen5| on of 4.80 of

claﬁ@ wesrpel et 1897 ddonpdhonrss Thethusehtaingpimined slurry was
1 .
atin TR+ Mo T oS yaereit of b SRt ieie ABainea, 2

BN KIS B ORb 14 DAIRLED T bR RBh St
aﬂﬁ"?gl‘[)af‘ﬁcs BW%eg%Hter%_ i%%ﬁ&n%@ﬂt %erg adﬂ@ﬂt ?n@lﬁhe mixture

wei ght of cera arts by weight

wasTkarvadet Hirdd etttuded énib Glialers ehvh Wavalg a@ameter of 5 mm
i on- exchange wat er were added, and the m xture 15 was

akd eduaghtnfi6 eanny. udde re&ﬂﬂnglmohﬁeds:aealght wansi chgedhat a
diameter of 5 mm and a height of 6 nm The resulting
teppperadureoh9QY: ands te B‘@l@reghumldlty of 30% for 3 hours, and then

calcined catalyst at 390°C in an air stream for 4 hours and further at 435°C

in a nitrogen stream for 4 hours, and finally the molded catalyst was
recovered to obtain Regenerated Catalyst (1).

[0078] Regenerated Catalyst (1) comprised a heteropolyacid compound, and
the atomic ratios of the metal elements other than oxygen, i.e., phosphorus,
molybdenum, vanadium, antimony, copper and cesium contained in the
heteropolyacid compound were 1.5, 12, 0.50, 0.5, 0.3 and 1.4, respectively,
and the atomic ratio of cesium to molybdenum was 1.4 : 12. The results of

activity test of Regenerated Catalyst (1) are shown in Table 1.

EXAMPLE 2
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tenperature of 90C and a relative humdity of 30% for
3 hours, and then calcined catalyst at 390C in an air
stream for 4 hours and further at 435C in a nitrogen
stream for 4 hours, and fi n% y the nol ded cat al yst
was 20 recovered to obtain Regenerated Catal yst (1).
[00781 Regenerated Catalyst (1) conprised a

het er opol yaci d conmpound, and the atomic ratios of the

[omﬁgﬁ}l Aﬁh@ﬂﬁQShﬁth@ waldtepavdEih the Same PRRSRI0CA3H Step (D) of

denum vanadi um antinony, copper and cesium
Ee:empie neskdept thet threamoapt lof 26i wit. Yoagpoeous amnmnia msed in the
12, 0.50, 0.5, 0.3 and 1.4, respectively, 25 and the
peepaTiationatfi AqudouseSiuary Adnrfitlept E)eoﬁli‘xxamlel 1 zwas1<2hanlge§l from
results of activity test of Regenerated Cataly (1) .
62%g t0 8wt gn Thpmeolar rasiawbithe anpmonpymaop tm}bé duérate ion in

o gy B P8 AP BRI o 2
BEfL R IR A SR el "%aq:rés?h?ipﬁh?'ﬁg%g %’ﬁ?ﬁ%ﬁ% piftiERtEin
At%ou%gﬁg S‘ri]&t'x%':%% (Frontif ‘i’aEB A Aleelitinh g? ﬂ{olgb&elﬂim Wel.fg‘.thg Rame as

Ion In eous urr

tl%kﬁz fhquﬁéaw Shitbpaa Plephiit@ o Exampleyl. A2 had pH of

Thé atomc ratios of the netal el enents contai ned

[GGBO]AMO UReginurayed\Catalystr(2) was peepdreddnithe same manner as
nol ybdenu were the sane as those in Aqueous Slurry

in\Step IRy ddExample ipising Aqueoe9 PluaytA2 azggei\cmxe@pgcslurry B1,

Catalyst (2) was prepared in the samsm% er._as Oin
whieh Was prepgredin the same mangengsan ey nagla

GBI e U LS o
E%ﬁ)ﬁn 1P S mEtAT R ent iR T Gl P OB KB
?ﬂd&’ﬁ){ﬁe@anhdﬁxm %tﬂtg.gg)?férrm er@{cﬁet i onﬂn HAREYSDolyacid

I mony, ' copper ah the pol yacid 1

c@ﬁﬁﬁﬁﬁﬂ@vw B5112,0.58, 05, 908 afld3. 4, Q'e@?éﬂﬁvélyﬂand the atomic
respectively, and the atomic ratio of cesiumto

ratib pbdesium vamolybdenud. wadh ¢.4 e521l t Fhetesadts of agtivity test of
of
Regenerated Catalyst (2) are shown in Table 1.

