21 July 2006 1 METHOD FOR REACTI VATI NG CATALYST FOR PRODUCTI ON OF
METHACRYLIC ACID FIELD OF THE I NVENTION 5 The present |nvent|§pjé§mﬂk§s to
a method for reactivating a heteropolyacid catalyst which is use en

met hacrylic acid is produced by subjecting nmethacrolein to a gaseous phase
catal ytic oxidation reaction. 10 BACKGROUND OF THE | NVENTI ON Her et of ore, as
one of the nethods for producing nethacrylic acid, a nmethod is known in
whi ch methacrolein is subjected to a gaseous phase catal ytic oxidation
reaction using a heteropolyacid cataly In this reaction, the activity
15 of the catal yst usualIMEE£@ESF§Ea@@QQQ}Whﬂ3¥QIﬁ§?ﬁ%§§ﬁn&cﬁ reaction
time. Therefore, in order to prolong the |life of the catalyst, it has been
i nvestigated that the cargRy PRODUCHITON YF METHAGRAILE tAidugh a
reactivation nethod. For exanple, in Japanese Patent Application Laid-Open
No. (JP-A-) 20 58-156351 discloses a nethod of heat treating a catal yst
conprising a free phosphonol ybdic acid or free phosphovanadonol ybdic acid

and havi ng been se i -mentioned reaction to reduce its
G THE TNVENEY Ll
activity, un é@ f s containing at |east 10% by vol une of water

vapor at 21 Jul 2006
P Y The present invention relates to a method for

reactivating a heteropolyacid catalyst which is used when
methacrylic acid is produced by subjecting methacrolein to

a gaseous phase catalytic oxidation reaction.

10 BACKGROUND OF THE INVENTION

Heretofore, as one of the methods for producing
methacrylic acid, a method is known in which methacrolein is
subjected toagaseous phase catalyticoxidationreactionus ing
a heteropolyacid catalyst. In this reaction, the activity

15 of the catalyst usually falls gradually with the passage of
reaction time. Therefore, in order to prolong the life of
the catalyst, it has been investigated that the catalyst
activity is recovered through a reactivation method. For
example, in Japanese Patent Application Laid-Open No. (JP-A-}

90 58-156351 discloses a method of heat treating a catalyst
comprising a free phosphomolybdic acid or free
phosphovanadomolybdic acid and haviﬁg ‘been used in the
above-mentioned reaction to reduce its activity, under a flow

of a gas containing at least 10% by volume of water vapor at



2 a tenperature of from70 t to 240 Moreover, JP-A-6-7685 discloses a

nmet hod of heat treating a catal yst conprising phosphorus, nnlypﬂgpg@kand
vanadi um and havi ng been used in the above-nentioned reaction to Teduce
its activity, under a f low of a gas containing at least 0. 1 % by vol une
of nol ecul ar oxygen at a tenperature of Brom300 t to 410 t. However,

t hese conventional nethods can not necessarily exhibit satisfactory
effects of recovering the catalyst activity and, in sone cases, a
reactivated catalyst with a 10, desgéed actiyity can not be 02; ' §%
SUMVARY OF THEtPNPENRtGNeCHE o e j‘ébt2§oo£t h &SR - ihveént ‘g’e % to
provide a nmethod of reactivating a catalyst for production of 15

met hacryl i ¢ aldiss;lddes retirithddi of) bepertbseatingcti ¢atplott COMEIFE
catalysts to the conventional nethods. After a diligent investigation, the

present invephdsphdiane, meudddiin hel ehauaiabj ant kanibg bedneavestl Byn heat
treating a catalyst used in the above-nentioned reaction, under a 20

specific condil ans Al retlidiild ARl Bl Quliiraiaucex 4aaN R v M lumGizor

concentrations i ow of gas and a tenperature range f or the
mvent | on®  NEETSY OB SR RRRE ST YRA T DRCRE S dot B SOTREE T o at I 2006
oxygen at a temperature of from 300 T to 410 C.
However, these conventional methods can not necessarily
exhibit satisfactory effects of recovering the catalyst

activity and, in some cases, a reactivated catalyst with a

10 . desired activity can not be obtained.

SUMMARY OF THE INVENTION

One of the objects of the present invention is to provide

a method of reactivating a catalyst for production of

15 methacrylic acid, the method being superior in activity of
reactivated catalysts to the conventional methods.

After a diligent investigation, the present inventors

have found that the above object canbe achieved byheat treating

a catalyst used in the above-mentioned reaction. under a

20 specific conditions of combination of molecular-oxygen and

water-vapor concentrations in a flow of gas and a temperature

| range for the reactivation, thereby the present inventors have

accomplished the present invention.

Namely, the present invention provides a method for



3 reactivating a heteropol yacid catal yst which contains phosphorus,

nol ybdenum and vanadi um and whi ch may have been wused in a gasLoHs E&i?e
catal ytic oxidation reaction of methacrolein to produce nethacr@*Yc aci d,
the method 5 conprising the step of treating the catalyst with heat at a
tenperature of from290 OC to 400 O C under a flow of a gas containing at
| east 3 % by vol une of nol ecul ar oxygen and at |east 3 % by vol une of

wat er vapor. 10 DESCRI PTI ON OF THE | NVENTI ON A catal yst which is
reactivated in the present invention is a heterogglgacid_cata%és£ .
conpri si ng pheaphawssingnohybuetencantiyeaiddi oatayhetcatrB3iget RBY B " Bsed
in the production of nmethacrylic acid conducted by a gaseous phase 15
catal yti c oxjAgkpABri@ackbeppaénint Ane redeadiuf rnd afdichs maynhpveokpPhise a
free heteropolyacid or may conprise a salt of heteropolyacid. Wth respect

to the conposition, physi p | &5t &\ P& eBak abitednneidwet dn aof
heteropolyac?ﬁegafglfgtsgggéugrgﬁﬁﬁ%%dﬁ§%fﬂﬁ%thacrylic acid, many reports

have been 20 made (see, for exanple, JP-A:59- , s A- 60 9
JP- A-5- 96172fﬁeybaﬂfr8lf6621t8nd9gg§}&9fl-‘E%ﬁi% §_Z§§ c%tgéﬁf/st tgéhﬁ@%ﬂilgd

reactivated in the present invention can be qgbtaine I.n_ageco c Lt h
the nethads desprdsadgi iheheterpf tsredhil e t%&#&%‘*&s * gcglu?%%%ot%t\tl)\%

construed as a limtation upon the 21 July 2006
temperature of from 290 C to 400 T under a flow of a gas

containing at least 3 % by volume of molecular oxygen and at

least 3 % by volume of water vapor.

