« v, e3eynvhhi dj pl kJnbmTnSeO E4330 23/2 1 DESCRI PT| ON _ PROCESS FOR PRODUCTI ON
OF *159159* METHACROLEI N AND METHACRYLI C ACI Dot @aftGiél d The pr esent

inventiop relates to a process for produci ng nethacrol ein and met hacr y¥4 &30
" acid, particularly a process for producing nethacrol ein and nethacrylizi/2
acid 5 by subjecting isobutylene or tertilary butanol to gasphase catalytic
oxi dation with nol ecul ar oxygen in the presence of a catal yst. Background
Art A process for producing net hacr BEECRIEARAONO net hacrylic aci

catal ytically oxidizing isobutylene or tertiary butanol in the,@ﬁﬂﬁmmwmmﬁwm
a catal yst conposed of a conﬁBéﬁaséxFGB BBAPHFALAY M ybdenum

iron as the essenti al cqgggneatsL is well known and actually in w dé&ise.
In this process, the 15 FRACRALE LN ANBUMEEHAGRYRIEeAEdDat ure of 300 to
400C with the catal yst being used in the formof a fixed bed. The catal yst
used in such a gas-phase catalytic oxidation reaction is used for a

relatively l@RgnReLhog; @h4time. Meanwhile, the activity of catalyst
generally 20 decreases with the |apse of tine. In JP-B-5-29S02 is disclosed

a nmethod for regenerathanpofseataliys i C rJi Ses regenerati a
mul ti - component ( Nb- Bi - Fe} oxi de éat%?&gPaJ%§§§Qéi51%nﬁ 1737 t§7has

decreased opradutong metBatRe1u3a hRdl RRtHARR 1R AR & f%fo osed
substantially of air, at a tenperature of §80yié 540éi'a i A -1%%&70503

i s disclosed praeehedfbor preganenat neRhatreakahy sind WMaitHh GQMd SES; g
regenerating a catalyst 5 (simlar to the above) whose catal'ytic activity
has de 5 Dby subjecting isobutylene or tertiary butanol to gas-

. phase catalytic oxidation with molecular oxygen in the

presence of a catalyst.

Background Art
A process for producing methacrolein and
10 methacrylic acid by catalytically oxidizing isobutylene
or tertiary butanol in the presence of a catalyst
composed of a compound oxide containing molybdenum,
bismuth and iron as the essential components, is well
. known and actually in wide use. In this process, the
15 reaction is conducted at a temperature of 300 to 400°C
with the catalyst being used in the form of a fixed bed.
The catalyst used in such a gas-phase catalytic
oxidation reaction is used for a relatively long period
of time. Meanwhile, the activity of catalyst generally
20 decreases with the lapse of time. 1In JP-B-5-29502 is
disclosed a method for regeneration of catalyst, which
comprises regenerating a multi-component (Mo-Bi-Fe) oxide

catalyst whose catalytic activity has decreased owing to

L
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-creased, in a streamof an oxidizing gas conposed of 5 99.9 by vol une of
oxygen, 0.1-95~ by volume of steam and an inert gas, at a tenperature of
300 to 500C. The investigation by the present inventors, 10 however,
indicated that in the regenerations of activity deteriorated catal yst as
mentioned in the above publications, the2catal yst performance i s once
recovered, by the regeneration, to a |level of fresh catal yst but the
cat al yst af ttée nsgerer atdagrt ishgwsir & ch ety esee | coriposed | yubytalthus, the
above-nentioned regenerations are not fully satisfactory fromthe

st andpoi nt &faldgustr iadir ;a@l iac emperadaree of M8 Griesemt 09QTvarntd am i s
intended to provide a process for producing nethacrolein and 20 nmethacrylic
aci d by subfg’ﬁpi‘ég?i(Jé@S’utl;?I discdrses | MENas /T Tegenarahier ehtal ytic
oxi dation w_th | ecul ar, oxygen i.n the presence of a catalyst, in which
process theC8§F§3§§V @%ﬁc%ec TEF 157 TEIFMRF P DP 283 WSt Di scl osure of

the | ti .25 .Th t i ti ' J f i
ot haor of ci \ARY 1R e ERRVE] B BR AT 0 1 25 SR TS oty ene or

tertiary bubandbel LhePLesense or 3n0hARY ALYl COMBSIDY 2 comound

oxi de contai ning nﬁly denum bi'smut hand i ron ssen nts,

(T3 C or | ot it aeioBe P2 GRFon & T i A AL e 5

activation gneiggref gasr,eaet horchper@Riadididiy 3wt hacrai@cn and nethacrylic

acid from
The investigation by the present inventors,

. 10 however, indicated that in the regenerations of activity-
deteriorated catalyst as mentioned in the above publica-
tions, the catalyst performance is once recovered, by the
regeneration, to a level of fresh catalyst but the
catalyst after regeneration shows rapid decrease in

15 activity. Thus, the above-mentioned regenerations are
not fully satisfactory from the standpoint of industrial
application.

Hence, the present invention is intended to

. provide a process for producing methacrolein and

20 methacrylic acid by subjecting isobutylene or tertiary
butanol to gas-phase catalytic oxidation with molecular

oxygen in the presence of a catalyst, in which process

the catalyst can be used over a long period of time.

Disclosure of the Invention
25 The present invention is a process for produc-
ing methacrolein and methacrylic acid by catalytically

oxidizing isobutylene or tertiary butanol in the presence



1 sobutyl ene using said catalyst (hereinafter referred to as the boundary
tenperature of ' activation energy), the reaction is continued while a
reaction tenperature is 10 increased as an activity of the catalyst
decreases, and an activation treatment is conducted for the catal yst at

| east once before the reaction tenperatuge exceeds the boundary tenperature
of activation energy. Best Mdde for Carrying Qut the Invention 15 The

catal yst usgd EncEQ%19%%$%BhF&Q%%ﬂbiQnc%&&ﬁﬁh&ﬁ%ﬁidéﬂﬁEﬂ!E&&%ﬁ&e
cont ai ni ng nol ybdenuny bisnmuth and iron as the essential conponents, and

there i s nompagbhedual, beshuitht A@A 33 ch0 at ks HANRANIHSporldh s, cat al yst
can be produced by a known net hod described in 20 JP-A-53-19188,

JP- A- 54- 666&BeraPnAa5badad ytiB- Ax39atA227 redlttAcr6-i135 Is3 r td¥ Aa 60a 28824 and
the like. It is known that in gas-phase catalytic reac tions using a solid
cat al yst, themperiatatrieonferf@rgy °oforntiewdedwheraeinof®®fienddfihedsabet ween
| ow and high 25 reaction tenperature ranges which are divided by a certain
boundar \° t efpEPHNEREY ERMPEIAtExgnplfe actAURNANORNEATAL YSTS ®@ictidn pp.