EXAMPLE 3
[0082] One hundred grams (100 g) of the deteriorated catalyst prepared in
Reference Example 2 was added to 200 g of ion-exchange water, and the
mixture was stirred. To compensate for the deficient elements of the
deteriorated catalyst in comparison to the fresh catalyst, 15.8 g of
molybdenum trioxide as a molybdenum source, 1.3 g of 75 wt.%
orthophosphoric acid as a phosphorus source, and 0.1 g of ammonium
metavanadate as a vanadium source were added thereto, and then the
mixture was heated to 40°C. After that, 37.6 g of 25 wt.% aqueous

ammonia was added and the mixture was kept at 40°C for one hour, 19.1 g of
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Regenerated Catal yst (2) are shown in Table 1. EXAMPLE
3 20 [0082] One hundred granms (100 g) of the
deteriorated catal yst prepared in Reference Exanple 2
was added to 200 g of ion-exghange water, and the

m xture was stirred. To conpensate for the deficient

el ements of the deteriorated catalyst in conparison

to the fresh catalyst, 15.8 g of nolybdenumtri oxide
635 &t hyfetteadihwasad@ed dnd theGhixthravivaldlddpt at 40°C for one
ort hophosphoric acid as a phosphorus source, and 0.1 g
hofir.anfhen um ageeavasddiine dd 70 gadadsium nitratzedissolyed in 54 g
added thereto, and_then the mxture was heated to

ofipw-exghange water, which wastheatedto 4)2quwes @ddadﬁe rtha mixture,

a“’afw%dx%%dﬁ‘%% f X%W&%v@gﬁ acrf ugpsSlurry A3.
A b st e SRR %alénf%ﬂe@égn%@%w??ﬁ*%agews Slurry A3
VRS 116 B R i A SR IANISINELFAS A S1 H3. The

al’:Bﬂﬁchaﬁnd’éQﬁ‘ theRhetll dkeht, 112 ﬂﬂdébh%:?ué CinBBr'b'abﬁﬁH?OUS

Slurry A3. 5 The nolar ratio of the amoniumion to

vhhadiurh/ &b emody, tepprauanliSesbhny ohtdhe MdSA duéois Slurapd3
the liquid phase of Aqueous Slurry A3 had pH of 6. 3.

wEre 1.5t I#7i0c50,4).508.3cind B2, mesictivelymnilsthel atemic ratio of
phosphorus, nolybdenum vanadi um antinony, copper
cesitnt ksmeohyldamum eas 32 Al;ﬂJeous Slurry A3 “were 1.5,

¢

iﬁilo . 5, especti vel d the
' @%"&tﬁ%g‘iﬁerﬁﬁ‘ﬁgﬁd @{?BWBB%R?:W&\AM? 8. S?meé’zlanner as
Ca
ST LS SRS o o
wABBE 45 o 87 RO daRUBHACPLUS A B ) LIRS
[084]0R84én Eloaea €lALBAL g@) Aniprisédh etersy o‘IF&’aé compound the

het er opol yaci d conmpound, the 15 atom c ratio of neta

aedmmar:attm oft inetaltdlementy gtirer thas oxygeas pbgphosphorus,
l))/bdenum vanadi um antinony, copper and cesiumin
denwmopahgdicing, antimony, copper and cesium in the heteropolyacid

compound were 1.5, 12, 0.50, 0.5, 0.3 and 1.4, respectively, and the atomic
ratio of cesium to molybdenum was 1.4 : 12. The results of activity test of

Regenerated Catalyst (3) are shown in Table 1.

COMPARATIVE EXAMPLE 1
[0085] Two hundred grams (200 g) of the deteriorated catalyst prepared in
Reference Example 2 was added to 400 g of ion-exchange water, and the
mixture was stirred. Next, to compensate for the deficient elements of the
deteriorated catalyst in comparison to the fresh catalyst, 31.5 g of
molybdenum trioxide as a molybdenum source, 2.7 g of 75 wt.%
orthophosphoric acid as a phosphorus source and 0.2 g of ammonium

metavanadate as a vanadium source were added thereto, followed by the
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compound were 1.5, 12, 0.50, 0.5, 0.3 and 1.4,
respectively, and the atomc ratio of cesiumto

