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1 METHOD FOR REGENERATI NG CATALYST FOR THE PRCDUCTI ON
OF METHACRYLI C ACI D AND PROCESS FOR PREPARI NG
METHACRYLI C ACID. FIELD OF THE | NVENTION 5 The
present invention relates to a nmethod for regenerating
a catalyst for the production of; nethacrylic acid. The
present invention also relates to a process for
preparing nmethacrylic acid using a catal yst
regenerated by such a regeneration nethod. 10

BACKGRANE) AFTR | k& SNKRRMING h@ATﬁL?é‘%aHéﬁt Ther PRB®UCTION OF

production of nmethacrylic acid conprising a

heMETBACRYACCAACOMP O PROUESE HORY HHEISONG MBNEACRYLIC ACID.
nol ybdenum i s deactivated when the catalyst is used

for along tine in a gas phase catal ytic oxidation 15

reaction using nethacrolein or the like as a raw

materi al, because thelkl a0¥tTHEatNVENTYONhe cat al yst

is reduced due to heat load or the |like As a nethod

for regeh? RNSSENd HREeR T vak &¢ leded Ya| method for regenerating
JP A-B81- 283382 di.,scl oses a .nethod caonprising the ste

5% THPELE EoroR N ritf 4fhet] Y acadl- The present
ﬁﬁ%‘!’%@ﬁ%ﬁnﬁ@% AR B AP RERE S i m ShAT HAS Methacrylic

t. 4
JmF)f!l (gA‘-?%éJB e e ggﬁéggﬁﬁg?ﬁég bc%ggrgfls""u hE9ERE ey method.

of drying a n1xture of a deactivated catalyst and

aqueous ammoni a, 25 dispersing the dried m xture in

wat er, adding a nitrogeBATHEROUNDGAREL er ocyclic

conpound and an am ne or an anmmoni um car bonat e

t her et 0,1t 3§ nignewenthalt yangaballysdl dorgtheeprodxictien of

and then cal cining the nolded product in an air stream
nefthactehper at ¥ ecoPPBbeing asbeteropolyacid compound

containing phosphorus and molybdenum is deactivated when the
catalyst isused foralong time inagasphasecatalyticoxidation
reactionusingmethacroleinorthelikeasarawmaterial, because
the catalytic activity the catalyst is reduced due to heat load
or the like

As a method for regenerating a deactivated catalyst,
JP-A-61-283352 discloses amethod comprising the stepsof drying
a mixture containing a deactivated catalyst, an ammonium ion
and a nitrate ion and water, molding the dried mixture and then
calcining the molded product in an air stream at 400°C.

JP-A-63-130144 discloses a method comprising the steps
ofdryingamixtureof adeactivatedcatalyst and agueous ammonia,
dispersing the dried mixture in water, adding a
nitrogen-containing heterocyclic compound and an amine or an
ammonimncarbonatethereto,mixingthem,dryingandnmldingthe

mixture, and then calcining the molded product in an air stream
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JP- A- 60- 232247 di scl oses a nethod conprising the steps
of dispersing a deactivated catalyst in water, adding
a nitrogen-containing heterocyclic conpound and
nitric acid 5 thereto, m xing them drying and nol di ng
the mxture, heating the nolded product in an

at nosphere of an inert gas such as nitrogen gas at a
tenperature of 200 to 600C under an atnospheric
pressure or a reduced pressure to |liberate the

ni_t.rogen-containing -h rocygkhe~conpound, and then
céﬂ%i i?ﬁﬁg?ﬁf$Eﬁ%e%fp$%§ug§ %gbi%'an air streamat a

t enper at4y 6, 0f 0 100, 3 97 40061 0 985 A1 A8 Bbrising the steps

di scl oses a nethod conprising the steps of dispersing

a feattdyat ethgal ahystrivavaticrathhoncaddi pgtar, adding a
ni trogen-containi ng heterocyclic conpound and nitric

aqiik rdd@i-etontd i ihgrhaddirogyalconponpduadnbadninigrac acid
constituent 15 el enent di sappeared fromthe catal yst,

mi b ewe ttdvem ixdmd ridpeand driydngi agdihel ding utlee mixture, heating
cal cining the nolded product in an atnosphere of an :

i fdra mgasespelrdas it pogénogad st of deiAperatdatesudpasnitrogen
200 to 600C, and further calcining the product ig an

ai¥es 8t PRI AL RERGdr AR Ute YtO 1gBnelar AgpetToppher e pressure

JP- A-2001- 286763 di | . et hod i.Si h o
S¥hd OGS ET HOTES dbact I URE B8 o L0a] PAL PN acgRtaining

t i : ‘ val |

cAEE L B (ARORs, RO RARL I SLORY G notded product
g‘aﬂ {E%}té‘fﬁ‘sgfé(%nﬂga@ng fehdipgchbe ofl Xbdreo 400°C.

ng the nol ded product in an atnosphere of an 25

i nert gasp-sucho @S- 2847 OYRIL GAD Ais 8 neried abmpe 16fin20fhe steps
to 600C, and further calcining the product in an

aigBtdiese e iy tenpreat ivet edfcd0l yor 400@atonwevdren adding a
any of the conventional regeneration nethods 3 o ,
desicri deeh abovea Hobkg nbet aBeeysairl gonpeyner apdenitric acid

catal ytic , o ,
therfeto, further adding a compound containing a constituent

element disappeared from the catalyst, mixing them, drying and
molding the mixture, calcining the molded product in an
atmosphere of an inert gas such as nitrogen gas at a temperature
of 200 to 600°C, and further calcining the product in an air
stream at a temperature of 100 to 400°C.

JP-A-2001-286763 discloses a method comprising the steps
of dispersing a deactivated catalyst in water, then adding a
nitrogen-containing heterocyclic compound, ammonium nitrate
and nitric acid thereto, mixing them, drying and molding the
mixture, calcining the molded product in an atmosphere of an
inert gas such as nitrogen gas at a temperature of 200 to 600°C,
and furthercalciningtheproduct inanair streamat a temperature
of 100 to 400°C.