10 DESCRIPTION OF THE INVENTION
A catalyst which is reactivatedin the present invention
is a heteropolyacid catalyst comprising phosphorus,
molybdenum and vanadium. The catalyst may be used in the
production of methacrylic acid conducted by a gaseous phase
15 catalytic oxidation reaction of methacrolein. The catalyst
may comprise a free heteropolyacid or may comprise a salt of
heteropolyacid. With respect to the composition, physical
properties and prep‘aration method of aheteropolyacidcatalyst
for production of methacrylic acid, many reports have been
20 made (see, for example, JP-A-59-12758, JP-A-SO'-239439,
JP-A-5-96172, JP-A-8-10621 and Jp-A-11-226411). A catalyst

which is reactivated in the present invention can be obtained

in accordance with the methods disclosed in the reports, while

the methods should not be construed as & limitation upon the




4 scope of the present invention. The gaseous phase catal ytic oxidation
reaction of methacrolein using the heteropolyacid catalyst may; 8,200
performed by supplying a raw naterial gas, i.e. , methacrolein ]5 t%get er
wi th nol ecul ar oxygen or water vapor, to a fixed-bed reactor packed with
the catalyst. In the industrial producti%n thereof, a multitubular- type
reactor may be used as the reactor. The raw material gas may contain a

nmet hacrolein in an anmount of from 1% by volunme to 10 % by vol une,

mol ecul ar 10 oxygen in an anmount of from3 % by volunme to 20 % by vol une,
wat er vapor i scapearpdurthefprgsants BYgAtAPne to 30% by vol une, an -inert
gas such as nitrogen and carbon dioxide and the like. A r may be used as a
source of nol ecul arnexygeseocand phheem catyl peias esidatd ofoureac biohatod
vapor. Regarding reaction 15 conditions, the supply rate of a raw materi al
gas may be f&%%aﬂ%ﬂaéoggmgl tRe! aidBe SépSPREEigel @rtd Yy ¢ st ardar dest at e
basis; ditto below , i. e. , Supply rate (L/h) of the raw material gas

e
| L of th t al t h, ' t
550 cC A roRBERaR S o AR Tk At R CRa S0T bt ol et ot hacry e actd

may be subjected to a separation and purification_operat] Lers _beiing
condensed? or t@&eﬁ@ers‘éb*égd'ﬂ%]cﬁqucﬁﬁ §P”CBHtv%ﬁ1f1%]ﬂvta%é3rréi %8%1'%2&%% gggt ed
met hacrol ein which is recovered can be recycled as a raw. mater.i al. . TI1e
exhaust gas caadiern eppcked avithsditeec@talst. In the industria

production thereof, & multitubular-type reactor may be used
as thereactor. Therawmaterialgasmaycontain amethacrolein
in an amount of from 1% by volume to 10 ¢ by volume, molecular
10. oxygen in an amount of from 3 % by volume to 20 % by volume,
water vapor in an amount of from 5 % by volume to 30% by volume,
an inert gas such as nitrogen and carbon dioxide and the like.
Air may be used as a source of molecular oxygen, and steam
may be used as a source of water vapor. Regarding reaction
15 conditions, the supply rate of a raw material gas may be from
500 to 5000 h! in terms of space velocity {standard state
basis: dittobelow), i.e., supplyrate (L/h) of the rawmaterial
gas per 1 L of the catalyst, and the reaction temperature may
be from 250 to 350 T. A reaction product gas containing the
20 obtained methacrylic acid may be subjected to a separation
and purification operation after being condensed or being
separated from water contained therein. The unreacted
methacrolein which is recovered can be recycled as a raw

material. The exhaust gas can be recycled as a source of the



21 July 2006 5 above-nentioned inert gas, after, if needed, it is burned.
Met hacrol ein used as the above-nentioned raw material can be ffﬂﬁﬂgﬁﬂ%
suitably by subjecting i-sobutylene or t-butyl alcohol to a gaseous phase
catal ytic oxidation reaction using 5 an oxide catal yst containing

nmol ybdenum bisnmuth and iron. Methacrylii acid can be produced through

t wo- st age gaseous phase catal ytic oxidation reactions conprising such a
gaseous phase catal ytic oxidation reaction of isobutylene or t-butyl

al cohol as a first-stage reaction and as the second-stage 10 reaction, the
af or ement i onggogasaens iphase iaatrdl grisc adkedat Lénneeded ohtudfnhuihed-
resulting nmethacrolein as a raw nmaterial. The first-stage reaction nmay be

performed by suppluiRgcireabyhyleee #§ fhdubyplveameoitlonetyermenatprhal
nol ecul ar oxygen to a f _ixed bed reactor f illed with a catalyst. 15 In

ndust il DLOGUCL Lo AL LLUBY 3y LBSeEEaGkOrodsuupttho a thButgact or.

The raw nat eFPR I'TSt=st’age “reaction may contain a

i sobutyl ene or t-butyl alcohol in an amount.of f. 9 oLyne,

nol ecul ar oxp&ERLPH %?laa%%‘ﬁ?us cﬂ‘hq‘sreof:rﬁa#gtciﬁ‘%’ﬁjyéé\?g‘]r%nnetr%amjcgt@g?y l\llgpo? in
an anmount of from20 O to 30% by volunme, an_inert gas_such ﬁs ni;t rogen and
carbon di oxadeoandet hethlket APAteARiBE MQEUPEEUHMsoRIEEUSE ABPetP s

oxygen and steam can be used as a source of water vapor. It 1is possible to
use, as a some¢Baefylhe beedt cgasbet beoénbedsthrough two-stage gaseous

phase catalytic oxidation reactions comprising such a gaseous
phase catalytic oxidation reaction of isobutylene or t-butyl
alcohol as a first-stage reaction and as the second-stage
10 reaction, the aforementioned gaseous phase catalytic
oxidation reaction using the resulting methacrolein as a raw
material. The first-stage reaction may be performed by
supplying isobutylene or t-butyl alcohol together with
molecular oxygen to a fixed bed reactor filledwith acatalyst.
15 In industrial production, a multitubular type reactor is used
as the reactor. The raw material gas for the first-stage
reaction may contain a isobutylene or t-butyl alcchol in an
amount of from 2 to 10% by volume, molecular oxygen in an amount
of from 3 to 20% by volume, water vapor in an amount of from
20 O to 30% by volume, an inert gas such as nitrogen and carbon
dioxide and the 1like. Air can be used as a source of molecular
oxygen and steam can be used as a source of water vapor. It
is possible to use, as a source of the inert gas, the exhaust

gas recovered from the second-stage reaction after, if needed,




gas recovered f rom the second- stage reaction af ter, if needed, 21 July
2006 6 being burned. Regarding conditions of the first-stageizrﬁgfgéam,
the supply rate of a raw material gas may be from 500 to 50001h-1 In terns
of space velocity, and the reaction tenperature nmay be from 300 to 400 r.
The node in which the 5 nethacrolein obtadned in the first -stage reaction
IS subjected to the second-stage reaction is classified roughly into two
types; the first is a separation node in which the first -stage reaction
product gas is subjected to a separation operation to obtain

1 a
met hacr ol ei npeitdy abhehadli velBednnmi pyr icopdidtionts 105 Shheh 1 85A88 to
t he second-stage reaction, and the second is a directly- conbined node in

which the first-stage 1eaCkLER1yPLadUCh 0@ Sro0 nat e ial rga s ansrso e ALiog!
directly subje5¥§%§?3 t?’he sg?ogg-stage reaction without being subjected to

a separation operati see X?E’@ y ReRITQchen gald ¥ndreeaesdon
(edited by Tﬁ@d\?iﬁahoggt ol éﬂ#?ﬁf&?. ut e, %eut;lleeit shelﬁmby Kodansha

