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relates t or produci ng nethacrol ein and nmethacrylic acid,

particularly” a s for produci ng nethacrol ein and met hacxyli cid 5
by subj ecting T%%butylene or tertiary butdnol to gas phase gﬂ%éﬂfﬁp

oxi dati gn t ecul ar oxygen in t e of a catal yst. Background
Art A BEFHREE%?§8 met hacrylic acid by
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-and iron as the essential yEPRORBIESN hﬁDwgbgﬁg?ggﬂé?ngcﬁﬁtualIy in wde

use. In this process, the 15 reaction I's con tenmperature of 300
to 400C wth the catalyst being used in the formof a fixed bed. The
catal yst used in such a gas-phase catalytic oxidation reaction is used for
a relativel yTeaohpipal ¢deleaf tinme. Meanwhile, the activity of catalyst
general ly
The present invention relates to a process for
producing methacrolein and methacrylic acid, particularly
a process for producing methacrolein and methacrylic acid
5 by 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. 1In this process, the
15 reaction is conducted at a temperature of 300 to 400°C
with thg 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. In 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



20 decreases with the lapse of time. In JP-B-5-29502 is disclosed a nethod
for regeneration of catalyst, which conprises regenerating a

mul ti - component (Mo-Bi-Fe) oxide catalyst whose catalytic activity has
decreased owwng to 2 9 April 2002 the use in reaction, in an atnosphere
conposed substan- tially of air, at a tenpeRature of 380 to Sabwrl 2002 i n
JP-B-5-70503 is disclosed a nethod for regeneration of catalyst, which
conpri ses regeridiaatusg) in ceeadtian 5 {1sian | agmesphémce abowpdsed osebstant yt i C
“activity has de-, creased, in a streamof an oxidizing gas coorrposed of 5-
99. 9% by vol ung Gl \Rferrin, @Az, teMRaRNakrefokt tmd5400¢: M igas, at

. a tenperature o 0Q t 00C. The inhvestigation by the present i|inventors,
10 hgaever, in qg%éifihéh§nﬁﬁt4k§?¥ﬁﬁﬁéﬂ%ﬂ@?ﬁﬂ94ﬁf%&t#%g?ﬁgr%E&%ﬁi?#ated
catal yst as nent] i n the .above publica- tions,.the catal yst, performance
i s on)ée recove%a(f%r}sgstt’hé"'mrcébecnoé?paﬁp'soerﬁ LegenerRLinga (ot ¥sk ol yst Eut
th tal yst aftear .r | O | d crease in 15 actiyvity., Thus,

c above. nnt1 Gag TEOIRLANS BENEE RHS AR ertefy iaiee
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t he above-nenti oned’ regenerati ons are e
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intended to provide a process for producing nethat
net hacrylic aciod .ow piblweehind d6 £ -9 Ay 1 i 8P| s € Qam and

gas- phase catalytic oxidation with nolecular oxygen in the presence o
catalyst, in wanchneracesss, tdte £ aledipetatinfe ef BEE @y egogecl.ong period of
tme. 25 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 oxidatién 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
okidizing isobutylene or tertiary butanol in the presence

of a catalyst comprising a compound oxide, wherein a



Di scl osure of the Invention The present invention is a process for produc-

I ng nmethacrolein and nethacrylic acid by catalytically oxidizing o

i sobutyl ene or tertiary butanol in the presence of a catalyst conprising a

conmpound oxi de, wherein a 9 April 2002 catalytic oxidation act S

started at a tenperature of (T-3)C or |oher wherein TCis é%&PWégﬁgg a
obt ai ni ng

b d 1 f. I, ' f ti f
mot haer 51 i nCARATHEERAOKARE LHD) GEPFERDR. L80B LA At g ARRRFALHTS st
" (h i naf t he boundar e , f activation

Sner oy tneoEr bECET o T Do REHORR [dec, S HER Bt dimadey

i ncreased as LMLLEY A @f . aly reases . an activation
t r eat ment istgﬁﬁgﬁ%%ggéfg? ?hg§g§?3?§s?ngsgogﬁegsfe%%géo ef'Gre the

reaction t eW@BE&iHiﬁgefﬁé@ﬁ_dérbﬁ!@ianHBdﬁéith@EgQR@t BE§ dOfr R | vation
energy. The present invention also provides the above- nentioned process

wher ei n tshe ceopaupllensi deifignsaiascatalybdepHarebnafebh 20d¢erred 8%
essential conponents. 15 Best Mdde for Carrying Qut the Invention The

cat al yst usealsi théheopndaept tenpepatope 66NAELI0atRcAOBRAGHEY ))XitHe
cont ai ni ng nol ybdenum bisnmuth and iron as the essential conponents, and
there i s no rearticul s cestinvedowhaieta oehetionnpempeiraturki $s20

catal yst can be produced by a known nethod described in JP-A-53-19188,
JP- A- 54- 666 1DncyPageds5ags5an gePtivisy19£2the getal§sto8esseadbPs/\- 60d28824

and the like. It is known that in gas-phase catalytic reac-
an activation treatment is conducted for the catalyst at

10 least once before the reaction temperature exceeds the
boundary temperature of activation energy.
The present invention also provides the above-
mentioned process wherein the compound oxide contains

molybdenum, bismuth and iron as essential components.