However, any of the conventional regeneration methods
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activity or the catalyst |life of the deactivated
catalyst to a satisfactory extent. 5 SUMVARY OF THE
I NVENTI ON An obj ect of the present invention is to
provide a nmethod for regenerating a catalyst for the
production of nethacrylic aci whi ch can
sufficiently recover the catalytic activity of a
deactivated catal yst and inpart a good catal yst life
to the 10 catalyst. Anot her object of the present

i nventi.

néjtehscrl abo rooovésd%& arféc?ec§?s§ri Pé&?@ét: ghe caﬁalytlc

acr C acCl using a cC ener at ed Yy SucC

a QN &S oyﬁtog‘(n)gh'éekla%%l%'tl § iR BlrakRNgedcthvdRed catalyst to

conver si an excel'lent selectivity for a long

tiaMBa th% A e reswdt of extensive study by the
present inventors, it has been found that the above

obj ects can be achi eved by drying a mxture

contai ning a deactivated catal yst, an amoniumion, a
nitrate ion and wat SUMMABN DR THEe I&VERD 1€kt ur e,

firstly calcining the nolded product in an atnosphere

of an oRXindpkiagtxof §ae mreachbrigererien dfs 8gri@vide a method

410C, and then secondly cal cining._ the product
a¢ﬁ636ﬁ6ﬁ@eéﬁténﬁbﬁ 6§¥ﬂiiﬁﬁ @%gﬂgiF50dy§ﬁﬁé¥hpEr@egpacryllc

oA R b o S0ehie? BE G o DRI VAT F4F A5 vEey of

pr, 08%% 'tgga% "Egﬂg‘ig;%g néCt ag'é gﬁ%@&%%%l st life to the

heteropolyac containing or us
MRlyhdem  which nmethod conpri ses the steps of dryi ng
a mxture containing a deactivated catal yst, an

anmoni Ulniodhe rdoBleldt 6f tR8 PRésynt einvemt thmgid i provide a
dried mxture, firstly calcining the 4 nolded product

| pracestsmiepheneepfr any oxé hadngl Jasaatdausiegper aabpdyst
of 360 to 410C, and then secondly cal cining_the
regenerated by such a regeneration method while maintaining a

high conversion and an excellent selectivity for a long time.

As the result of extensive study by the present inventors,
it has been found that the above objects can be achieved by drying
a mixture containing a deactivated catalyst, an ammonium ion,
a nitrate ion and water, molding the dried mixture, firstly
calcining the molded product in an atmosphere of an oxidizing
gas at a temperature of 360 to 410°C, and then secondly calcining
the product in an atmosphere of a non-oxidizing gas at a
temperature of 420 to 500°C.

Accordingly, the present invention provides a method for
regenerating a catalyst for the production of methacrylic acid
comprising a heteropolyacid compound containing phosphorus and
molybdenum, which method comprises the steps of drying a mixture
containing a deactivated catalyst, an ammonium ion, a nitrate

ion and water, molding the dried mixture, firstly calcining the
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product in an atnosphere of a non-oxidizing gas at a
tenperature of 420 to 500C. 5 Further, the present

i nvention provides a process for preparing

met hacrylic acid conprising the steps of regenerating
a catalyst for the production of nmethacrylic acid by
the regeneration nethod accor di ng to the present

i nvention and then subjecting a conpound sel ect ed
fromthe group consisting of. 10 nethacrol ein,

i sobut yl al dehyde,. i sobut d i tyric, id t

SbuLy aldete, | sobu e gt ) SPUYLE SEl e g ac o
th t . ' ;

oL sohRE IR, £ AL SBOHAROsLoothe DesEDhing cne

;Eﬁgep%“cﬁ ia%”a%o%@g??g% ;'a%OGijoq(iQflinzirilgSgQ‘?, at a temperature

ClIvely recove the regenerated catal yst
has a-80@d callyst life. In addition, the regenerated
catal yst thus obtained can be used to prepare
met hacr yliréhaei, d ttfei e e seithtiaiveinid o highy ichrw e spiovcess for
and an excellent selectivity for a long tine. 20 _
DETAbEEDNDESCR £7 O\ O CTidECdNVENTL 0N tTiwes el alofstefenerating
t he production of methacrylic acid, which |s _
r egentratyed Byt Hdemmrsti gl athe hregidmer wkntdekd by the
conprises a heteropol yaci d conpound cont ai nj

pKESEREFas IQRABRYS AR P BSOS RREFEPTE GRigspision and then

RS TE SO 58,2, LLep 1o SUOPp 926, 4010 0381 LofliBting o
ferabl | i Ity (] i o

RS RRARY SPE L83 r0RAE B0t Lo aeBatd kebbieyic acis

PLef gr ¢ 2530t Obx@aat1K89PE At YBE NettelcOpek¥ence of
a:i:-'lgds %%sl)b es %%Sgﬁh rtuls aﬁd rmllybdenum t he cat al sst

the regenerated catalyst.

According to the present invention, the activity of a
deactivated catalyst for the production of methacrylic acid can
be effectively recovered, and the regenerated catalyst has a
good catalyst life. Inaddition, the regeneratedcatalyst thus
obtained can be used to prepare methacrylic acid while
maintaining a high conversion and an excellent selectivity for

a long time.