Scientific, Ltd., 2001), pages 174-1751. \Wen t hacrol ei.n J hj dto
a gaseous phdsepeomtalng MeyoRedbemrs 3o f81 oi@rer t%&ep?gégn%% “g#ﬁma}?c&%%

het er opol yaci d cata!yst'in the manner nentioned above, .in usual '%%é%d
by- product shiettsaddaldin ¢btaivaddinde 5}r§tcagggﬁaeq%%+ﬁfu’bj
deteriorates with a passage of reaction tinme and, as a result, the
activity of thetgat abyshafathgegradualiby. i$ rclaws pfbe@proughly into two
types; the first is a separation mode in which the first-stage
reaction product gas is subjected to a separation operation
to obtain a methacrolein with a relatively high purity, which
10- is then subjected to the second-stage reaction, and the second
is a directly-combined mode in which the first-stage reaction
product gas containing methacrolein is directly subjected to
the second-stage reaction without being subjected to a
separation operation [see, for example, "Petrochemical
15 process" (edited by The Japan Petroleum Institute, published
by Kodansha Scientific, Ltd., 2001), pages 174-175].
When methacrolein is subjected to & gaseous phase
catalytic oxidation reaction in the presence of a
heteropolyacidcatalystin the mannermentionedabove, in usual,
20 aby-productsticks firmly toacatalystora catalyst thermally
deteriorates with a passage of reaction time and, as a result,
the activity of the catalyst falls gradually. In the present

invention, the reactivationof a catalyst is performed by heat

treatingacatalyst used in the above-mentioned reactionunder



I nvention, the reactivation of a catalyst is perfornmed by heat treating a
catal'yst used in the above -nentioned reaction under 21 July 2ﬂ0ﬁ_11 Jods fl ow
of a gas containing nol ecul ar oxygen and water vapor, respective {/ I n
concentrations not |lower than specific values in a specific tenperature
range. In the above-nmentioned gas for thél heat treatment of 5 the

catal yst, the concentration of nol ecul ar oxygen may be at |east 3% by
volune, and is pref rably 10% by volune or nore - \Wen the nol ecul ar oxygen
concentration is too low, the activity of a reactivated (iat at?%s%arrg¥ be
unsat i sf act oayfldhet @pges ¢ontainingHeo hePebat H*HERHYETTETEN raPron is
not 10 particularly restricted. However,. the nol ecul ar oxygen,

concent r at i ope§p¥cRe Vel vi,0imbonteR @%by onsingiel gvear §hian SRECERRG¥ALEAE to
use an air as a source of nolecul ar oxygen. Moreover, in the above

-ment i oned 93g gogpgggfq%atten;preg%ttr{&rg dndde catal yst, the concentration
may

of water vapor 1 be at l'east 3% by volune, and is preferably 8% by

2ctivity of areactPyhPBoiDaTArYan SheyBE BASHEPer Sarory ot r Rttt

activity of a reac maybe dnsattsfactory. On The ot her
hand, the activity of a reactivated catalyst tend tQ._l Ity
i ncrease of Ehuaﬁegﬁ&poFheoﬁeaﬁPPéFﬁgr’rPnz8%%‘6@68?,&#{1%3@?%?% \éﬂﬁ S to

reach alnost a | evel of saturation of the activi tfl when t51_e wat er vapor
concentrati oatehexed$s by volume, and is preferably 10% by volume or more.

When the molecular oxygen concentration is too low, the
activityofaxeactivatedcatalystmaybeunsatisfactory. The
upper limit of the molecular oxygen qoncentration is not
16 particularly restricted. However, the molecular oxygen
concentration may be up to about 20% by volume since it is
coﬁvenient to use an air as a source of molecular oxygen.

Moreover, in the above-mentioned gas for the heat

treatment of the catalyst, the concentration of water vapor

15 may be at least 3% by volume, and is preferably 8% by volume
or more. When the water vapor concentration is too low, the
activity of a reactivated catélyst may be unsatisfactory. On
the other hand, the activity of a reactivated catalyst tends
to increase with increase of the water vapor concentration.

20 However, it also tends to reach almost a level of saturation
of the activity when the water vapor concentration exceeds
30% by volume. Therefore, the upper iimit of the water vapor
concentration may be up to 30% by volume. As a source of water

vapor, steam can be used.



30% by vol une. Therefore, the upper limt of the water vapor concentration
may be up to 30% by volune. As a source of water vapor, steanM:;m Bgod!sed.
21 July 2006 8 The flow rate of the above-nentioned gas may be rt\gm 10 to
2000 h-1, and is preferably from 100 to 1000 h-1, in terns of space

vel ocity. The above-nentioned gas for theBheat treatnent of the catal yst
can contain, other than the nolecular 5 oxygen and the water vapor, an

i nert gas such as nitrogen and carbon di oxide. The gas for the
reactivation may be free of nethacrolein. The tenperature in the

above- menti oned hedhet fdawnmate pdy the abovecmen tHiogesr I BaYs b &F&Manl y
320 r, or higher, 10 whereas the tenperature naybe 4 0 O or lower,and is
preferably 310 to@odmwnet, ahatiomine Adrerdivhéromn? Aout 80PN T ooln GRIMSHyL
also when it is too high, the resulting treated catal yst may have an

i nsuffi ci ent Ctgddy/. o JhscDey| 00l hbBYel Aentlibacabaus -fon! thactieatal
treat nent depen on other conditions, 15 and may be from0.5 to 20 hours.

The reactivation treatnent of .a.cat t .he ¥ L O 1ERRAg- such
that the cat Mﬂﬁﬁé&&ﬂﬁéﬁa@%%@%% %tﬁ%ﬁt?%gl%%t alyst has been
used, the catalyst is charged into a reactivation con]taai neritpreggea}{ %I%d

separat el § aR#vaRena2@ te “aHieH YePOFs R Tt HthSHEH S o T nat i vel v,

i n a manner ‘ .
carbon dioxide. The gas for the reactivation may be free of

methacrolein.
The temperature in the above-mentioned heat treatment
may be 290 T or higher, and is preferably 320 C or higher,
10 whereas the temperaturemaybe 400 T orlower, andispreferably
370 C or lower. Not only when the temperature is too low,
but also when it is too high, the resulting treated catalyst
may have an insufficient activity. The period of time for
the above-mentioned heat treatment depends onotherconditions,
15 and may be from 0.5 to 20 hours.
The reactivation treatment of acatalyst canbe performed
in a manner such that the catalyst is taken out of a reactor

in which the catalyst has been used, the catalyst is charged

into a reactivation container prepared separately and then

20 thecatalystis treatedwithheat, or alternatively, inamanner

such that the catalyst is maintained in the reactor and is
treated without being taken out of the reactor. However, it
is preferred to perform the reactivation treatment within the

reactor as in the latter mode from a viewpoint of operability



such that the catalyst is maintained in the reactor and is treated w thout
bei ng taken out of the reactor. However, it is preferred to pffﬁgighé@e
reactivation treatment within the reactor as in the latter node om a

vi ewpoi nt of operability 21 July 2006 9 of sw tching between reaction and
catal yst reactivation. A catalyst to be $reated in the present invention
Is preferably, anong the aforenentioned heteropolyacid catalysts, a

catal yst conprising a salt of heteropolyacid, 5 and is nore preferably an
acidic salt (partially neutralized salt) of heteropolyacid. The

reacti vat i on ofetshwid dhinchdeinesentreantsinn and apetalyshbragbivasieted as a
nmet hod for reactivating a catalyst for the second-stage reaction in

two- stage gaseous phas@al@statal pei ¢rexidadl iantheapreepatcanpenting tilse

af orenenti oned gaseous phase oxidation reaction of isobutylene or t-butyl

al cohol as agblial=3hage reachion Gl ! BEqoaneals Jlase nexbahbagapeaction

of the resurplng ne rol éirn a second-stage reaction. As described
above, the two-stage 15 gaseous phase_oxi dati on _reacti.o i a
separ ati on ﬁﬁ&éhﬁ%tﬁhi@hcﬁ%ﬁg?ﬁch8W8FﬁSF§gsgpﬁ?ggeakfg%ﬁggxPngkgg?ége
reaction product gas with a relatively high purity and then is sub%egted
to the setonandt hgdqreprieserakdy an ar+des IspltcRBFAda LAgdRePRTRALERDt he

first-stage reaction
salt) of heteropolyacid.