nol ybdenumwas 1.4 : 12. The results of activity test

of Regenerated Catal yst (3)2¢ye shown in Table 1. 20
COVPARATI VE EXAMPLE 1 [0085] Two hundred grams (200 g)
of the deteriorated catal yst prepared in Reference
Exanpl e 2 was added to 400 g of ion-exchange water,
additiorhef 692 off #amwermiaii hitedie. NéRlie niigtwnenpashewted t 70°C,
the deficient elenents of the 25 deteriorated catal yst
and keptadthe santetenmperfatasiforansd hour, iftér t;,j1att 41.2 g of 25

nmol ybdenum tri oxj de as _.a nol ybdenum source,

W56 AAUSPUS AHHBPRIGSTIAS aﬁdEQCared ébe miphgeHas kgpts @87 Q%L for one
1585, B SR e SR Fhours

digt | ni T
PGHEARLEPug Syl OThA TR YAk ot iRe SmibRiiat 1P ghe
nft%teoi'?)ﬁ 1'3015}&11%13{ ;ﬁrur?f @lhwﬁg' 127 91 %nd 1?11(;( l’@%uﬁ ?H%%Hngueous

anmoni a was " a m xt ur'e was

{ Baey ("0Had pHIRf A Xt Uk ﬁﬁﬁnﬂfd’ﬂﬁ%ﬂtﬂe%@éa‘l%&ﬁﬁss?le
20C for 5 hours to 5 form Aqueous Slurry Cl. The

phosphioringd] molyl dénien avaiadium | fitimeny @ppel ahdiceshan i n
Aqueous Slurry Cl was 1.7: 1, and the liquid phase of
coxfasnedin Squeoys BlutrgdChiere 145,212, Thie, Gbofidcandilids of

the nmetal elenents, i.e., _phosphoru nol ybdenum
respesiively, andthawmigmic sipe of serupets mm'ly hdemvan veap 14 © 12.

oys Sl ur .
[@%ﬁ %uﬁg%éiqwi@ Waérfﬁﬁ%dn@t T35 2 phiath itieddiaguct. To
n 8 ous
168 gg‘ﬁ*ﬁ?‘% R i f et pagt PO Wight Y erfigc fiber,
{

T Y B o 5 SR o e o
10@!@%&Hdﬂi§e%ﬁfe@t\@emc¥ed4 ald the B9k Wis Bheaded and then

I on- exchange water were added, and the m xture was
extraddd dntnelylinders ehbh dveiving adhamemelcp‘l' 5 nsiarandadieight of 6

haV| %g a dianeter of 5 nmand a height of 6

e obtained molded catalyst was dried at a temperature of 90°C and

a relative humidity of 30% for 3 hours, and then calcined at 390°C in an air
stream for 4 hours and further at 435°C in a nitrogen stream for 4 hours.
After that, the molded catalyst was recovered to obtain Regenerated Catalyst
(C1) for comparison.
[0087] Regenerated Catalyst (C1) comprised a heteropolyacid compound,
the atomic ratios of the metal elements other than oxygen, i.e., phosphorus,
molybdenum, vanadium, antimony, copper and cesium in the heteropolyacid
compound were 1.5, 12, 0.5, 0.5, 0.3 and 1.4, respectively, and the atomic

ratio of cesium to molybdenum'was 1.4 : 12.. The results of activity test of

Regenerated Catalyst (C1) are shown in Table 1.



mm The obtai ned nol ded catal yst was dried at a

t enperature of 90C and
3 hours,

a relative humdity of 30% for

and then calcined at 390C in an air stream

for 4 hours and further at 4§§C|n a nitrogen stream

for 4 hours. After that,

recovered to obtain Regener at ed Cat al yst
[0087] Regenerated Catalyst (O) conprised

compari son.

theé "nol ded catal yst was
20 (d) for

a heter opol yaC| d conpound,TABDE 1atom c ratios of the

ON\L

oan

e- nhn

cnhnr us

hao
CI CIICIIL S UL ef

IICL al ||u|| oKX

nol ybdenum vanadi un A uﬁouﬁrﬁ %‘rYA nper nrA{itWHéhtﬂﬁiﬁl N

t he het eropol yaci d BLAL [WHres [Comversion [Belsctigtys Yield

0.3 and 1.4, respect/pmaiopiumntiqeild at &% ¢ 25 r@bio of(%

cesium to nol ybdenunonasr 1. 4 phase.| The resylts of

activity test of Regeleerfated Catdlyst (O)l are shon

in Table 1. 24 TABUEtdatdAgquedus sljurr A Actlivity test

Ampunt _of H of Conver simardes®ellecti ity Yield anmoni um

Ref. din. d ( WreBaial@st [i on -per pghase |nol ggof [nitgate | oy

Refrilxe8) RBéterioated 1 |Fresh catlal---st| --31--- |88 88 73] 9¢

Ref. EX. icatigkieriorgted - 31 84 26 atal st Ex. |

ERegener atipdhehiefhidd 8 |91 §4) /& ai (1) Ex:

