*SPEC!I FI CATI ON © METHOD FOR MANUFACTURI NG METHACRYLI C ACI D TECHNI CAL FI ELD
This invention relates to a nethod for manufacturing net bl by
vapor phase catal ytic oxidation of nethacrolein with nol g@mﬂ%"ﬂmmyﬂ in
the presence of a solid oxidation catalyst using a fixed be ube type
reactor. BACKGROUND ART There have been many suggestions of chi'l'ysts
which are wused in manufacturing nethacrylic acid by a vapor

catal ytic oxidation reaction of nethacrolein (this vapor phalaﬂﬂﬂ@%mwmu“c
oxi dation reaction will be referregdptorpebfirtogs "oxidation !

unl ess otherw se specified hereinafter). These suggestions are *fffoed y
related to el ements RETPHODt FORNYANURRCTORINGS METHACRYITU iac1df t he

el enents. The oxidation reaction causes heat accunulation in a catalyst
bed because this reaction is an exotherm c reaction. Locally abnormal high
tenperature zones resulting from excessive heat accunul ation are known as
hot spots, in WIEECHNICAL dSTHELR reduced by the excessive oxidation
reaction. Thus, when conducting the oxidation reaction on an industrial
scal e, occurrerdeinfintention spelates tosagnethodnfopr mahefpcand ing
particularly in the case where a concentration of nethacrolein in a raw
mat eri al gaBetBachE}éasedidnbyr vaporophaseegasalytdgueiidation ef hot spots
tend to easi I%/}aoccur, ,S0 that the reaction conditions are required to be

| argel y rest® 2cpo4@4Rwith molecular oxygen in the presence of a solid
oxidation catalyst using a fixed bed tube type reactor.

BACKGROUND ART

There have been many suggestions of catalysts which are
used in manufacturing methacrylic acid by a vapor phase
catalytic oxidation reaction of methacrolein (this vapor phase
catalytic oxidation reaction will be referred to merely as
“oxidation reaction,” unless otherwise specified hereinafter).
These suggestions are mainly related to elements constituting
the catalysts and a ratio of the elements.

The oxidation reaction causes heat accumulation in a
catalyst bed because this reaction is an exothermic reaction.
Locally abnormal high temperature zones resulting from
excessive heat accumulation are known as hot spots, in which
yields are reduced by the excessive oxidation reaction. Thus,
when conducting the oxidation reaction on an industrial scale,
occurrence of the hot spots is a significant probiem, and
particularly in the case where a concentration of methacrolein
in a raw material gas is increased in order to increase
productivity, the hot spots tend to easily occur, so that the

reaction conditions are required to be largely restricted under
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.4 the present: circunstances. Therefore, it is very inportant to control
the tenperature at the hot spot section for producing nethacrylic acid in
high yield on an industrial scale. In addition, especially in case of
usi ng a nol ybdenum contai ning solid oxidation catalyst, it is inportant to
prevent the occurrence of the hot spots because the nolybdenumnoiety is
easy to be sublimted. Several suggestions have been nade as for a nethod
for controlling the tenperature at the hot spot section. For exanple,

Japanese Pa{lq,'?_t?f;g%ﬁga %f%@%ﬁgggn No. 4-210937 discloses a nmethod in

which a plurali aving different activities are filled in
such a manner t | ti it 'ﬁﬁﬁf%%h d lLghe I nl et
side for a raw hiqrr%sf’tr'teérlledae'g_gg jfé(;mk’grr?s}an out e‘tgrtgji gg%l{%(%gn t geéggvﬂn%éi al
gas cont ai o Rthd BbRASHOE & db-Bh POLIBRolCh hgWRet RECHIN: & NiSia Gt ﬁlg{@t
bed. Japanese Patent Application Laid-Open No.” 8- 92154 di scl oses a met hod

i n which, wWeal@ekai hdestrbheEEse thaﬁadiﬂﬂéﬁﬁ P&t 10y Y5 Pgs@
mul ti-tube type fixed bed reactor provided with a heat mediumbath to

produce acryfiusiany & modyblenunf coheahshgnesl idnd:si aniigrokbbed1gett hat t he
tenperature of the heat nmediumbath is raised by 2 to 10C between the
inlet sectimnmpodtand batpeeveset tihenoctbregrce dihehe et Epdt sabecansy f or
the purpose of decreasing the tenperature of the hot spot section, and are
the met hodshehhelybaderiy medety asteapegrboube siiblimahed. (AT) between the
heat nmedi um bath and the catal yst bed in one hot
Several suggestions have been made as for a method for

controlling the temperature at the hot spot section. For

example, Japanese Patent Application Laid-Open No. 4-210937

discloses a method in which a plurality of catalysts having

different activities are filled in such a manner that their

activities become gradually higher from an inlet side for a raw

material gas toward an outlet side, then the raw material gas

containing methaclorein and oxygen is flown through this

catalyst bed. Japanese Patent Application Laid-Open No. 8-

92154 discloses a method in which, when acrolein is subjected

to vapor phase oxidation using a multi-tube type fixed bed

reactor provided with a heat mediumbath to produce acrylic acid,

a flow of the heat medium is controlled so that the temperature

of the heat medium bath is raised by 2 to 10°C between the inlet

section and the outlet section.