DETAILED DESCRIPTION OF THE INVENTION
The catalyst for the production of methacrylic acid, which
is regenerated by the method of the present invention, comprises
a heteropolyacid compound coritaining phospherus and molybdenum
as essential elements, and may comprise a free heteropolyacid
or a salt of a heteropoly acid. Particularly, the catalyst
preferably comprises an acid salt (i.e. apartiallyneutralized

salt) of a heteropoly acid, more preferably an acid salt of a
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preferably contains vanadi um as an addi tional el enent,
or at |east one elenent selected fromthe group

consi sting of potassium 5 rubidium cesium and
thallium (hereinafter sonetines referred to as
elenment X) , or at |east one elgnent selected fromthe

“group consistingof copper, arsenic, antinony, boron,

silver, bismuth, iron, cobalt, |anthanum and ceri um
(hereinafter sonmetinmes referred to as el enent Y)

Pried ¢d 8t typ@ 16at ebysblgoatakns 3 10 atonms or |ess of
each of phosphorus, vanadium elenent X and el enent

Y, per IExatdes miosmhybdenamd bepbdenhma chkakbgsblyst

for the production of nethacrylic acid is used in the

priotice ¥ gnl wiconet e Waredioind, asorarn taddsnciaure leresl eanent, or at
thermal history, the catalytic activity is reduced. 15 _

| nladet phesdmmanivent ¢ehed fRenddw o o8P e el g of potassium,

\th ¥ %ffgfgcﬁee?srié%ta%gwglg} gltlllﬁ\é(lﬁ%@%ﬁégfa%gg#eo%etofmésh%eferred

R TS ST L DERSRRSLIBI O, rom the soun
PO Tl SPOUAIL O OERANG, Ud D, TPt s,

catrlystediy e sasPendef iRaveéeiunf ohbovwed by 2ddbhgtimes
source materials of an ammoniumion and a nitrate

| s ferrddaddaeackivabed Tatalysérapabl e suseided idbntains 3
an aqueous sol ution containing an ammoniumion and a

nigtraise dwoneszb dfheadhhe fdehotsphatred , c ataalaystun,s ed ement X and
nol ded catalyst, it maybe suspended as such, or it

medssngidl vier il bhd e efispehdedenumpen fibers or

the like as a reinforci n% material are contained_in .
the nol dBPTeaUANYy & Catiad Ystty dRgt Yh6r PEREVCHI Ty of Rgyhacrylic

bea 6. diecreastfd. i f_.the fibers. or tP_e ke are.cut or r i
rSieh TS The o Rt Gat i gt RepFarey fafyactt o it
PUAR UGS M R AU E L 08ry, the catalytic activity is reduced.
In the present invention, thedeactivatedcatalystwithareduced
catalytic activity is a subject of the regeneration treatment.
In the regeneration treatment, a mixture containing the
deactivated catalyst, an ammohium ion, a nitréte icn and water
is first prepared. The preparation method of the mixture is
not limited. For example, the deactivated catalyst may be
suspended in water, followed by adding source materials of an
ammonium ion and a nitrate ion, or the deactivated catalyst may
be suspended in an aquecus solution containing an ammonium ion
and a nitrate ion.
When the deactivated catalyst is a molded catalyst', it
maybe suspendedas such, oritmaybepulverized énd then suspended.

When fibers or the like as a reinforcing material are contained

in the molded catalyst, the strength of the catalyst may be
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or breaking the fibers or the |ike. Exanples of the
source material of an anmmoniumion include 5 anmonia
and ammoni um salts such as ammoni um nitrate, amoni um
car bonat e, ammoni um hydr ogencar bonat e and anmoni um
acetate, preferably ammonia ang amoni umnitrate.
Exanpl es of the source nmaterial of a nitrate ion
include nitric acid and nitrates such as ammobni um
nitrate, preferablynitric acid and amoniumnitrate

1 edres as@ant 5 0fe tiesa S et @el aks ane SHIbABkyn. Thus,
sel ected such that the anmpbunt of the anmmobniumion is

ustied Imo ldbeditcdk dl ot 15 o fesr sdnidy thel veemired of L theut cutting
nitrate ion is usually about 0.1 to 15 noles, per 12
notesofakbhybdeauiibarshernikeulékeAs a source of

wat er, ion-exchange water is usually used. 15 The _
anount d¥=3ERbes edehe sousGai N§terial 2f paaydnggiiun ion include

wei ght per art by wei.ght of nolybdenumin the ,
il sh Sion L de LS OFR RS BTG Lo gy 2ron fun
t he 'xtuge i S heat-t{]e Eed riacr?g tg dryai ng. m'lrn%e{ n acetate
dr%ﬁ%gor_%)? Thed M Xt ure nﬁy_ Bgec_ rried 5& Qy gny ) !
¢ eeifﬁfe%'fkl!/ =HRbRed mgndggn&{]fn%ia{rtagé el %xaﬁr%rleg of the source
exanpl e, ‘evaporafion to dryness, spray drying, drum

dmyd s i 41 @¥ha v Mot e aleh EAS1LHKE: WhER ANQ Bhitdi €rates such
is heat-treated prior to drying, the heat treatnent

cals demoatl nined tautt d, p e £ OSITly e s e b.acllitaeaimmod3umnitrate.
treatnment tenperature is preferably at | east 100C. The

hddte ameantrent £ thes el souscamay eati allsaste Guikadyr selected such
preferably at least 2 hours, nore preferably 2 to 10

hddrat thee agouad mfxtheeamneorhan ian deduskailley abpritof-1 to 15

%A o R i S Bl B U o S oo 0.
m%:lodilnfg'méfésh,i S}S:gJ?elZamgﬂa(sji 08 molybdenum in the mixture.

As a source ¢of water, ion-exchange water is usually used.
The amount of water used is usually 1 to 20 parts by weight per
1 part by weight of molybdenum in the mixture.

Then, the abovemixture isdried. Preferably, themixture
is heat-treated prior to drying.

The drying of the mixture may be carried out by any
conventional method used in this art field, for example,
evaporation to dryness, spray drying, drumdrying, flash drying
‘and the like,

When the mixture is heat-treated prior to drying, the heat
treatment can be carried out in a closed vessel. The heat
treatment temperature is preferably at least 100°C. The heat
treatment time is usually at least 0.5 hour, preferably at least
2 hours, more preferably 2 to 10 hours.

