; e3ezw| H6~TVj r OR REACTI VATI NG CATALYST FOR PRODUCTI ON OF
I\/ETHACRYLI C m THE I NVENTION 5 The present invention relates to

a met hod for vating a heteropolyacid catalyst which |s
‘met hacrylic acid *F’@ roduced by subjecting nethacrolein to ?J!\HBEW W mwse
catal ytic oxidation reaction. 10 BACK ND OF THE. | NVENTI

as one of the methods for producing nethacrylic acid, a method i'$¥°R¥own in

whi ch nethacrolein is subjected to a gaseous phase catal ytic oxidation

reaction using a heter@B?g¥?ck§$ag%§k¥§bAT#ﬁG Eh§A£ %tlon the activity 15

of the catalyst usuall e pas age of reaction tine.
Therefore, in order to grolon it has been

i nvestigated that thef@ t§B9§8C§EQNVPFyMF§HPEBX9éFeﬁ%gﬂrough a reactivation
met hod. For exanpl e,in Japanese Patent Application Laid-Open No.(JP-A-) 20
58- 156351 di scloses a nethod of heat treating a catal yst conprising a free
phosphonol ybdi ¢ acid or free phosphovanadonol ybdi ¢ acid and havi ng been

used in tFgEADOOE memt iTNVENTIONCt i on to reduce its activity, under a flow
of a gas containing at |east 10% by volunme of water vapor at 2 a

tenpergture of fham zgegem Zéﬁv&tlt\/ﬁr eP¥§Ete§P'€b6 56%%@@ 0g6s a

nmet hod of heat treating a cata yst conpr|5|ng phosphorus , nol ybdenum and

vanadi um and havi ng_been usg in.the eactio duce its
nerivity, 2aRghRveting’ & rekeranba A bR arieyr%ﬂ | eascfr{ e L hEE e of
nmol ecul ar OX%%@” at a tenperature of fron1300 to However, these
convent i oRgtPRETHIdS ghdndE HE%@%%%?l?% %H@ﬂ?ﬁ?l%%uW%ﬁEﬁﬁfﬁ§e%?f%%ts of

recovering the catalyst activity and, in some cases, a reactivated catalyst
W th a toadggseeysaphpget gatad yitde pEigigtdionegeaction.

10 BACKGROUND OF THE. INVENTION
Heretofore, as one of the methods for producing
methacrylic acid, a method is known in which methacrolein is
subjected toagaseousphasecatalyticoxidationreactionusing
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-)
20 58-156351 discloses a method of heat treating a catalyst
comprising a free phosphomolybdic acid or free
phosphovanadomolybdic acid and having 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



SUMVARY OF THE | NVENTI ON One of the objects of the present invention is to
provi de a nethod of reactivating a catalyst for production of 15

nmet hacrylic acid, the nethod being superior in activity of reactivated
‘catal ysts to the conventional methods. ,After a diligent investigation, the
present inventors have found that the %bove obj ect can be achi eved by heat
treating a catalyst used in the above-nentioned reaction, under a 20
specific conditions of conbination of nolecul ar-oxygen and wat er-vapor

conoent atd el o, Loe o 489 200 ) LERPEr 2 oo nee S0y Rergns

reactivation, resent 1 nventors ‘have accongl rshed-t

i nventi on._ Nanel t he present_inventjon provides thod for., .3
ncti vat IHE LGRS DT IS (P diSr b SRR LS cbrear ASY BRoCAHBF AgLhg

nmol ybdenum and vanadi um and whi ch may have been used in a gaseous phase

cat al yt i c RPASRRIDIF + 8@divibsienem ABdh¥eraférn ard Hryne basmased L8 aci d,

the method 5 conprising the step of treating the catalyst with heat at a
t enper at urtheofablovernm2d® icrted 4@acCivmdéern aefliow dtsaagasviopt aundag at
| east 3 % by volume of nol ecul ar oxygen and at | east 3% by vol une of water

vapor . 5 10 aDERGRIJETE Qo sChord Hii A NYEMH LBk £¢ @atiad 3t volihké drsmeée@ehlyat ed in

the present invention is a heteropol yacid catal yst conprising phosphorus,

nol ybdenurg nvaé]:aq,:li uq:rcgtmé)y]:gatqﬁtealélfstfm :Hf'o uqegoi ?éph% producti on of

met hacryl i¢“acid cond y @ gaseous phase 15 catalytic oxidation

reacti on of methacrol ein.. The catal yst Y. C ise a free heteroppol yacid
o -y conpr | se FRHEEE oiBaRE SPBYERYAePAL R P4 S ERR AL B PR TERERS! £ on,
physi cal properties and preparation nmethod of a heteropol yacid catal yst for
product i of*SfPidt R IFTRCERTY, ehdR§ tle R t SeRAVETHRBEN U ne@kat%ek, for
exanpl e, JP-A-59-12758, JP-A-60-239439) JP-A-5-96172, JP-A-8-10621 and

JP- A-11- 226x1ivityAapdt. alipssomiki chAses.r aacteaohieadted cabapyetewithngenti on
can be obtained in accordance with the nmethods disclosed in the reports ,
whil e10 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 aboveobject 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



t he met hods shoul d not be construed as a l[imtation upon the 4 scope of
thé present invention. The gaseous phase catal ytic oxidation reaction of
met hacr ol ei n usi ng the heteropol yaci d catal yst may be performed by
'supplying a raw nmaterial gas, i rrgt hacrol ein 5 together w th nol ecul ar
oxygen or water vapor, to a fi xed bed eactor packed with the catalyst. In
the industrial production thereof, a multitubul ar-type reactor may be used
as the reactor. The raw material gas may contain arret hacrol ein in an anount
of from 1% voI 0 _10.%Dby vol I en_in.an_anmount of
from3%b ]?é)%cf ’i’onézo %y 5’3? Iolfﬁel%ad]tdg?cvgcﬁ&isl n gn ggnuﬁ?ngfalf’?om 5% by
vol unme to 30% by vol une,. an inert gas such as nitrogen and carbon di oxi de
and the nwsplmusmw%ér%eéwnaén ¥80pdeUBf AR Iy ey PGyE, P&RB st eam
may be used as a source of water vapor. Regarding reaction 15 conditions ,
t he suppl yseat einf aa geseovst cphiase gastadythe foxdAaB80®ON orSHOOLIR 10EN terns
of space velocity (standard state basis ; ditto below) , i a . , supply
rate ( L mtethadrdiein aworipeiddaicegamertackyllief tkedcat ahyﬁstmétnld t he
reaction terrper ature may be from 250 to 350 "C . A reaction product gas
cont ai Bi NG dnip rR:?tt‘?ienQQeBEB?aEfé{&tﬁnécﬂge oyt D6y SR8 8dalt0a3 a