15 Best Mode for Carrying Out the Invention
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
20 catalyst can be produced by a known method described in
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
25 intended reaction often differs between low and high
reaction temperature ranges which are divided by a
certain boundary temperature. 1In, for example, JOURNAL

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



tions using a solid catalyst, the activation energy of 25 intended
reaction often differs between | ow and high reaction tenperature ranges
whi ch are divided by a certain boundary tenperature. In, for exanple,
JOURNAL OF CATALYSTS, Vol. 41, pp. 134- 139 (1976) it is reegétﬁqﬂgE%Q
April 2002 that different activation enérgi es such as nent i“onef ve

eXi St LN NGl it AL QP AP AL Pled-o Ul SO héntlnggesence of a

cat al yst conpose enunt an mut h- cont al ni ng conpound oxi de.

Such 5 a pheRRRNUkilst SGEMRHE S Y& I RSl s Edudgish epe0f - reaction
differs by the level of reaction terfperature, and is explained in detai

-in Catal yst putiesdn e presditfaa@ARD chtLGME | @shpysédeofapan Soci ety of
Cat al yst and published by Kodansha. According to one theory, the 10

reacti on of modytidemtumyolaaciieisnart Isatcal teaiin iang ictompodmd oxbd@. Such
rate-determning step in a low reaction tenperature range and the

di f f usi ob ofa mpédwnomenam|iec He=n ibecausEattdie) statactdetsesmirsng sstep of
rate-determning step in a high reaction tenperature range. 15 The present
i nvent or s nmEgackiomaliffiersorbyt Hdhe devedatdforreantripn dfemperatteren i n whi ch
met hacrolein and nethacrylic acid are produced by subjecting isobutylene
to catal yti @ndkilfaS*dH gimachdmpdatdide gt Gatakya bsstCouRfimposEl of L a
conmpound oxide;aiggy i ng nmol ybdenum 20 bisnmuth and iron as the essentia

conponents &A% re SAMPLIShAY e tJERaN REHQEX R SFREHEYYY of the
reaction ma%n%?%% 5% 4413§lﬂ%ﬁéﬁ%ﬁ%ﬁ(Mkéé%y§?ﬁ§l¥§ione 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



range and in a high reaction tenperature range. In the present invention,
the boundary 25 tenperature of activation energy is determ ned as

follows. First, in case isobutylene is used as the raw material of the
reaction, a catalyst is packed in a5 9 April 2002 reacti tuﬁﬁ? ovi ded
wi th a heat medi um bath; the terrperaturé of the heat nedi u vari ed

f 375C t i f
| l&éﬂ?ﬁiﬁ%}%’ S (S leer%m"}%:e ?@ie”ﬁat%"rmare%gm Basg??%%rf;"” |
0 Law, erial =
((ji; g;)r(nl &e‘) 10 e?%é eur]:feéljnéﬁwel}gég é)é égqsl"cg);? eﬁragv ‘?ra/%é??af'nrg St ed, and B

~1s the nol e%‘aﬁf%é e T I 59 a%d in altsh%fl' a Qlépcﬁﬂ"&t'a@lhe()f the

reaction is ermned fromthe follow ng for

(SV) x('1/ p) xlotdnk¥<i0-09 1i dobu s natK ésch h@‘erﬁﬁéﬁaﬁ@f‘ét gt of the
reaction, SV is the space velocity of reactant gas, p is the packing

density 515 defteiryeimeat.al YR @oriireétd fon hiss cdewernined (#4onf thaw materi al .
Next, 1/ T is taken as axis of abscissa and InK is taken as axis of
ordlnate, déficd lowd g didmmbilan: t he graph; two approxi mate straight |ines
are drawn; and the
Conversion (%) of raw material = (A/B)x100 (1)
wherein A is the moles of the raw material reacted, and B
is the moles of the raw material fed.
10 Next, the rate constant of the reaction is

determined from the following formula:

(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/T
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



20 inclinations of the two |lines are determ ned. Here, 1/T is the

reci procal of the heat nmedium bath tenperature (absolute tenperature), and
InNKis the natural logarithm of the rate constant of the reaction. The
approximate straight lines can be deterrd ned by an ordinary KetcﬁﬂﬁfS-SUCh
as nethod of |east squares or the |ike. e absol ute val ue ot APH ai ned

. : . _ . . : . Cioli
L nol ) mat T on ol RO RRROIPR! erid ! ALOIDebLRE bE PHBBBELSESY g, o,
energy. The S fidsel o pd it APCLRS ARG ABSrokIhataCEtEaigRe! Aindls L Ne
two approximate straight Tines 1s an Intended boundary enﬁera ure of