The dried mixture is then molded in the form of a ring,
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aid such as ceramc fiber or glass fiber may be
conpounded in the mxture to reinforce the nol ded
product. 5 In the regeneration nmethod of the present

i nvention, the nolded product is firstly calcined in
an atnosphere of an oxidi zing gas at a tenperature of
360 410C (the first calcination 'step), and secondly
calcined in an atnosphere of a non-oxidizing gas at a
tenperature of 420 to 500C (the second cal cination 10

st ep).. h -step_cal cination process can

ef%é%?%?gﬁy %régoegF’tﬁec%gf%$§fi%reﬁRY\ﬂﬁhF%uﬁyltable shape by
Pr @\ g ;
Cacaryer T e AR A A Ehe 1 BHhEY PR BRRs s, amoraing
caleidnalicBnast 8Prhficar 988 r CORt R L4 NG ; 4] Zan -
mat eri al . Aéprefgrrég exan%lg %%ﬂ% q?%%ﬁpgkggéeigogﬁounded b
OX y@en md thAicNitg Gt f e e and Tddd Opr SfuOxygen in

t he oxygen-containing gas is usually fromabout 1 to

about 30%nbyheatagmne st BosauwttedbioXygete Rht@ihvehtion, the
pure oxygen may be used, and it may be diluted with

anTPheed gasdudl ireddsseriyy Rl imedli z mn gasnomyhere of an
optionally contain water. 20 However, the
coR¥&ALraNIgarR Dot et emPena thee ofi Hh @ # hH°Qashesirst calcination
usgggli 10%gb% vol yne OL lesg” The source of oxygen is =
pr 8F&PABIGA SR CRPAL YR EF 1529 dfed® plie sphiegenaf iaghen-oxidizing
st is,.carried out in the _stream t he oxi di zi ng ' )
gaggsAFFeﬁpé?gPﬁFgaPﬁetﬂé g?ﬁsFocépgg%af?Qﬁl%ﬁ%ﬁpﬁscalclnatlon
usyakby. 2&5;&K0 - 10C; b fr t .
4OOCLb¥%en t he glgﬁge%g?érgg?ﬁgﬁgé§kﬁr§¥0€§%g}%%gig%feCtlvely

StEéchekQthOwbtbﬂ?ta%tH@ﬂﬂbiﬂ¥ arl ide/alfd regenerated
catal yst is not sufficiently recovered. Wen this '

t eopeadysatehbyihgoahilghg ihe adaisal Vgtfd.s deconposed so

that 8 the activity of the regenerated catal yst is

not suffTl¢ernigizhhghgas used in the first calcination step is
a8 gas containing 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
1to about 30% by volume. As a source of oxygen, an air or pure
oxXydgen 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
usually1l0%byvolumeor less. The source of oxygen ispreferably
an air. Usually, the first calcination step is carried out in
the stream of the oxidizing gas.

A temperature in the first calcination step is usually

from 360 to 410°C, preferably from 380 to 400°C. When the
temperatureinthefirstcalcinationstepistoolow,theactivity

of thedeactivatedcatalyst isnot sufficiently recovered. When

this temperature is too high, the catalyst is decomposed so that
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The non-oxi di zing gas used in the second cal cination

step is a gas containing substantially no oxidizing

mat erial such 5 as oxygen. Specific exanples of the
non- oxi di zi ng gas include inert gas such as nitrogen,

car bon di oxi de, helium argon, ®&tc. The non-oxidizing

gas may optionally contain water. However, the

concentration of water in the non-oxidizing gas is

usual |y 10% by volune or less. In particular, o
nitheogenigasyi sfptbeerapepetotadedasslastiohsonbdi guhficlently
gas. Usually, the second calcination step is carried

olldhn the stream of the non-oxidizing gas. A

tenperature in the second cal cinati step is usually .

from 426bEoNBH0E L Bt &+RE HRY UFEGM Y PR At ion step
the tenperature in the second [ cination.st ]

| 9% 2t RE® 8nhetrolieySOPSERGCaBIAY U4 Bt aata Psparstlal such
nqt pcie V. i ! ISy s 4

185 Fuheie nordphf P e ah AR T LAL S AEPRLR HT (b incluae

a‘i?ﬂe)fit_t ¥a2 0fs i die ake9enes L £d GalRlY 8k okSdeNOhelium, argon, etc.
sufficiently high. Prior to the first cal cination

streR, nbReoBlded npr §d8Ghay 2t Sord Bl erealite iheatater. - However,
treated (pre-calcined) in an atnosphere of an
oxhéi zbngegasatioa adwabediini hjegasnatxbdiehpergasiie usually
of about 180 to about 300C. As explai ned above, the
nilogenly praddmetot $esal ci Fegarkicud agrafefregen gas is preferably
enbodi nent, prior to the calcination, the nolded 25 _
PUGEGC S| 8 ROMTPH I Shetnd (Fat - | ISUae roltdhed SpreadcFatsination
exposed to an atposphere at a tenperature of 40 to.. .
166EParE ARG VBT Rl 1T ST Th 60% POP Brsdiping gas.
10 hour g . Ihet ? he,c | ydd ié"il{aytf’cﬂg é@% is usuall
cat al ys?\‘ It|e¥n e% ¥tu tee r?lélgg?]éelr% ée(@j%gc%tajl ylst can 95t e o
r er & ffebect A it IO E 4dWc.  wWhen the
st%%é%?rélg_tllr;%plipo ﬁ@f gét glr;(/ege%gg;iyge f|gn‘pr oved. T%n S
C @Retda I MY i G ddedl calcination step is too low, the
activity of the deactivated catalyst is not sufficiently
recovered. When this temperature is too high, the catalyst is
decomposed so that the activity of the regenerated catalyst is
not sufficiently high.

Prior to the first calcination step, the meolded product
is preferably heat treated (pre-calcined) in an atmosphere of
anoxidizing gas or a non-oxidizing gas at a temperature of about
180 to about 300°C.