separation and pu i cation operation after being condensed or being

separatedfrom te i he LAnreact ed t hacrol ein which is
recover ed 85}?%\2&%&& gzé(gv\ﬁ Pe#ggl c ee&haau‘gsrfo“éa#cﬁn

recycled as a source of th 5 above-nenti oned inert gas, after, |f
needed, i FQ@WatI\/&?ﬁﬁEr%l%elbﬁf ¥iedtmg ot Mo lassiia ¥i%5Te 8 Faft mat er i al

can be produced suitably by su %ectl ng i sobutylene or t-butyl alcohol to a
gaseous pH&SStcat & yaM yhumetdforWataictValPlusi ng 5 an oxi de catal yst
cont ai ni ng nol ybdenum bisnmuth and iron. Methacrylic acid can be produced
t hrough two-stage gaseous phasecatal ytic oxidation reactions conprisingsuch
a gaseous
10 DESCRIPTION OF THE INVENTION
A catalyst which is reactivated in 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 preparationmethod of aheteropolyacidcatalyst
for production of methacrylic acid, many reports have been
20 made (see, for example, JP-A-59-12758, JP-A-60-239439,

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 a limitation upon the




phase catal ytic oxidation reaction of isobutylene or t-butyl alcohol as a
first-stage reaction and as the second-stage 1o reaction, the

, af orenenti oned gaseous phase catal ytic oxidation reaction using the
resulting nethacrolein as a raw materigl. The first-stage reaction may be
performed by supplying isobutylene or t-butyl alcohol together with

nol ecul ar oxygen to a fixed bed reactor filled with a catalyst . 15 In

i ndustrial production, a nultitubular type reactor is used as the reactor.

The raM/naggééglogafhéo%rgggn§iiﬁgéﬁgggﬁ_reaction may contain a isobutylene
or t-butyl 2 to 10% by vol une, nol ecul ar
oxygen in an a nt of from3.to 20% vol.ume, Mmater vapor |n_an anount of
from2o0 0 to 388#%3 98F88§?aﬂpqﬂ%rfagéiygﬁghq§§%%ﬁ¥%be e%ﬁhlgﬁrﬁ n
dioxide and the like, Air can be used as a source of no|ecul ar oxygen and
st eam can PetREPR1In WiE dewahererapetyarid sCabaiydre MY uS€ as a
source of the inert gas, the exhaust gas recovered fromthe second-stage
reacti on apemforméd hyesiepplying Feray Malrersichl Begaridieg wmemstiacirodeiof t he
first-stage reaction, the supply rate of a raw material gas may be from 500

to 5006 h'togdtHer WE tof mGpacelEe|NGiden oanWatde viapat,i 00 4 EAredabede may be
from300 to 400 ~C . The npbde in which the 5 nethacrolein obtained in

thefirst-stage Jeagiiied Syikhected t&%ifyﬁpondxét%% reaghis@rihs

classified roughly“into two types; the first 1s a separation node 1 n which

the first-stage reactjon product i bj ect ed eparation _gperation
Lo obt i n B GGt ek o SR b BT AR EehE L Befo R Ba BR.EPF) O
subj ected to the second-stage reacti on,.  and the second is a

di rect | y- ShHPREGRAHAE -i nTRATEN Mt 3435928 Mg St 3RS phaatetedas
containing nmethacrolein is directly subjected to the second-stage reaction
W t hout beimgnsamgert &f fsom L Par ¥eil-vreoperldt B Y [Vodaumef,oRo_REHPRE,
"Petrochem cal 15 process" (edited by The Japan Petrol eumInstitute,
publ i slhed dyydéoddmsha Svoenti 6f cfrdn @ % B0ty lupages 204 bySioliuhen
met hacrol ein is subjected to a gaseous phase catalytic oxidation reaction
in the presai¥¥evabo 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 C. 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



het er opol yaci dcat al ysti nt hemanner nenti onedabove, in usual, 20 a by-product
sticks firmy to a catalyst or a catalyst thernmally deteriorates with a
passage of reaction tinme and, as a result, the activity of the catal yst
falls gradually. In the present invention, the reactivation of a catalyst
is perforned by heat treating a catal ySt used in the above-nentioned
reacti on under 7 a flow of a gas containing nol ecul ar oxygen and wat er
vapor, respectively, in concentrations notlower thanspecific values in a

speci fic t%?&géthé'ﬁx?ié& 8€1nd At thies aboMgseniy Qicl){éhr%}a,s 0 of BE AR

t r eat ment e catalyst, the concentration ecul ar oxygen may be
at | east 3% by vol une d is preferapbly .10% by vo| une_or nore. \Wen the
nol ecul ar oxygeﬁ%’%ﬁ%ﬁ‘?ﬁ%ﬁdlrﬁpngaﬁo ?o@&o‘f%ﬂ%{%ﬂ%?‘% il 5“3‘&&56@1 at ed
catal yst may be unsatisfactory. The upper limt of the nolecular oxygen
concent r at $&m besbFeduded saritiabdivaby puliieat itk dsobyigene Qe -puitedul ar
oxygen concentration may be up to about 20% by volune since it is

conveni entaleoohsk tana gaseas sapkase ca taflytdleconi datdrpgeracthoreosdéng i n t he
above-nentioned gas for the heat treatnent of the catal yst, the

