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1 METHOD FOR REGENERATI NG CATALYST FOR THE PRODUCTI ON
OF METHACRYLI C ACI D AND PROCESS FOR PREPARI NG
METHACRYLI C ACID 5 FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates t9 a nmethod for regenerating
a catalyst for the production of nethacrylic acid.
The present invention also relates to a process for
preparing methacrylic acid using a catalyst

METHODIOR REGRINERATINNG CAPALYSTMEORTHE PRODUCTION
BACKGROUND ART [0002] It is known that a catal yst for
t he QF METHAORYLICRA OZDrANDCcPROGCESS FQRi BREFARING

het er opol yaci d conpound contai ni n hosphor us and
mol ybdenum i s deactMFéFHAG&‘éhI@ﬂgﬂgbt al yst is used

for along tine in a 15 gas phase catal ytic oxidation
reaction using nethacrolein or the like as a raw
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am contarning at |east 10% by vol une of water

rel4809%0 Abrécelss ﬂ'@@g?ép#rﬁlg tethQciydic2ARCusiiy Actlal2dR247,
JP- A-61-283352, P- A-63-130144, JP-A-2001-286762 and

reghiefa 208y 366K 6Fregbaetatiom methodls conprising the
steps of dissolving or suspending a deacti vat ed
catalyst in water containing a nitrate ion and an
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molybdenum is deactivated when the catalyst is used for a long time in a

gas phase catalytic oxidation reaction using methacrolein or the like as a
raw material, because the catalytic activity of the catalyst is reduced due to
heat load or the like.

[0003] As a method for regenerating a deactivated catalyst, JP-A-58-1566351
discloses a method comprising treating a deactivated catalyst in a gas
stream containing at least 10% by volume of water vapor at a temperature
of 70 to 240°C. JP-A-60-232247, JP-A-61-283352, JP-A-63-130144,
JP-A-2001-286762 and JP-A-2001-286763 disclose methods comprising the
steps of dissolving or suspending a deactivated catalyst in water containing
a nitrate ion and an ammonium ion and then drying and calcining the
mixture.

[0004] However, any of the conventional regeneration methods described
above necessarily does not necessarily have a sufficient effect of recovering

the catalytic activity and the catalytic activity of the obtained regenerated
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2 catalyst is not always satisfactory. SUMVARY COF THE
I NVENTI ON [ 0005] An object of the present invention is
to provide a nethod for 5 regenerating a catalyst for
the production of methacryl pc acid, which can
effectively recover the catalytic activity of a
deactivated catal yst. [0006] Another object of the
present invention is to provide a process for

catllyadds nb alRhPasatibfacta@gl d using a catal yst
regenerated by such a regeneration nethod at a high
conversion and an excellent selectivity. 10 [0007] To
achi eve the above objects, the present invention

provi des a neBkbdd Y@M EakY WENT 6N al yst for the
roducti on of pethacrylic acid, conprising a
[0005) eﬁam‘gﬁéaf dhe m%ﬁ}%dnasmlapﬁﬁ &9 '5‘8%35 Romathothfor

<o Ba¥ SRR A INEDSY RTA A OEA g CCET i€ Bridadych 5P
ofifi ity afder R el BRI s BERGh B e aRte L

o AR S 8B By Sofiohd 6 holist pepdes o

prepa@ i indtAYeRlicoti® iRt ge satalpspfRenetMeddiepach ag
nmet hacrylic acid conprising the steps of regenerating
regeneaitiby sethod dtrehiith gomdirsionomddanrexceldentysdlectaatyl
by the regeneration nmethod according to the present
[0007) €he achieaadhe dove objasts.ithg rreseriasvephondyeyHlasR

met e s fegeaeFRIdRe 4 SBUSANE GHPTIs DAy e ac oA
confpisfia ResgervppLitsid SarRPye ConEroonapo A o
OBy b St e Shorl B b RRENREALTE, o

de%dggvﬁ%ka%ﬁk%lyéﬁﬁg&%Eﬁﬂ)eraidkeaﬁfﬂttlbé’% 33(ve, eEene taé ed

al yst thts obtained can be used to prepare
deA@RIVAEH Cht£lyae Witlnivaded) agki t ft8 i6h $indna@ athraonRun ébh etiten

selectivity.
drying the mixture to obtain a dried catalyst, and calcining the dried
catalyst.
[0008] Further, the present invention provides a process for preparing
methacrylic acid comprising the steps of regenerating a catalyst for the
production of methacrylic acid by the regeneration method according to the
present invention and then 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.
[0009] According to the present invention, the activity of a deactivated
catalyst for the production of methacrylic acid can be effectively recovered.

In addition, the regenerated catalyst thus obtained can be used to prepare

methacrylic acid at a high conversion and an excellent selectivity.
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3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00101 The

catal yst for the production of nethacrylic acid, which

is regenerated by the nmethod of the present

invention, conprises a 5 hejeropolyacid conpound

cont ai ni ng phosphorus and nol ybdenum as essenti al

el emrents, and may conprise a free heteropolyacid or a

salt of a heteropoly acid. Particularly, the catal yst

preferably conprises an acid salt (i.e. a partially

neutralized salt) of a heteropoly acid, nore

pr ef er aPTAILEACDESCGRIPTION GEFJOHE- IVYE NN opol y

acid. 10 [00111 Besi des phosphorus and nol ybdenum the
[00tak &Ahyestatpleftdonbhe prabuttkimef matizatiryhic asicrwhich is

additional elenent, or at |east one elenent, selected
regenerated dydheupetmsselsthiernrese nhivesd | amcompEI s fm

cesiumand thallium (hereinpafter sonetines referred
hetprppolyaqd sampoxpd contarmipg phios R R ey

esseh oAy S B B EmbE® o fiERRBleroBbRRM o g cpit of o
hotb NP AHIR. b ARAM AT (IS B ARG oo BRI MBSTIL! @6 HERL sl

(1. 2h DEBtilly | Rt itr AizcBPEA1t)04f LHOGRBPSYSacid aRdsk Profepldyen
X and elenent Y, per 12 atons of nol ybdenum [00121

acidben Huckepgiatyaleylsdtetepoly aeidr oducti on of methacrylic
acid is used 20 in the production of methacrylic
[002t] Besdides phsatjorus echd mohdute nvaadthecrathlyst apelerakly
nmoi sture, its catalytic activity may be reduced. In
contwmspransshum apepmddifionahelemeditt px/at (st ang YRt t h
a reduced. catalytic activity.is.a supject of the
se%@@ Ilatthers-rrwaat)%lﬁpng[%%éaﬂlﬂ% HBBffﬁb‘EheCPS‘t‘F%ﬁnd
.eat yent., t.he deactivate i gty
ehalfit (Rhinatis, STSEYERLaFat B 48 bioiers X5t tact one
. H;
elo SR ISEEEL o 1€ ERbp pn AL RS T SR HDRLHS)
boraﬂfﬁuéels BEGh LS itQMTR@balY I6n thaGuih Xinddetrlien dBbadinafter
W

water, the nitrate ion and the anmoniumion, the
sombatileytreforaed ko b plaheih¥). Preferably, a catalyst contains 3
atoms or less of each of phosphorus, vanadium, element X and element Y,
per 12 atoms of molybdenum.
[0012] When such a catalyst for the production of methacrylic acid is used
in the production of methacrylic acid, it is subjected to heat load, or 1t
absorbs moisture, its catalytic activity may be reduced. In the present
invention, the deactivated catalyst with a reduced catalytic activity is a
subject of the regeneration treatment.
[0013] In the regeneration treatment, the deactivated catalyst is firstly
heat-treated at a temperature of at least 350°C, and then mixed with water,
a nitrate ion and an ammonium ion. By heat-treating the deactivated