134- 139 (1976% it is reported 4 that different activation energies such

as nenti one8°En8hEadRisg MEthREredLdnyend Fetdacitont e RfIFDETA™ 1but ene in

th at al yst conpqgsed of _a nol ybdenum_.and bi smut h- cont ai ni ng
coﬁngﬁgegigaggugﬁgﬁng ésbﬂgnggéﬁoﬁaﬁgl§§én( CEIE HURF RIETFRLNR ni ng

step of as the boundary temperature of activation energy), the
reaction is continued while a reaction temperature is

" 10 increased as an activity of the catalyst decreases, and
an activation treatment is conducted for the catalyst at

least once before the reaction temperature exceeds the

boundary temperature of activation energy.

Best Mode for Carrying Out the Invention

15 The catalyst used in the present invention
comprises a compound oxide containing molybdenum, bismuth
and iron as the essential components, and there is no

‘ particular restriction as to other components. This
- | catalyst can be produced by a known method described in

20 Jp-A-53-19188, JP-A-54-66610, JP-A-55-359, JP-A-55-19227,
JP-A-56-95135, JP-A-60-28824 and the like.

It is known that in gas-phase catalytic reac-
tions using a solid catalyst, the activation energy of
intended reaction often differs between low and high

25 reaction temperature ranges which are divided by a
certain boundary temperature. In, for example, JOURNAL

OF CATALYSTS, Vol. 41, pp. 134-139 (1976) it is reported



reaction differs by the |l evel of reaction tenperature, and is explained in
detail in'Catalysts Course, Vol. 1, Paragraph 4, conpiled by the Japan
Soci ety of Catalyst and published by Kodansha. According to one theory, the
10 reaction of reactant nolecules on catalyst active sites is a
rate-determning step in a |low reaction genperature range and the diffusion
of reactant nolecules into catalyst active sites is a rate-determning step
in a high rehati differpatabdtevaaige ehriiesprsesdntas meand ossedade an
anal ysis on the activation energy of a reaction in which nethacrol ein and
met hacryl i cahovd ereéspr ddutbd bpntallyjtdet ioxg dasdlout yesrre: itan caff alytic
oxidation in the presence of a catal yst conposed of a conpound oxide
cont ai ni ng kBt§pEeABntheorbesenck afda catadystthecmpesad & f conponents and,
as a result, confirmed that the activation energy of the reaction was
di fferent iRCAYPER PBacRNEnPLERBENacoNE aiadge srapovrd KiHe eactyOn
tenperagyre raﬁ e. In the preseng i nvention, the gpundany,ZS t enper at ure of
activati‘on 8nB §9°w§n88téfnfﬁ§8 §RYFPoREe ERE dGLPIgHSE NS obRE 1 %he i s
used as the mateni.al._of the, reaction, catal yst i.s packed ina 5
reaction tuﬁég%%ggﬁdéé?&Ffﬁ éyhgéF EEHFEnPﬁaf AHE™ ¢ HrE Dt the heat
nEd'un]bathahé Y?réﬁg%EFnFaeiBaag%aqa 3%5C%%a§§§gsa%de§afﬁvéiFﬁl? to 5C
t he conversion of r1sobutylene at eac enperatare i s

Paragraph 4, compiled by the Japan Society of Catalyst

and published by Kodansha. According to one theory, the
" 10 reaction of reactant molecules on catalyst active sites
is a rate-determining step in a low reaction temperature
range and the diffusion of reactant molecules into
catalyst active sites is a rate-determining step in a
high reaction temperature range.

15 The present inventors made an analysis on the
activation energy of a reaction in which methacrolein and
methacrylic acid are produced by subjecting isobutylene
to catalytic oxidation in the presence of a catalyst

" composed of a compound oxide containing molybdenum,

20 bismuth and iron as the essential components and, as a
result, confirmed that the activation energy of the
reaction was different in a low reaction temperature
range and in a high reaction temperature range.

In the present invention, the boundary

25 temperature of activation energy is determined as

follows.

First, in case isobutylene is used as the raw

material of the reaction, a catalyst is packed in a



5 determ ned. The conversion is determ ned fromthe follow ng formnul a:
Conversion (~)' of raw material = (A/B)x100 (1) wherein Ais the noles of
the raw material reacted, and Bis the noles of the raw material fed. 10
Next, the rate constant of the reaction is determned fromthe foll ow ng
formula: K = (SV)x(1/p)xIn[100/(100-X)] £2) wherein Kis the rate constant
of the reaction, SV is the space velocity of reactant gas, p is the packing
density 15 péathéonatabgsproadded withhe terremsidimn Hatdf; rtdve nat eri al
Next, 1/ T is taken as axis of abscissa and InK is taken as axis of

ordi nat e; daemparetpket bédtbe hhetgmeghum ke tdpgsonvartad sty ikt |ines are
drawn; and the 20 inclinations of the two lines are determ ned. Here, 1/T
is the reci prBeal oéf 3thetRedl SR bni bRV LRpef at uke Pabsotlige

tenperatur$%, and | nK i? t he natﬁral Iogari%hn1of t he rate constant of the
reacti on. THENEBHFORNNBE e LEPPHEYHENLI Ads SEER BETREES M Tfed Dy an ordinary
nmet hod suych as.net.hod, pf | east _square r.the .l ike.. The absol ute val ue
of the gﬁtaﬁ%g rWﬁBFFﬁat?gﬁ ofP '8¢ g&Bp%%x%ﬁ&féﬂﬁﬂégi;ﬁoqiéhsis mul tiplied

by gas cons LNg product is an intended 6 activation
ener gy. Thekég%?ggggaFggﬁhﬁhé absci ssa of the intersection point of the two

approxi mte straightekbngs i%)aBsi phendadlqaundar y atemeargs ure of )
activati on ener agy.

wherein A is the moles of the raw material reacted, and B
is the moles of the raw material fed.

. 10 Next,

determined from the following formula:

the rate constant of the reaction is

K = (SV)x(1/p)xIn(100/(100-X)] (2)
wherein K is the rate constant of the reaction, SV is the
space velocity of reactant gas, p is the packing density

15 of the catalyst, and X is the conversion (%) of raw
material.
Next, 1/T is taken as axis of abscissa and InK
is taken as axis of ordinate; data are plotted on the
. graph; two approximate straight lines are drawn; and the
20 inclinations of the two lines are determined. Here, 1/7T
is the reciprocal of the heat medium bath temperature
(absolute temperature), and InK is the natural logarithm
of the rate constant of the reaction. The approximate
straight lines can be determined by an ordinary method
25 such as method of least squares or the like.
The absolute value of the obtained inclination
of each approximate straight line is multiplied by gas

constant. The resulting product is an intended



When tertiary butanol is used as the raw mate 5 rial of reaction in place
of isobutylene, tertiary butanol is deconposed rapidly into isobutylene and
wat er on a catal yst containing nolybdenum bisnuth and iron as the
essenti al conponents. That is, the reaction nechani smwhen tertiary butanol
is used as the raw 10 material of reacti®n, may be considered to be substan
tially the sanme as in the oxidation reaction of isobutylene. Hence, the
boundary teapeivttiienoénargyvat Tbe sreigyocalaofeddts @bawigrp isbbhgl ene
as the raw material of reaction can be utilized as it is, also in a 15
reacti on usiMmEe¥eectr&ey paiakoPfashehsvwpagppaogimate |staaidht rlmesise of
catal yst, various_ neasures are generally taken to extend the |life of packed
catal yst asifn@h dRtppdedpbeundarysteppgyatadge odr astdhAtdon £nekFease,
with the degradation of the Backed catalyith 20 t%g reaction tenperature
gradual Iy up to an al VBGROFEEFHATY BETAPBCedS U§eHndft &NF &YW MaEtRied