As explained above, the molded product is calcined. In
a preferred embodiment, prior to the calcination, the molded
product is conditioned, that is, the molded product is exposed
to an atmosphere at a temperature of 40 to 100°C and a relative

humidity of 10 to 60% for 0.5to 10 hours. Thereby, the catalytic

activity and the catalyst life of the regenerated catalyst can
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- hetsr

out by placing the nolded article in a tenperature and
hum di ty-condi ti oned vessel, or by blow ng a
tenperature and 5 hum dity-conditioned gas to the
nol ded product. Usually, an air is used as an
at nospheric gas used in the coniti oni ngprocess,
al though an inert gas such as nitrogen gas nay be
used. After the two-step calcination, the regenerated
catal yst is obtained. The regenerated catal yst
coepr &8eseacdOndwet erfafeal tyland Idy campofindf handomaythe strength of
conprise a free heteropolyacid or a salt of a ,
héher opoh yast diar hepamprewedr, The cegdiddandgg may be carried
catal yst preferably conprises an acid salt of a

éﬁowa&dﬂtﬁ, thrpmo Jted e abl glaninacd ate@perafure and
Keggi.n-

t het er. | id.. M ferably,
S LA S8 S1oMGHE HEURA TG e epGIP I £5 EpeTAEure and
f . t he heat t t -.cal ci ti .
SR BG G et b hdd S et Py e Ugwgitys an
i d regeiier st s St i
caidi 3L e e ARy | A Patn LI s e En Ry Bich BSlprocess,

Cahahysigh & awdmt efd &l sifuchy s asi PROHART 9481 RalSbe used.
subjected to a gas phase catal ytic oxidation 20

react i onpfrrehet B\t witidaas vhile iacitd cegnthe mygedisaatted catalyst
while rmintaining a high conversion and an excel | ent
salseobitdined.or Tha reggneinatedvetdiadrydt cagrisss a

usual |y prepared by charging the catalyst in a .
f iheddrioed Iactid gpubapnde antdraymPririppisy pigee heseropolyacid
starting gas m xture containing oxygen and a ra\ﬁ

meteri w1 s @ fcat RACEFORPLHBCHPoupl R iR St Fhipior the regenerated
nmet hacrol ein i sobut yl al dehyde, isobutane an .
oy AP RE 6 SRR S o7 SR T S Qe sty acid,
fluidi g Is y 1 e id.
s, B ety LR - aE B B g I E Sorty act

g?ﬁggﬁrﬁg@ggggﬁl§p0¥%t%€&@gfr% KRy i tyddBeteropolyacid

salt is formed upon the heat treatment (pre-—calcination).

Such a regenerated catalyst has substantially the same
catalytic activity and durability as those of a fresh catalyst.
In the presence of the regenerated catalyst, a rawmaterial such
as methacrolein is subjected to a gas phase catalytic oxidation
reaction, whereby methacrylic acid can be produced while
maintaining a high conversion and an excellent selectivity for
a long time. |

Methacrylic acid is usually prepared by charging the
catalyst in a fixed-bed multitubular reactor and supplying a
starting gas mixture containing oxygen and a raw material
selected from the group consisting of methacrolein,

isobutylaldehyde, isobutane and isobutyric acid, although a

reaction system such as a fluidized bed or a moving bed may also
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m xture may contain nitrogen, carbon dioxide, carbon

nmonoxi de, water vapor, etc. 5 For exanple, when

nmet hacrolein is used as a raw material, the reaction

is carried out usually under conditions such that a
concentration of nmethacrolein iy the starting gas is 1

to 10% by volune, a nolar ratio of oxygen to

net hacrolein is 1 to 5, a space velocity is 500 to

5000 h-1 (based on the normal state) , 10 a reaction

{ yaLaLYT eal 5280y (RS506r (8N A GRS KL PT LFSHIR .  Besides

is 0.1to he starting nethacrol ein used nay
nmxygeepg&@athbyab@v@ puhtfibaddpredusdtadidl o tHglktarting gas
purity and may be, for exanple, a

matikacrra mBR- ccmmltaalnmmg;rrcepm I carppaddidx gds, crtamimednoxide,
by a gas phase catal ytic oxidization reaction of 15

i ety lvepeor atert - butyl al cohol. Wen isobutane is

used as a raw material, the reaction . is carried out

usual |y Fl‘%d@?‘a@Bﬂaﬁth%?% wa@qrr%ew & SrteR B f JRW E‘ﬁterlalf
vvzrt butane in the startl aS|si 5% ol ume
reé&ﬁéPncbﬁcfearﬁl?la? 55214 Y3h O shen that

gglagr rat gaat {}ol%é t%mo S%?%tnagﬁa r‘gﬂt‘l{;‘eqas i%1 to 10%
ngblﬁh%t eh mB15¢arLE 9] ég'?i£¥%‘éﬂf§% @ﬁé’cf&lef‘r@% 1 to 5,

feaction pressure IS

I %ogﬁg&élxﬁeloﬂ@i@yqrs sgbuwlaimtehydqno%@%ﬁoﬁ%we FRWmal state),
mat eri al , substantially the sanme reaction conditions

ag EEQ@@l@M&Mﬁ@ra\G@ﬁe% haer pbeizne)oahs AISRAAS dhBressure
raw materi al are adopted. EXAMPLES Hereinafter, the

pieséntl itovehtd ¢MPd s el aiteed iiny mcﬁftéiaflcﬂromralusem}/ may not
reference to t he Exanples, which do not [imt the
s@@ﬁ@SS@ﬁlt h}ﬁ'@sé’#trllfﬁ\ﬁéinplr@ﬁiqcﬁ: atiEhngy high purity and may
n the anpl es ont ai.ns 2% by vol ume of te
e, or exampile, amet acrolein-containing reac 1on product gas
obtained by a gas phase catalytic oxidization reaction of
isobutylene or tert-butyl alcochol.

When isobutane is used as a raw material, the reaction
iscarriedoutusuallyunder conditions such that a concentration
of isobutane in the starting gas is 1 to 85% by volume, a water
vapor concentrationis 3 to 30% by volume, amolar ratic 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 iscbutyric
acidor isobutylaldehyde isusedasarawmaterial, substantially

the same reaction conditions as those employed whenmethacrolein

is used as the raw material are adopted.