The reactivation method in the present invention can
suitably be employed as a method for reactivating a catalyst
for the second-stage reaction in two-stage gaseous phase

10 catalytic oxidation reactions comprising the aforementioned
gaseous phase oxidation reaction of isobutylene or t-butyl
alcohol as a first-stage reaction and the gaseous phase
oxidation reaction of the resulting methacrolein as a
second-stage reaction. As described above, the two-stage

15 gaseous phase oxidation reactions may include a separation
mode in which a methacrolein is separated from a first-stage
reaction product gas with a relatively high purity and then
is subjected to the second-stage reaction, and a
directly-combined mode in which the first-stage reaction

20 product gas containing methacrolein is directly subjected to
the second-stage reaction without being subjected to a
separation operation. The reactivation method in the present
invention can be applied to a catalyst for the second-stage

reaction in any mode of those described above. Particularly,



20 product gas containing nethacrolein is directly subjected to the
second-stage reaction w thout being subjected to a separationzpﬂﬁgabb§n.
The reactivation nethod in the present invention can be applied a

catal yst for the second-stage reaction in any node of those described
above. Particularly, 21 July 2006 10 thg(reactivation nethod in the
present invention show great effects on catalyst activity recovery In the
latter directly-conbined node, since in the node al nost the whole of the
unreacted raw material and by-product contained in the 5 first-stage
reaction proguet rgasHivatilonofetadd hhothe preoent SinpN FiaR oY WGt
easily results in reducing the activity of a catalyst for the second-stage

reaction. | n e Ahovererdianed  Wactina ywageauyamasdn cattal yliaster
oxi dation reactions, not only a catalyst for the 10 second-stage reaction

but also a catal yst. for the firstsst t: ' 1988 Andlies
activity gr aMQVWTWWWeAp%%daegea%T%C%géﬁ %‘Cg{r]e '?@réeé Qt‘I'S‘k"(?inedrs%aii‘sor e,

particularly in two-stage gaseous phase catal ytic oxi.dat.i . ctl of
the directi pEcthbivreeaprd Haw ‘F‘@tﬂﬁéﬁiaﬁﬂ‘%%t 6p|67é’rd(f?1 rtmcfb%rgéégg %}éﬁ}%n of

a catalyst for the first-stage reaction sinultaneously w_.th the,

react i vat s on fafrst catadey/ strefiot iohe predoal- 9afe iﬁea%f‘%ﬁﬂ.du‘?ﬁg rERE?i Vati on
of a catalyst for the first -stage reaction can suitably be performed by
treating second-stage reactor, which easily results in reducing the

activity of a catalyst for the second-stage reaction.
In the above-mentioned two-stage gJgaseous phase
catalytic oxidation reactions, not only a catalyst for the
10 second-stage reaction but also a catalyst for the first-stage
catalyst may lose its catalytic activity gradually with the
passage of reaction time. Therefore, particularly in
two-stage gaseoﬁs phase catalytic oxidation reactions of the
directly-combined mode, it is desirable to perform
15 reactivation of a catalyst for the first-stage reaction
simultaneously with the reactivation of a catalyst for the
second-stage reaction. The reactivation of a catalyst for
the first-stage reaction cansuitably be performed by treating
the catalyst with heat under a flow of a gas containing a
20 molecular oxygen in an amount of at least 3% by wvolume,
preferably of from 10 to 20% by volume, at a temperature of
from 360 to 450 C, preferably at a temperature of £from 360

to 400 T. The gas used for reactivation of a catalyst for

the first-stage reaction may contain water vapoxr, but is not




the catalyst with heat under a flow of a gas containing a 20 nol ecul ar
oxygen in an anount of at |east 3% by volunme, preferably of féptml%%éé) 20%
by volune, at a tenperature of from 360 to 450 cC, preferably a

tenperature of from360 to 400 t. The gas used for reactivation of a
the first-stage reaction mgy contain water vapor, but is not

catal yst for
21 July 2006 necessary. In addition to nolecul ar oxygen or water vapor,

the gas nmay contain an inert gas such as nitrogen or carbon dioxide. The
reactivation of a catalyst for the first-stage 6 reaction also can be

perforned in,a-geaRek SUEH 4da@itibe o eduldrs cgigem owt watea vameror in
whi ch the catalyst has been used, the catalyst is charged into a

reactivation
treated with

tﬁggtg?is ntﬁéygn?%?@éf _ar SRALAL & ahdd BeNniBeogahabystarbon

(o)

ernatively, 1n™a manner such that the catalyst

S

mai ntained 10 in the reactor and is treated w thout being taken out of the

reactor. Howd¥e¥idpt is preferred to performthe reactivation

tr eat nent

within the reactor as in the latter node froma viewoint of operagbility
1§1’Fﬁ€f€\g§

of switching betweBher e@atdtdvadidn f afysatpdyeti F&& e

gaseous phase catalytic oxidation reactions of directly conbined node,
i s possi b} e teapehbardlsd eanbievaiifurmdd an eatainest shoh thad the getalEge

reaction

10

15

together with reactivation of a catalyst for the second- stage

is taken out of a reactor in which the catalyst has been used,

the catalyst is charged into a reactivation container prepared

separately and then the catalyst is treated with heat, or

alternatively, in amanner such that the catalyst ismaintained
in the reactor and is treated without being taken out of the
reactor. However, it ispreferred toperformthe reactivation
treatment within the reactor as in the latter mode from a
viewpoint of operability of switching between reaction and
catalyst reactivation.

In two-stage gaseous phase catalytic oxidation
reactions of directly-combinedmode, it is possible to perform
reactivation of a catalyst for the first-stage reaction
together with reactivation of a catalyst for the second-stage
reaction with a good operability while maintaining the
catalysts in reactors because it is easy‘to flow a gas through
the first-stage reactor and thé second-stage reactor in series
in this order. For example, the reactivation of catalysts
for the first-and-second-stage reactions may be conducted by

a method in which a gas containing molecular oxygen and water

tage

it



reaction with a good operability while maintaining the 20 catal ysts in
reactors because it is easy to flow a gas through the first- s gzb@ﬁctor
and the second- stage reactor in series in this order. For exanple, e
reactivation of catalysts for the first -and- second- stage reactions
maybe conducted by a nmethod in which a g&s containing nol ecul ar oxygen and
water 21 July 2006 12 vapor in predeterm ned concentrations is allowed to
flow through a first-stage reactor and a second-stage reactor in series,
whi | e mai ntai ning each of the tenperature of catalyst |ayer in each
reactor at avppedetier rpmsikterminad ucencénakaéioats Vel yalideed ebot ifa@M on
of catalysts nmay be conducted by a nmethod in which a gas containing

mol ecul ar oxygeBuiyd 8 £PFEHeLesgbNesasOHEaiid & iseitond & f ayye d dae tidrown
through a first -stage reactor and a second- stage reactor in series,

while maintaining each of t.he t. € Y&lof Ra®agh g0
Foactor at alBreas ain HedAaksay Gth e Ehslt A Skat AE ¢ Catalds
cont ai ning water vapor in_a gredeterni ed concgg%:ation ig added, at .t he

entrance of tA¥eSecthdedhyeTPBSELSr 2By @ pRFPOPEATLOGS SeURPAPTEFS-

reactivation by introducing a gas containing nolecul ar oxygen into the
first- stageAléarnetixyedyiSthé\segsddivat Cad@lors thmagesonfpcted
possible to simultaneously performrenoval of a solid matter such as
car bonaceousbgubsi@tited imathingy deasolkiodithiied nghmelelrartagt oxygen in a
predetermined concentration is allowed to flow through a
first-stagereactorandasecond-stage reactor inseries, while

‘maintaining each of the temperature of catalyst layer in each

10 .reactor at a predetermined temperature, and at the same time

a gas containing water vapor in a predetermined concentration
is added at the entrance of the second—stagle reactor. By
performiné such a catalyst reactivation by introducing a gas
containing molecular oxygen into the first-stage reactor and

15 the second-stage reactor in series, it is possible to
simultaneously perform removal of a solid matter such as
carbonaceous substances that may be solidified in a channel
extending from the exit of the first-stage reactor to the
entrance of the second-stage reactor.