conver si.on. I?g g£esent lnventorf have founguE%gt in QESQHEJ@Q nmet hacr ol ei n

and netﬁacr? aci o ﬁt%%?af9tP 85?I9fo%ﬁ iZi epgbbutylené'or tertiary

butanol in j a3§1pi§58%§§ﬂ§§ﬁégﬁgépkﬁi& EQQBVE%B%%t?i%ﬁﬁPQHWE‘dBQ

cont ai ni ng nol ybdenum ron“as the essenti conponents, the
life of the,galalysh1gan L&neXiRVAGINSLYBUERGANT bY skt &ld NG-di&s

catal ytic oxidation

the essential components. That is, the reaction

mechanism when tertiary butanol is used as the raw
‘ 10 material of reaction, may be considered to be substan-
tially the same as in the oxidation reaction of isobut-
vylene. Hence, the boundary temperature of activation
energy in a reaction using isobutylene as the raw
material of reaction can be utilized as it is, also in a

15 reaction using tertiary butanol as the raw material.

In industrial use of catalyst, various measures
are generally taken to extend the life of packed catalyst
as much as possible. It is conducted, for example, to

. increase, with the degradation of the packed catalyst,
éO the reaction temperature gradually up to an allowable
limit of process to maintain an intended conversion.

The present inventors have found that in
producing methacrolein and methacrylic acid by catalyti-
cally oxidizing isobutylene or tertiary butanol in the

25 presence of a catalyst comprising a compound oxide
containing molybdenum, bismuth and iron as the essential

components, the life of the catalyst can be extended

significantly by starting the catalytic oxidation



reaction at a tenperature of (T-3)C or | ower wherein TCis defined as the
boundary tenperature of activation energy, continuing the reaction while
the reaction tenperature is increased as the activity of the catalyst 5
decreases, and conducting an activation treatnent for the catal yst at |east
once before the reaction tenperature exceeds said boundary tenperature.
Decrease in activity of catalyst is caused by various reasons such as
reduction aofedat bbiysit conpemeetstudd SEL|THRY*OroOrloegervEateon vic
catal yst conmponents, change of crystalline phase in catalyst structure and
the like. T réatinedtas athatlbdbysdarposempetraviutry hfisadedveasewt owi ng to
t hese reasons, known catal yst regenerati on nethods such as those nentioned
in the abowv’n\aEk, 150k buntngrthe aredet ion| vhélle Hbeevenctaomat al yst
regener ation nethod is preferred wherein a catalyst to be reactivated is
kept at a t'FRATALMER oS nbicTeased had Bheebivit¥sofhhhessetadvgt
contacted wyth a gas substantially conposed of air for at |east one hour.
The 20 Pre ?ﬁﬁﬁaé%ﬁ'c%ﬁ%]Q%Qd%&ﬁ+%%t?%naﬁﬁyvﬁélEBnHEEPEBeﬂﬁ £9Fi §out t he
catal yst fromthe reactor; however reatnent in a.state in which the

RANGRE (5€ L PhAstatiag petoth BRE spetnti PhaLEPPREF Y Hhecause i

catal yst i scapa%

al | ows easy, gper i%1 a3 W&Qrt h@ 2 é)vgt@géi vation treatnent is conducted
for a catalyst e %as‘%een e 0 a reaction tenperature higher than

the boundary tenperatég@r@gséc{,}]vgg{p@i €58YcallQ ¥€rist98u§éﬁf‘h st

regains its 8 activity once; however, 1n Its subSequent use, activity

decreases raptilys arkhddies eff@ctadiredi At ¥sh bEfEaeXi 881 @BmponbAWs,! N
’ut rast, when the above activation treatnent is conducted, as in the

esentlo5 puskissatio @r cedpdysiatdde o hasa beEs tis€6mpoh¥ndl , a tenperature
| ower than the boundary tenperature of activation energy, not only the
catal yst regeme id% crystalline phase in catalyst structure and the
like. To reactivate a catalyst whose activity has
decreased owing to these reasons, known catalyst regener-
ation methods such as those mentioned in the above Back-

15 ground Art can be utilized. However, a catalyst regener-
ation method is preferred wherein a catalyst to be
reactivated is kept at a temperature of not less than
300°C but less than 550°C and contacted with a gas

. substantially composed of air for at least one hour. The

20 treatment for catalyst activation may be conducted by
taking out the catalyst from the reactor; however,
treatment in a state in which the catalyst is packed in
the reactor, is advantageous industrially because it
allows easy operation.

25 When the above activation treatment is
conducted for a catalyst which has been used up to a

reaction temperature higher than the boundary temperature

of activation energy, however, the catalyst regains its



-activity but also the rate of activity decrease in use of the treated
catalyst i's the sane as that of fresh 10 catalyst. In the present
invention, the tenperature at which the reaction is started, nust be {T-3)C
or .lower when TC is defined as the boundary tenperature of activation
energy of the reaction. When the tenperaure 15 is higher than {T-3)C, the
time period fromthe reaction start to the activation treatnent of catalyst
is too shoragtivhith osce} showvenengednsitadasbseghieyt Tise ,t etheper at ure of
reaction start can be controlled dependi ng upon the activity or packing
amount of caghiyity @ﬁ@rQ@S©©np@BidEMnaod theeedifecsactfasatgdy st he
pressure of reaction, the conversion of raw material, etc. In the present
i nvention, thEPee¥kendipnrisclPwr r&EBt FPREFBAtas WhEN: Kb iFRYSf t he
activation treatnept, and the activatiqn treatnent can be repeated 25
Whenever (METELUFTLRA HECREESRE| S caPRRYSEetet Poi i TAS PIRSEXE ( he
selectivity of intended product is in.a | | owabl e range, ,the reaction can
be cont%mﬂff%ﬁﬁ?%’tﬂ ra%t?@%?#%ﬁétygéfﬁeﬁ siggngggfgdPQ&quﬁﬂ%;practice
s 9 adva@éxﬁygé?&léu#é‘dgﬁ&é}:aHlé(nb@ﬁé“BSuBBEr§aftaln§§tr_a%%@eb%tfsed over a
dortrnme.Th t he

| ong perio e present 1 nvention, ctivationtreatnment for

catal yst mugle beacondusherypt hsastnopoeBetaraitle reaatinan fanperature

exceeds the boundarytenperature of actlivation enéergy. ter this

activati ontieei vy  bOWRYVES , thdeF8tbSoROapali i€yl aecresiskl Gin seAYO the
operation of reaction. After the activationtreatnent, it is possible, for

exanpl e, totleontieaced hedOabpsti 08 Bheashmapesathae bifglersthan the

ndaryt enperature of activation energy or to conduct anactivation
tTeat nBft foatalystal yst which has been usedup to such a tenperature. The
present invention is hereinafter describedl5in further detail by reference
to Exanpl es. |In theExhBptee Pregent " ipeeerien, phhes tBpPREiRghEe Atal ysis
of reaction products was made by gas chromatography. Thegonversion of
isobutylené”%&cﬁe???a??a%ﬁ%%%o+sa%t?éﬁﬁﬂteWPgF EF {&€add 1 on°F s1a¥@8efined in

the above farmul 320(1). The sel ectivity of methacrol ei thacryl i
aci dor oduccth T B (e od A 1T N MRy (SHOHe eThatFol oi n =