concentsr at 419 nosef deVaiaia IMAR0 lc oh ATBM. nke mall yib@Raium3 Y mbdhuaBd) igsed.i s
preferably 8% by volune or nore . When the water vapor concentration is too

| ow, the RV f iVat.e S e satl.gfa On the

ot her | hand S (a2 bie B fEHdr Bl - BE NS LnERIGRE thigS BaThGhebbus ) I

i ncrease of._ the ter vapor., concentr at wever, it also tends to
PASRLYbf-C8 EEE

ase co on.Tr c%:onh O u
reach al no¥2H ORI Bh T BACERRPE GRS FReé 98FEPYSapor
concentrati on exceeds 30% by volune. Therefore, the ui)per limt of the
wat er vapdRdthESBLITLS Ry bR F AT HER BY 1Py LeRe #TsBoPEEYSf wat er
vapor, steam can be used. 8 The flow rate of the above-nentioned gas may
be from 1Giepxg0@®h-4a , fiarsk istagefreadtion ramd 189 thelge0ondistaget er ns
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, amultitubular type reactor is used
as the reactor. The raw material gas for the first-stage
reaction may contain a isobutylene or t-butyl alcohol 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 0 to 30% by volume, an inert gas such as nitrogen and carbon
dioxide and the like. 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,



of space velocity. The above-nentioned gas for the heat treatnment of the
catal yst can contain, other than the nolecular 5 oxygen and the water
vapor, an inert gas such as nitrogen and carbon dioxide . The gas for the
reactivation may be free of nethacroleén. The tenperature in the
above-nentioned heat treatnent may be 290 C or higher, and is preferably
320 C or higher, 1o whereas the tenperature may be 400 C or lower, and is
preferably 370 C or lower. Not only when the tenperature is too |ow, but

al so when [ ti I ted t t h n
Cnout 1ot iaE, pORpdal, RBSEATHY! 'SR B8 WRE! cTRLDRK Ao
heattreat nent de endson ot her conditions, 15 and my be from0.5 to 20
hours. TheF$3¥athith SHPé’&tYné'ﬁtteonaac’é‘?‘&l%?e%i/tféaﬁ)é}aﬂ’o PRedTPR a
manner such that the cat alyst is taken out of a reactor in which the

catal yst HE0 Hae3009el;* tiheteamal 9Etspace hvelyai it @nd tbecreaation
contai ner prepared separately and then 20 the catalyst is treated wth heat

, or alterfuipesed urd ha¥y BBNELSm IED tohabotWe cehalisde i wiidhatAed in the
reactor and is treated wi thout being taken out of the reactor. However, it

i's preker ROt LRerd o &EQ%&@@%W@HP&L&@&%&% c‘MiU?Hb k#igjEeReHOr as in
the latter node from a vi ewpoi nt of operabil swi tching between

reaction gnd.cat r Vv t pr esent
i nventi on%s tgl%e er ahf1 g%ghon‘g&%ggioﬁolr?%ncg‘n |St)lﬁftei q?%toté‘lr % )‘d‘iag?)duggt al ysts,
a catal yst grl 5| a salt of heteropol 5 and_is referably an

d,
acidic saltVBESahedTine g2 SPPPEE T aPMOdR 'lﬁe‘flé%%oﬁ%ﬁ+as€T§Eage

reactivation nethod in the present invention can suitably be enployed as a
met hod f oredsdcidry rodgictd gasalyssubincherk tse@oaaParagdoncaRerahion
t wo- st age gaseous phase 1o catal ytic oxidation reactions conprising the
af or enent ittnettgascome tphase ledindat tba redativalgfhigoipuiniitgnewlbich - but yl
al cohol as a first-stage reaction and the gaseous phase oxidation reaction
of theoresy theg st@jleadied €bthdSs@cond-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 a gaseous phase
catalytic oxidation reaction 4in the presence of a
heteropolyacidcatalyst inthemannermentionedabove, inusual,
20 aby-productsticksfirmlytoacatalystoracatalystthermally
deteriorates with a passage of reaction time and, as a result,
the activity of the catalyst falls gradually. In the present

invention, the reactivation of acatalyst is performed by heat

treatingacatalyst used in the above-mentioned reaction under



second-stage reaction. As described above, the two-stage 15 gaseous phase
oxi dation reactions may include a separation node in which a nmethacrolein
is separated froma first-stage reaction product gas with a relatively high
purity and then is subjected to the se?ond-stage reaction, and a
directly-conbined node in which the first-stage reaction 20 product gas
containing nethacrolein is directly sub jected to the second-stage reaction
wi t hout bei ng subjected to a separation operation. The reactivation nethod
in the pr I pyent | i nd- st age
reaction ﬁ\%;ﬁr?y %d@ S}oag]tc %?s&gqg'é%%? #‘ngcgggge‘?\’ r%fls%bcﬁ galttﬁieé?ggt'he
reactivation nethod jn the present invention show great effects.on catal yst
hotivi Ly, PRRRARGLTSIY hb0 CoPean (A AN RO AE L OAE =S HEE P iBRe. mods
al nost the whole of the unreacted raw material and by-product contained in
the 5 firdin &t RREFEBES | BIrRRXARIREe gB@NY]- | ntroduced into a second-stage
reactor, which easily results in reducing the activity of a catalyst for

t he second- st agelr ddt iabovel-mentc caedd/ grase fbirobe heetstagetmaseons phase
catal ytic oxidation reactions, not only a catalyst for the 1o second-stage

reacti en e Ja3@ 157 aAt alhes tohelenfthe tfiionSbfshageceabal Yt gahy mhgSbei t s
catalytic actrvity gradually with the passage of reaction tinme. Therefore,

articul ar, j e vt § . . Lons. of
P ol T ot Ledsk se Byana diePalia A5 eIty fs PY 061 0A8 JoRELLD!

t irable to per m 15 reactivation of a
cat al yst r the first-stage reaction_sinultaneously with the reagctivation
of a Lat alfiee rhe R LeELIRE. Sae coab AL ARTESE et loh i T or BB car al y o
for the first-stage reaction can suitabl¥ be perforned by treating the
cat al yst WH Heéat ofiadaact M bFahadust aGyi i Hrsgtd sEacHordcul ARCoxygen
in an anount of at |east 3~ by volune, preferably of from 10 to 20~ by
vol une, atuppetenparid we thefmodegeldaro oxyged conasEmizE}iomtis Rehperature

of from360 to 400 C . The gas used for reactivation of a catalyst for the
first-ist apantdaniliaxiyrayesoniat @edwat éloweyear,, thé moleatular oxygen

concentration may be up to about 20% by volume since it is
convenient 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

135 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 catalyst 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 limit of the water vapor
concentration may be up to 30% by volume. As a source of water

vapor, steam can be used.