-activation Qﬂﬁﬁﬁyaiﬁ@&ﬁhéd”ﬁé&ﬂdh%?ﬂéﬁﬁﬁefétHfédoffaEQEVEETbHHEESrggnial of

reaction in place of isobutylene, tertiary butanol Is deconpose pidly

into isobutylene and wiie teért BafpibySiol ONd hHéd0agOLt HEARY MMals MUt h
and iron as the essential conponents. That is, the reaction mechanism

when ter6i amidiuteatedct iredirmpldee refv ddbbmt gl émé , ofef€8gt{on, nay be
considered to be substan- tially the same as in the oxidation reaction of

i sobut -yl edmtaneicels tdrwcdupostd yraeidky ainte béobuwtylahné oandenatgy in a
reaction using isobutylene as the raw material of reaction can be utilized
as it is, aldbg fatalystegantsiniggdnalyhdenympupismitiasanteiraw anteri al .
In industrial use of catalyst, various neasures are generally taken to
extend the [Ghee esSecialy ompanants o5 Thath &, pekeirgactienis conduct ed,

for exanple, t . . .
P meé%anlsm 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-
ylene. 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,

20 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



I ncrease, wth the degradation of the packed catal yst, 20 the reaction
tenperature gradually up to an allowable Ilimt of process to nmaintain an

i nt ended conversion. The present inventors have found that in producing
met hacrol ein and nmet hacrylic acid by cat gl yti- cally oxidi ziggg i.'s yl ene
or tertiary butanol in the 25 presence of a catal yst conpri |RB nmpound

' ' d | | th tial . ts,
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T energy, Conldndfigyy, duhtSAMNPRND deaddifon GRAti1&Nchd CRRRERIYRE 1S
increased as the activity of the catalyst 5 decreases, and conducting an

activation temperituderis imnaalatasitheasdt DRcey bef OfKe t B8t 4 BEET ON
tenperature exceeds said boundary tenperature. Decrease in activity of

cat al yst5i s deaursecsesy, amt icuirsiuctaiann sars ldt Dga tt BshiCt F et én € aE8F Yehe
conponents, 10 sublimation or vaporization of catalyst conponents, change
of crystall cadadlysde atn lesstl yoices thafrine eclendrédect idn keemperdeagéi vate a
catal yst whose activity has decreased owing to these reasons, known
cat al yst re§&seedsatsagd hsunstarys f@mperatwse mentioned in the above Back
15 ground Art can be utilized. However, a catal yst regener- ation nethod is
preferred wherein a cREATRYSE dhactigddy v cptialyatptistcansedpeyat ure of

not |less than_, .
various reasons such as reduction of catalyst components,

10 sublimation or vaporization of catalyst components,
change of 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



3000C but |ess than 5500C and contacted with a gas substantially conposed
of air for at |east one hour. The 20 treatnent for catal yst activation nmay
be conducted by taking out the catalyst fromthe reactor; however,
treatnment in a state in which the catalygt is packed in th%?éeﬁﬁééﬁﬁ S
advant ageous industrially because it allows easy operation. B t he

above actiVvapitQR ke dinmnt Ho%vehvfé(}ndli‘}lt ad J ﬁ]ue@%‘%ﬁ_&] yg}ﬁé(\hié:ﬁehas been used

“up to a reaction tenperdture higHer than ary tehpérature of

activation QRRAGYtyNAMRYRIasdsheagalalY Hnd a9 ’@tfhfééét & L4Pi14s£002

activity once; however, in its subsequent use, activity Creases

"rapidly andltfie eiktessioh Gat abwst In f@rd1S] Whds 4KV addy&ONt rast,
when the above activation treatnment is conducted, as in the present 5

process, foacaivatdonstreaitmenitadsbeenduakdnlas din ahd gRssanere | oner
than the boundary tenperature of activation energy, not only the catal yst
regai ns 3t spraceseit foua glhatalylsé whtichofhagcthiedn yuakst ragalse ath aise of t he
treated catalyst is the sane as that of fresh 10 catalyst. In the present
i nvention, LRBPEEASErE: dpwext tham thet houndany denperataneddf nust be
(T-3)CC or lower when T*C is defined as the boundary tenperature of
activation BREAYFLIPN RBSFGNet NEH. OMAYN Hhge COSRIySH HRIALNB itshi gher than
EIég%gg%ttggc%;ggpggghggaﬁégnkhgerg%gcgkogct%%%kg'%%Jgg;ggnfamggéngf
the treated catalyst is the same as that of fresh
10 catalyst.
In the present invention, the temperature at
which the reaction is started, must be (T-3)°C or lower
when T°C is defined as the boundary temperature of
activation energy of the reaction. When the temperature
15 is higher than (T-3)°, the time period from the reaction
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



short, which is disadvantageous industrially. The tem perature of reaction
start can be controll ed depending wupon the activity or packing anmount of
catal yst, the 20 conposition or rate of reactant gas, the pressure of

reaction, the conversion of raw material . etc. In the presegt% inl\;fé}igi]on,
there is no particular restriction as t3 the times of the atfPy

e i
ar | cos debr oaee o Rnds el ol G e e A R LR S 1101 By o

ari ses decrease 1 ncatalys ong

“intended pr@eet dved AdnPldRR ©f ags . the reaction can be continued
while the activatioantreartltga nt 1s repg}ted, and this practice is 9 9

“April 2002 -advant ageays dhd yidaeild Vi MRS, | h AR yode £aR be used

over a long period of tinme. I'n the present | nvention, e activation

treatnent f@resaimdingstfofathd e batcd ARt Redef 0t gt he
reaction tenperature exceeds the boundary tenperature of activation energy.