C/ A) x100 (3)wh in Ais th t eri al Cisth
ol 0% of el HARETET TAFHEN OBk ProFPYofT) “hhBn. FRACHEmeetatuye ™ "

(D/A)XJL?.O (ﬁ%lvﬁ‘f@ﬁéf‘ éhds #@—e%g?,estr@c £ B A AR e FGROLRY, r@RGe PohSthe
nol es of methacrylic acid for
start to the activation treatment of catalyst is too
short, which is disadvantageous industrially. The tem-
perature of reaction start can be controlled depending
‘ upon the activity or packing amount of catalyst, the
20 composition or rate of reactant gas, the pressure of
reaction, the conversion of raw material, etc.

In the present invention, there is no
particular restriction as to the times of the activation
treatment, and the activation treatment can be repeated

25 whenever there arises decrease in catalyst activity. As
long as the selectivity of intended product is in an

allowable range, the reaction can be continued while the

activation treatment is repeated, and this practice is



10 Reference Exanple 3,00D parts of ammoni um paranol ybdate was di s sol ved
in 6,000 parts of water. Thereto was added 330.2 parts of antinony trioxide
W th stirring. The m xture 5 was heated to 50C (solution A). Separately, in
5,500 parts of water were dissolved 858.1 parts of iron (l1I1) nitrate,
3,296.8 parts of cobalt nitrate, 84.3 pagts of zinc nitrate and 110.4 parts
of cesiumnitrate. Thereto was added a solution of 150 parts of 60~ nitric
aci d and 10aé@8énbapascts dhdbssnibahlpi beabesdi shel cedallys30@aparkdes of water.
The m xture was heated to 30C (solution B). The solution A and the solution
B were ni xedsefltbveri arloggt peobodi afatéimerry. The slurry was aged at 90C
for 2 hours, thereafter heated to 103C and concen 15 trated for 1 hour, and
then dried by the uselbfthespragedtyénvestépnai thg acFiyénd®n The dry
powder was cal ci ned at 300C for 4 hours to obtain a catal yst precursor
powder havi hgetkBerb| £ohi AatabipbsMusbnPensergrcred. 8Cod2RG 12 & %asSho. sOx
20 mherg%n I\/bf Bi , Ee, Co, Zn, Cs, Sb and O refer, to nn%%Pdenunl bi smut h,
iron, cobal PeIOFRCENBEPRGT ARt FABRGTARUEEXxFEERCIPeSBECLPYRAATY: he number
suffixed af g each, el egpnt oynpel o Sohlg dl omae LAl g qf LS. elamsnt: and
X 1s the atom<T ratro of oxygen necessarygyér sat sfying 55 t'he val ences of

el ements ot peL,{HaRe OXYGE0ver, 92ePB 1S AL bASLERLALYSLoRLGGWSYn RNder

to the operation of reaction. After the activation
treatment, it is possible, for example, to continue the
. 10 reaction at a temperature higher than the boundary
temperature of activation energy or to conduct an
activation treatment for a catalyst which has been used
up to such a temperature.
The present invention is hereinafter described
15 in further detail by reference to Examples. In the
Examples, "parts" refer to parts by weight. Analysis of
feaction products was made by gas chromatography. The
conversion of isobutylene or tertiary butanol as raw
" material of reaction is as defined in the above formula
20 (1). The selectivity of methacrolein or methacrylic acid
produced is defined as follows.

Selectivity (%) of methacrolein = (C/A)x100 (3)
wherein A is the moles of raw material reacted, and C is
the moles of methacrolein formed.

25 Selectivity (%) of methacrylic acid = (D/A)x100 (4)
wherein A is the moles of raw material reacted, and D is

the moles of methacrylic acid formed.



was thoroughly mxed with 80 parts of a graphite powder. The m xture was
mol ded into a colum of 4 mmin outer 11 dianmeter and 4 nmmin height. The
nol ded material was cal cined at 510C for 2 hours to obtain a catalyst.
2,000 g of the catalyst was packed in a stainless steel-nade reaction tube
of 27.S mmin inner 5 dianmeter and 4 mig height, provided with a heat
medi um bath at the outer surface. Then, a raw material m xed gas conposed
of 5~ by vokReperéhcesphanyhene, 12~ by vol une of oxygen, 10~ by vol une of
steam and 73~ by volune of nitrogen was passed through the catal yst |ayer
10 at a contact tine 3f0805psecsnds. abubnigmt be rpasdivibgia ttehevadenfier-at ur e of
the heat nediumbath was varied in a range of 315 to 375C at intervals of 2
to 5C. The sehvedsinnG,600i pabusybénwaservar Tbegetonpasataddssd vibik 2

determ ned and, using the conversions, activation 15 energies were

cal cul at ed. Past® Pésantimeny boLANAAG VékpPepatgrdngr adtheyvatixdmEher gy was
335C, and the activation energy in a tenperature range |ower than the
boundar y t efiperieatedwae i@fl&%QﬁHQ%Qﬂégkhe RRIVAEF LYy ehBr gy°PA a
tenperature_range higher than the boundar O.tenperatyre was 35 kJ/ nol e.
Exanpl e 1 2P%bb gogfg?ﬁﬁrc%?ﬁ?y fSBBFXFﬁeésganngFéne E%ﬁﬁbﬂéjﬂés packed
in the sane jon,t S j nce | ¢., Then, r

materal Y oEe b TonphaRttef B8 EEbEIRLATEA R oR gt anE AT by
volume of ;inc nitrate and 110.4 parts of cesium nitrate. Thereto

was added a solution of 150 parts of 60% nitric acid and
. 10 686.9 parts of bismuth nitrate dissolved in 300 parts of
water. The mixture was heated to 30°C (solution B).

The solution A and the solution B were mixed
with stirring to obtain a slurry. The slurry was aged at
90°C for 2 hours, thereafter heated to 103°C and concen-

15 trated for 1 hour, and then dried by the use of a spray
dryer to obtain a dry powder. The dry powder was
calcined at 300°C for 4 hours to obtain a catalyst
precursor powder having the following composition.

. Mo,,Bi Fe, ;CogZng ,Cs4 ,Sby 50,

20 wherein Mo, Bi, Fe, Co, Zn, Cs, Sb and O refer to
molybdenum, bismuth, iron, cobalt, zinc, cesium, antimony
and oxygen, respectively; the number suffixed after each
element symbol is the atomic ratio of the element; and x
is the atomic ratio of oxygen necessary for satisfying

25 the valences of elements other than oxygen.