20 When the two-stage gaseous phase catalytic oxidation
reactions of directly-combinedmode are performed by supplying
isobutylene or t-butyl alcochol to the first-stage reactor
together with molecular oxygen and water vapor, it is possible

to switch from reaction to catalyst reactivation smoothly by



extending fromthe exit of the flrst-stage reactor to the entrance of the

second-stage reactor. 20 Wen the two-stage gaseous phase cat a%lyhhﬁzo 6
oxidation reactions of directly- conbined node are perforned By Supplying
i sobutyl ene or t-butyl alcohol to the first-stage reactor together wth
nmol ecul ar oxygen and water vapor, it is pbssible to switch fromreaction
to catal yst reactivation snoothly by 21 July 2006 13 stopping the supply
of isobutylene or t-butyl alcohol after performng the reaction for a
certain period of time and then, if needed, adjusting the concentrations
of nol ecul ar TSGRRANT dite waxdl W gdolsphutidegasos uppPy el anbc kR L AT YRE t he
5 tenperature of a catalyst layer in each reactor. Two-stage gaseous phase
cat al yti c oxipmkatfermimadthieonsacoiodiffeact|gerteairb peedodone timebenderifear,med
by gradually raising the first-stage reaction tenperature and the

second- st age i ff @aElded) hATRSHANY BheSEEREEA £AAL Yoh §ANRRIIdHh 1B icigkh

tenperatures of the first-stage reactor and the second-stage reactor,

dependi ng on j nact i [ of .the c I d . t he as h
reaction ti rre&r{s% %’é\é% Qrr'faglpn i %%t htg}{egr é%%t es;{%f%g%é@c H@er%@gﬁss%rﬁét ﬁ%le
flrst-st age_ reaction and the second-sta reaction, respectively.

i

e re
Ther ef or et YRR 1,2 182 s Y hi ‘ﬁﬁyﬂ: obftr 836k BR2FEOLat al yst

reactivation treatnent can be performed very snoothly by stopping the
supply of Two-stage gaseous phase catalytic oxidation reactions

of directly-combinedmodemay beperformedbygraduallyraising
the first-stage reaction temperature and the second-stage
reaction temperature, specifically‘ the heating medium
10 temperatures of the first-stage reactor and the second-stage
reacfor, depending on inactivation of the catalyst due to the
passage of thereactiontime soas tomaintain the predetermined
conversions in the first-stage reaction and the second-stage
reaction, respectively. Therefore, in such a method,
15 switching from reaction to catalyst reactivation treatment
can be performed very smoothly by stopping the supply of
isobutylene or t-butyl alcohol when the heating medium
temperature of the first-stage reactor has become 360°C or
higher and that of the second-stage reactor has become 290°C
20 or higher, which may be at a time when both catalysts reach
the temperatures required for reactivation treatment. It is
preferred to perform the operation-of catalyst reactivation

regularly at a frequency of from once per half a year to once

per year.



i sobutyl ene or t-butyl al cohol when the heating nedium tenperature of the
first-stage reactor has becone 3600C or higher and that of th lhﬂ 200
second- st age reactor has becone 290' C 20 or hi gher, which may at “a q
when bot h catal ysts reach the tenperatures required for reactlvatlon
treatnment. It is preferred to performthe operati on of catalyst
reactivation regularly at a frequency of fromonce per half a year to once
per year. 21 July 2006 14 In accordance with the present invention, it is
possible to suficiently recover the activity of a heteropolyacid catalyst
cont ai ni ng phosphorusacootfsdeaunmtinthe @radieah Whventipas iHees Desedble a
gaseous phase catalytic oxidation reaction 5 of nethacrolein and to obtain

a reaCt'VateQd*ﬁé&i@ieR@yynﬁec@&d@«xﬂéeabta&&tw1@5 dheeitevepolyadie ng
t hus described, it wll be apparent that the sanme nmay be varied in many

vays. Such vagali e fash PnBBHCRINIRM Ao MrbBE Ak FPAARE1 BRGNP Of

t he |nvent|oﬁ and” suc cations be apparent to one
skilled in the art are jntended to be wt e, Sco I ng
clai ns. The BAFi PeeRiwRgDIHd HFEawy E’Bﬁaﬁe%%t%’gft’EhF O%b]p a%’a{]l (‘):Ine%éﬁg\gn
2002-113081 filed on April 16, 2002, indicating 15 specification, clains
and sumedy, ogrgeﬂ:hg_gtrpé.papeénﬁet@|qptaln a reactivated catalyst having

an excellent activity.
The invention being thus described, it will be.apparent
that the same may be varied in many ways. Such variations are
. to be regarded as within the spirit and scope of the invention,
10 - and all such modifications as would be apparent to one skilled
in the art are intended to be within the scope of the following
claims.
The entire disclosure of the Japanese Patent Application
No. 2002-113081 filed on April 16, 2002, indicating
15 specification, claims and summary, are incqrporated herein

by reference in their entirety.

EXAMPLES

The present invention is described in more detail by
90 reference to the following Examples, which should not be
construed as a limitation upon the scope of the present
invention.
Referential Example 1

(a) Preparation of catalyst



by reference in their entirety. EXAMPLES The present invention is

described in

nore detail by 20 reference to the foll ow ng Exa%fkqsz &Qich
c4YRP

shoul d not be construed as a limtation upon the scope of the

i nvention. Referenti al

15 In 224 kg

nitrate [ CsN031, 10.2 kg of copper nitrate trihydrate (Cu(N03)2 * 3H201,
24.2 kg of 85Wby wei ght of

wei ght of ni
(liquid A

of ion exchange water heategsto 400C, 38.2 kg of cesium

ort hophosphoric acid and 25.2 kg of 70% by
tric 5 acid were dissolved to obtain the resulting solution
On thg othekghardioaf EREhaAnge7whgeaf haated won OPEbdase?2

tetrahydrate.[ (NH4) 6MO702. 4 * 4H201 was di ssolved in 330 kg of ion

exchange wat

gh Reatebign4Rikratd AANg10f @Ok g M MRipmRmdad erd VO3l

was suspended”therein to obtain the 10 resulting suspension (liquid B)

Liquid A was

dropped_ into | jquid Lrring, 10,2 ang i

{1 iloxi do C ShepoTirase ddmididercobiOtna2une dient i oo tal BTt P20 |
i | ed container to_optai | . The sl