catalyst at such a specific temperature and mixing the catalyst with water,

the nitrate ion and the ammonium ion, the catalytic activity of the
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4 deactivated catal yst can be effectively recovered.
Al t hough the catalytic activity of the deactivated
catal ysts varies with the degree of deactivation, the
deactivated catal ysts can rgcover substantially the
sanme catalytic activity by heat-treating the
deactivated catal ysts having different catalytic 5
activities. Therefore, the activity of the regenerated

deafc@fv@'té@%éta‘l%t hieh PR Eectibdlgirapdveablly Abibowighn thy dabalytic
heat treatnment. Accordingly, it is effective to

actohey gbtlsudbaaivatgdnatadyed waied with the degreg off dpactivation,
mul titubul ar reactor and subject the catal yst t

thegdemacpivased catadystsicanoecoeat mb&t@a@ﬂﬂﬁ thegmame Cata?ytlc
met hacrol ein, etc

cctpric bt (v g tha JereveiRfcatabits Rav D GEprerl catalytic
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el s ARy 0T Bl 5, R

chdf RENGPH S A detaBt 3h TEROPDEA AuRltubakidicscny and

Inggas, but it is preferably

sul%@étr 11RO Aulydt o Agddp R soedthbrtic efidationxiedctiongf gas.
he oxidi zing gas used herein is a gas containing an

methhelicléingetnt sint@the fegmtizecarestablpppreediwidhdassa gas
is an oxygen-containing gas. The concentration of

unexgIyeErssiin ﬂm@atw@mmmmmﬂgr%wmst val | y from
about 1 to about 30% hy vo

| u
(0534)gBhe wppeailimrolshe e@wwmw t@éﬂ&?gaﬁ G aenggifieally
lmg;'@ Ié&tﬁggﬁégef#ﬁ%bqggﬁ ﬁzeﬂrrlt]ﬁ Fc}%ﬁig%mé%‘% less.
[O(L];Bj %%eef% %%/t urrrrle\g@gb%r dé'giseﬁ toﬁ'l' £h 3iM8siRsrei of an

e oxidizing gas is
s The ieapréfessblymatriedrmtiia an

OXHI?B%[ ‘Ii{r%gtg%g Sbut It |bs usually 0.1 to 24
atﬁ%ﬂ%ﬁer%ﬁirﬁbﬁﬂ'ﬁin@ gnsl 0 THe dxidizing 28s uBed heraitiera ghe

eat-treatnment, the deactivated catalyst is m xed with
coM@ifing hAhexidikiregy materiahndA phefearadoenampleodf sushiagas Is an

m xture. A nmethod for preparing ghe m xtur.e i s not
oxkgen-tentaiforg gamnpThe conendeaidon phowysen 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.

[0016] The heat treatment time is not particularly limited, but it is usually
0.1 to 24 hours, preferably 0.5 to 10 hours.

[0017] After the heat-treatment, the deactivated catalyst is mixed with
water, the nitrate ion and the ammonium ion to form a mixture. A method
for preparing the mixture is not limited. For example, the deactivated

catalyst may be suspended in water, followed by adding source materials of
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catal yst may be suspended in water, followed by adding
source materials of 5 an ammoniumion and a nitrate
ion, or the deactivated catal yst nay be suspended in
an aqueous sol ution contai ngng an ammoni umion and a
nitrate ion. [0018] Wen the deactivated catalyst is a
nol ded catal yst, it may be 5 suspended as such, or it
may be pul verized and t hen suspended. Wien fibers or

an hiRfinbhiten 36n anfel Ritesw i6g, sRtles Hedctivated@atalysethaynbe
the nolded catalyst, the strength of the catal yst may

suspended i)e anegljudout el itide centainitigean inkpoRnEN GO0 apd a
broken. Thus, the nol ded catalyst is preferably

nityateveni zed wi t hout cutti ng or breaking the fibers or
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fib r%:ofr%glﬁq]% Q%Wérl a@]ﬁgm%&lrﬁr@'cbﬁﬁéﬁedgﬁ%ﬁglrﬁﬂd@fi

anitrate ton include nitric

Catg&e?eﬁ{égﬁft%ﬁ SBtRUa RSt AP DE Watreassll if fHesfibers or the

tric aci and anmoniumnitrate. The

likélgpd! BﬁﬁoPBroHé?ﬁS eTis@)the msldedicatslyst i sreféembly pulverized
sel ected such that the nolar ratio of the armmonium

without cattihg opibreakimg thre fitsers. o3 the lless. [0020] When the
catal yst for the production of methacrylic acid i[
[omgdemmpﬂmoch@maiﬁrwépﬁagragmn@na‘émdwndpc yde; g

subj ected to heat part of .20 the constitue
amgnerpgrand @mm%@%ﬁaﬁ?%aé@éﬁ%@%ﬁ%%%? H’&nom‘{%

| ybd
carED i o ponie Rydragshirr ot Apd HipoBrlthacerate o
pregﬁ%ﬁ g Itaimglg)%lg S{’l%@rﬂéﬂl%ﬂns% RitfA 140" EEGeSlesoF @He source

m'ssion spectronetry and the

2eded d tar A Higrafex tsueR agEanmonium
ma%éi%%pg% ?%%ﬁkgaﬁpg%%ggﬁﬁas to be addegl teo 25

n1t§b.‘ﬂa0 eaRRAbENEItec STk dahd uetomimhsniteatebe Theeamawntsaef

he raw material conpounds used in the E)r Oducitl'. ?z?tug)fofthe
th@e%ﬁﬁé@ﬂfﬁtﬁﬂﬂﬂaﬁ@ﬂ@ﬂﬂb&y sedertad supl that the mola
ammonium ion to the nitrate ion is 1.3 or less.
[0020] When the catalyst for the production of methacrylic acid is used in
the production of methacrylic acid, or it is subjected to heat load, a part of
the constituent elements of the catalyst such as phosphorus and
molybdenum may be dissipated. In such a case, preferably, the kinds and
amounts of the dissipated elements are determined by a fluorescent X-ray
analysis or an ICP emission spectrometry and the dissipated elements are
added to the mixture upon preparation. The compounds to be added to
supplement the dissipated elements may be the same as the raw material
compounds used in the production of a heteropolyacid compound containing

phosphorus and molybdenum. Examples of such compounds include

oxo-acids, oxo-acid salts, oxides, nitrates, carbonates, hydroxides and
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phosphorus and nol ybdenum Exanpl es of such conpounds
i ncl ude oxo-acids, oxo-acid salts, oxides, nitrates,

car bonat es, hydroxides and 6 halides of those

el ements. Exanples of a congpound contai ni ng phosphorus
i ncl ude phosphoric acid and phosphates, exanples of a
conpound contai ni ng nolybdenum include nol ybdi ¢ aci d,
nol ybdat es, nol ybdenum oxi de and nol ybdenum chl ori de,

halfl¥d SPLRER Enidntd. CERRAKIds G0 R@}dihdeadinimgphosphorus
I ncl ude vanadi ¢ aci d, vanadates, vanadi um oxi de and

incMaRashdsphobicaididland ghaphhess, ekampdesipba cdmponndi contgining
el enent X include oxides, nitrates, carbonates,.

molypdieaxin ascladel nidiybdiesacidmiokstainges snolybde surpexidg and
containin el ement Y include oxo-acids, oxo-acid

molsidenunh Fhloidss A BINRIEE 9! 21 APHRIHTHLEONtE NG AT RS

0, [ 0021). As, f i on- h . i
e S PR A OB AR
{ 0 ts b i ght . ' . i
e s At R o e

) fd ' id totoiRahdtontaii
BT R0, e b

cleh@htBEiIRIH88 bikyalkids] 5xé-aenvedies diyrated)aebomateshbydroxides
m xture to such a heat-treatnent step. Preferably,

and halideat treatnment tenperature does not exceed 200C,
nore preferably 150C. The heat treatnent can he