3,920 parts of the catalyst precursor powder
was thoroughly mixed with 80 parts of a graphite powder.

The mixture was molded into a column of 4 mm in outer



-oxygen, 10~ by volune of steam and 73~ by vol une of nitrogen was passed
through the catal yst layer at a 12 contact tinme of 4.5 seconds with the
tenperature of the heat nedium bath being kept at 325C. The reaction
* products were anal yzed; as a result, the conversion of isobutylene was
95.5%, the selectivity of methacrolein 5mas 87.7% and the selectivity of
nmet hacrylic acid was 5.3~. This reaction was conducted continuously in the
fol | owi ng nadaemet&raiinds 4 mhve ineimedgdttur e Thfe mivd deshtmatezh imd bedd was
controll ed when the conversion changed owi ng to the change in catalytic
activity, whEpépyneHeato5d8nvefaroh hadrrepP Shb3ianti gRER1¥6#st ant. When
the reaction was continued until the tenperature of the heat nedi um bath

became 330C, the time pePP8d9PIicshe FESELYSie RS ARARY B hours. At
that ti , th i f i but vyl 95. 4k t | ectivit f
ot hact of ei nSFASHAESE7 SFestamens SEPECAAR (Y6 Hertact T G b i SEe 5. 35,

The reactd on p ;,alr.in of I terial, mxed gas was
passed tﬁ%ouaﬁgﬁﬁgggagggygtmlé?e?ggg%g’cgkggggaﬁ:g}ﬁ) %Lqé%%é%ﬁg§¥“the

temperature gQcqf athepBeql, mpdkybath vandicreased Ja.80G and.kept at

the sane tenperature ours; thereby, a first catalyst activation

treatnent wagagopdhpbedd bheseablieloltie beati sopfityndal h mes prpol ed to
323C and the sanme raw material m xed gas as used above was passed through

the 25 cat al ystiuhayef akyaeaQntast bl ¥elamed oF seendarndd 7Estgft the
reaction. The reaction products were analyzed; as a result, the conversion
of isobutyl emelume 8%. hitrvhensekecphagiseyd ahriovighathel elatalgst8lakeand t he
Qsel ectivity of nethacrylic acid was 5.3~. This reaction was conducted
nti nuosl yaktnat hbensant taneepfasd.abeeeondhen Dhe imgadtheopasasiennt i nued
until the tenperature of the heat nedi um bath becane 330C, the tinme period
of 5 continuggg tpBparrspHraf eér threhgati redion baddt wWast Waaslegl 400 ahour s.
At that tine, the caqonyersion_of isobutylene was 95, 7k the selectivity of

met hacr ol ei n*R89°89f533RdtPhé Set et i W ST bR fre hatr §Pi Egca'ci FRRALEH 3~ The

2 contact 11 e-SFBRS0BEaiBREE Y RBS BRLIRR IS SP RS AT i bat b v

a contact tinme o

| ner eased {04380CandqkaRk, aLslRG SARECLAUBSLALMCE LRk 2Ahays: thereby, a

second catal yst activation’'tr was conduct ed. héreafter, the heat
medi um bag h WASrdPe60Qbed £Q13a34taAd LRE Sameshaw ,Mbhes iy dix8A gas as

used above was passed through the catalyst layer at a contact time of 4.5
seconds to reshpetatliger sach@Rvathns @a@&ggnw@rsocj@@@,w@ﬁe anal yzed; as a

result, the conversion of isobutyeene was 3k the selectivity of
activation energy in a temperature range lower than the
boundary temperature was 102 kJ/mole and the activation

. energy in a temperature range higher than the boundary

20 temperature was 35 kJ/mole.

Example 1
2,000 g of the catalyst obtained in Reference
Example was packed in the same reaction tube as used in
Reference Example. Then, a raw material mixed gas
25 composed of 5% by volume of isobutylene, 12% by volume of
oxygen, 10% by volume of steam and 73% by volume of

nitrogen was passed through the catalyst layer at a



20 met hacrolein was 87.7 and the selectivity of nethacrylic acid was 5. 3~.
This reaction was conducted continuously in the sane manner as above. Wen
the reaction was continued until the tenperature of the heat medi um bath
becanme 330C, the tinme period of continuous operation 25 after the
activation treatnment was 8,400 hours. At Yhat tine, the conversion of
i sobutyl ene was 95.5k the selectivity of nethacrolein was 87.5 and the
sel ectivity ecPhnetdttadriple ofadi.$ wesdnds- witlitihetemperatnraas fsttdgped
once again; air was passed through the catalyst |ayer at a contact tine of
4.0 seconds; held mediamabatd deime kentt atedi 2MCbat Fhtagrearteaed to 380C
and kept at the sane tenperature for 5 24 hours; thereby, a third catal yst
activation t PERONEHS WeF cMMINZedi Afereafaetl tt N PeaP N HRBF4RTLAEN Was
cool ed to 325C and the sane rg%w mat eri al m xed used abovigwas passed
t"~a

. gas as
through the dECRANTHaNG &2Sar a ContEtd st“?lrf’é:tdf‘gﬂ*?% QEBRERAEBO 84 art t he

tion._ The 10 reagti duct . anal yzed; It th
Conver 31 oh of 3PS BRULoN AE IKE G5 E TG bl B AN Br - het REEFoPBin was

87. 75 and thg sql ectiully. ol IRLNIEY I Al b yaS, B BuolBls §gaghLon was

conduct ed continuously’in e 'sanme manner as above. ron was

15 cont i nued sAtidy itRE r-GHRG" At Wik 10f; & he eate i 40 ot §¢ berange330C. the

time period of continuous operation after the activation treatnment was

8,400 hours. méditifabatth®ast RO ntaRMaled he dHOBEW SNei ¥RScA8ngkdt he
selectivity of nethacrolein was 87.5% and the selectivity 20 of nmethacrylic

acid was 5. 3gwiGgmuar athevehlangyepliey tat 664 i afcthel ty) ablysiebPpt ahaed in
I'erence Exanpl e was packed in the sane 'reacti on tube as used in
10 conversion was kept substantially constant. When the
reaction was continued until the temperature of the heat
medium bath became 330°C, the time period of continuous
operation was 9,600 hours. At that time, the conversion
of isobutylene was 95.4%, the selectivity of methacrolein
15 was 87.7% and the selectivity of methacrylic acid was
5.3%.
The reaction was stopped; air instead of the
raw material mixed gas was passed through the catalyst
. layer at a contact time of 4.0 seconds; the temperature
-20 of the heat medium bath was increased to 380°C and kept
at the same temperature for 24 hours; thereby, a first
catalyst activation treatment was conducted. Thereafter,
the heat medium bath was cooled to 323°C and the same raw
material mixed gas as used above was passed through the
25 catalyst layer at a contact time of 4.5 seconds to
restart the reaction. The reaction products were

analyzed; as a result, the conversion of isobutylene was

95.5%, the selectivity of methacrolein was 87.7% and the



-Ref erence Exanple. Then, a raw material m xed gas 25 conposed of 5~ by

vol ume of ‘i sobutyl ene, 12~ by vol ume of oxygen, 10~ by vol unme of steam and
73~ by volune of nitrogen was passed through the catal yst |ayer at a 15