After thds betfioret ithe rieaeativenttenpeuamiire diRfcedss the BBEUndalt@r
restriction as to the operation of reaction. After the activation
treatnent, temperpduciebiod, akcdd vestdom enermgycontfiuenr thteisldepgdt Donat a
tenperature higher than the boundary tenperature of activation energy or
to conduct &ReaZEENFat hoWevesat HheTef ds A Feaitistulei afestasi dieon used  up
to such a tenperature. The present invention is hereinafter described 15
in further BQt&LP pPeratiraned reackiem-esAfiten 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. 1In the
Examples, "parts" refer to parts by weight. Analysis of
reaction 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 (l). 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.



Exanpl es, "parts" refer to parts by weight. Analysis of reaction products
was made by gas chromat ography. The conversion of isobutylene or tertiary
but anol as raw material of reaction is as defined in the above fornula 20
(1). The selectivity of methacrolein or nmethacrylic acid prog%q%d'zs
defined as fol lows. Selectivity (% of méthacrolein = (C/A) BN

wherein A %he nol es, of raw material reacted, and Cis the noles of

net hacr ol ei ilq:&rm_e 8RS tivity (%W of methacrylic acid = (D A) x100 (4)

wherein Ais the nole w.mat erd al_reacted,_ and i t he_nol,es of

met hacrylic acid for d.cbfoﬂ’) asfr%prol Drlolop iy &mo%&qsﬁﬁ% wayo8ifarts of

- ammoni um pargiRy t |.S= I . 6, ()H{Z . eseto was
added 330.2 pare%&gqg'f %d\r@i%ngjr?ér%s?goféi eﬂév}\i'th S Ix%%&ﬂ}é’%%@ﬁﬁ?%%i@. was

heated to 5QQGtlSfUlan¥imdny IERVAE Yoith) s‘%igqu&gng).ar tfh@m fe 1 ©

di ssolved 858.1 parts of iron (Il1) nitrate, 8 parts o al t

nitrate,584xdspaiclated tozispechibbateiandailo. éega%;&e@&,cqﬁi WMsfpigh T at e.
Thereto was added a solution of 150 parts of 60%nitric acid and 10 686.9

parts of bi pauts ift watterdwese WEEsSd1vHND g5 .S pfrtsvaderirdme Nt xj ure was
heated to 300C (solution B) . The solution A and the sol ution were m xed
with stirrimgtrateht 3i,29 .8 pants Bfe cabalty niaratged 8. 3 9t S osf 2 hours,
t hereafter heated to 1030C and concen 15 trated for 1 hour, and then dried
by the use @fing sitapte 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, sCog2n, ,Csg ,Shy g0,
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



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 follow ng
conposition. M12Bil Fel.5c08Zn0. 2csO. 4Sb0O. Box 20 wherein M, Bi, Fe, Co,
Zn, Cs. Sb and O refer to nolybdenum bismuth, iron, cobalt, 52zl cesi um
antinony and oxygen, respectively; the nbikber suffixed aft rAé']élrc@ozel enment
synbol is the,atomc ratjo, of the elenent; and x .is.the atomc ratio of
oxygen necess%’r%’"efmo%r saeﬁc* ot ﬂ“ﬁg”%h?hﬁ‘f/al eﬁ}é%s’“%}d%?e%ﬁﬁglﬁ h¥RSt han
- oxygen. 3,92 by f i gl r r sQr r thoroughly m xed
wi th 80 part%%acrlaé%dr)aap%i e‘f%m%&\éffz %e%%mi%t t??’g:%s arr\%e%&snﬁb a colum

-of 4 mmin outer 11 9 Apjdd O%O(Qg tﬁéaé@éﬁg{é’@dwéls, LRedeighy. The nol ded

material was calcined at 51 for 2 hours to obtaih a catalyst. 2,000 g of

the catal yst Mﬂ@@%ﬂ&ﬁmﬁ@iﬂﬁ@i&e@b@@ﬁﬁa_f,tmniw?ﬁne} 27.5 mm
ininner 5 dianmeter and 4 min height, provided with a heat nmedi um bath at

t he outer ssurdiaeftetheihd & MW Bieidlat, NpAeEidedsw CORPASREaef mé&a M vol une
of isobutylene, 12% by volunme of oxygen, 10% by vol une of steam and 73% by

vol unme of ni thaddemtwashepansesr tdumiage { heTloat Al  staw ayetedDadt maxeant act
time of 3.5 seconds. During the passing, the tenperature of the heat

medi um bat h \g&s conpasdad of Tarlge Wlgns ob Bsadityléemeer V28 sbpf 2 to 5C
The con- versions of isobutylene at various tenperatures were determ ned
and, using tvelame @fiaxrgemctiathpwvolume of steam and 73% by

volume of nitrogen was passed through the catalyst layer

10 at a contact time of 3.5 seconds. During the passing,
the temperature of the heat medium bath was varied in a
range of 315 to 375°C at intervals of 2 to 5°C. The con-
versions of isobutylene at various temperatures were
determined and, using the conversions, activation