S-S PPRYORPYRFLC BCoBt AP 45 cAUH Yt iiebin ¥51908 BowlbFT1%0 100

for 17 hour
dried using

parts bywei ght of the powder, 4 parts bywei ght

5

10

15

acid were dissolved to obtain the resulting solution (liquid
A). On the other hand, after 297 kg of ammonium molybdate
tetrahydrate [ (NH,)sMo;0,4* 4H,0] was dissolved in 330 kg of
ion exchange water heated to 40 C, 8.19 kg of ammonium
metavanadate [NH,V0.] was suspended therein to obtain the
resulting suspension (liquid B). Liquid A was dropped into
liquid B under stirring, 10.2 kg of antimony trioxide { Sb:0;]
was addéd thereto, and subsequently was stirred at 120 T for
17 hours in a sealed container to obtain a slurry. The slurry
was dried using a spray dryer, to obtain a catalyst precursor

powder. To 100 parts byweight of the powder, 4 parts by weight

| of aceramic fiber [FIBERFRAXRFC400SL, manufactured by Toshiba

Monofrax Co., Ltd.], 8 parts by weight of ammonium nitrate
and 10 parts by weight of ion exchange water were added, were
kneaded, and then were subjected to extrusion molding to have
a cylindrical form with 5 mm in diameter and 5 mm in height.
After dried at a temperature of 90 C at a humidity of 35 %RH
for 3 hours, the molded article waé calcined in an air flow
at 220 C for 22 hours, in an air flow at 250 C for 1 hour,

in a nitrogen flow at 435 C for 3 hours, and subsequently

Exanple 1 (a) Preparation of catalyst 21 July 2006



of aceram cf iber [FIBERFRAXRFC400SL, manuf acturedby Toshi ba Monofrax:
Co. , Ltd. 1, 8 parts by weight of ammobniumnitrate and 10 paﬁfﬁglwowi ght
of ion exchange water were added, were kneaded, and then were subjected to
extrusion nmolding to have 20 a cylindrical formwith 5 nm in dianmeter and
5 mm in height. After dried at a tenperf@ure of 90 C at a humdity of 35
% RH for 3 hours, the nolded article was calcined in an air flow at 220 r
for 22 hours, in an air flowat 250 r for | hour, 1in a nitrogen flow at
435 r for 3 hours, and subsequently 21 July 2006 16 in an air flow at 390
'C for 3 houris, ahnaihislow der 3900CoFbai B haurst diryshisThedeat atgstbtain
conprised an acidic salt of heteropolyacid containing phosphorus,

nol ybdenum \aanééi:amzstant i TREY catRNRAFt aBEmEesEEl idh abkeliddd ataDE off 1.
5, 12, 0.5, 5 0.5, 0.3 and 1.4, respectively. (b) Activity test of

catal yst prepar. l.ass: {1 i i n ﬁf‘fﬁﬁ I vafhak3m was
filledw th9go tt%gfé)%a%f})\a/aeél-@gtgé?%ggi%g%%és&%gawarg{lﬁ a rg'ag%cgrrpri si ng
4% by vol une of methacrolein, 12% by vol une, 10, of ] ecul xygen and 17%
by vl une. of AR IApEPPERR BRI GRRF TSR FrEBRT R R o8 hoSrmetndr giei n,
air, steamand nitrogen, was supplied into the glass mcroreactor at a
spade vebocilt-yp.of0.67@nd 1. andedPeciively- test was performed at an oven

tenperature (which is a tenperature of a furnace for
(b) Activity test of catalyst prepared

A glass microreactor with an inner diameter of 15mm was
filledwith 9 g of the above-obtained catalyst. Arawmaterial

_ gas comprising 4% by volume of methacrolein, 12% by volume

10 . of molecular oxygen and 17% by volume of water vapor, which
had been prepared by mixing methacrolein, air, steam and
nitrogen, was supplied into the glass microreactor at a space
velocity of 670 h'l, and an activity test was performed at

an oven temperature (which is a temperature of a furnace for

15 heating the microreactor; ditto below) of 280 T. At the time
when one hour lapsed since the reaction had started, the

conversion of methacrolein was 96%, and the selectivity to

methacrylic acid was 78%.

20 Referential Example 2

(a) Reaction using catalyst

A steel reaction tube with an inner diameter of 25 mm
was filled with 1300 ml of a molded catalyst comprising an

oxide containing molybdenum, bismuth, iron, cobalt and cesium



15 heating the mcroreactor; ditto below) of 280 r. At the tinme when one
hour | apsed since the reaction had started, the conversion of%zfrrﬁp Sl ein
was 96*, and the selectivity to nethacrylic acid was 78% entral
Exanple 2 (a) Reaction using catalyst A steel reaction tube with an inner
diameter of 25 nm was filled with 1300 7 of a nol ded catal yst conpri sing
an oxide containing nolybdenum bisnmuth, iron, cobalt and cesium 21 July
2006 17 in atomc ratios of 12, 1, 2.5, 7.5 and 0.6, respectively, vvhich

was used as a first-stage reactor. A steel reaction tube with an . in
di ameter of 30 rafeRES fTaties @E L2800 M- 5 of7 théthtt & tF SFRERHHE %een
prepared in the sanme manner 5 as in Ref erent ial Exanple 1 (a) , which was

used as a s eanith was agsed rencd dfirdt rsvegmtmactoygas A cEe ki TRAGHA By
vol une of isobutylene, 12% by vol unme of nol ecul ar oxygen and 7.5% by

vol ume of wat§(ny RAQH Wh Eﬁnaéddbsﬂétefe&ﬂrﬁﬁ Y wllsXE g 1eidswhuhyl 80e mai r
steam and nitrogen was supplied to the 10 first- stage reactor at a space

Ot i i A A b WS E YA e dddilq 5] e TERE iR U,

gas, whi chwas’ rand nitr e a gas conprising 3.2%

by vol unme of net hacrol ein, 8.5% voI me of rml ecul oxygen n o by
vol ume of S\Aat%ﬁ-lvglgé'ereg]ﬁé.%!{l}?ﬁ% 't“Hé’n ﬁélsead’as as%comfl éjté‘&e/

reactor. A raw material gas comprising 5% by volume of
isobutylene, 12% by volume of molecular oxygen and 7.5% by
volume of water wvapor which had been prepared by mixing
isobutylene, air, steam and nitrogen was supplied to the
10 first-stage reactor at a space velocity of 1200 h™! to obtain
the resulting first-stage reaction product gas, which was then
mixed with air and nitrogen to be a gas comprising 3.23% by
volume of methacrolein, 8.5% by volume of molecular oxygen
and 11% by volume of water vapor, the resulting gas then being
15 supplied to the second-stage reactor at a space velocity of
1000 h™', to conduct two-stage gaseous phase catalytic
oxidation reactions. During this operation, the heating
medium temperature of the first-stage reactor and that of the
second-stage reactor, respectively, were controlled so that
20 the conversion 6f isobutylene in the first-stage reaction
became about 99% and the conversion of methacrolein in the
second-stage reaction became 72% of: more. Thus, the heating
medium temperature of the second-stage reactor at the start

of the reaction was set to 275 C, and that at the time when



15 supplied to the second-stage reactor at a space velocity of 1000 h-1,

to conduct two-stage gaseous phase catalytic oxidation reacti?p§uygﬂﬁ5ng
this operation, the heating nediumtenperature of the first-stage-reactor
and that of the second-stage reactor, respectively, were controlled so
that 20 the conversion of isobutylene |n3ﬁ£e first-stage reaction becane
about 99% and the conversion of nethacrolein in the second-stage reaction
becane 72% or nore. Thus, the heating nediumtenperature of the

second- st age reactor at the start of the reaction was set to 275 'C, and
that at the 300 Weews2iapsied 546 1Be3BRChetR RRARFSFAMNAT HEPT d&&t i on
had started was set to 293 cC. The reaction was stopped at this tinme, and
t he catalyst29&ﬁiiamﬁ@xkﬁctﬁomhayyanppb$aaqmmsxwm®raﬂﬂmmeamabﬁyswmich
had been placed at the portion of about 1/3 inside fromthe 5 entrance of

the reactor vya% £30Pheht JPitheSaPbLAVEsaybiddazathr .asThelseth TR BhhSich N
the followi ng Exanples. (b) Activity test of used catalyst An activity test

LS MO MR e L LR

Ref erenti al si onwas?
Theusedcatalyst had car pon anount W b Leas t he
catal yst °pr&p EEF@ﬂlqenO%{g:It"’@r’éﬁ?? PT BRINDTEP e?a) 'ﬁ-gns X{HBP'%I %a% A 1&&Sunt
of 0.0%

° as a used catalyst in the following Examples.