- ‘contact time of 4.5 seconds with the tenperature of the heat medi um bath
bei ng kept at 325C. The reaction productsiyere anal yzed; as a result, the
conversion of isobutylene was 95.5k the selectivity of nethacrolein 5 was
87.7 and t he sedleettiiwdittyy of mEiHwrylic @&cidl was 5. 3%. Thhssr eaatk@bnwas
conducted continuously in the sane manner as in Exanple 1. Wen the
reaction was wasntdansbat et idortthienumrgler atnrehefsdhe heanenedsuabbaeh becane
340C, the tine period of continuous operation was 10 12,000 hours. At that
time, the coMh@sitdie gfedadd Bumasemontaisn sl mntihethe| eemporajuse of

net hacrol ein was 87.7$% and the selectivity of nethacrylic acid was 5.3~
The reacti on & "aadpRagiva atds hagana 1 Gugihend idw A9&od Bfer at a
cont act tgme of 4.0 15 seconds; the tenperature of the heat nedium bath was
i ncr easedt o SSE0E IR Sk GRETAT YHe &ELRF (EH AT IFRE IR HeAbIFRE YRBreby, a

L1 ol vl A6t llon yeamnl. g, sqducted Thereat ! el Iea!
Los AoV VIR WAL SR A Al BRI 45,
result, the the selectivity of methacrylic acid was 5.3%.
The reaction was stopped again; air was passed
. 10 through the catalyst layer at a contact time of 4.0
seconds; the temperature of the heat medium bath was
increased to 380°C and kept at the same temperature for
24 hours; thereby, a second catalyst activation treatment
was conducted. Thereafter, the heat medium bath was
15 cooled to 325°C and the same raw material mixed gas as
used above was passed through the catalyst layer at a
contact time of 4.5 seconds to restart the reaction. The
reaction products were analyzed; as a result, the
. conversion of isobutylene was 95.3%, the selectivity of
20 methacrolein was 87.7% and the selectivity of methacrylic
acid was 5.3%. This reaction was conducted continuously
in the same manner as above. When the reaction was
continued until the temperature of the heat medium bath
became 330°C, the time period of continuous operation
25 after the activation treatment was 8,400 hours. At that
time, the conversion of isobutylene was 95.5%, the

selectivity of methacrolein was 87.5% and the selectivity

of methacrylic acid was 5.3%.



-conversion of isobutylene was 95. 1k the selectivity of nethacrol ein was
87.7% and the selectivity of nethacrylic 25 acid was 5.3~. This reaction
was conducted continuously in the same manner as above. \Wen the reaction

- was continued until the tenperature of the heat medi um bath becane 340C,
the tine period of continuous operation 1416 after the activation treatnent
was 6,000 hours. At that tinme, the conversion of isobutylene was 95.7%, the
sel ectivity of methacrami et iSh Yaantddpesadmes i ¥gaynpf anet hasrylic
acid was 5.3~. 5 The reaction was stopped again; air was passed through the
cat al yst | aypasaieda thanuagi ttheeadfa 4k Slegondsst tdhecdevpet atime of t he
heat nmedi um bath was i ncreased to 380C and kept at the sane tenperature for
24 hours; t hdr.ébpecansiscortdec dteaipestatamte ot i tdre theat meediu® hathceaduct ed.
Thereafter, the heat medi um bath was cooled to 325C and the sanme raw

materi al m xd@cggases tsed 8 anthkapdssdd thi Giae tiRMRararyse fayer at a

contact tinme _of 4.5 sec%'nds to restart, the reaction.,L The, reaction products

vere anal yzed? Bouxsiederethe a15hdth GHVY S 3SR Y RetHA_EB8NBK t he
| ectivit f t h | ej 87..17 d.th l.ectiyit f th [

e etV ol ethaerol e ves &1 a0 she el ckiyioy elcqipeenitc

as above. W‘ggotl@a rt%aglkgg? %‘ﬁé ?HgtEQHS.drth k\%tggﬁatlemge?pﬁa}t of the heat

medi um bat h becare I'me~period of confi nuou ion after

the activatiggelyr %%to%%”ﬁva‘ﬁagla% %\Qio.tm%%hngmé b?éﬁati)}?t 1e. £ogyegsion of

i sobutyl ene was 94.8k the selectivity o acrolei'n was 87.5 and the

selectivity ebntRbRat¢id &faQ.6 VR ohdd tZ Tt fEadid OFe X@8i §h OPPERle ONCE
in;, air was passed through the catalyst |ayer at a contact time of 4.0

onds; 10 he reagpebal predulk tishedieatanmdizgn bald sasedulct casiesl to 380C and
kept at the sane tenperature for 17 24 hours; thereby, a third catalyst
activation t ceavewstiona® fc dsdhattyd enBheragaf%ser? s t hthdhesd laediwit pad hi was
cooled to 325C and the sane raw material m xed gas as used above was passed
t hrough t he sgthhgseolledypewast 84 .9 %camdadihe ised asft iy Fywerbhbrsthacyebiart
the reaction. The reaction products were anal yzed; as a result, the
conver si on ofCidokasyPerd -wadhds. GIeaHd e [ iSARINGFeHed PRl R R Fl Yvas
87.7 and the sel E‘ctivity of nmethacrylic acid was .5.3~. Thjs reaction was

conduct ed corfi AGGuSATE1HERETHhESs FR VFannd el oV 2SI 425 r eact i on

was contjgued upt bl Wng femperal yig of Lhe heat Jediymbaly hesane, 8406
the time perio 01n conti ndous opergﬁ on after the activati on lfrea‘?ment was

3, 600 hours. béea}naatgsfob ,ztﬁgetsz@gvgéma g% &sﬁ@%xbseeo $a¥4ced the 15

sel ectivity of methacrolein was .5 and the selectivity met hacrylic

acid was 5. 3zfter the activation treatment was 8,400 hours. At that
time, the conversion of isobutylene was 95.4%, the

. selectivity of methacrolein was 87.5% and the selectivity

20 of methacrylic acid was 5.3%.