EXAMPLES

Hereinafter, the present invention is explained in more
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(corresponding to the water content of an atnosphere),

and 5 nitrogen used in the Exanples is substantially

free of water. A conversion and a selectivity are

defined as follows: Conversion (%9 = [ (noles of

nmet hacrol ein reacted) / (noles1lof nethacrolein fed)]

x 100 Selectivity ($) _ [(noles of methacrylic acid

generated) 10 (noles of nethacrolein reacted)] x 100

Ref erence Exanple 1: Preparation of fresh catal yst and
eritsall by ¥ f draste catitly Ekahp 1224 Woldi doam eXdhdngehe scope
wat er heated to 40C, 38.2 kg 15 of cesiumnitrate

[ CsN@Ble Peskiky ofvernt iwso ont dophesphoric acid, and

25.2 kg of 70 wt%nnitric acid were dissolved to

pr epar e Arsaliigtigrd An Sepdieamatles 2ontRgnstZ akbReyHne of water
nol ybdat e tetrahydrate [(NH4)6Nb7024.4F%0% mag

di SEHIRAPIRA LD 1) The PahebxchahgRt waf erthakiegrpgre) - and

AT CHATG LoV Adal o] RRANGAS 1 Her Sl LB b free of wates.
Sol uti 00'1} %on%%r%j!o\i%\g:a and B d.?elggjt %Sféggietﬂn%%cas follows:

After Solution “dropwi se a I'ution B
whi | € Stdgidih i J19H XU 1408 £ it I Sild ] @dab@ed) / (moles
5.8 hours at 120C in a closed vessel, and then a

sysPenst -1 dh 2r k@) pfx apgd mony trioxi de [ Sb2031 25
and 10.2 kg of copper nitrate trihydrate

[ Cu( NO3)s2: 1H¢Olvitny 28) K § (nbldeiconmzeHawatéd cveasi dddverated) /
thereto. Then, the m xture was stirred at 120C for 5

holutcsl ésn d henetlosexdo Vesiseteadhedhi xxut @0 t hus obt ai ned

was dried with a spray dryer. To 100 parts by 12

wei ght of the resulting dried powder, 4 parts by

el SN A EH S RS B A BB el catatyst an
[ %r{fa%)ﬂfatkain&? Jat re Qt. and the resulting

mxture was kneéﬁé3 anda€%?§u5|on-nnlded into
cylinderg a6y 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 kgof 70 wt% nitric acid were dissolved to prepare
Solution A. Separately, 297 kg of ammonium mclybdate
tetrahydrate [ (NHy)¢M070:44H:0] was dissolved in 330 kg of
ion-exchange water heated to 40°C, followed by suspending 8.19
kg of ammoniummetavanadate [NH,VQs;] therein to prepare Soluticn
B. Sclutions A and B were adjusted to 40°C. After Soluticn A
was dropwise added to Solution B while stirring, the mixture
was further stirred for 5.8 hours at 120°C in a closed vessel,
and then a suspension of 10.2 kg of antimony trioxide [Sb;0:]
and 10.2 kg of copper nitrate trihydrate [Cu(NOj):3H:0] in 23
kg of deionized water was added thereto. Then, the mixture was
stirred at 120°C for 5 hours in the closed vessel. The mixture

thus obtained was dried with a spray dryer. To 100 parts by
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5 having a diameter of 5 nmand a height of 6 nm The
nol ded product was dried at a tenperature of 90C and
arelative humdity of 30%for 3 hours, and then

"heat-treated (pre-calcinated) at 220C for 22 hours in

an air streamand then at 250CY¥aor 1 hour in an air

stream and thereafter, heated to 435C in a ni'trogen

10 stream and kept at the same tenperature for 3

hours. Then, the product was cooled to 300C in a
nwtermgemoﬁttrmamsmtengdxamgi powde he dpariog bl wirguppf ceranic
to an air stream the product was heated to 390C in

t e ks streaaeinl Repte ight /d samoniamparidiiate fad}d %7 parts
hours. Thereafter, the product was cool gto 70(5:

aiky wes gty @afmloan&Xch@na@t WPy &t dBESr eideer ctpd TS Tesulting

cat al yst cont ed alt .of K
hé’flé’f’ ‘?))"’%1% a(gl acci]ge)%i{é)siploﬁé} chgﬁ#ﬁr;ql enurﬁllnders each

AT R A0 B L R oo
2 a[évbc?rsllg BEL3REE T 93” QIE{ & Argals Mé‘thumldlty of
one gram o e ca I'yst™ obt ai'ne ef erence

EX%%)E@ 13\1\% $ 14025560 SHHEE t VACHHRE AL (s delveiBd€8d) at 220°C

at 120 subjected to the measurement of a BET

spest fi£ rifface artair 3 rEie kesulthenase 280D for 1 hour in
Table 1. [Activity test of catalyst] N ne grans (9 Q)

ofan hei cattatemt, clrtdi tiesl ¢ af Ref erieeeted 3to EXAR{ eirl a nitrogen
were charged into a glass m cro-reactor having an

i riereanisgvekeptoat fg‘%ﬁﬁmﬁnﬁe%P§¥%FPFﬁgf%§ gBHﬁésedThen' the
of 4% by vol une _of nethacrolein, 12% by vol une

ntIPTé?fUF%? wayeRa ed 19, O Fol a1 gro g éFr\?éB'or AfSEar changing
%%Zr}%t?r'eé‘%een 50 00 PR, (Bl Mgt iap heated
& 3RRECin 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.
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.

[Measurement of BET specific surface areal

About one gram of the catalyst obtained in Reference

Example 1 was degassed under vacuum, then dehydrated at 120°C

and subjected to the measurement of a BET specific surface area.

The results are shown in Table 1.

[Activity test of catalyst]

Nine grams (9 ¢g) of the catalyst obtained in Reference
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velocity of 670 h-1 and reacted at a furnace
tenperature of 260C (a tenperature of a furnace for
heating the mcro-reactor), and a conversion and a
selectivity after 1 hour fromthe start of the
reaction were determ ned. 10 Next, in order to
evaluate the durability of the catalytic activity, a
starting gas having the same conposition as nentioned
above was fed thereto at the same space velocity as

n?QEh%@.%dl webe\arafih L fa6tLdl ass aifdoracadteypraalngan inner
of 355C, thereby forcibly deteriorating the catalyst.