11 necessary. In addition to nol ecul ar oxygen or water vapor, the gas may
contain an inert gas such as nitrogen or carbon dioxi de. The reactivation
of a catalyst for the first-stage 5 reaction also can be perforned in
‘amanner such that the catalyst is tak out of a reactor in which the

catal yst has been used, the catalyst i's charged into a reactivation

contai ner prepared separately and then the catalyst is treated with heat,

or alternatively, in amanner such that the catalyst is maintained to in the

reactor and is tfh%a;fg%vé"‘zla*%%ubfb%hﬁgaﬁ%éDmQHEi%ehhﬁaﬁielﬁ%%e-ff@r‘ﬁ"ever1 it

is preferred to per mthe reactivation treatnment wt he reactor as in

the latter de oma Vi oi nt _of erabilit f i t chi ng _bet ween
reaction %9598%%4%5; r Egg‘t\l\f%é’ﬁeéﬁ.ra%@ﬂ ﬁr?w)lcgot gaef%@ég‘ou'sqﬁ’hg?émiat alytic
oxi dation reactions of directlg-conbined mode, it is possible to perform
reacti vat ia¥h sHaqe ceePGEtY f orThpeabpvermenhjenedadiisof agdihereak t h
reactivation of a catalyst for the second-stage reaction with a good

oper abi | i threstiren thef hhaigd tral dtec@o coattalips tsther thantihresmdbecubarit i s
easy to flow a gas through the first-stage reactor and the second- stage

react op i RBx§RfeneanliNtAd ivat¥rdeapororaiaEtegabheudieant hvakbganodngat al yst s
for the first-and-second-stage reactions nmay be conducted by a nethod in

which a g t gk L. ”Agnol I (e s : r £
pr edet er m'Q%e %Elog%g%tmragfi oﬁgéliq?sal I owg e?&%%%vﬁﬁ%%&a%%% Jr‘f}s:le(-esct’%lge
react or andt sec?_nq;stage reactor in series, while maintaining each of the
terrperatuf"g ELCEY st | ayer in each reactor at a predeterm ned
tenperature. 5 Alternatively, the reactivation of catalysts may be
conducted by a FPEhBEMPATARPER 0 A éBﬁf"&i‘ﬁ‘Pﬁéiﬁﬁleé'cﬁPéF &Y EETh a
predeterm ned concentration is allowed to flow through a first-stage
react or amdyabeezdddCsbagbigbact oandnisqreerabiy 13208 nerimiglpeach of
the tenperature of catalyst |ayer in each

10 whereas the temperaturemaybe 400C orlower, andispreferably

370 € 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-mentionedheat treatment depends onother conditions,
15 and may be from 0.5 to 20 hours.
Thereactivation treatment of acatalyst canbeperformed
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 thecatalystistreatedwithheat, oralternatively, 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



lo reactor at a predeterm ned tenperature, and at the sane tinme a gas
contai ning water vapor in a predeterm ned concentration is added at the
entrance of the second-stage reactor. By perform ng such a catal yst
Teactivation by introducing a gas contglnlng nol ecul ar oxygen into the
first-stage reactor and 15 the second-‘stage reactor in series, it is
possible to sinmultaneously performrenoval of a solid matter such as

car bonaceous substances that may be solidified in a channel extending from

the exit ofe (et {Ad8lg YAGRd PRl 8 Loy e g&f%oieéé‘&dé?}?%ﬂ st age

reactor. € gaseous phase Ca I C OXI oh feactions

of directly-conmhi ned de are_perfor i spbutyl ene or t-butyl
al cohol to the fﬁIQ?Fag?éﬁétPeQEtGFeﬁﬁﬁgtﬁértﬂg ﬁﬁ BEu?%Yeé§§©Enl§nd wat er

vapor, it |s:§055|ble to switch fromreaction to catal yst reactivation
snoot hl y [Brefernbihppi agonte sl yadbremgpliipnede oretepopglyatidhol
after performng the reaction for a certain period of tinme and then, if
needed, adjatstliyard hea c:ama&ytsltabbmpn@fingolaecalaroﬂ)qy@eér@pdlmm,vapor in
the gas supplied and adjusting the 5 tenperature of a catalyst |ayer in

each reactfig 1 §WRoSd %&%f%%%%saﬁr@éfdf@ts%'mt'(Ea%hgﬁiy%ﬁ@ﬁ&iii’é‘é of
di rectly-conbi nednode nay be perforned by gradually raising the first-stage

reaction tﬁgﬂg nd- st age reaction tenperature,

speci fical hegﬁeatlng neg'gﬁgﬁo tenperatures of the first-stage reactor
and the second g% ge re tor de eng gg,on %nactlvatlon of the catal yst due
to the passage etﬁSaF BFF&ﬁnt FERQG 4B PR RFAPERh 1HECHELORIEF M ned

conversions in the first-stage reaction and the second-stage reaction,
respect i vaiytapdar Be 3R lovedE @ehadnethed for Feamtivmtdg o rorataktsfon to
catal yst reactivation treatnent can be perfornmed very snoothly by stopping
t he suppl ¥oof titsomegdrehes ttagd -bedgtiah chholtwaheragiee dasstaury plemiseim
tenperature of the first-stage reactor has beconme 360C or hi gher and that