Comparative Example 1
2,000 g of the catalyst obtained in Reference
Example was packed in the same reaction tube as used in
Reference Example. Then, a raw material mixed gas
25 composed of 5% by volume of isobutylene, 12% by volume of
oxygen, 10% by volume of steam and 73% by volume of

nitrogen was passed through the catalyst layer at a



Exanple 2 2,000 g of the catal yst obtained in Reference Exanpl e was packed
in the sane reaction tube as used in 20 Reference Exanple. Then, a raw

mat erial m xed gas conposed of 5~ by volunme of tertiary butanol, 12~ by

- vol ume of oxygen, 10$ by vol ume of steam and 73~ by vol une of nitrogen was
passed through the catalyst |layer at a cogact tine of 4.5 seconds with the
tenperature of 25 the heat nedium bath bei ng kept at 325C. The reaction
products wer ecaftakcyz @dmeas fa 4.68S Wdcorde wia eftsd ddendeteturaryf bthanol was
100k the selectivity of 18 nmet hacrolein was 83.4 and the selectivity of
met hacryl i ¢ &eiad. mesld um bathT ies nige &atpitora twak? X°6ndufhed reenttiimmousl y in the
sane manner as in Exanple 1. That is, the tenperature of the heat nedi um
bat h was conproduedswiveret kaal yeedsersi ¢n asdfanded dw mpnwerhorhahge in
catalytic activity, whereby the conversion was kept substantially constant.
It was actualSpresydedee#asy RSt Ade TRl acdritiidyy HutmgiracipePi®ont act ed
with the catalyst, is totally conposed .into jsobutylene and water rapidly,

10 measur? ng*ele 8Jon&e fFafihEn SESCSdtityl &fe MGFRATFHHE AGET ¥2%ction to
det i th i f i sobutyl . K ing th i
Substant al 19-Ganet TOLS WRER g MaREOR I ST ARAP A ) £ pE

Lemperature S MRANGRL TRimalb hocare iAC P s e peg | od o

cont i nuous oper at | e conversion of

tertiary butapgk iyaeqlQPdi1t Rees letipfdrithit Ofo AMBINAHQ ©infe dBiSn 8Fah and t he
selectivity of nethacrylic acid was 5.1~. The reaction was stopped; a m xed

gas conposedpd@amke 130°0y ¥REUPEMEf pexy8@Noa@ndofRbinlyuvebgbiradfion taggen,
igetead of the raw material m xed gas, was passed through the catal yst
I'®yer atl@ cagta00 homnersaf 4AtOthatordme,t thed enpereatsiren aif tiwo-heat nedi um
bath was increased to 380C and kept at the sane tenperature for 24 hours;
25 t hereby, &utydsnecaasl PSt. 74ct ithat iserl ectdatintgnto fnae Weawhacteidy was
Thereafter, the heat nedium bath was cooled to 325C and the sanme raw

mat eri al ni x8d -Jés aad Gded sgdeed ivdS Ypads @ thacsiyighia e ichtwa g/ st- 3ayer at a
contact tine 19 of 4.5 seconds to restart the reaction. The reaction
products were anal yzedThgs rgacéd@mn washs tomResisiood dfes 123589 but anol was

100k the sel gptbyihy «?hb T2thideihsi 2"t Petheand Uissdpiyity of
15 seconds; the temperature of the heat medium bath was
increased to 380°C and kept at the same temperature for
24 hours; thereby, a first catalyst activation treatment
was conducted. Thereafter, the heat medium bath was
. cooled to 325°C and the same raw material mixed gas as
20 used above was passed through the catalyst layer at a
contact time of 4.5 seconds to restart the reaction. The
reaction products were analyzed; as a result, the
conversion of isobutylene was 95.1%, the selectivity of
methacrolein was 87.7% and the selectivity of methacrylic
25 acid was 5.3%. This reaction was conducted continuously
in the same manner as above. When the reaction was

continued until the temperature of the heat medium bath

became 340°C, the time period of continuous operation



-5 acid was 5.1%. This reaction was conducted continuously in the sane
manner as above. Wien the reaction was continued until the tenperature of

t he heat medi um bath becanme 330C, the tinme period of continuous operation

- after the activation treatnent was 8,400 hours. At that 10 tine, the
conversion of tertiary butanol was 100k the selectivity of nethacrol ein was
83.2 and the selectivity of nethacrylic acid was 5.1%. The reacti on was

st opped agai ,ftemithal apktivanposectredtnsnt byayobufBOohooxggen Adndhes~ by
wei ght of 15 nitrogen, instead of the raw material m xed _gas, was passed

t hrough the caingysthe gerversioronf atsobuhrleneqwass8Bodds; thise
tenperature of the heat nedium bath was increased to 380C and kept at the

sane tenper atSFEFTOrV Y b e thaerebgin avas cBhdo Eat By theaseilestiiyn ty

treat nent 20 c\)/psmectq]nadcurgtfdd Thec%]‘gfte , %he heat nmedi um bath was cooled to
325C and the Sarfe Taw nat ef i 3 - i Ked %a% as used above was passed through

h | | | i i
the catal yat Taver ol Soniafle IhINAL 0 5,9660008:h9 65 ARk Hieeo

reaction. The reaction products were ana

conver si on of¢ fdddrrshdut 400l yy@s: F00K 4hea sebrebivi tymaf oFekhacrol ei n was
83.3 and the selectivity of rre){hacry ic acid was 5.1~ This reaction was

conduct ed corddBius] Yeid ddifpSPABuFENIEItRS RO emedhBR bReh &A@ reaction
was continued until the tenperature of the heat nedi um bath becane 330C,

the time periiottofacantid 3B ©peidt kopt a4 £ eEhé heamet t¥apbeAtueatfaent was

8,400 hours. At that tine, the conversion of tertiary butanol was 5 100k

the sel ectivi2y lofumet heoroiey N aesedhn cathiyst setetvavioy ofrememeadrylic

d WaSlg']-:&as conducted. Thereafter, the heat medium bath was
cooled to 325°C and the same raw material mixed gas as
used above was passed through the catalyst layer at a
contact time of 4.5 seconds to restart the reaction. The
reaction products were analyzed; as a result, the
15 conversion of isobutylene was 95.0%, the selectivity of

methacrolein was 87.7% and the selectivity of methacrylic
acid was 5.3%. This reaction was conducted continuously
in the same manner as above. When the reaction was

‘ continued until the temperature of the heat medium bath

720 became 340°C, the time period of continuous operation
after the activation treatment was 4,800 hours. At that
time, the conversion of isobutylene was 94.8%, the
selectivity of methacrolein was 87.5% and the selectivity
of methacrylic acid was 5.3%.
25 The reaction was stopped once again; air was

passed through the catalyst layer at a contact time of

4.0 seconds; the temperature of the heat medium bath was

increased to 380°C and kept at the same temperature for



-The reaction was stopped once again; a m xed gas conposed of 15~ by vol une
of oxygen and 85~ by wei ght of nitrogen, instead of the raw material m xed
gas, was 10 passed through the catalyst |ayer at a contact tinme of 4.0