Theeaaktker ofal Stmakt iavgl E5sgasthavi ggs tdmnysaned of 4% by volume
conposition as nmentioned above was fed thereto at the

s atfencstitener vbd Dici 19 $asy nehtineretimabeve L aamk ¥E&efet dd3 &y volume
a furnace tenperature of 280C, and a conversion and a .
selfecd i F tppoaf,t ard B Ty Violower ok ndttaogeay pRepared by mixing
reaction were determ ned. The conversion _and.the
SBRESBICVIOLE ief dter &G aaF¥RA DifiE P65 e ePs 553 tnd¥eto 2t a space

deer g gn fe Shoin L0 TolLe Lo LNEAMLEUEHL .o o 20

o . : ¢ i avtol
THEATNE T AR Y P
r%}/v BRLS isﬂlong%ﬁdc Nt @i BLPYv 44 by Vel WhAfr from the start of
me

acrolein, 12% by wei ght of " nol ecul ar oxygen, 17%

by O IR+ iQfn WRire! MaROmiansh 67% of nitrogen gas,
whi ch was prepared by m xing nmethacrol ein, nol ecul ar

oxygen, Neatrer i N apere rabd evidlnegentid duyah i Mdsy efippie egtalytic
at a space velocity of 1, 340 hr-1 and reacted at a )

f wrortdcd tyenp et atrtriagefa BBOTLnethE0s 2§ §OBPOSdAder as ment ioned
During this reaction period, a conversion _was 1 d
debevie Weg Eedr fherepo ab tthy < ammSRAGK Ve Qe as mentione

plotted with a reaction tinme on a 5 an abscissgrﬁgj,ﬁa thereb

campstesi @mconeastefdrha et UTRRCE sBRIR ORA tT R © ¢ Y

CHME TN cIé%derS’l%brSatﬁq{d P AR, T ehate@ttehS! @PEtarting
gashaving the same compositionasmentionedabovewas fedthereto
at the same space velocity as mentioned above, and reacted at
a furnace temperature of 280°C, anda conversion anda selectivity
after 1 hour from the start of the reaction were determined.
The conversion and the selectivity before and after the forced

deterioration are shown in Table 1.

[Measurement of Catalyst Life]

Through a glass-mademicroreactorhavinganinner diameter
of 15mm filled with 4.5 g of the catalyst obtained in Reference
Example 1, a raw material gas containing 4% by volume of
methacrolein, 12% by weight of molecular oxygen, 17% by volume
of water vapor and 67% of nitrogen gas, which was prepared by

mixing methacrolein, molecular oxygen, water vapor and nitrogen
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of the Iine was cal cul ated by the | east-square nethod

and then a decreasing rate of the conversion (% day)

was cal cul ated. The results are shown in Table 1. 10

Ref erence Exanple 2: Recovery and eval uation of

deactivated catal yst The fresh Tatal yst prepared in

Ref erence Exanple 1 was treated at 450C for 5 hours

in an air streamto prepare a 15 deactivated

catal yst. The deactivated catal yst was subjected to

t h@a BEWapetinhild esliptag esraea wedasuiramendt 1aRd0der'vang reacted
test in the sane manners as those in Reference

Ex%fﬁrpﬁ éurnaThetgreefakuracd 3B SeowhOide VRabreldng@d. During -

: eneratl n of catal st and eval uatjon  of
R Iea?%w@ma Ty S Jg?ma%z%t@ymb@e@h%vew 7 to
d t vated atal obt ai ne fer nce Exa
nggs ghended'S fdbltgs Jt=*q e%r}cen &€ EIWCLE][%I?JI time on a

t Oaﬁ%%som'%at QEH 5%31\;9@5130318Hran %ﬁ:d-lil}lasc Sus&‘%@f@%ctlon time

to cool to a roomtenpera ure
t e 6@ e2-dh o r IR R b L £ 24 €1 f NEUNGB] n v25 radded on. 2 s1ope

thereto and the mxture was heated to 70C and kept at

t hef sane lieepesstcd Pcul oted Hipithe Thakeakh@hrelfe®h8d and then
of 25 wt % aqueous ammoni-a was 15 added. After being
kepteatreddCnijoratle bduthe theverstone(Waday heats-¢abatksited. The
at 120C for 5 hours while stirring in a closed
vesselltyhereashewn iheTabkeute was dried at 110C, and

to 100 parts by weight of the resulting dried product

were added 6 parts 5 by meight of i on- exchange wat er,

and the]£1€ture maf f g g extrusi qn-no deg i nt o ¢

cyl i nder’s® e Ha %@P% i aneterodfrYs2hth G142 éP&hP

of 4 & o . Jhi $ ggégfgsgroduct was kept in an

The fresh catalyst prepared in Reference Example 1 was

treated at 450°C for 5 hours in an air stream to prepare a
deactivated catalyst. The deactivated catalyst was subjected
to the BET specific surface area measurement and activity test
in the same manners as those in Reference Example 1. The results

are also shown in Table 1.

Example 1: Regeneration of catalyst and evaluation of
regenerated catalyst

Two hundred grams (200 g) of the deactivated catalyst
obtained in Reference Example 2 was suspended in 400 g of
ion-exchange water heated to 80°C, and then kept for 1 hour.
This suspension was allowed to cocl down to a room temperature,
and then 60.2 g of ammonium nitrate [NH.NOs;] was added thereto
and themixture was heated to 70°C and kept at the same temperature

for 1 hour. Thereafter, 17.9 g of 25 wt% aqueous ammonia was
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at nosphere having a relative humdity of 30% at 90C
for 3 hours, and then heat treated in an air stream
at 220C for 22 hours 10 and further in an air stream
at 250C for one hour. Thereafter, the nolded product
was heated to 390C in an air stizeam and kept at that
tenperature for 3 hours (the first cal cination step).
After that, the air streamwas switched to a nitrogen
stream .and the product was heated to 435C in the
NigRAEN ﬁ%’f:@%nb@'ﬂﬁglﬁeb%ptatahObbaifot:em’ﬁbﬁt:rr ehkohifture was
hours (the second calcination step). Thereatter, the
pheduct: was helted 200T0€oi-n 5t heumnst wagee sstiredmy anda closed
the catal yst was recovered. The resulting regenerated
catealspdt, wahesuehjfeetredthe nthet BE wazedried surfidf€, and to 100
area neasurenent, activity test and catalyst life
n@agmse%melmm of ke §9ﬁ1é1ﬁé\ﬁﬁéif%l%l°t’:ﬁégé’t|%ere added & parts
ferenc Exanmple 1. The results are own.in Tab
YCB’F&& Sae LERARHC af%&a&% 33& Biydutd s kneaded