(b) Activity test of used catalyst

An activity test of the used catalyst obtained above

was performed in the same manner as in Referential Example

10 . 1(b). Themethacroleinconversionwas?2l%. Theusedcatalyst
hada £otal carbon amountof 0.6%¥ byweight, whereas thecatalyst
prepared in Referential Example 1 (a) had a total carbon amount

of 0.0%.

15 Example 1

After the activity test of the used catalyst was
performed in Referential Example 2 (b), the tised catalyst was
treated with heat at an oven temperature of 350 C for 15 hours,
while supplying a gas containing 12% by frolume of molecular

20 oxygenand 18% by volume of water vapor, whichhad been prepared
by mixing air, steam and nitrogen, at a space velocity of 500
h™* to the microreactor in which the used catalyst was left
filled. Subsequently, the catalyst after the heat treatment

was subjected to an activity test in the same manner as in



15 Exanple 1 After the activity test of the used catal yst was perfornmed in
Referential Exanple 2 (b) , the used catalyst was treated “‘tglﬁﬁ bogk an
oven tenperature of 350 cC for 15 hours, while supplying a gaS contarlning
12% by vol une of nol ecul ar 20 oxygen and 18- W byvol unme of watervapor,

whi - chhadbeen prepared by mixing air, 18t eam and nitrogen, at a space
velocity of 500 h-1 to the mcroreactor in which the used catal yst was
left filled. Subsequently, the catalyst after the heat treatnment was
subjected to an activity test in the same manner as in 21 July 2006 19

Ref er ent i aRefespntdal Erpmme éoﬁ&@r5|3heo$°ﬁﬁﬁﬁﬁépélEfnmeﬁ8§099%?l?he
catal yst after the heat treatnent had a total carbon anount of 0.0% 5
Exanpl es 2wiae 24%andTionpetalysye dkcempltdse bhetakr 4rEacmesdd hagt al yotapr epar ed
in Referential Exanple 2 (a) was filled into a glass mcroreactor with an

I nner di anghetbonOfambon¥Mmes Rt @awhi ch a gas cont ai ni ng nol ecul ar oxygen and
wat er vapor with the concentrations shown in Table 1, which 10 had been

prepared by m xing air, steamand nitrogen, was then supplied at a space
velocity of 500 h-1 , and then heat treatnment was perfornmed at an oven

Subsequbnt BFEmEHegeti R0y 3 Pagh Comade A AT BN AL (7 Reat treat ment
was perforned :
The used catalyst prepared in Referential Example 2 (a)
was filled into a glass microreactor with an inner diameter
of 15 mm, into which a gas containing molecular oxygen and
water vapor with the concentrations shown in Table 1, which
10 had been prepared by mixing air, steam and nitrogen, was then
supplied at a space velocity of 500 h™!, and then heat treatment
was performed at an oven temperaturé shown in Table 1 for a
period of time shown in Table 1. Subsequently, an activity
test of the catalyst after the heat treatment was performed

15 in the same manner as in Referential Example 1 (b). The result

(conversion of methacrolein) is shown in Table 1.

Table 1
Molecular WaterVapor | Oven Time (h) Conversion
Oxygen (%[ (% by | Temperature (%)
by volume} | volume) (°c)
Example 2 12 9 290 15 45
Example 3 12 9 310 15 58
Example 4 12 9 330 15 73
Example 5 12 9 350 15 87
Example 6 12 9 370 15 93
Example 7 12 9 390 15 86
Comparative | 12 9 410 15 31
Example 1
Comparative | 21 0 330 15 43
Example 2
Comparative | 20 2.5 330 15 64
Example 3 :
Example 8 19 9 330 15 73




15 in the sane manner as in Referential Exanple | (b) . The result
(conversion of methacrolein) is shown in Table 1. Table | Mol eff’hﬂ}r 006
Wat er Vapor Oven Tinme (h) Conversion Oxygen (% (% by Tenperature gy
vol unme) volunme) CC) Exanple 2 12 9 290 is 45 Exanple 3 12 9 310 15 58
Exanple 4 12 9 330 is 73 Exanple 5 12 #3850 15 87 Exanple 6 12 9 370 15
93 Exanple 7 12 9 390 15 86 Conparative 12 9 410 15 31 Exanple 1
Conparative 21 0 330 15 43 Exanple 2 Conparative 20 2.5 330 15 64

, Exanpl e 3 [lExample 9 -4-17-r7-3 |/BEeanple 8 (1389 9 1330;1%5 21 Jul§o 2006 2D
Exanmpl e 9 1ZExb8pB30015180 Exanpl3® 10 15 333830 _15 82 15Exanpl e/ 82 10 50 B30
15 82 Conpdi=atpiee 1@ i §0330_15 4690 330 13 82

Comparative | 0 138 330 15 46

Example 4

Example 12 12 18 350 2 90

Example 13 12 18 350 15 91

Example 14 12 18 350 60 B9

Example 15

Two-stage gaseous phase catalytic oxidation reactions
were performed again in the same manner as in Referential

5 Example 2 (a). At the time when 72 hours lapsed since the
reaction had started, the heating medium temperature of the
firSt-stage reactor and that of the second-stage reactor were
set to 348C and 275 T, respectively, and at the time when
6000 hours lapsed since the reaction had started, the heating

10 medium temperature of the first-stage reactor and that of the
second—stagereactorweresett0362°C and294T:,respectively.
At this time, the conversion of isobutylene in the first-stage
reaction was 99.0%, and the conversion of methacrolein in the
second-stage reaction was 73.2%.

15 The reaction was stopped temporarily at this stage, and
reactivations of the catalyst for the first-stage reaction
and of the catalyst for the second-stage reaction were
performed. Specifically, a gas containing 14% by volume of
molecular oxygen and 18% by volume of water vapor prepared

20 by mixing air, steam and nitrogen was flown through the



Exampl e 4 Exanple 12 12 is 350 2 90 Exanple 13 12 18 3 15 91 Exanple 14
12 18 50 60 89 Exanple 15 Two-stage gaseous phase catalytic oiiﬂﬁgke&%
reactions were perforned again in the same nanner as in Refereénti

Exanple 2 (a). At the time when 72 hours | apsed since the reaction had
started, the heating nediumtenperature @f the flrst-stage reactor and
that of the second-stage reactor were set to 3489C and 275 ~C,
respectively, and at the tine when 6000 hours | apsed since the reaction
had started, the heating 10 nmediumtenperature of the first -stage reactor
and that of thestseatiyd Herga dreatidotheesecoell -stagé2reagigr29n geries
respectively. At this tinme, the conversion of isobutylene in the

first-stage Joeatdon:Hessgdos0%e130d thheinGr shobaé EBONACt OLai then the
second- stage reaction was 73.2t. 15 Thé reaction was stopped tenporarily at