* seconds; the tenperature of the heat medi um bath was increased to 380C and

kept at the sanme tenperature for 24 hours;7thereby, a third catal yst

activation treatnment was conducted. Thereafter, the heat nedium bath was 15

cool ed to 323@ dehrishe tdamebyaw anethamidalc ati adeys tyasc tabv afsieen abowatment passed

through the catal yst |ayer at a contact tine of 4.5 seconds to restart the
reacti on. Th&asegomdne tedodudthe ngarfdegnaliheedieats rediyy| bathHéagonver si on

of tertiary butanol was 100k the selectivity 20 of nethacrolein was 83.3

and the sel e€PO}ES) t6f 3P RatRYl FBeagprBenEEWs meLerills Miked: i97F ks

ducted ti ly in th b ., When th ti
cont i nued untiFd RO EIBSERSr THO PR edi U BT h DRCERe 530C, the
ti i od qf i t] f tivatj t
5, 400" hof s. SR PR Hirike ot HE SE GRET R D ST et oy Bt Thet {8 "TP0R “The

sel ecti ity ol JERUBACRAIRI RS Brdd ddi S8 eptioddte OT cpgthacr vl i c

acid was 5.1~. Industrial Applicabiflity _ In the present process for
produci ng nethacessidh 3T iRIAG 1ML wid &5 Idw, celdl ystectiv Deyused for a
significantly | ong period of ting. 22 CLAI M5 1. A process for producing

met hacr ol ei nmarktharRidlaGny kas &01.0 PaeRtaey/ td«ladd tyi vt i Zf nge tlsa@bryyiene or
tertiary butanol in the presence of a catalyst conprising a conpound oxide
cont ai ni ng mMalcyild edasms .[Biss mutith isnddaoaiias wess erdrichic oadmosneni syowdey ei N a
Mal ytic oxidation reaction is started at a tenperature of (T-3)C or | ower
rei n T€ i $ndéfhiensames ma npeun das phoareper athare tdfe axtdatatdmrwasher gy of a

reaction for obtaining nmethacrolein and nethacrylic acid fromiso butylene
usi ng sai d c&eatjsued yatidadhicotepegaiinfuaf e dert arrdiwn batperature
is increased_as an activitgbof t he catal yst decreases, and an activation

o !y
treatnent isPEGRAGCEER For ChRet AL aP§EL Tt Of eGSR L IABE USe PEFE AtHE™ eact i on
tenperature exceeds.the haundary te ratyre of .activation energy., 2. A
- BERE B aod WA A s EAS B aeh e

nmet hod f or a C'onpound oxi de,

et hod compr i§gs COALUELING.AN ACU N AL L RAIENS Tf dde calal yst at

| east once beforé a reaction tenperature excee ary tenperature of

activatipa epenay+Qfyid o ACHQM SIS 151wk LAl 35 ta i tiefe Sad thé€Beiipn was
started at a tenperature of (T-3)C or |lower wherein TCis determ ned ‘as the

boundary tenmper aleth@cafy1aet iaald wasereray. . Ay. AL A LA
fY.A@A(Il.AufY. Aa@ Af 9. Aal . A@ A{,| . A{TY. AFE. AfY.A.,.A . AASY. A . A@. ALH. Ay78
P/EX\B{E:\S;qI gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
] ca] ca] ca] cafxamgdlec&] cal] ca] ca] caV] ca! 23a&
‘ | 2,000 g of the catalyst obtained in Reference
Example was packed in the same reaction tube as used in
20 Reference Example. Then, a raw material mixed gas
composed of 5% by volume of tertiary butanol, 12% by
volume of oxygen, 10% by volume of steam and 73% by
volume of nitrogen was passed through the catalyst layer
at a contact time of 4.5 seconds with the temperature of
25 the heat medium bath being kept at 325°C. The reaction

products were analyzed; as a result, the conversion of

tertiary butanol was 100%, the selectivity of



- -CP| | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]c

Ra] ca] ca] ca] ca] ca] ca]ca]calca]calcaljcalV " #5 6 MO
+g| }} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]rg] ca] ca] ca] ca] ca]ca]ca] calcaJca]c
a] ca] ca! $SEFRVW a" +BCY/ GH} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] cajerdazajoda ionwes 5] o cajd alva] ca] eat tal tp] 0d! sXbhacrylic
vS*c}xsnid_Z]]]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]cal
ca] ca] ca] ca] @@]J@]&@gﬁ] cfa]]da.] cdcid cadaattion w8 conducted continuously
P2ty rreqrgm " ##\ ##} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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77728e888 9 3:].5.0;
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instead of the raw material mixed gas, was passed through
the catalyst layer at a contact time of 4.0 seconds; the
temperature of the heat medium bath was increased to
380°C and kept at the same temperature for 24 hours;

25 thereby, a first catalyst activation treatment was
conducted. Thereafter, the heat medium bath was cooled
to 325°C and the same raw material mixed gas as used above

was passed through the catalyst layer at a contact time
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continued until the temperature of the heat medium bath
became 330°C, the time period of continuous operation
after the activation treatment was 8,400 hours. At that
" 10 time, the conversion of tertiary butanol was 100%, the
selectivity of methacrolein was 83.2% and the selectivity
of methacrylic acid was 5.1%.
The reaction was stopped again; a mixed gas
composed of 15% by volume of oxygen and 85% by weight of
15 nitrogen, instead of the raw material mixed gas, was
passed through the catalyst layer at a contact time of
4.0 seconds; the temperature of the heat medium bath was
increased to 380°C and kept at the same temperature for
. 24 hours; thereby, a second catalyst activation treatment
20 was conducted. Thereafter, the heat medium bath was
cooled to 325°C and the same raw material mixed gas as
used above was passed through the catalyst layer at a
contact time of 4.5 seconds to restart the reaction. The
reaction products were analyzed; as a result, the
25 conversion of tertiary butanol was 100%, the selectivity
of methacrolein was 83.3% and the selectivity of
methacrylic acid was 5.1%. This reaction was conducted

continuously in the same manner as above. When the
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&1X& 10%&&7(h3930§50ve was passed through the catalyst layer at a
contact time of 4.5 seconds to restart the reaction. The
reaction products were analyzed; as a result, the
. conversion of tertiary butanol was 100%, the selectivity
20 of methacrolein was 83.3% and the selectivity of
methacrylic acid was 5.1%. This reaction was conducted
continuously in the same manner as above. When the
reaction was continued until the temperature of the heat
medium bath became 330°C, the time period of continuous
25 operation after the activation treatment was 8,400 hours.
At that time, the conversion of tertiary butanol was
100%, the selectivity of methacrolein was 83.2% and the

selectivity of methacrylic acid was 5.1%.
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1. A process for producing methacrolein and
methacrylic acid by catalytically oxidizing isobutylene
or tertiary butanol in the presence of a catalyst
comprising a compound oxide containing molybdenum,
bismuth and iron as essential components, wherein a
catalytic oxidation reaction is started at a temperature
of (T-3)°C or lower wherein T°C is defined as a boundary
temperature of activation energy of a reaction for

" obtaining methacrclein and methacrylic acid from iso-
butylene using said catalyst, the reaction is continued
while a reaction temperature is increased as an activity
of the catalyst decreases, and an activation treatment is
conducted for the catalyst at least once before the
reaction temperature exceeds the boundary temperature of
activation energy.

2. A method for regenerating a catalyst comprising
a compound oxide, which method comprises conducting an

. activation treatment for the catalyst at least once
before a reaction temperature exceeds a boundary temper-
ature of activation energy of a reaction using said
catalyst after said reaction was started at a temperature

of (T-3)°C or lower wherein T°C is determined as the

boundary temperature of activation energy.