[002aliahk n soareé efiwaber, ion-axchangsewatarsisaisualiyeugpdy; The
treatnent tine_is usually at |east 0.1 hour eight

amonat of ater ased isysugllydip0 H%‘itéi’éfr‘@? peb Lpgry bygveie
hours., Wen tﬂe h_e%t 20 treatnent time is shorter than

of golyhgapum dpdhe MFWS-c activity may not be recovered

ficiently. Pref t : thdgl '
0G0 bR resonkiR G Adty e WIS s pEFRLI bt ResRa ac e

tey§0RThrAS 1P 361k 10H-600 e LiflyToddIat) Sabatoifectintlyd

dried. e drying may be carried out by any
GO S0l 08 ki o it Ga et
PréfeYh b, ;;}ﬁé B8At treatment temperaturé does not exceed 200°C, more
preferably 150°C. The heat treatment can be usually carried out in a
closed vessel. The heat treatment time is usually at least 0.1 hour,
preferably at least 2 hours, more preferably 2 to 10 hours. When the heat
treatment time is shorter than 0.1 hour, the catalytic activity may not be
recovered sufficiently. Preferably, the heat treatment time 1s not longer
than 10 hours in view of the productivity.
[0023] As described above, the mixture is heat-treated and then dried.
The drying may be carried out by any conventional method used in this art
field, for example, evaporation to dryness, spray drying, drum drying, flash
drying and the like. Although the dried mixture as such may be calcined, it

is preferably molded in the form of a ring, a pellet, a sphere, a cylinder or

any other suitable shape by tablet compression or extrusion molding. In
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drying and the like. Although the dried m xture as

such may be calcined, it is preferably nolded in the

formof aring, a pellet, a sphere, a cylinder or any

other suitable shape by tabket conpression or

extrusion nolding. In 7 this case, a nolding aid such

as ceramc fiber or glass fiber may be conpounded in

the m xture to reinforce the nolded catal yst. [0024]
thi¥R&8e, R dNgUWi8 dush B @eHnAs fidsP bighad fhavaaytbee

nol ded catalyst is preferably conditioned prior to
coripbwnddt ir0the hlinturesto fehefords tledmeldetlicatalyst. 5 exposed

to an atnosphere namintained at a tenperature of 40 to
[002ad Chareah ther milistiuire as molildd ay expldaioed @boges ther molded eatalyst
~ 10 hours. Thereby, the catalytic actjvity of t$e .
is prefrnabln cendisiongipriorctercaleingbion, Brateis; themplded product 1s

N T TR
relgp R St PR BARRTES te 30 e o s hORF, the patalytic
actg%ﬁ%gggﬁﬁ@?@é%&até@%ﬂ?#ﬁ%aﬂ%@ lo¥e eHE&GvAS RBovered. The

eric- gas use the condi tioning process,

corﬁiiEiBﬁﬂg%rrﬁigf bé BRrie Bt By Pladifigthé mogldnd gasalysyirbe
used. [0025] The dried catal yst as such may be

teripbeitoes andrhurhidisy oohditibnedomsdel, bobgdlawtng héamperature
calcined to obtain the regenerated catal yst. The 15

and dumidity-conditipnbd gasrtoitbe rookdeicasalyst-noABIdF ts weually
oxi di zing gas such as oxygen or_.i.n an atnosphere of a

userbAs @i atmospdiegiesgan esedhnl the ¢ayatHoning Ié‘foérﬂ%ﬁgﬁj{h%%él an

. molded catalyst is firstly calcined in an at nosphere

Inegt 238 SURiaFi PHTRFCY LAY NoWiFér at ure of 360 to 410C

[0(???#] Z;ll’i-nlgiq}%%cgﬁgeq% nsgta{sog]uc%t 1%@% b(ﬁ AMeRacond! ¥ axﬁ 61%&[1 ed

o a non-0 ZI'ng gas at

coé«ﬁ@%&%ﬁ%&%{t@r} &A% &Qgﬁfi{ﬂ he pafeRdated GitARist ONThe

Wo- st ep al cl natl on process can

caRid 561k ¥elWhé eaai&d ohhen aataakidsphess bf ah oxidipi32gds such as
en the calcination is carried out in tw steps, the

oxPérlbZ imengasnosphede bfiatriod-diiditing gias isnah iasmistagen.
contains an oxidizing material. A preferred exanpl ?
Proferablyh the gadded caralpst/igdirstiymadeinef gn gasatoppgphere ol an
oxidizing gas at a temperature of 360 to 410°C (the first calcination step),
and secondly calcined in an atmosphere of a non-oxidizing gas at a
temperature of 420 to 500°C (the second calcination step). Such a two-step
calcination process can effectively recover the catalytic activity.
[0026] When the calcination is carried out in two steps, the oxidizing gas
used in the first calcination step contains an oxidizing material. A
preferred example of such a gas is an 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
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25 concentration of oxygen in the oxygen-containing

gas is usually fromabout 1 to about 30% by vol une.

As a source of oxygen, an air or pure oxygen may be

used, and it may be dilutedgwith an inert gas, if

necessary. The oxidizing gas may optionally contain

wat er. However, the concentration of 8 water in the

oxidi zing gas is usually 10% by volume or |ess. The
waby 91 Beekidang igas s ebaadpllPiaby aolumboudessy, Threoxidizing

first calcination step is carried out in the stream
ga©fs preferdbly anngr.gabsually.ciedizst galcination stdy issgarried out in

cal cination step is usually from360 to_410C,. . .
thepstreematd an prishziBgRase 40Bnperatpppyy the first calcination step

. hon-oxjdizing gas used in the _sec calci.pation step
is wenally frem %gé‘t’éﬁpléi piefer Xl%%%%&%4® al such as
gan. Speci.fic exanpl es.of t -0xl dk 7] :
(o7} Pie nofertioyoE ERER-BT if ppss ot BABELA AL KepdBhtains
| j s 13 806 A D Wi B 4 Jas . 98 etHhe les of
ool BB g PR/, OB cxamplen o
th@BPW&ithg EASiNIRdOTh&l 7%&@931&151_9&5' wittopeal byrblRpdibeidey
volume or leSs. In particular, nitrogen gas is
heRG&{ efrebhYetes e Chasnén-opidiziag glisznayg opaionallyusiltyin whter.
second calcination step is carried out in the streﬁm o
Hoevarntire exicdhmatiprgefswater ishernarupsidizing gasds aspglly 10%
calcination step is usually from 420 t% SO]g'C,
raply yipd as a

by prodiimseatyi lpss.r on naCiqWanutIogEBEAS]S PIF

N A R G e L
st B BRI RB ST S00L G Bo T sohBTARIAkHLA
sty i 32D e e d or a

(06981 PHioto Nt @NORakbACItEp, 1He Maldddedtalysttih preferably
regenerated catal yst preferably 20 conpri ses an acid

head!the e ddphetalctnal)inani stmosplerproffaer erifizing gaeiod a
salt of ﬁeggi n-type heterogoly acid. Mre gé(gof(grably,

non-stidiingrgasaft & trmpekegyrnot gheuhb3RiopbrYae?d Sal t is
[OBS é]rre’lgheufeognenteI;aetelglecagta{;s% %fnrlrg %taigga%éﬁx%r?slers]ae} Bgtrtla)rt)polyacid
compound, and may comprise a free heteropolyacid or a salt of a
heteropolyacid. In particular, the regenerated catalyst preferably
comprises an acid salt of a heteropoly acid, more preferably an acid salt of
Keggin-type heteropoly acid. More preferably, a structure of the
Keggin-type heteropolyacid salt is formed upon the heat treatment
(pre-calcination).