Lhis stage. andsreqcivations, ofahnen6al-al ys (il oLotBRA" dhslyeotagerbeact on

and of the c S ageé reaction were perforned.
Specifically, a gas containing 14% by vol une ,of nol ecul ar._oxygen a 18%
by vol une of SHESEAUEAIY pr &b&r eBe2F BT nﬁfﬂﬁﬁmbiF?mgFgéﬁl ﬁﬁynP?roggﬁ was
flown through the 21 July 2006 21 )

5 first—stagereactorandofthesecond—stagereactorwereralsed

slowly to 370 C and 350 C, respectively, and were maintained
for 10 hours.
Then, theheatingmedium temperatures of the first-stage

reactor and of the second-stage reactor were set to 350 C

10 and 288TC, respectively, and the two-stage gaseous phase
catalytic oxidation reactions were resumed under the same
conditions as those of Referential Example 2. At the time
when 2200 hours had lapsed since the resumption of the reaction,
the heating medium temperatures of the first-stage reactor

15 and of the second-stage reactor were set to 354 C and 289
T, respectively. At this stage, the isobutylene conversion
in the first-stage reaction was 99.2 % and the methacrolein
conversion in the second-stage reaction was 80.3 #%.
Example 16

20 Afterperformingthetwo—stagegaseousphasecatalytic
oxidation reactions in Referential Example 2 (&), the catalyst
in the first-stage reactor was leff as it was, and the catalyst
in the second-stage reactor was changed to a fresh catalyst

prepared in Referential Example 1 (a). Then, the two-stage



first-stage reactor and the second-stage reactor in series so that the
space velocity thereof becane 690 h-1 in the first-stage reaC%PLulaQHOGSOO
h-1 in the second-stage reactor. Subsequently, the heating nedi u
tenperatures of the 5 f Irst -stage reactor and of the second- stage
reactor were raised slowy to 370 cC and250 0C, respectively, and were
mai ntai ned for 10 hours. Then, the heating nmedi umtenperatures of the
first-stage reactor and of the second-stage reactor were set to 350 r 10

and 288cC , respectively, and the two-stage gaseous phase cat al%/%c
oxi dation reaiR$emiss iEhase caaiky Ll X I 1OF SAOTT T o QP THORE BT

Referential Exanple 2. At the time when 2200 hours had | apsed since the
resunption ofaddien nederitire sanbeonedttiiog sneslitbosecarphBedegeas 1gf Frmple
first-stage reactor 15 and of the second-stage reactor were set to 354 'C

and 289 cC, jespacihyelitre wheh oD oShe@es Haldelapobatsdrare themessipiion n
the first-stage reaction was 99.2 % and the nethacrolein conversion in the

second stage JeaghLon yos A S EAMHLe 16,20ndhl iy ASUAGS AGed o2t vens age

gaseous phase ta tiC “oxidation reactions in Referential Exanple 2 (a) ,

the catalyst in the first-stage reactor was |ef t .as | t
cat al yst % n S SetARE s‘iefé'etcgéﬁggo#vﬁ’se ERSREET Stt(;% Y %F\géa’%bgg‘?gf%}tee
prepared in Referential Exanple 1 (a). Then, the two-stage 21 July 2006

to 363 C and 292 T, respectively. At this stage, the

isobutylene conversion in the first-stage reaction was 98.9
% and the methacrolein conversion in the second-stage reaction
was 72.6 %.

10, . At this stage, only the supply of isobutylene was stopped,
and the héating medium temperatures of the first-stage reactor
and of the second-stage reactor were maintained at 363 T and

292 C, respectively, for 2 hours.

After that, the supp'ly of isobutylene was resumed soO

15 that the reaction was started. At the time when 20 hours had
lapsed since the resumption of the reaction, the isobutylene
conversion of the first-stage reaction was 99.7 % and the

methacrolein conversion of the second-stage reaction was 85.8

%.

20



22 gaseous phase catalytic oxidation reactions were performed again under
the .-sane conditions as those of Referential Exanple 2. At the ‘Eﬁ wﬂe
4000 hours had | apsed since the resunption of the reaction, I ng
medi um tenperature of the 5 first-stage reactor and of the second st age
reactor were set to 363 r and 292 cC, 5espect|vely At this stage, the

| sobutyl ene conversion in the flrst- stage reaction was 98.9 %and the

met hacrol ei n conversion in the second- stage reaction was 72.6 % 10. At
this stage, only the supply of isobutylene was stopped, and the heating

medi um t enpegaLYr ¢s Qf 44 Hgdf% -stage reactor and of the second-stage
reactor were maintai ne 363t and 292 OC, respectively, for 2 hours.

After that, the su pIy of sob e was resuned so 15 that the reaction
was started. At the‘time bgby%og% FEF YRt S AePEHRETRITPETON of

t he reaction, the Isobutylene conversion of the first-stage reaction was
99.7 % and tPRtafEshadrigieioendering BhesobPIUSe medyhdesmuagand ceagn 2diimas
85.8 20 21 July 2006 23 What is clained is: 1 . A nethod for reactivating

a het er opol yaeudwheehahqw BURUL L LN NS PPASRNOTUS, s IOk ybeepuizand

vanadi um
5 ox;datlon reacticnofmethacrolein toproducemethacrylicacid,

the method comprising the step of treating the catalyst with
heat at a temperature of from 290 C to 400 C under a flow
of a gas containing at least 3 % by volume of molecular oxygen
and at least 3% by volume of water vapor.

10 2. Areactivationmethodaccordingtoclaiml, wherein
the catalyst to be treated with heat is a catalyst which has
been used in a second-stage gaseous phase catalytic oxidation
reaction in two-stage reactions comprising a first-stage
gaseous phase catalytic oxidation reaction of at least one

15 compound selected from isobutylene and t-butyl alcohol in the
presence of an oxide catalyst containing molybdenum, bismuth
and iron to obtain a reaction product gas containing
methacrolein and said second-stage gaseous phase catalytic
oxidation reaction of the first-stage reaction product gas

20 in the presence of a heteropolyacid catalyst containing
phosphorus, molybdenum and vanadium.

3. The reactivation method according to claim 1 or
2, the method further comprising the step of treating the

catalyst which has been used in the first-stage reaction with



and whi ch has been used in a gaseous phase catalytic 5 oxidation reaction
of methacrolein to produce nethacrylic acid, the nethod conpréﬁhﬂg gﬁg
step of treating the catalyst with heat at a tenperature of from 8 t to
400 t under a flow of a gas containing at |east 3 % by volume of nol ecul ar
oxygen and at |east 3% by vol une of fter vapor. 10 2. A reactivation

nmet hod according to claim1l, wherein the catalyst to be treated wth heat
is a catalyst which has been used in a second-stage gaseous phase
catalytic oxidation reaction in twy-stage regactions npri.sing a
first-StagEea§a§§oést9ﬁE§§aEaFﬁl9fi§r6%i369f§ﬁtpbééﬁ gﬁ Brder feblP¥one 15
conpound sel ected fromisobutylene and t -butyl alcohol in the presence of
an oxi de cefd ges eumitadmimg afol sdsieFuinbybVokunh ofimng liecyd aroospgann a
reacti on product gas containing nethacrolein and said second-stage gaseous
phase catalytic oxidation reaction of the first-stage reaction product gas
20 in the presence of a heteropolyacid catal yst containing phosphorus,

nol ybdenum and vanadi um 3. The reactivation nmethod according to claiml or
2, the nethod further conprising the step of treating the catalyst which
has been used in the f irst-stage reaction with 21 July 2006 24 heat at a
tenperature of from360 9C to 450 r under a flow of a gas containing at

| east 3 % by vol unme of nol ecul ar oxygen.