However, these methods are only for the purpose of
decreasirig the temperature of the hot spot section, and are the
methods which merely reduce a temperature difference (AT)

between the heat medium bath and the catalyst bed in one hot

spot section to some extent. That is, according to these
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‘'spot’ secti'on t-0o some extent. That is, according to these 2 nethods, heat
generation caused by oxidation reaction has not been actively controlled
within the catal yst bed, so that, for exanple when a nethacrolein
concentration is further increased in order to increase productivity, heat
generation at the hot spot section becones remarkable. Hence, the reaction
conditions are still required to be largely restricted. That 1is, under the
present circunstances, the yield of nethacrylic acid which is industrially

acceptabl e Jiaen st HREIL YRR hehyo & SAPSSALEALAN LB NGO EL | 5
| NVENTI ON et ef-Qie v & etah%gma tmrpfﬁg]@tcaexf%%%aSsbotﬁagV'ﬁoer a

met hod for nanufacturl acry ic acrd by vapor ase ' cat

oxi dati on Oéxéfﬁéi'@%ﬁ@neb %%Hé&f&'eﬁ%%éﬁc@&’ﬂ&f‘lbﬂ id ?gﬁeaeﬂ}f& solid

oxidation catalyst in a fixed bed tube type reactor, ereln netharylic
acid i s manyf atderedd Enéreabﬁhﬁfodﬁ@iﬁlﬂ_ e l'FHaﬁ:S%%e'r@tﬁ.@n' 88 tRe dEt hod

f'or manufacturing nethacrylic acid charac erized in that nmet hacrylic acid

is syntheséged vyctidhiPecamsd! ishanifsitd OnHeakal,ythel React ibhxed bed
tube type reactor provided with a heat medi um bat h~ and by flowing a raw

mat eri al  gasowdit foms nrevetiadr obguredcdt®begeargelyorgst + heteat alpsdt bed
and the catal yst bed does not have any sections in which a tenperature
di f f erence b®i woslen tdehpaesent circumstances, the yield of methacrylic
acid which is industrially acceptable has not been obtained when
a concentration of methacrolein is increased to a level which

is industrially acceptable.

DISCLOSURE OF THE INVENTION

Therefore, an object of the present invention is to provide
a method for manufacturing methacrylic acid by vapor phase
catalytic oxidation of methacrolein with molecular oxygen in
the presence of a solid oxidation catalyst in a fixed bed tube
type reactor, wherein metharylic acid is manufactured in a
higher yield.

The present invention is a method for manufacturing
methacrylic acid characterized in that methacrylic acid is
synthesized by filling a solid oxidation catalyst into a fixed
bed tube type reactor provided with a heat medium bath and by
flowing a raw material gas containing methacrolein and oxygen
through the catalyst bed and the catalyst bed does not have any
sections in which a temperature difference between the heat
medium bath and the catalyst bed (AT=catalyst bed temperature
- heat medium bath temperature) exceeds 35°C and two or more
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‘medi'um bat'h and the catal yst bed (LT=catal yst bed tenperature - heat

medi um bat h tenperature) exceeds 35C.and two or nore 3 high tenperature
zones in which each AT thereof is 15 to 35 C are provided. Best Mde for
Carrying Qut the Invention According to the present invention, a reaction
for synthesizing nmethacrylic acid is carried out using a fixed bed tube
type reactor provided wth a heat nedium bath. Although there are no
limtations on the heat nediumused herein, nolten salts contai ni ng

pot assi um t n?ﬂéir | t ahl

al so no Ilm%é}?l%s on §9ﬂ£éﬁkghég iﬁeaﬁgggt%gbﬁbétmygﬁ{%% ustri a scal e,
it is prefecall@ fRowsed mlti -tube type reactor provided with several

t housands to several ten thousands of reaction tubes each of which has an
inner di aneter ¢fest0 Md30F i Gl EREH @it W& hrpvestidgpunded by a heat
medi um bath. In the present 1nvention, the solid oxidation catal yst used
herein is not paddoatdiard o elSltélph&ibmts {mventaton hea coddysdn fSra solid
cat al yst for use in this oxidation reaction. Phosphorus and nol ybdenum
cont ai ni ng symipoess 1 21wy imkesharryhic ddike ishdair ped owteus dngly fix@dnbean be
used, and the conposite oxides represented by the followng formula (1)
are preferrtabe Wu@mw!@p‘r@gri(dh)d withhe lieatnediun bavh. PAl€houyhand 0
represent nol ybdenum hosphorus, copper, vanadium and oxygen,

respect i velihere argpne itatiorasin the heatmed ivel weedhenedm amgilbep
consi sting

salts containing potassium nitrate and sodium nitrite are
typically employed. There are also no limitations on the tube
type reactor, but on an industrial scale, it is preferable to
use a multi-tube type reactor provided with several thousands
to several ten thousands of reaction tubes each of which has
an inner diameter of 20 to 30 mm and each of which is surrounded
by a heat medium bath.’