[0030] Such a regenerated catalyst has a well recovered catalytic activity.
In the presence of the regenerated catalyst, a raw material such as
methacrolein is subjected to a gas phase catalytic oxidation reaction,

whereby methacrylic acid can be produced at a high conversion and an

excellent selectivity.
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[ 0030] Such a regenerated catal yst has a well
recovered catalytic activity. 25 In the presence of
the regenerated catalyst, a raw naterial such as
met hacrolein is subjected tg a gas phase catalytic
oxi dation reaction, whereby nethacrylic acid can be
produced at a high conversion and an excell ent
selectivity. 9 [00311 Methacrylic acid is usually
[oamg PRIc2Ha & 1 N @i dshiiily paéprredtby eharging Xledcedyst in a
mul titubul ar reactor and supplying a starting gas
fixed bed rpulttahdan rexgctox g oé suaptyiagreastantingrgas medueet ed
fromthe group consisting of nethacrolein, o
contaoimgyixyigdeantba rawomatenal selected Sternythe graup gonsisting of

al though a 5 reaction system such as a fluidi.zed bed
meghaerodeiv Hpbivérlakdghydes éﬁqsvélt@e%and 1Qb ULy TI A ngltﬁough a

oSSl 3 5 Wl e Besden BTN L0
S TR S o £ 0 e
abfrﬁg%gr?eqt%rfeidnrdﬁ riﬂ’%tggia@,st}ﬂz $taMiRBtRk i Alxtutd enabOcontain

lon 1s car out usual 'y under conditions such

nitrb@dn, a3BHR ANéLidb,] @itheh morstider whedrvdpor] ée. st arting
gas is 1 to 10% by volune, a nolar ratio of oxygen to

[ooB2]hFor ekainplé,swheh anéthaaralpar s weeldoas o yawsmageriah the
5000 h-i (based on the normal_ state), a reaction . f
reddipeisatarried out2smally 8sdey; canditians sdek that agpaeanfration o

is 0.1 to 0.3 MPa., The starti th | ei d
mefbrcideimiuteAtariingEas o tor NP4 R RIHES & BtaY atghe!
it be, f I : _
xS PO BT AR B nith 1 SHRES broBre it 200 §a 20905 (aged o
b h Lyt e e . :
eop e RERTF e S oL SR e Rleaction
prbSARUGEREL b5 0UPREbAS Phé HrifHethbMacrblitn ead maynbs
carried ou usual 'y under conditions such that a
netOOGEN, R 4 plriHed HRducaRdth 8 Higk pfitytaud ey badgor example,

to 85% by vol unme, a water vapor concentration is 3. to
a ARYhadryleintdsmeaindngobartiompralust gagylbained hsagas phase

is 0.05 to 4, a space velocit is 400 to 5Q00Q h-1
cat dasiedxodizationreantion of é&@ﬂtY%nﬁéﬁé?Ftdh“Wér?g@? lure is
[Oggg] When isobutane is used as a raw material, the reaction is carried out
usually under conditions such that a concentration of isobutane in the
starting gas 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-! (based on the normal state), a reaction temperature is 250
to 400°C, and a reaction pressure is 0.1 to 1 MPa. When isobutyric acid or
isobutylaldehyde is used as a raw material, substantially the same reaction
conditions as those employed when methacrolein is used as the raw material
are adopted.
[0034] The present application includes the following embodiments:

1) A method for regenerating a catalyst for the production of methacrylic
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to 400C, and a reaction pressure is 0.1 to 1 MPa. \Wen
i sobutyric acid or isobutylal dehyde is used as a raw
mat eri al, substantially the same reaction 25
conditions as those enpl oy when nethacrolein is used
as the raw material are adopted. [00341 The present
application includes the foll ow ng enbodi nents: 1) A
nmet hod for regenerating a catalyst for the production
aci@fcotifiaas hétetBpolgatid cRIphlsd BehtdiheigesloRphyass dnd
conpound cont ai ni ng phosphorus and nol ybdenum which
molbdearhrs owhidls aRthbé cotnppisesfthbabtdpd ofdmatrigeating a
deacti vated catal yst at a tenperature of at |east
de@sD@tedicatalyst ata tepmeratimeesd adeastydi0°w mhixigg the a
nitrate ion and_an amoniumion, then 5 drying the
deagtiaied catalypt with water, aqitzata19a andamapgneniim dog.fhen

driif e e B bR cOER eary et rod Sricrife B¢ driedy
t erature of at |east 350C, mxed with water, a

ca?f?ﬁ%at e ion and an amoniumion having a nolar ratio

2 Yo amidaiubatoch dndsaridgenaanhuien or e

he&EAChtdRLEEd tepAirifired of atNeast 3500, efied withevpreras nitrate
of at | east 350C and m xed with water, a nitrate ion

ioraaad an anpasium icnhaving & mbat retiobt theeittratedomnref 1.8 or
heat-treated at a tenperature of at |east 100C and
lesdr and thas d#dedThe met hod according to 1), 2) or 3),

o oy Ut et Ko EARIILAS
t 410C, | ci |

ekl S L O iy
T t ' to 1 ] irB isai d

nitiRe B A8 P FR g B b thym e Phedine et Qug 18

TSRS RSN O idaiaD 10 S
4) tMhe method according to 1), 2) or 3), wherein said dried catalyst is firstly
calcined in an atmosphere of an oxidizing gas at a temperature of 360 to
410°C, and secondly calcined in an atmosphere of a non-oxidizing gas at a
temperature of 420 to 500°C.

5) The method according to 1), 2, 3) or 4), wherein said dried catalyst 1s
molded and then exposed to an atmosphere having a relative humidity of 10
to 60% at a temperature of 40 to 100°C for 0.5 to 10 hours prior to
calcination.

6) The method according to 1), 2), 3), 4) or 5),wherein the heteropolyacid
compound further comprises vanadium, at least one element selected from
the group consisting of potassium, rubidium, cesium and thallium, and at
least one element selected from the group consisting of copper, arsenic,

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

7) A process for preparing methacrylic acid comprising the steps of:
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cal cination. 6) The method according to 1), 2), 3), 4)
or 5), wherein the heteropol yacid conpound further
conpri ses vanadium at |east one el enent selected from
25 the group consisting of potassium rubidium cesium
and thallium and at |east one el enent selected from
the group consisting of copper, arsenic, antinony,
boron, silver, bismuth, iron, cobalt, |anthanum and

cer i wgeneFAtlﬁg A REERSt oy tk&rﬁmmlcﬁ@nfm'tﬂ‘ﬂaﬂfa)tkyﬁc aciddy the
conprising thé steps of. 11 regenerating a catalyst

metBod hberimdte hhponefof e tb &t aytitheaci d by the net hod
according to any one of 1) to 6) and then subjecting,
at | sdsgecting at deqss ome mmrgbsele@t@dtfn@ngﬁlmgoup consisting
consi sting  of nethacrolein |sobutélaldeh

of mebhasralrinaisebridpliafivide. obytats anfdsobntstigsisid to a gas
| d h
phighygri e dediom Jr8p o B8P MEPSRATY %enggﬁﬁéf&ﬁtg@em

iﬂecntlonls expl ained in nore detail reference to
ca Exanpl es, which do not Iimt the scope of the