15 energies were calculated. As a result, the boundary
temperature of activation energy was 335°C, and the
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



15 energies were calculated. As a result, the boundary tenperature of
activation energy was 335C, and the activation energy in a tenperature
range | ower than the boundary tenperature was 102 kJ/ nole and the

activation energy in a tenperature range, i gher than the bqupdar 0
tenperature was 35 kJ/nole. Exanple 1 2,0b€ g of the catal y&RBﬁk%’g(ﬁed I n

Ref er ence AR LY 19 L0eordy 1 1CLAON PSR uUECds Bpe

Ref erence Exanple. Then, a raw material mXxed gas onpose

- volurme of i sofdy hiBun DALY BBt HXYILERC 10%1Ry MOl MERf Steam and

73% by volume of nitrogen was passed through the catalyst layer at a 12 9

- April 2002 gaiidaitd iwsrefarh By #0E0MIs AV ks e, t eRPeEshvVERsPbnt B¢ heat
medi um bat h bei ng kept at 325C. The reaction products were anal yzed; as a

result, the deobertsilenedfwas THIBY) aflee ves1&St bty hef sebeBabybi¥iaf

met hacrolein 5 was 87.7% and the selectivity of nethacrylic acid was 5. 3%
Thi s reachi owasas$7carid et leorde kamtist ity o f htethattpW agagbdneas That i s,
the tenperature of the heat rmedium bath was controlled when the conversion
changed owi i%g 3% t Mhishaepet o dad ondurtedicgnt vmeceblyt he the
conversion was kept substantially constant. Wen the reaction was

conti nued untfollowdnge Haamany e Biat Hes hetdhe tRRpem bare d9Ecbhe BSAC, the
time period of continugQus operation was 9,600 hours. At that tine, the

conversion &4, baRh s EoYT Y oted el e iSARYeHF Liont Fhergedi n

owing to the change in catalytic activity, whereby the

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



15 was 87. 7% and the selectivity of nmethacrylic acid was 5.3% The
reacti on was stopped; air instead of the raw material m xed gas was passed
through the catalyst Jlayer at a contact tine of 4.0 seconds; the

tenperature 20 of the heat nmedi um bath i ncreased to 380
t he sane terrperature for 24 hours; ther\e\ﬁjg? a first catal ygt'&g@tmlon
treat nent vas, ( uct T, ere ter the h was_cool.ed to
- 323C and the s r"avi]l e Qr'?%ﬁ ?ﬁ’f(ye]dl a%c ggga‘gg]veaﬁ;\géspﬁggg lf’ﬂrough
the 25 catal Yals |ayffuied GO ARlodd 1T A s S£8 Renhdy hEShBEYSLN
S were t

reaction. The reaction produ yzed; as a resu e conversion

- of isobutyl eRg ST hdFerbt idie wid %ﬂﬁ’iﬁxye&fuﬁ@ifaéﬁé?' @éﬂ%%§t§2e74fand
the 13 9 April 2002 selectivity of nethacrylic acid 3% This

reaction waHeOHEHY b | BRAN Pacdnie 130T HEBERIMe Fedyof Wen the
reaction was continued until the tenperature of the heat nedium bath

becane 336C, ddmt iriuthipaspexthtiod £fudd tsadpevation efé&tméhe wkaki vation
treatment was 8,400 hours. At that time, the conversion of isobutylene

was 95.7% t I8 404 dhund t y A the thacine ei thevasoBresdiandof t hsobetgténwi ty
of methacrylic acid was 5.3% The reaction was stopped again; air was
passed 10 t wasudb (e el ssliedtbimitntofh narhactoléeim wis 4870. 58 eandds;

the tenperature of the heat nediumbath was increased to 380C and kept at
t he sanme tenpdaats@leqtovity gfoumethagisrlsy agidavdndd cdtal yst activation

treat nent . . .
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%.



was conduct'ed. Thereafter, the heat nmedium bath was 15 cooled to 325C and
the sanme raw material m xed gas as used above was passed through the
catal yst layer at a contact time of 4.5 seconds to restart the reaction.

The reaction products were anal yzed; as result, the Co\r,]ée'&éri'oéﬁﬁf
| sobutyl ene was 95.3% the selectivity of” 20 net hacrol ein S ‘}J o and the

selectivity of nethacryhigs reaﬁ&%@%%oﬁ’%%%% éﬁ@&téggi‘_}{"asafgngggt ed

continuously in the sane ranner above. e reacti bn was conti nued

unti | the { Ry DU PN DRy SECATERSAC, ¢ Dot b per od

of continuous operation ter t Ion treatnent was ours.