of theosecanrdlyttageok £ast 0on hasadieicnie c309Ci2@nar the Hfiremdt €lom@®y be at a
time when both catal ysts reach the tenperatures required for reactivation
treat ment gakkou$ 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 reactivationmethod in the present

invention can be applied to a catalyst for the second-stage

reaction in any mode of those described above. Particularly,



preferred to performthe operation of catalyst reactivation regularly at a
frequency of fromonce per half a year to once per year. 14 I n accordance
with the present invention, it is possible to sufficiently recover the
‘activity of a heteropol yacid catalysté@pntaining phosphorus, nol ybdenum and
vanadi um whi ch has been used in a gaseous phase catal ytic oxidation
reaction 5 of nmethacrolein and to obtain a reactivated catal yst having an
excellent activity. The invention being thus described, it will be apparent

that th | £ehe MRl
A S SHE LR ORISR RN HAY e UED MR/IALIAN S Gk

regarded as within the spirit and scope © i nvention,

nodi ficatig woul d b pparent to .qne skilled in the_art are_intended
Lo be wit SRS o e TIEANE | oA Yol ZSFOVoRYe &t FBeui LaFb8Hr e of
the Japanese Patent Application No. 2002-113081 filed on April 16, 2002,

i ndi cat i ng R ehELi¢orRined medey mslngR igukhgr poder almessdr sBeavBdlferei n by
reference in their entirety. EXAMPLES The present invention is described in

nor e det aidf bthe2@nredetedocaw natbaeibdldroivbyg pEvdnplteson tdindd shotthd not be
construed as a limtation upon the scope of the present invention.

Ref eresti alida@agt£gd ahchieparptb@icef gwaf ah¥stintAdSahde@24nt® Oh i 0N
exchange water heated to 40C, 38.2 kg of cesiumnitrate [CsNO3], 10.2 kg of

copper ni tiﬁﬁé-réwﬁ?ﬁz%@,%%w H4Q), r_%éug.t%giﬁfrééﬁc?}{g‘é‘?faght of

ort hophosphoric aci _ 70% by weight of nitric 5 wer e

di ssol ved 48 SOA) Mo he JASId NG 501 UL Lo dohd Wdsd)zeQedfg, ot her hand.
In the above-mentioned two-stage gaseous 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 gaseous phase catalytic oxidation reactions of the
directly-combined mode, it 1is 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 can sultably 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 volume,
preferably of from 10 to 20% by volume, at a temperature of

from 360 to 450 T, preferably at a temperature of from 360

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

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




tetrahydrate [ ( NH4 ) 6M)7024 ~ 4H20 ] was dissolved in 330 kg of ion
exthange water heated to 40 ~C, 8.19 kg of ammoni um net avanadat e [ NH4VO03]
was suspended therein to obtain the 1o resulting suspension ( liquid B)
'Liquid A was dropped into liquid B undg; stirring, 10 . 2 kg of antinony
trioxide [ Sb203 ] was added thereto, d subsequently was stirred at 120
~C for 17 hours in a sealed container to obtain a slurry. The slurry was
dried using a spray dryer, to obtain a catal yst precursor is powder. To 100

parts by i th [ r 1.0 C 1,.Cf

[ Fl BERFRA%%%%%Y' o A e E?l’ ‘%‘é%gu}éggg?@b‘?\%ﬁ%@ %%{g%ﬂd?’%’% ‘parts by
wei ght of ggnnniunlnitrate,and 18 garts by wei ght of ion exchan wat er
vere added ™ ed3s BBAGRSR ET aPhEReREr E28 UBTER 13 TP RS U S0 FHFi ng t o
have 20 a cylindrical formwith 5 nmin dianmeter and 5 nmin height . After
dried at adte®b@@ature of 90 'C at a humdity of 35 HRH for 3 hours , the
nol ded article was calcined in an air flow at 220 ~C for 22 hours , in an
air flow at 250 ™ foeadthodtidni bfaanidatagerstf | for athd3birEti-etagehours,
and subsequently 1s in an air flow at 390 Cfor 3 hours, in this order,

to obtai n feddtfdyalso B Bhal¥6imEQARId R8N &R saehdiat5ehd cQtalyst
het er opol yaci d cont ai ni ng phosphorus, nolybdenum vanadi um anti nony,

copper a“discft’:%iklﬂégﬁ_ S?E)aéﬁgf%{;?{&?inf)%hich%he t3ta19st Ras bped Ased, 3 and

1.4, respective y test—ot——cataryst—pfrepared—A grass

m croreactqr wth-.an inner diageter of 15mmwas filled with 9 of .the
Rbove. obt o e EAT Py et Shafpalinted FarcaL ARGl S 0% Bo=BaF e of

met hacrol ein, 12% by vol une 10 of nol ecul ar oxygen and 17% by vol une of

wat er vap(ﬁgpmwm G R o r e &vY Bt xi figt Hed kS heg r, °8t eam and
nitrogen, was supplied into the glass mcroreactor at a space velocity of
670 h-1, aideamakiveldy yihestamesr pachdhadutlae cattadyen tempinatined( whi ch
is a tenperature of a furnace for 15 heating the microreactor; ditto bel ow)
of 2800C .irAthkeheehtrBrWaLd e rkeited aRsRdusi Béeny heakemdutobEhadest art ed,
t he conversion of nmethacrolein was 96% and the selectivity to

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.