[0(%%? SEf&g{a%’e]?nfﬁeogrés@nﬁmw’iﬁi/on A 1A3R1 idmateé dettlby

ntains 2% by vol unme of water

rei@?&{deet%m@]ﬁﬁnblbst Rehivl dernat divh#ntheafcopa ofith® ppdeene) |
and nitrogen used in the Exanples is substantially

infdr&rofn #ay evay. [ 0037] A conversion, a sel ectivi ty and

a yield are defined as follows: Conversion (9
loqaeiomesammmdtlnmcﬁlmmple@mwwﬁ(%|b§sVQ3Pme of water

nmet hacrolein 15 fed)] X 108 Sel ectl %/?i t1[o% us%d in
(cogresnonding {9 the water Q@HSPSP gn/a f‘t%B o1 nitrogen

t hacrol ein reac ield (% = [(nol es of

thediazplopis sy %t&"%@iﬁjfa?%a?ﬁ% f-es of methacrol ein
m@#ﬁpl | eg)v]eﬁmf)fl}gg %ck&@@g&n&— B ib1duey, e&é}?ﬁ{&d #s fows:

ar ri e out in
Conversion (%) = [(moles of methacrolein reacted)/(moles of methacrolein

fed)] x 100

Selectivity (%) = [(moles of methacrylic acid generated)/

(moles of methacrolein reacted)] x 100

Yield (%) = [(moles of methacrylic acid generated)/(moles of methacrolein
supplied)] x 100

[0038] The fluorescent X-ray analysis in the Examples was carried out in
the following manner.

[0039] Fluorescent X-ray analysis

[0040] As a fluorescent X-ray analyzer, ZSX Primus II manufactured by

Rigaku Corporation was used.

REFERENCE EXAMPLE 1(a)
[0041] Preparation of fresh catalyst and evaluation of fresh catalyst
[0042] In 224 kg of ion-exchange water heated to 40°C, 38.2 kg of cesium
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the follow ng manner. [0039] Fluorescent X-ray

anal ysis [0040] As a fluorescent X-ray analyzer, ZSX
Primus Il manufactured by Rigaku Corporation was
used. 25 REFERENCE EXAMPLE {if a) [0041] Preparation of
fresh catal yst and eval uation of fresh catal yst
[0042] In 224 kg of ion-exchange water heated to 40C,
38.2 kg of cesium 12 nitrate [CsNG3], 27.4 kg of 75

nit¥h£4 [@NOIhesPIRE b 786k 1% opthdpRosghdugc atid/ @ndvBPL kg of 70
nitric acid were di ssolved to prepare Solution A

wtBepRriataeld we2 disenlwafd toaprepaire Sobutigidat Separatdly B kg of
[ (NH4) 6Mo 024. 4H2Q] was di ssolved in 330 fg of . ,

amnoniene maolybdake wtrateatrete {QVHO@Vor Qe diie@] wyps dissolved in

330 @P@?ﬁ%@%c%%%@f‘é%bﬁg@%@“;%gw&g&wg&39,%%33 b 40
a t . Al i i
i T
Lrr . [
sollh ablfufs A1 4205, 08 ShRe Xsssborane
adP%f@}@‘i‘%ﬁ?lﬁ%ﬁ%@i@ RRE m R Fedivas tfhitheed istireed for 5.8

kg of deionized water was added

holiR€EE120°THER, clédedl vaBsyl, Wind thieh & buspeatbian ol 20Q kpof 5
hours in the cl osed vessel. The m xture thus obtai ned

an¥i@sordy txéokidiet[Bbe0 dpmmd 18:2/kg of Tppeomiprate sribydvgieght
of the resulti n% dri ed powder, 4 parts hy. weight ,[%f
[CutN@ei8HiMlems23 kg of deianipgd wigsegywassrddg reto en, the
nitrate and 9,7 parts by i ght of ipon-exchange t
mixbuaves stiree] 6016 o BHGES Hy e KOGPE YRRk nd AR <oure
and, extrysi on- .ml d into Ljn '
TSRS 51 SR 2 WS S AR S gg of e
roduct .was dry ed : d3 ts b
oL Ty R s Bz
W(Qgﬁ{ of LRGh&Fiual 'ilgt'rﬁ@é ﬁhﬂ@.?g&irﬁi bﬁ%ﬁ%ﬁtﬂdf i8R -exchange water
afi"arr stream and then at 250C for 1 hour in an air
we £RIBd, akd the resulting mixture was kneaded and extrusion-molded
into cylinders each having a diameter of 5 mm and a height of 6 mm. The
molded product was dried at a temperature of 90°C and a relative humidity
of 30% for 3 hours, and then heat-treated (pre-calcinated) at 220°C for 22
hours in an air stream and then at 250°C for 1 hour in an air stream, and
thereafter, heated to 435°C in a nitrogen stream and kept at the same
temperature for 3 hours. Then, the product was cooled to 300°Cin a
nitrogen stream. After changing the nitrogen stream to an air stream, the
product was heated to 390°C in the air stream and kept at the same
temperature for 3 hours. Thereafter, the product was cooled to 70°C in an
air stream, and the catalyst was recovered.

[0043] This catalyst contained an acid salt of Keggin-type heteropoly acid

containing phosphorus, molybdenum, vanadium, antimony, copper and

cesium at an atomic ratio of 1.5, 12, 0.5, 0.5, 0.3 and 1.4 respectively.
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20 thereafter, heated to 435C in a nitrogen stream and
kept at the sanme tenperature for 3 hours. Then, the
product was cooled to 300Cin a nitrogen stream
After changing the nitrogemsgtreamto an air stream
the product was heated to 390C in the air stream and
kept at the sanme tenperature for 3 hours. Thereafter,
t he product was cooled to 70C in an 25 air stream and
the catal yst was recovered. [0043] This catal yst
contai ned an acid salt of Keggin-type heteropoly acid
cont ai ni ng phospREFRRENTE BehMBLE Afkli um ant i nmony,
copper and cesiumat an atomc ratio of 1.5, 12, 0.5,
[00a43, Aetigitartdstioficatalysécti vel y. 13 REFERENCE EXAMPLE

1(b) _[0044] Activity test of catalyst 045 i ne
[otlytg%nﬁn@@ gy mef S £he saiadystophtainpdiin ﬁL éﬁ’é%f‘eﬁéémple 1a)
Exappl e 1(a) were charged {nto a gl .
wert ehBrgedib e Ha0t micEmrodhie hay R R piT digmeter of 16 mm,
starf.in S_Cconpased., 9 I ; o
anflat HASHBRG COTIIRY Oridt b Cupthe f sfholloloin, 12% by,
vo%é’ ok H{Qe&ha%kf%eréaﬁ% bFNDIENY v atee vaper @hd 67% by
nitrogen, prepared by m xing nethacrolein, air, steam
voRfile oPhitr08EN, prepard By inising methaeroleiag aiv eterun apdof
670 h-1, and the reaction was 10 started at a furnace
nifroppewehs fal ther28dar aapueeyeloaityraf 650 kr'f andibe reagtion was

heating the mcro-reactor). Thereafter, the reagction P
stawasd avmt furnece tampesgare of 280Ho (g terpgerafage of a turnace for

hedome ihenaairo meaciossul Thetedtogrthe reasioly o coptimyedsat
15 REFERENCE MPLE 1 . 0046] P i

2613001 Tioe & BTSa ANt CREERy AR wore
he f h t al - f Ex | 1

dejnied 1T ills BBV i Tabiest £H42, Bxampl e L&)

of methacrolein for along tine to give a deactivated
catal yst. The fluorescent X-ray analysis of this
deactivated 20 cRBFERENCEBEXAMPLA 1{d cont ai ned
phosphorus, nol ybdenum vanadi um o

[0046) Preparation of deactivated catalyst and activity test thereof

[0047] The fresh catalyst prepared in Reference Example 1(a) was used in a
gas phase catalytic oxidation reaction of methacrolein for a long time to give
a deactivated catalyst. The fluorescent X-ray analysis of this deactivated
catalyst revealed that it contained phosphorus, molybdenum, vanadium,
antimony, copper and cesium at an atomic ratio of 1.3, 9.6, 0.5, 0.5, 0.3 and
1.4 respectively The deactivated catalyst was subjected to the activity test
in the same manners as those in Reference Example 1(b) to determine a

conversion, a selectivity and a yield. The results are shown in Table 1.