exce

h@gt F%giPﬁgﬁprggﬁéfca &R % efﬁeggéﬁdﬂ'Ql%%Eidlameter of
P%OHMCL 1?%?@12@ 4P 64ﬁi.lfht e geﬂ?&l@%dt Alduct was kept in an

tenpera ure hour's Irst calcination step),

then coel&sd BQV%&EC& E@la% 'E} 1 Q9ER: 8¢ 8283 teg0°C for 3 hours,

nitrogen stream was sSwW t ched to an afr stream the

Mahded REOMEGE Waedteat g6 ta(h IBQC Htirdde A r2oyereanrl6o hours
and kept at that tenperature for 3 hours for 3 hours,

t hed thethproduah abs staaladat? YORC fortdree diourst r @aam—eafter,
and the catal yst was recovered. The regenerated

cahal yeldedpsebictwed heathd tBEP K Feth fairx:as'urmn@am and kept

area neasurenent, activity test and c taI
rBds bPE e hETPRLERETEaRBT A HIFES adhe, Rﬁﬁéﬁl@%&@n step) .
Eé\%l{%r that,TgEergns.glé garu% v?ggvg]w1tcl;r§c§)| ny)cro%en stream,

and the product was heated to 435°C in the nitrogen stream and
kept at that temperature for 3 hours (the second calcination
step). Thereafter, theproductwascooledto70°Cinthenitrogen
stream, and the catalyst was recovered. The resulting
regenetrated cataiyst was subjected to the BET specific surface
area measurement, activity test and catalyst life measurement
in the same manners as those in Reference Example 1. The results
are shown in Table 1.
Comparative Example 1

The same procedure as in Example 1 was repeated except
that, after the heat-treatment (pre-calcination), the molded
product was heated tc 435°C and kept at that temperature for
3 hours (the first calcination step), then cooled to 300°C in

a nitrogen stream, the nitrogen stream was switched to an air

stream, the molded product was heated to 390°C in the air stream
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and kept at that temperature for 3 hours for 3 hours, then the
product was cooled to 70°C in the air stream, and the catalyst
was recovered. The regenerated catalyst was subjected to the
BETspecificsurfaceareameasurement,activitytestandcatalyst
lifemeasurement in the samemanners as those inReferenceExample

1. The results are shown in Table 1.
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.11 -H+) 1) U>1 4-) V) (a>1r. 1-4 -rq VU Y) ro0
0. -Hi.) ro Ai) rla) E+) U +) it it ro+) WU
U ro EUUU CO4 4) U118 CLAIMS 1. Anethod for
regenerating a catalyst for the production of

met hacrylic acid conprising a A&teropol yaci d conpound
5 cont ai ni ng phosphorus and nol ybdenum whi ch net hod
conprises the steps of drying a m xture containing a
deactivated catalyst, an ammoniumion, a nitrate ion
andwat ecrareisdi ng the dried mixture, firstly

cal cining the nol ded product in an atnosphere of an
oxidizing gas at a tenperature of 360 to 410C, and

t hen secondly 10 cal cining the product in an

at nosphere gt .anReNr OXid52hBY,9358y @éa@ai?%?ﬁ@&ﬁ@p?&duction
420 to 500C. 2. The nethod according to clTaiml1,

. %;t%iel%%@r‘}fgggaf‘gied éﬁ?@ﬁiﬁi?t %té‘fcgﬁﬁf%?f{lgégﬁﬁound

east or at our
Oy TDRIBASR G h29ehRshal BV REERLA conprises

relative hu to 60% at., a tenperature .o

idity of 10 f 40
SR tSr P LT E a2t hu Ce pRFIE L6 B A (hed Catalyst,
calcination. 4. The nethod according to anxone of . . ,
c BRiAFION 1 30Ny AdYidi hAt g h%nﬁé‘ﬁé“{a&ﬁ‘gq'y%%iﬂ eepSHed mixture,
further conprises vanadium at |east .
firstly calcining the molded product in an atmosphere of an
oxidizing gas at a temperature of 360 to 410°C, and then secondly

calcining the product in an atmosphere of a non-oxidizing gas

at a temperature of 420 to 500°C.

2. The method according to claim l, wherein said mixture
is heat~treated at a temperature of at least 100°C for at least

2 hours prior to drying.

3. The method according to claim 1, wherein said mixture
is 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 the first calcination.

4, Themethodaccordingteocanyoneofclaimsl to3, wherein
theheteropolyacid compound further comprises vanadium, at least
one element selected from the group consisting of potassium,

rubidium, cesium and thallium, and at least one element seiec.ted



one el ement selected fromthe group consisting of
potassium 25 rubidium cesiumand thallium and at

| east one el enment selected 19 fromthe group

consi sting of copper, arsenic, antinony, boron,

silver, bismuth, iron, cobalt,_ |anthanum and cerium

5. A process for preparing neth%crylic acid conpri sing
5 the steps of: regenerating a catalyst for the
production of nethacrylic acid by the nethod
according to any one of clains 1 to 4 and then
stbpectliegraup eastishéngorpaanrenl essed o opnthmony, boron,
group 10 consisting of methacrolein,

i sbbuty| abdehyds, isobut awdadrid lisdiwnum @raticktoim.
gas phase catal ytic oxidation reaction in the
presence of the regenerated catal yst. f

5. A process for preparing methacrylic acid comprising
the steps of:

regenerating acatalyst for the production of methacrylic
acid by the method according to any one of claims 1 to 4 and
then

subjecting at least one compound selected from the group
consisting of methacroclein, isobutylaldehyde, isobutane and
isobutyric acid to a gas phase catalytic oxidation reaction in

the presence of the regenerated catalyst.