- At that tinmg, of RRdOHIE SR QRindUIDE Ve YRS ©8ab%hedem BELACKAYItY Of
nmet hacrol ein was 87.5% and the selectivity of nmethacrylic acid was 5. 3%

14 9 April 30RZFeaBerl rtRAGEONT rtd Nappeatk oflfe S@me Ntempérdesreassed
through the catal yst |ayer at a contact tinme of 4.0 seconds; the

t enper at ube @4 thomdsgatthearkhym Eatthinab cateckests eact iv3BDSKEC andakmephtat t he
sanme tenperature for 5 24 hours; thereby, a third catal yst activation
treatment wamsc@ehgstcded Thétheafaafiten hethredheak dieddwatbatdaswasool ed to
3250C and the same raw material m xed gas as used above was passed through
the catal yst dopl@d o 32556nendt thensaBe Fay gatexdal: aixest gas taske
reaction. The 10 reaction products were analyzed; as a result, the

conversi on ofdsSeshihaye waspaspedhhrpgh 4heGatalysh laxeRatokein was

87. 7% and the selectivity o thacryljc
0 contact timé’og J?% secaads to restart the reaction. The

10 reaction products were analyzed; as a result, the
conversion of isobutylene was 95.2%, 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

15 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
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



acid was 5..3% This reaction was conducted continuously in the same nmanner
as above. Wien the reaction was 15 continued until the tenperature of the
heat medi um bath becane 330*C, the tinme period of continuous operation
after the activation treatnent was 8, 400 hours At that Eﬁ% I3ﬁ>
conversion of isobutylene was 95.4% the 1¥electivity of methaRVA®S was

| SEzaf;EI) 2" 2. GOBtES e’ o s Fasd %%bcﬁ*ﬁcf'dg? SRR AR Bhe  packed
'ertter.eafagexé‘gg%;?%%w‘b%a@e?%ﬂ‘%& B S DBsuEr R Raom 206 by
- vol ume of Qe tE0 %t \aﬁwali & %tseac{ntaé%ﬂ?tg,%a% %Q onNbErogen

was passed t rough the cat ayer at a contact tine

of 4.5 seconggoWulylehe h@rgp@rsatsl%retwe téaeémlw%p%&%&mggnkept at

325C. The reaction products were analyzed as a result, the conversion of

i sobutyl emie was 95..5% anlde thel eelliedtlividly e h:aémfalc.%yhé 4@d 8fag % and the
selectivity of methacrylic acid was 5.3% This reaction was conducted

cont i nuousl y5i.3%t.he Thisneeamnuien aas rondargied contiguddEly encttlod was
continued until the tenperature of the heat nedium bath becane 340C, the
time period shmeomanmesuasoper Exaopleas .10 WHaDOhehqeastidin twess time, the
conversion of iso- butylene was 95.7% the selectivity of nethacrol ein was
87. 7% and t heoasiagedyungids thet Aemppratuxs @ fvddhes lesat medium bath

became 340°C, the time period of continuous operation was

10 12,000 hours. At that time, the conversion of iso-
butylene was 95.7%, the selectivity of methacrolein was
87.7% and the selectivity of methacrylic acid was 5.3%.

The reaction was stopped; air was passed

through the catalyst layer at a contact time of 4.0

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



The reaction was stopped; air was passed through the catalyst |layer at a
contact tinme of 4.0 15 seconds; the tenperature of the heat nedi um bath
was increased to 380C and kept at the sanme tenperature for 24 hours;

thereby, a first catalyst activation tre nt was conduct gd fter,
t he heat nmedium bath was cooled to 325Ca£aérT§ t he same raw n?t%?'ﬂi%jo%axed

gas as 20 Us%fkt%@‘@:é’"aa%t&%%ﬁﬁ%rf] N UiGd N &géhaéy Gdo | RGEs At ghaact

time of 4.5 seconds to restart e reaction. reactlon pro ucts were

- anal yzed; as @3neSSWHe ddifrer e AsdHut PRENE W 9vepy IS¢ Hdo the
selectivity of nmethacrolein was 87.7% and "t he sel ecti vi ty of nethacrylic

- 25 acid was Bel¥cthivity @A tnedthathfo 16 Ufd£L BT | AP USHY sélebbevEaye
manner as above. Wen the reaction was continued until the tenperature of

t he heat nediafmmregthacdyddanmmacdd4D@asd Ige. 3% ne period of continuous operation
16 9 April 2002 after the activation treatnment was 6,000 hours. At that
time, theSconversion ofThesgiaaotiane was OPPPed t4ga igel exiy Wway péassed

met hacrol ein was 87.5% and the selectivity of methacrylic acid was 5.3% 5
The reaction t\K)a?é’"Q}bﬁ:ﬂ@j cafRlystila¥es Passapntagtodgime Hef cht@l yst | ayer
at a contact tinme of seconds; the tgﬁﬁgrature of, the heat medi um bath

was i ncreasé&cpd’d?go*t@eaﬁ(?“}@p‘(a%‘c & 1f dredipm Rakh masour s:
e SN 5 P IRALSET  E re
mat eri al ”‘Xﬁq %ouréa thereby, a second catalyst activation treatment
10 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
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
20 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



used above ‘was passed through the catalyst |layer at a contact tinme 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

met hacrol ein was 87. 7% and the sel ecti vi tf’ of methacrylic %c}éd_ 5. 3%
This reaction was conducted continuously 7n t he sane manne gril . \When
the reaction cont.i ntil t e t ure of, the heat nedium bath