EXAMPLE 1(a)
[0048] Preparation of regenerated catalyst
[0049] Two hundred grams (200 g) of the deactivated catalyst obtained in
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anti nony, copper and cesiumat an atomc ratio of 1.3,
9.6, 0.5, 0.5, 0.3 and 1.4 respectively The

deacti vated catal yst was subjected to the activity
test in the same manners afqthose in Reference
Exanple 1(b) to determ ne a conversion, a selectivity
and a yield. The results are shown in Table 1. 25
EXAMPLE 1(a) [0048] Preparation of regenerated

Refabaty BxahB4A(c)Was hdptH Rk ted aan(Aodphedé of A air at
deacti vated catal yst obtained in 14 Reference Exanple

450¢C YoBhoheat - Themt e hentatreatedosmphbist vofs addeal o 400 g of
450C for 5 hours. Then, the heat-treated catal yst was
iornexidthrige waterpanal the orixtyerwagetiveeder Torromeprnssts dof e

defapst plmentseieypaion Sements libeidpactuate AL iR o
arison. with the f h t al [ '
congpRan st e i i etSh BRUREEHFeple deot o
Mb d 2.7 f % i i .
e RSB oo SoB D S TR R RRA pahpiaicacia
weg'g &%ﬁgg hefel0 69.@% LS thShiis MBSO ERERNQ) WA addell

t he sane enperature for 1 hour. Thereafter,

thdret ahd¥hedRitule AeHLEREATOUINE sl kept adtlersabbt er
being kept at 70C for 1 hour, the m xture was stirred

teperdA0€ foo1 HourouTherenfserc18sied of 855et’ afimeonppgymonia
ratio of the ammpbniumion to the nitrate ion in the
wasdl added. weiftar BeinBhkend] atr 797 Gafos ihoet) the mixgure wgs stigged at

B Bt et o e LT gy

ol e AR L 0 AR e
{ A i .

PR o RE B ST, Sy otk of

ar&&%ﬁﬁﬁﬁt ﬁ'irtga fafxﬁgg pAREs 93( Rlighi ¥BioRRcHiahge oFatdd%dreradded,

ours, an n-heat-treated in an air streamat
arreife fulBAgheutarands Ensadedramt extraGohanoldedomto cahigders

eated up to 390C in an air stream and
each having a diameter of 5 mm and a height of 6 mm. The molded product
was dried at a temperature of 90°C and a relative humidity of 30% for 3
hours, and then heat-treated in an air stream at 220°C for 22 hours and
further at 250°C for 1 hour, and heated up to 390°C in an air stream and
kept at the same temperature for 3 hours. After switching the air stream
to a nitrogen stream, the product was heated up to 435°C in the nitrogen
stream and kept at the same temperature for 4 hours. Thereafter, the
product was cooled to 70°C in the nitrogen stream, and the regenerated
catalyst was recovered. This regenerated catalyst contained an acid salt of
Keggin-type heteropoly acid containing phosphorus, molybdenum,

vanadium, antimony, copper and cesium at an atomic ratio of 1.5, 12, 0.5,

0.5, 0.3 and 1.4 respectively.
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20 kept at the sane tenperature for 3 hours. After
swtching the air stream to a nitrogen stream the
product was heated up to 435C in the nitrogen stream
and kept at the sane tenper@ure for 4 hours.
Thereafter, the product was cooled to 70C in the
nitrogen stream and the regenerated catalyst was
recovered. This regenerated catal yst contained an acid
salt of 25 Keggi n-typEXAMPLEA() aci d cont ai ni ng
phosphorus, nolybdenum vanadi um antinony, copper
[0080l Aesvityntest cfivegenetated gatadysf 1.5, 12, 0.5, 0.5,
0.3 and 1.4 respectively. 15 EXAMPLE 1(Db) [0050]t .
00831  The petiity test Wegenthiad syt SR th $3ME HEBTPTAR those in

e

st .obtained in et
1(32%93@? St SegTiesoy oty sy ghdyfioE S PAEHRRIR axo
Jible 1. EXAMPLE 2(a) [0052] Preparatl on of
Sh(ﬁﬁgﬁgg catal yst 10 [0053] A regenerated catal yst
was prepared in the sane manner as in Exanple 1(a)
except that the deactivated catal yst obtained in
Ref erence 1(c) was h@KAMEhE&(a%t 480C. EXAMPLE 2(b)
15 [0054] Activity test of regenerated catalyst [0055]
[oom2d Hmpanatmm(ﬁstegmsr&tadlcaéﬁiywt |n the sane manners
as_those in Reference Exanp e# for the
0&@@ eAaegeneratad &ﬁyeslvsfoﬁrﬁaupﬁéaa# B thesame R m

Exagu 4R eenEhaah i d4ad BTed obESHgRAEn ) ) ReferoBBE 100

was heat-treated at 480°C.

EXAMPLE 2(b)
[0054] Activity test of regenerated catalyst
[0055] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in Example
2(a) to determine a conversion, a selectivity and a yield. The results are

shown in Table 1.

EXAMPLE 3(a)
[0056] Preparation of regenerated catalyst
[00567] A regenerated catalyst was prepared in the same manner as in
Example 1(a) except that the deactivated catalyst obtained in Reference 1{(c)

was heat-treated at 380°C.

EXAMPLE 3(b)

[0058] Activity test of regenerated catalyst
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[ 0056] Preparation of regenerated catal yst [0057] A
regenerated catal yst was prepared in the sane manner
as in Exanple 1(a) except that the deactivated
catal yst obtained in Referepige 1(c) 25 was
heat-treated at 380C. EXAMPLE 3(b) [0058] Activity
test of regenerated catalyst 16 [0059] The activity
test was carried out in the same manners as those in

[0032f] eTRECRtiIFNIIRLE whisdartiel dutenrtbeeasiaithmeat akthbse in

obtained in anple 3(a) to determi ne a conversion, a
Refakaes Bxamyplandbpforithedegdherated chtalystr ebtasheivn Emample

Table 1. 5 EXAMPLE 4(a) [0060] Preparation_of
3(x)ageletenhimk &avaversion, Goslpctivity gader sicddi chhargsyltsate

prepared in the same manner as in Exanple 1(a) except
shewatintFabledact i vat ed catal yst obtained in Reference

1(c) 10 was heat-treated at 350C. EXAMPLE 4(b)
[0062] Activity test of regenerated catal yst [0063]

The activity test was NSy in the sane manners
as those in 15 Refere%gél\gg'n%}#g)l(b) for the

[Oqjé(ggﬁéﬁ&ea%ocfﬁﬂe:ﬁ%he%ﬁiJé%?lgjsf,‘ Exanple 4(a) to

e a conversion, a seléctivity and a yield. The

[06ETUIAl R gBhBrateiQaRalydt mgﬁe%armﬁl&)maﬁﬁef 896u]
Preparation of regenerated catalyst [0065] A

EA:08510c1(a) 82cepatehby she desctivapdreatalyst vbeainedin Reference 1(c)
as in Exanple 1(a) except that the deactivated

wachadtylstatdal af 880°PC¢.n Reference 1(c) was heat-treated
for 1 hour.