15 In two-stage gaseous phase catalytic oxidation
reactions of directly-combined mode, 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

20 catalysts in reactors because it is easy to flow a gas through
the first-stage reactor and the 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



met hacrylic acid was 78% 20 Referential Exanple 2 (a) Reaction using

catal yst A steel reaction tube with an inner dianeter of 25 nmwas filled
with 1300 m of a nolded catal yst conprising an oxi de cont ai ni ng

nol ybdenum bisnuth, iron, cobalt and cesium 17 in atomc ratios of 12,
1, 2.5, 7.5 and 0.6, respectively, whith was used as a first-stage reactor.
A steel reaction tube with an inner dianeter of 30 mmwas filled with 1800
m of the catal yst which had been prepared in the same nanner 5 as in
Referential Exanple 1 (. a) , which was used as a second-stage reactor. A
raw mat er | ¥pP9Es 18oppedeitermEingsy suleartrFtienpuiy| ahdowedotey fl@Wune of
nol ecul ar oxygen and 7.5% by vol une of water vapor which had been prepared
by m xi ng thobugh| & rfdrst 15t age amaarteh m ahdog ese owrsd ssipagée akdatdhdnl 0
first-stage reactor at a space velocity of 1200 h-1 to obtain the resulting

first-staggereest Wdiild RdEEtaliAsng MBI BEVESe kBAPeFaXeFe b £ Ratial
nitrogen to be a gas conpr|S|ng 3. 2/6by vol unme of net hacr ol ein, 5@6

vol une of y yol { % esultlng
gas then bgiygr’]g |§' supp gr%{gf‘%% seco%d S ag%?%@ic F'E)dr ;Efgﬁger%ggg Vel oci ty
of 1000 h- to co t ot st . gaseous _phase_ ca |c oxi dati o

reacti dns. ﬁ%iﬁ7%%t¥ Yoﬁ&@%f tl?ﬂﬁlﬂ%8F| tﬂ%ﬂ? Hﬁ%F&P P&tSQ t he
first-stage reactor and that of the second-stage reactor, respectively,
were cont r@y [edefdathdn whicheacsasrenbrining sWCWJeEh% q¥yqefe iM st - st age
reacti on becane about 99% and the conversion of nethacrolein in the
second- st apgeedebetnimedecaneei¥abionvis. alliwwed heo hebhow nghmedghma
tenperature of the second-stage reactor at the start of the reaction was
set to 275£1A5f- etdgd Pakhcabriand 4 §8€oestagd Te3RRMNiussri@pseiiskence the
reaction had started was set to 293 C. The reaction was stopped at this
tine, and e ¥Fach 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-stage reactor. By
performing 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
reactionsof directly-combined mode are performed by supplying
isobutylene or t-butyl alcohol to the first-stage reactor
together with molecular oxygen and water vapor, it is possible

to switch from reaction to catalyst reactivation smoothly by



was taken out of the second-stage reactor. The catal yst which had been

pl aced at the portion of about 1/3 inside fromthe 5 entrance of the
reactor was sanpled. This sanple was utilized as a used catalyst in the
foll ow ng Exanples. (b) Activity test of used catalyst An activity test of
the used catal yst obtai ned above was pdBfornmed in the same manner as in
Referential Exanple 10 1 ( b ) . The nethacrol ein conversion was 21%. 'the
used catalyst had a total carbon amount of 0 . 6% by weight , whereas the
catal yst prepared in Referential Exanple 1 ( a ) had a total carbon anount
of 0.0% i5eprpif%ethepsupplyhef daqgbitylanss oot -PHEYEselcehedl 38keRas
performed in Referential Exanple 2 (b) ( the used catalyst was treated with
heat at an paioommEmgethe wreaaddfidbbor@ tertabnipanring ofhiie andptlyemg a gas
cont ai ning 12% by vol unme of nol ecul ar 20 oxygen and 18% by vol une of water
vapor, whi gl haddeagna@iepeind the Wondes tHatioplsCam MOUe Bl 400Ryga A
space velocity of 500 h-1 to the mcroreactor in which the used catal yst

was left figl] S tl C I Lar eat was
subj ect ed nggﬂw%ﬁ%?vﬁﬁég?és¥“i%R?héﬁggnéﬁhﬁﬁﬁgg 5gﬂ?nQ8§§SE g%eﬁgﬁ%ial
Exampl e_1 Q si an  of crolein was 91~. The catal yst after

b). Th .
the heaf trgéFWEWSU%%Q% e o i (& gﬁggﬁﬁhﬁf'ﬁé  FeaE Banples 2 to 14

and Conparative Exanples 1 to 4 The used catal yst prepared in Referenti al
Exanmpl e 2 (a) wa3%wPrElregei toeaugiRhaseratalyidtorxifiabhian 1earkidnanet er
of 15 mm into which a gas containing nol ecul ar oxygen and water vapor wth
t he concenvfatiness lghawmb imetahd @de hayhie per f arnedibpgeradpaddarmsd singr xi ng
air, steamand nitrogen, was then supplied at a space velocity of 500 h'1l

and then heat Faieatrethgeasepetiohmeémple rantudeeande ey adodondimyagd n Tabl e
1 for a period of tine shown in Table 1. Subsequently, an activity test of

the catal ysbaahtigh “Eém?@ﬁ&t&f@@t %cw&@ﬂ;orﬂ?@ Fredtudde riaBiranner
as in Referential Exanple 1 (b) . e result
10 temperatures of the first-stage reactor and the second-stage
reactor, depending on inactivation of the catalyst due to the
passage of thereactiontime so astomaintain 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.



(conversion of nethacrolein) is shown in Table 1. Table 1 Ml ecul ar Oxygen
(% by vol une) Water Vapor (% by vol une) Oven Tenperature (C) Tine

(h) Conversion (% Exanpl e 21292901545Exanpl e 31293101558Exanpl e
41293301573Exanpl e 51293501587Exanpl e 61293701593Exanpl e
71293901586Conpar at i ve Exanpl e 11294101431Conpar ati ve Exanpl e
22103301543Conpar ati ve Exanpl e 3202. 53301564Exanpl e 8199330~5 ~73 20
Exanpl e 917183301580Exanpl e 1015303301582Exanpl e 1110503301582Conpar ati ve
Exanpl e 40183301546Exanpl e 121218350290Exanpl e 1312183501591Exanpl_ e
1412183506089 ExARFICECERangs € by dhgrerirn brayentdral it és@asstion
reactions were perforned again in the sanme manner as in Referential 5
Exanpl e 2 ta) sufticilea ttlivnerederey 2theurstiapdad &f nae hette nogpadiviagrichad
started, the heating nediumtenperature of the first-stage reactor and that
of the seceftlasyafeontGnAhgFiSspiedrad, addGbasaud/dndvanaaspachiedl y, and
at the tinme when 6000 hours | apsed since the reaction had started, the