20 becane 34 C%Ciur{es "t R#’erpe ¥ od df a{% %p%‘f%’t‘f%'hlo%ffﬁ?af:ﬂ@“t

“activation tr 4 8 t { version of
| sobutyl ene v\v/ag%t %ﬁ%e OH-‘% vﬁ o#m }f%‘; cro %lllﬁﬁ\/\%%j}é? Y88 and t he
~selectivity rpl gjo d S % C topped once
o1 H3F g8 anhdeha sgm\% "raev‘smy%%rrfaq Hl%d"%saﬁs 8%

again; air was passed through the catalyst |ayer at a cont ime of 4.0

seconds; the yseP@bive wad pdssdieathrtul wmmtéhw%sﬁ NcapasegetQ 3800C
and kept at the same tenperature for 17 9 April 20 ours; thereby, a

third catglysioneidty atine dff datsTaicons 1o Neht £k erﬁ@ééemnt herhgat
medi um bat h was cool ed to 325*C and the sane raw material m xed gas as

used above wa=agddsed produadls werer atred Wysted ey atreswmlitcontlet tine of 4.5
seconds to restart the reaction. The reaction products were anal yzed; as a
result, the codwvexsdiogn off iiscdmhyliens wes 6. .08, the selextivity of

met hacrol ei n was 87. 7% and t he selectivity of nmethacrylic acid was 5.3%
Thi s reacti oftefdacaod@idct atdsc Sit-iTtusms] \thep seleadtd wWidie afamethasrabbve.

when the reacti,on was ) .
acid was 5.3%. This reaction was conducted continuously

10 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
after the activation treatment was 3,600 hours. At that
time, the conversion of isobutylene was 94.2%, the

15 selectivity of methacrolein was 87.5% and the selectivity

of methacrylic acid was 5.3%.

Example 2
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



continued until the tenperature of the heat nmedi um bath becane 3400C, the
time period of continuous operation after the activation treatnent was
3,600 hours. At that tinme, the conversion of isobutylene was 94.2% the 15
selectivity of nethacrolein was 87.5% an he selectivity of nethacrylic
acid was 5.3% Exanple 2 2,000 g of the catal yst obtained i RBfl¢fce

Exanpl e was pa¢kaerblelife wad 3 .9ac td ) éﬁg)esé?feﬁjﬁfjss%}f ofn ;rlrgégn §c

Exanpl e. Then, a raw material m xed gas conpose by volu

tertiary but agald, whad%sh)s .VORWIR GleaRRAURD wald Gdhuwdl U Oht $HEBHL YT 73%

by volunme of nitrogen was passed through the catal yst layer at a contact

“time of 4.5 dmcehdsswmehnahaeremperial Wanle 25 t M dteais Meghainpfalh being
kept at 3250C. The reaction products were analyzed; as a result, the
conver si on operatnreapf kheahelatwardithbathe weel edrittdlled WHeen Scheri |
2002 nethacrolein was 83.4% and the selectivity of nethacrylic acid was
5.1% This reasveoaieascbengded: ewingnttiontdesicharnige tite csanel yidwer as in
Exanple 1. That is, the tem perature of the heat medium bath was
control | ed WRERLVREYS WHAYEPY Sheckanyedsdwinngaiso kefpt chibefantiaklyl ytic
activity, whereby the conversion was kept substantially constant. It was
actual |y conﬁﬁﬁﬁgﬁnby ad§uhpfgackaal lye conglug tiegh dyolassumimg drhatct ed with
nposed into isobutyl ene and water rapidly, 10

the catalyst, is, totally c
measuri ng t hESEGHEERt PAERBRLof “PEBnROPEEREFn WikE Ghe catalyst, is
totally composed into isobutylene and water rapidly,

10 measuring the concentration of isobutylene in the gas
after reaction to determine the conversion of iso-
butylene, and keeping the conversion substantially
constant. When the reaction was continued until the
temperature of the heat medium bath became 330°C, the time

15 period of continuous operation was 9,600 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%.

The reaction was stopped; a mixed gas composed

20 of 15% by volume of oxygen and 85% by weight of 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;

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



after reaction to deternmne the conversion of iso- butylene, and keeping
the conversion substantially constant. \Wen the reaction was continued
until the tenperature of the heat nedium bath becanme 330C, the tine 15
period of continuous operation was 9, 600 rﬁur s. At that tlgae t_lhe _
conversion of tertiary butanol was 100% e selectivity o ARERA% ei n

% I Vi [ i id .1% The reaction
s Efaégeé‘?%af FEFEAL do LB ¢ %%vﬂﬁgTﬁzﬁgggaggngegs% by
: . r
\tNﬁlr gntgho t R:atgf:at al ytsst | ay%?g%g%éﬁhtg%vt t |%3ﬁg#’ ?%gs%§838§5193e°§

“tenperature afedtiaReau il ULt 1 S %@@rigfg& pi§§2$§gﬁgtkgpt at the

sanme tenperature for 24 hours; 25 there Irst C activation

treatment wascwsedctwerds sHefeaii®rthd %i@@éi%% bnﬁé@h%i‘@fggg led to

325C and the sane raw material m xed gas as use ove was pa t hr ough
the catal st dcaykbwaat 5 Nt aiis ir@acdiond Wi idordd2re@f cdnbin6a8y tO
restart the reaction. The reaction products were analyzed; as a result,

t he conversi dm ¢the tseame aranrnrx s@wlahwmese 100When hehes etewd t ¥oh yw@§ et h- _
acrolein was 83.4% and the selectivity of nmethacrylic 5 acid was 5.1% This
reaction was “ESfdadesd Wit fihsusiempanature sefirethearteat asedbavebathen the
reaction was continued until the tenperature of the heat mediumbath
becane 3300CPecide 340 Ger £B8 SimeoReragdusfopensinvausabperatiomct i vati on