EXAMPLE 4(b)
[0062] Activity test of regenerated catalyst
[0063] The activity test was carried out in the same manners as those 1n
Reference Example 1(b) for the regenerated catalyst obtained in Example
4(2) to determine a conversion, a selectivity and a yield. The results are

shown in Table 1.

EXAMPLE 5(a)
[0064] Preparation of regenerated catalyst
[0065] A regenerated catalyst was prepared in the same manner as in
Example 1(a) except that the deactivated catalyst obtained in Reference 1(c)

was heat-treated for 1 hour.

EXAMPLE 5(b)
[0066] Activity test of regenerated catalyst
[0067] The activity test was carried out in the same manners as those in

Reference Example 1(b) for the regenerated catalyst obtained in Example
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25 EXAMPLE 5(b) [0066] Activity test of regenerated
catal yst [0067] The activity test was carried out in
the sane manners as those in Reference Exanple 1(b)
for the regenerated catal ysty obtained in Exanple 17
5(a) to determ ne a conversion, a selectivity and a
yield. The results are shown in Table 1. EXAMPLE 6(a)
5 [0068] Preparation of regenerated catalyst [0069] A
5(a) GYABENR Y £ 86l eFSlonVaSseld@RAfESNA B FiBRI. Saltee revudey are
as in Exanple 1(a) except that the deactivated
shéah #h ebleobt ai ned in Reference 1(c) was heat-treated
for 10 hours. 10 EXAMPLE 6(b) [0070] Activity test of
regenerated catal yst [0071] The activity test was
carried out in the sanme manners as those in Reference
Exanple 1(b) for the ﬂ@%éﬁ@?h@éﬂa atal yst obtained in

(00883 "Brepasmiiohnigepgudiated srBISE chown i Tabi o 1.«
COVMPARATI VE VP, . ' .

[0ges eﬁé@g?’é%mggi\ﬁﬁé’?y%% %%5 ?][r Qﬁgﬁéiglgl L‘g{ré}{:fe}gé %getl a eyrsz%S was

Ex%{@ﬁ%{l%@h%){bekﬁgh% JBNAERSat88 chial$h: Sbtam Einl Raference 1(c)

I vat eda catal yst obtained in

wag%e%g%?gﬁtea(f%} 10Vsurgot heat-treated. COVPARATI VE

LE 1(b) [0074] Activity test of regenerated
catal yst 25 [0075] The activity test was carried out
in the sane manners as those in ef erence Exanpl e
1(b) for the regener at B¥AMPRE/E®D) obt ai ned in

Conpar ative Exanple 1(a) to dieterm' ne a conversion, a
[0@¢H) e Activityyteghal eegenera ed catalyst

[0071] The activity test was carried out in the same manners as those in

Reference Example 1(b) for the regenerated catalyst obtained in Example
6(s) to determine a conversion, a selectivity and a yield. The results are

shown in Table 1.

COMPARATIVE EXAMPLE 1(a)
[0072] Preparation of regenerated catalyst |
[0073] A regenerated catalyst was prepared in the same manner as in
Example 1(a) except that the deactivated catalyst obtained in Reference 1(c)

was not heat-treated.

COMPARATIVE EXAMPLE 1(b)
[0074] Activity test of regenerated catalyst
[0075] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in
Comparative Example 1(a) to determine a conversion, a selectivity and a

yield. The results are shown in Table 1
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yield. The results are shown in Table 1 18 TABLE 1
OICat altyst Hgat-trleat ment of Conver- Selec- Yield
eactivated catalyst sion tivity (% Tenperature Tine
(%9 (%9 (O (hrs) Ref. Ex. {b) Fresh ca{rgllyst -- 98
70 69 Ref. Ex. 1(c) Deactivated catalyst -- -- 31 84
27 Ex. 1(b) Regenerated catalyst 450 5 93 81 75
Ex.2(b) 480 5 93 81 75 Ex.3(b) 380 5 93 78 73

Ex.4(b) 350 5 92 79 73 'EABI.EE h) 450 1 93 79 73 EX.

R(h\ 4501094 79 75 Ex WA 897

Catel¥BERENCE EXAMPLE 2 [ 0D "lt *ﬁaé S‘flal | I BFeT Al 3%
catalyst and activity { @ 71 :gyfresh
u

catalyst prepared in Re ee’?%?r?:tureEK%r?Be e 1(a) |was used
1 C

W oot 2\ r
Ref, . %z%gs Tty

oxXtdatton ll:‘at(jgi (0] U{o 69
Ref',,"}':f

C)‘el;ﬁeag o] caialy‘s\f”% :i me topgive Ta .-obledLi Egﬁd[ Ug

Ex. a;_ég[nergteglg@n:ai“_'m’u'L 250 Y P YR 55301 UTHS 75
Ex. o ° L..qu 1 cvc:asfu t ratsT g3t gl g 75
Ex 1% ophef_r oSl yuucnum valégbu un 51[] | y.| CRPPPI7s
Fx l.(% eesrum :at . naton ¢ T atpeo AT I0.2 0k U
Ex. 505 Su:t:_ Lo capcu.l Ve Y5 Ollle Jedf,[ \Y u3e0 Cafal ySt3
Ex. StHoj€ect ?E lJU the—agt V|45(y lE:llQ (e salry 75
Taiper sras—those - Refrerente Exampl e I 10 79 70
"%{‘g ffe—a—converstom, a Ssef ectivity and a yi el d.

The results are shown in Table 2. EXAMPLE 7(a) 15

[ 00781 Preparati onE%ER}%%Fé]Erﬁgﬁlﬁﬁﬁaﬂ yst

{0076] Preparation of deactivated catalyst and activity test thereof

[0077] The fresh catalyst prepared in Reference Example 1(a) was used in a
gas phase catalytic oxidation reaction of methacrolein for a long time to give
a deactivated catalyst. The fluorescent X-ray analysis of this deactivated
catalyst revealed that it contained phosphorus, molybdenum, vanadium,
antimony, copper and cesium at an atomic ratio of 1.4, 10.2, 0.5, 0.5, 0.3 and
1.4 respectively The deactivated catalyst was subjected to the activity test
in the same manners as those in Reference Example 1(b) to determine a

conversion, a selectivity and a yield. The results are shown in Table 2

EXAMPLE 7(a)
[0078] Preparation of regenerated catalyst
[0079] Two hundred grams (200 g) of the deactivated catalyst obtained in
Reference Example 2 was heat-treated in an atmosphere of an air at 450°C
for 5 hours. Then, the heat-treated catalyst was added to 400 g of
ion-exchange water and the mixture was stirred. To conpensate the
deficient elements (dissipated elements) of the deactivated catalyst in

comparison with the fresh catalyst obtained in Reference Example 1(a), 25.9
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[00791 Two hundred grans (200 g) of the deactivated
catal yst obtained in Reference Exanple 2 was
heat-treated in an atnosphere of an air at 450C for 5
hours. Then, the heat-treatgg catal yst was added to
400 g of ion-exchange water and the m xture was
stirred. To conpensate the 20 deficient el enents

(di ssipated el enments) of the deactivated catalyst in

g of AN FH A SPImWridkidd EMoOsP And Elt.'ag}{ﬁ’t'i' 5oRt A dreloplibsphoric acid
Ref erence Exanple 1(a), 25.9 1 g of nol ybdenum

weté adede TNER3H7 dngloflamhngordfuny hitwhtée CYHINEN) spscrdded
acid were added. Then, 67.4 8 of ammoniumnitrate
therhittt 008 theasixidoewastheated so F0C wind kepttatrthefpmeeat ed

to 70C and kept at_the same_ tenperature for 1 hour. .
temmeraare &, 1 hpup (Thereafian 18 JEiBbts i BANSP Y gRmonia

dded. Af bei K f hour. | X1
weipellst AR e o CECHa S, Sl B R
t' . . . u .
122 28 B 14 Il T, i bRt o
o S5 bR ARSI W g sbd fied iz,