heating lo,geqidup Eégﬁe{r?fa"%&%u%%gxafé% Eét%i@%cr&?f&é){i@ﬁ”}eta*&fig%f the

second- stage reactor were set to ( respectively. At this
time, the conver.sion of.isobutyle Ln the first-stage reaction s. 99. 0k
and 1 hé cont ASTRICRT LR RIS SPePREPA™ R SACHHE Sed G kRt BRVHaS 73, 2.
15 The reaction was stopped tenporarily at this stage, and reactivations of
the catal y3® ¢¥fethenti aStivityge reaction and of the catalyst for the
second- stage reaction were performed. Specifically, a gas containing 14~ by
vol unme of nol ecuTke igwegddocandelds thpsydeaasibédwattewivdpoe appayendd 20 by

m xing air, steamand nitrogen was flown through the
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 incorporated herein

by reference in their entirety.

EXAMPLES
The present invention is described in more detail by
20 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



21 first-stage reactor and the second-stage reactor in series so that the
space velocity thereof becane 690 h-1 in the first-stage reactor and 500
h-1 in the second-stage reactor. Subsequently, the heating nmedium
tenperatures of the 5 first-stage reactor and of the second-stage reactor
were raised slowy to 370 C and 350 C ]15respectively, and were nmintai ned
for 10 hours. Then, the heating nediumtenperatures of the first-stage
react or and of the second-stage reactor were set to 350 C 1o and 288C ,
respectively, and the two-stage gaseous phase catal ytic oxidation reactlons
were resumed undén BRé kanefchoni exonange vaber beéatefictentddl, B&udl e 2.

At the tinme when 2200 hours had | apsed since the resunption of the

reacti on, kfe ofeatdsigimenltnatemi€siitut es 160f. 2t kg fof stoppage migarte 15 and
of the second-stage reactor were set to 354 C and 289 C, respectively. At

this stagetriRgakaeBUYRN®,FORVEIHD PN 24, 3 hRgf igestasd asf ﬁ@é@h‘torbf"’as 99. 2
% and the nethacrolein conversion in the second-stage reacti on was 80.3 %

Bxaml © 16020n6ph8EoRBERE! BLIG 4A1P 49107 S0 ?aﬁeey%ﬁie@ggtofgaw Pt

oxXi datl on reactions 1 n Referent yst in the
first- ager actor .was s it _was,.and th

Second bt SFEH deR A AR TR R P EPBohe tafeF Y SRt gy T guta
Referential Exanple 1 (a) . Then, the two-stage 22 gaseous phase

catal ytic dki d&0 dhe et hanger @5em aﬁﬂeéfga@& AnFegdumn felyheate
conditions as those of Referential Exanple 2 . At the tine when 4000 hours
had | apsedtstnalrydibete e (M])isd0,0f, 1 4,0 lcacs disddlerdi®kadin 3@ oed) b
tenperature of the 5 first-stage reactor and of the second-stage reactor

were set tDomBb6dxéhange’l%dter HeSRRLityehy. B\ Bhi1d siqoer hhmonsehutyl ene
conversion in the first-stage reaction was 98.9 ~ and the nethacrol ein
CONVer si OMnd #la¥diea $LEON NS ANS '%%%,Ctsjl.@bé’i'ﬁi%iztl:@erein to obtain the
10 resulting suspension (liquid B). Liguid A was dropped into
liquid B under stirring, 10.2 kg of antimony trioxide [Sb,0;]
was added thereto, and subsequently was stirred at 120 C for
17 hours in a sealed container to obtain a slurry. The slurry
was dried using a spray dryer, to obtain a catalyst precursor
15 powder. To 100 partsbyweight 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
20 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 was 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



lo At this stage, only the supply of isobutylene was stopped, and the
heating nmedi um tenperatures of the first-stage reactor and of the

second- stage reactor were maintained at 363 C and 292 ~C, respectively, for
2 hours. After that, the supply of isobutylene was resuned so 15 that the
reaction was started. At the tinme whenl®0 hours had | apsed since the
resunption of the reaction, the isobutylene conversion of the first-stage
reaction was 99.7 ~ and the nethacrol ein conversion of the second-stage
reacti on was85.8 20 23 What is clainmed is: 1. A nethod for reactivating a
het er opol yimiah edraf yev athi36R Eorftoadi 3sheimos pHar th)L snot§ederonodtdinanadi um
and whi ch may have been used in a gaseous phase catalytic 5 oxidation
reacti on od rcetthdgsda.ei nThe praachaleystet bampylisedadcdnd, achdiretdalt coffpri si ng
the step of treating the catalyst with heat at a tenperature of from290 C
to 400 C unslesrspdlPaeOd cdndAInOHY phospHoRhs | ersityridhdly, vahdaBuff,

nol ecul ar oxygen and at | east 3% by vol une of water vapor. 10 2 .

A reactivatd h j ;i ; Wherel cat alys o be
treat ed mﬁ*%%@’l %gg?)%%?éﬁgsqtge %Aﬂflﬁﬁﬁhgg&g%en utgledc;b itonlzeé'g’egio?/n'd%)s'gége
gaseous phase catal ytjc, oxidation action in two-stage reactions

conpri zi ngda'ase‘f |$‘sf%q%g]e ‘Sas’é%?ge‘b{ﬂi‘é% ¥atalytic oxidation reaction of at

| east one 15 conpound sel ected fromisobutylene and t-butyl al cohol in the
presence ofblarhabd et diesty At cortalvs hPRePdBRRnum bismuth and iron to
obtain a reaction product gas containing nethacrolein and said second-stage
gaseous phase c&® ghgssomicxrakdaotor eddth an iomdihdikmesiersofgdmmewasi on
product gas 20 in the presence of a heteropolyacid catal yst containing
phosphor usi MY yPdenyng apctneaBdirdnbbB8ainbe datadlyistal | anrdawihhedragcor di ng
toclaim1 or 2, the nethod further conprising the step of treating the

catal yst wWiLRART18Y Uty Boilfel bEShe$ha8801834L 1 @83l Nvo1ume
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'', 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 C. 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 containingmolybdenum, bismuth, iron, cobalt and cesium