40Q .hours., At that
treatment ma%f%ér %he 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



10 tinme, the conversion of tertiary butanol was 100% the selectivity of
nmet hacrol ein was 83. 2% and the selectivity of nmethacrylic acid was 5.1%
The reaction was stopped again; a mxed gas conposed of 15% by vol une of
oxygen and 85% by wei ght of 15 nitrogen, bnstead of the _rﬁg nat_eéd(g,’l m xed
gas, was passed through the cat al yst layef®at a contact time Hpri % o1c
seconds; the o) u a I.ncreas

and kept at the sd%%gﬁg%%ééoéggg unggihghgskg?ﬁg Vre og ggﬁd 5Falyst

" activation trx@@ammtbg&ve&c&@@dwﬁé@;d tHEnaald eaeritcnf Jed d&t@,b.lévglggtsh was

cool ed to 3250C and the sanme raw material m xed ‘gas as ~ use

" passed t hr ougpdher tor aéﬁ@érl@H@ra@h@at,@&ﬂt@féaelhaﬁt%aé 8 ﬁ@ﬁoﬂgﬁr%
restart the reaction. The reaction products were analyzed; &s a result,
25 conversi orAftHa 1 imiey, bthi@n@dbnv@ss &0 % £ t fereeh Lyt b¥th¥olOhas

met hacrol ein was 83.3% and the selectivity of nethacrylic acid was 5. 1%
Thi s reacbi onlOfes, orredusdlestt Doty nod usd yhadrd heis an®s "BBN2E andakgge. Wen
the 20 9 April 2002 reaction was continued until the tenperature of the
heat medi umssdterthatiie SB0B3;hddieyYiceagiad ivals of. Tt i nuous operation
after the activation treatnment was 8,400 hours. At that tine, the _
conversion of tertiary The &RACKHEN Va9 BLoRPRd soeetagaiy; oA mekbdcrol ein
was 83. 2% and t he select|V|péH£f met hacrylic acid was 5.1% The reaction

was st opped S SapRased RiaRomish il Gy asn, and v85 kinky oe bghgen

0 .
and 85% by V\%éﬂ}ltitrogen, instead of the raw material mixed gas, was

t he

10 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 third 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 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%.



of nitrogen, instead of the raw material m xed gas, was 10 passed through
the catal yst layer at a contact tinme of 4.0 seconds; the tenperature of

t he heat nmedium bath was increased to 3800C and kept at the sane
tenperature for 24 hours; thereby, a thi cat al yst activa?&gn.t%mnt
was conducted. Thereafter, the heat nedi bat h was 15 cool Pl C and

the sane raw i al_ . m . ., .used above was passed through the
TRLE A P;i)qt(%fa i P 9 .
catal yst layer at a aclon }cl fbnle 0™ 4.5 seconds to restart the reaction.

" The reaction products We‘ﬁ?‘%ﬁ%‘& I%,\%Ct?ce_(@ué&f #;c?%uggg¥er si on of

tertiary butanol was 100% S y 200 acrofein was 83. 3%
and the sel egleithialctolfe it AL mMddHa s 10 dVase R 1%hd *Eétéff%ieﬁn"‘@é
conducted continuously in the same nanner as above. Wien the reaction was
conti nued unuisledt fert aedigtifieait Iyha Jirptperisi W bate becane 3300C, the
time period of continuous 25 operation after the activation treatnent was
8,400 hours. At that tinme, the conversion of tertiary butanol was 100%
the selectivity of nethacrolein was 83.2% and the selectivity of

met hacrylic acid was 5.1% 21 9 April 2002 Industrial Applicability In the
present process for producing nethacrolein and nethacrylic acid, the

catal yst can be wused for a significantly long period of tinme. 22 9 April
2002 CLAI M5



l. (anended) A process for producing nethacrolein and nethacrylic acid by
catalytically oxidizing isobutylene or tertiary butanol in the presence of
a catalyst conprising a conpound oxi de containing nol ybdenum bisnuth and
iron as essential conponents, wherein a catalytic oxi datio:ééé‘eﬁ%@io%g IS
started at a tenperature of (T-3)C or I2awer wherein TCis Ph a
boundary tenperature of activation energy of a reaction for obtaining

met hacrol ein and net hacrylic acid fro@uaI®s butyl ene using said catal yst,
“the reaction is continued while a reaction tenperature is increased as an
activity of-théamgndegddt dcpresess, fawd pamedasting medrhaomdieiontarid
*conducted for the catalyst at |east once before the reaction tenperature

exceeds t he™B5BABAYY 1feAFAabYr EabR1lYAdCaldY Oxidiging iBohutatlens)

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 methacrolein 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. (deleted)