Regener at%@stg(li-? 99 gf Z§ ?g%cl ysPI(Z) Ex. %ﬁ e

pRegener ated hothPd 3 (93 89 0| 16 90 81 75
catalyst (2)

Ex. 3 Regenerated 1.9 6.3 93 82 76
catalyst (3)

Comp. Ex. 1 Regenerated 78 87 68
catalyst (C1)
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catalyst (3) Conp. Ex. 1 Regenerated ... ... 78 87 68

atal st (Cl) 25 CLAIMS 1. A nethod for regenerating a
catal yst for the production of nethacrylic acid
conprising a heteropol yacid ?gnpound cont ai ni ng

phosphorus, nol ybdenum and ai | east one el enment X

sel ected fromthe group 5 consisting of potassium

rubi di um cesiumand thallium wherein the nethod
conprises follow ng StepsdIAIMS (I11), and an atomc
ratio of the elenent X to nolybdenum (X: M) in a

het er bpAnyeihiod fop rpgemaatioigsa catalystfon the pyedwetidredf
catalyst is from0.5 : 12 to 2 : 12: Step (I1): mXxing
methaewylicacad eampaisang st heterepaly addfcommannst epyainingn

O process of nethacrylic acid, a nitrate jon,_ an
pﬁﬁﬁﬁmrum m&iyhdﬂammta@rd atleaspone glomentsX selected %om the group
whi.ch an.atom c rati,0 ,of the .el enent to | ybdenum
ofRigiipe pE DafiRstyBary gy, Cosint §5q thalsim Fsteipyghe Method
oS3 PIRESERIRPIA, ald Bp IBOBHE AU B the glement X o
Y RAHUE QR i  HoiErdRghiagY cotbplpeBRugingyr |
régetengteittalist 34 Bony 045 obgapeedig:n Step (1) and

aqueous slurry B obtained in Step (11), and then

dr yi n§ten) aaixngi ndetepivrated catalys . redtveredifrmd a preparation
according to claim1, wherein aqueous slurry A

roiseas abmethagdic goid, & obrateion) an amngngunniasand witer to
anmoni um i on per, .one, . 20 nol e of the Pi” te ion, 3.

forme agueemslacEn Adnrghich 21 atemic wmtioof thecelement X toui d

3l BTSSR S DL 1D 2, () "o P

21 T 0 Ay DR oo
and water to form aqueous slurry B in which an atomic ratio of the element
X to molybdenum (X:Mo) is adjusted from 0 : 12 to 0.5 : 12;

Step (III): mixing aqueous slurry A obtained in Step (I) and aqueous
slurry B obtained in Step (II), and then drying and calcining the mixture.

2. The method according to claim 1, wherein aqueous slurry A
obtained in Step (I) contains 0.1 to 3.0 moles of the ammonium ion per one
mole of the nitrate ion.

3. The method according to claim 1 or 2, wherein a liquid phase of
aqueous slurry A obtained in Step (I) has pH of 8 or less.

4. The method according to any one of claims 1 to 3, wherein the
heteropolyacid compound further comprises vanadium, and at least one
element selected from the group consisting of copper, arsenic, antimony,
boron, silver, bismuth, iron, cobalt, lanthanum and cerium.

5. Aprocess for preparing methacrylic acid comprising the steps of:

regenerating a catalyst for the production of methacrylic acid by the



25 el enent selected fromthe group consisting of
copper, arsenic, antinony, boron, silver, bisnuth,
iron, cobalt, |anthanum and cerium 5. A process for
preparing nethacrylic acid rising the steps of:
regenerating a catalyst for the production of
nmet hacrylic acid by the 26 nethod according to claim
1 and then subjecting at | east one conpound sel ect ed
niethod tabeordidg po 6lim bandgheaf net hacrol ein,
i sobutyl al dehyde, isobutane and isobutyric acid to a
gas phiyeetingtahllyastonexdobapouond seacteadoromnthehgroup consisting
resence_of the regenerated 5 catal yst.
of methacrolein, isobutylaldehyde, iscbutane and isobutyric acid to a gas

phase catalytic oxidation reaction in the presence of the regenerated

catalyst.