24 heat at a tenperature of from360 Cto 450 C under a flow of a gas
containing at |east 3 ~ by volunme of nol ecul ar oxygen .
CAFCAAAAABAAAAAALCALAALAAA A AA A AL AN . AF5%$9; G0 1Q

‘BWHYR} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc
alcalca)lca)lca]ca]calcalcalca]c:alc:a]caV&\ _?6g 'Y F M N

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! N /hgs#G-+ /| 0 GH "~

9Y} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca(] cal ca] ca] ca] ca]ca] ca] ca]
ca] ca] cal cé}"cé%é&']iéaféﬁ]-eﬁ] ef] tajcht ;2 . réspective

bcy/ EFj ]' f{vqgl gb] X] ca] ca] ca] ca] ca] ca] caj ca] ca] c”Ma] ca] ca] ca] ca] cha] ca] ca] ca]
ca] ca] ca] cahdghcupsalisefica$ca] £atsht shige] radt/SFLS 7 adtesnl dceddttigra] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] eaba(BLtk' aWinesnadadklea] 68] saealaal €a)sahcrl el cedsairal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljca]calca]calcalcalcalcall q
IEIT 1 "D
$K$$$$3%(‘Ve‘y8/8/&\ quéﬁggt % %%?ca‘]%g‘al]r%qa aﬁ%a]%aﬁrcea]scax]%a] cal] ca]c™a]ca

chalc ca a ajcal\&&& P '
La0CLC ) v, 85 el a ﬁxi lﬁ](%aﬁ i iabiRlLas eaprendatag R a cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c’\a] c”a] ca] ca] ca] ca] ca] ca%ca] cal] ca] ca]ca!,
. FEAPEPT 91 BOFAYL AUSInbDb 2238 3GPRPRILG 170c 2 T ap¥ ayea e &f ca] ca] c

a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]lca]ca]c
a! 334E4t 44156h85%5€866657% 707 S+ @BL 88 8B #8HIEI0dR Y arxprdd X droh] Tt ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal cal :¥Yoluméy Wf water vapor which had been prepared by mixing

; <CL<<L<; =| ====2>h>>>?27 2?2?22 @@aoA?A} w mhc”~Y] | ] ca] ca] ca] ca] ca] ca] c”a] ca] ca]c
al ca] ca] calabeeycatsal satcakeahaalial GRS G s akeppeabaalkealteal ca!l ?A{A
AABRBBBCCJ CCCC. Dd DDDESEEEFDFFFF- G GGE H H H}xsnl d Z]] ?ca] cal] ca] ca] ca] ca] ca

e slagiengpop s piaoplonsn ol il
Joa] cal ca] P4f EPOAFCARCRCH) CHIAE] CRPCRT CARANNRRE! CBCEPRPSEREIONS R

RRRUGI SSSS* TeTTTUVU| wr mhc”Y] ] ] cal cal cal ca] ca] ca] ca] ca] ca] ca] ca] Ca%] c"
a] ca] ca] cd}eEg ¢ A} it Ak PediRegh ]t CaPCaPec SREaFORPEHSHIGUTI - AV WAV
WAN XXXX*YeYYYZZZzZ[ G [[[ 9\ | winhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca&]@a-}rcea]q:fa]n@qlma;]md]@a] @ .O dyayeodloe] of] maleghdafcakSgen\ \\ 1]r] ]
], "Z oM} A3 X @ "~ a@| aaaa3bnbbb| wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] eajd alléaby apdamead £ ajatalc ahpbda), ct« aksalledneayaa] tradrc aedajcal ca! bb
, cgccc&dbdddeNeVeeeeeeeeef f f f ff ggggh: h{vgkf al\ Wrhc”Y] ] ca] ca] ca] ca] c’\a] caj ca]
ca 15 supplied to the second-stage reactor at a space velocity
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medium temperature of the second-stage reactor at the start

of the reaction was set to 275 T, and that at the time when
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After the activity test of the used catalyst was

performed in Referential Example 2 (b), the used catalyst was
treated with heat at an oven temperature of 350 C for 15 hours,
while supplying a gas containing 12% by volume of molecular
20 oxygen and 18% by volume of watexr vapor, which had 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
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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 Water Vapor | Oven Time (h) Conversion
Oxygen (%1 (% 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
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20

tage gaseous phase catalytic oxidation reactions
were performed again in the same manner as in Referential
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 348TC and 275 T, respectively, and at the time when
6000 hours lapsed since the reaction had started, the heating
medium temperature of the first-stage reactor and that of the

second-stage reactorwere set to 362 C and 294 C, 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%.

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

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

first-stage reactor and
so that the space velocity thereof became 690 h™' in the
first-stage reactor and 500 h™* in the second-stage reactor.
Subsequently, the heating medium temperatures of the
5 first-stagereactorandof thesecond-stagereactorwereraised
slowly to 370 C and 350 C, respectively, and were maintained
for 10 hours.
Then, the heatingmedium temperatures of thefirst-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 T 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 After performing the two-stage gaseous phase catalytic
oxidation reactions in Referential Example 2 (a), the catalyst
in the first-stage reactor was left 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
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-[fofqgftfvfzf}ffiJ+C h"10% U& ()-,h"10% U& ()-, h"10%
againunder the same conditions as those of Referential Example

SIS

2. At the time when 4000 hours had lapsed since the resumption
of the reaction, the heating medium temperature of the

5 first-stage reactor and of the second-stage reactor were set
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 supplyof isobutylene was stopped,
and the heatingmedium temperatures of the first-stage reactor
and of the second-stage reactor were maintained at 363 C and
292 C, respectively, for 2 hours.

After that, the supply of isobutylene was resumed so

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
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and at least 3% by volume of water wvapor.

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 oxildation 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 1in the presence of a heteropolyacid catalyst containing
phosphorus, molybdenum and wvanadium.

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
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