100878 BY wBERDGS e FeRulteng defidemeed sal, Bepartadgedeigh of
and the resulting m xture was kneaded and

anfxbhiigh onitmnk ded T photsdyt weilghtof iemechangngager were added,
di anmeter of 5 mmand a height of 6 nm_ The nol ded .
andrihd resultives mixt o was kneeggda padexéresionpuoldad 1pto cylinders

catle havingaiumereRol B BATLA AR D, Theaplded prgduct
S0 SRkt B Bl R 18
enperature or
3 h Af i i t i i
hodrm gt thdph b e STbE Sl e bE 29Tk 22 Bobtoaaa
fu%htﬁ% %g ?Ba;ﬁ%? AR a?ﬁg{ea@éd L QoBYRCtiannenat streahand

ereafter, product was cooled to 70C in

kebb @t The cagRNteThpEATUréfid 3 heuregehfeenswitchoe theysir sipgam
fecovered. This regenerated catal yst contained an acid

to SBhitréden?&ré@mgithe bypiudieras bpaled ap tel 4887 in thegitrogen
phosphorus, nol ybdenum vanadi um anti rmn%z),h Coal%)er th
stremn cesl keptadt the sanertemparatyrpforn 4 ours.  pherealter, the
product was cooled to 70°C in the nitrogen stream, and the regenerated
catalyst was recovered. This regenerated catalyst contained an acid salt of
Keggin-type heteropoly acid containing phosphorus, molybdenum,
vanadium, antimony, copper and cesium at an atomic ratio of 1.5, 12, 0.5,

0.5, 0.3 and 1.4 respectively.

EXAMPLE 7(b)
[0080] Activity test of regenerated catalyst
[0081] The activity test was carried out in the same manners as those in
Reference Example 1(b} for the regenerated catalyst obtained in Example

7(a) to determine a conversion and a selectivity. The results are shown in
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0.5, 0.3 and 1.4 respectively. EXAMPLE 7(b) 25 [00801
Activity test of regenerated catal yst [00811 The
activity test was carried out in the same nanners as
those in Reference Exanpl eyg(b) for the regenerated
catal yst obtained in Exanple 7(a) to determ ne a
conversion and a selectivity. The results are shown in
20 Table 2. COWARATI VE EXAMPLE 2(a) [0082]
TafleePar ati on of regenerated catalyst 5 [0083] A
regenerated catal yst was prepared in the same manner
as in Exanple 7(a) except that the deactivated
catal yst obtained in Reference Exanple 2 was not
heat-treated. COMMBARAEINEXARAMBIE2(2)0 [ 0084]
Activity test of regenerated catalyst [0085] The
[008&]i Preganasion qferggeamtsa cgtalysh the sane manners as

R Beonriecni AR s RS
R T R S R G

-t f . r- 5elec- Yield deactivated
Ex?g@élleyz;?gé:?%ﬂhte%it%ﬁ(é% Tenperature Tinme (%9 (%9 (O

(hrs) Ref. Ex. 1(b) Fresh catalyst 98 70 69 Ref. Ex.

2 Deactivated catalyst .. 30 83 24 Ex 77(b

- Regener at ed caiCOMIARSDIGEIXAVPERE 2(b)
[0084] Activity test of regenerated catalyst
[0085] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in

Comparative Example 2(a) to determine a conversion, a selectivity and a

yield. The results are shown in Table 2.

TABLE 2

Catalyst Heat-treatment of Conver- | Selec- | Yield

deactivated catalyst | sion tivity | (%)

Temperature | Time (%) (%)

cC) (hrs)

Ref. Ex. 1(b) | Fresh catalyst - E 98 70 69
Ref. Ex. 2 Deactivated catalyst - -- 30 83 24
Ex. 7(b) Regenerated catalyst 450 5 92 79 73
C. Ex. 2(b) 1 - - 88 78 69
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_CE x. 2(b) -- - 88 78 69 21 Wiat is clained is: 1. A
nmet hod for regenerating a catal yst for the production
of methacrylic acid conprising a heteropolyacid
conmpound cont ai ni ng 5 phos rus and nol ybdenum whi ch
nmet hod conprises the steps 0 heat-treating a
deactivated catal yst at a tenperature of at | east

350C, mxing the deactivated catalyst with water, a

WHYtHE M frdis@nd an ammoni um ion, then drying the
m xture to obtain a dried catalyst, and calcining the

dri ed cAtrabpsdd fokQ@egenchaingei bathlasicior dhagroductiaon of 1,

wherein the deactivated catalyst is heat-treated at a
metkapglitati® cohpaisihgadiet8fpo]yadid edmpionndwangaining

nitrate ion and an anmmoni umion having a nolar ratjo
phosphorus mindr molyhidenuasn, which wethedeomariges hap stapsef. 3.

The net hod accordi to claim1l, wherein t o
heafetreRtME R caT THeRIARITS S ah B P IACEA T e oftabgeast 350°C,

B Bl R A B B o
R

drisieagiRepai d dried catalyst is firstly calcined in an

at nosphere of an oxidizing gas at a tenperature of 360

20 t 9, 4THe meftbdsenonding toallgimddwherain tiedespttbradedf

a non-oxidizing gas at a tenperature of 420 to 500C.
catalysthie heat ttoehtadcdraltergpemturapfat Jeash S667 @, Bured withowater,

catalyst is nolded and then exposed to an at Hosdopere. £
a mitwste dom and) an Ayunenivitaien havinga melaggejig to the mirate 1on o

ten&;rature of 40 to 100C for 0.5 to 10 hours prior to
1.Dor legpcap@them drigd. The et hod according to claim 1,

Vanad umbegpopidl OGmIRY © JRRTI: Mlierel PREHeAaTACS
catalyst is heat-treated at a temperature of at least 350°C and mixed with
water, a nitrate ion and an ammonium ion, and then the obtained mixture is
heat-treated at a temperature of at least 100°C and dried.

4. The method according to claim 1, wherein said dried catalyst is
firstly calcined in an atmosphere of an oxidizing gas at a temperature of 360
to 410°C, and secondly calcined in an atmosphere of a non-oxidizing gas at a
temperature of 420 to 500°C.

5. The method according to claim 1, wherein said dried catalyst is
molded and then exposed to an atmosphere having a relative humidity of 10
to 60% at a temperature of 40 to 100°C for 0.5 to 10 hours prior to
calcination.

6. The method according to claim 1, wherein the heteropolyacid
compound further comprises vanadium, at least one element selected from
the group consisting of potassium, rubidium, cesium and thallium, and at

least one element selected from the group consisting of copper, arsenic,



the group consisting of potassium rubidium cesium
and thallium and at |east one elenent selected from
the group consisting of copper, arsenic, 22 antinony,
boron, silver, bismuth, irogg cobalt, |anthanum and
cerium 7. A process for preparing nethacrylic acid
conprising the steps of. regenerating a catalyst for
the production of methacrylic acid by the nethod

anfigsXe bbgort, &ilAed Bish uaRdiroRe Boluls URh Elsd h e @id b@aan.
one conpound sel'ected fromthe group consisting of
met hacr Al |ionesd mmreyhﬂhgahydmcryho hoidacvenprrising the steps of:
i sobutyric acid to a phase catal ytic oxidation

r eacrégemeratinga (pﬂrt@beatd@r thie preducsipareimethncrelie acighy the

method according to claim 1 and then

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.