In the present invention, the solid oxidation catalyst used
herein is not particularly restricted as long as the catalyst
is a solid catalyst for use in this oxidation reaction.
Phosphorus and molybdenum containing composite oxides or the
like which are previously known can be used, and the composite
oxides represented by the following formula (1) are preferred:

Mo,P,Cu VX, YO, (1)

In the formula (1), Mo, P, Cu, V and O represent molybdenum,
phosphorus, copper, vanadium, and oxygen, respectively, X
represents at least one element selected from a group consisting
of iron, cobalt, nickel, zinc, magnesium, calcium, strontium,
barium, titanium, chromium, tungsten, manganese, silver, boron,
silicon, tin, lead, arsenic, antimony, bismuth, niobium,

~
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‘of iron, cobalt, nickel, zinc, magnesium calcium strontium . barium
titanium chrom um tungsten, manganese, 'silver, boron, silicon, tin,

| ead, arsenic, antinony, bisnmuth, niobium 4 tantalum zirconium indium
sul fur, selenium tellurium |anthanum and cerium and Y represents at

| east one el enent selected froma group consisting of potassium rubidium
cesium and thallium In the above formula (1), a, b, ¢, d, e. f, and g
represent atomc ratios of the respective elenents. Wen a=12, 0.1:rb~--3,

0.01~-.¢C:53,, rgcﬂvmﬁ;d iust:orﬁ'um,ee%nflonq Oguffu lé’ﬁ'ﬂng rf?m ¢

S- |§
ratio of oxygen I'ch s Tequi’ satTs a’ va?ence ?% ove

descri bed ATRRNUHA. a?-;azrltdnpu'a%rd % e elera eAltee gg&gtrgﬁé%&ﬁ?ﬁ@e

respectlve el enents are . 4 rc:

and 0.!-.f: & e f25H gfonﬁﬁ?h@%@ 1%%&@@??6*&:@@ siuﬁtatladb’.ﬁilﬁ egeé fuhhe

present invention is not particularly I'im , and t he previously

vel | - known ared itQiss INkinhods nCehe bebdige Edress (1he aQnBOneNts, ef her epig
extremely unevenly distributed within a catalyst. . Raw materials used for

preparing tde repralsesit atemiet rapdbisi ol &hly rleisicctdveand efiehtatl. eSwhen

car bonates, acetates, ammoniumsalts, oxides, halides or the |ike of each
el ement cam=b&, @njil<trdd 0 N0 Lol N&t.i0dxd<Bor 0eeedplle,0 lasfrBni amd g is an
paranol ybdat e, nol ybdenum trioxi de, nolybdic acid, nolybdenum chloride or
the |ike caatdeicswtias of pawgentehiah i@rmﬂlyhd@hmn sattisdygh valenae yst
used in the present invention may be <carrier-free, it is possible to use a
catal yst suppdrie@RAvarfiessniied cach re@rParent as Rentieulaglyni na,

silica-alumna, or
preferable atomic ratios of the respective elements are 0.2

<b<2, 0.04=<c=<l, 0.1l=d<2, 0O=<e<2, and 0sf<2, when a=12.

A method for preparing a catalyst used in the present
invention is not particularly limited, and the previously
well-known various methods can be used unless the components
thereof extremely unevenly distributed within a catalyst.

Raw materials used for preparing the catalyst are not
particularly limited, and nitrates, carbonates, acetates,
ammonium salts, oxides, halides or the like of each element can
be employed in combination. For example, ammonium
paramolybdate, molybdenum trioxide, molybdic acid, molybdenum
chloride or the like can be used as a rawmaterial for molybdenum.

Although a catalyst used in the present invention may be
carrier-free, it is possible to use a catalyst supported on an
inactive carrier such as silica, alumina, silica-alumina, or
silicon carbide, or a catalyst diluted by these carriers.

In the present invention, a catalyst bed means a space
section containing at least a catalyst within a reaction tube

of a fixed bed tube type reactor. That ie, a catalyst bed is
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‘sili'con carbide, or a catalyst diluted by these carriers. In the present

I nvention, a catalyst bed neans a space 'section containing at |east a
catalyst within a reaction tube of a fixed bed tube type reactor. That is,
a catalyst bed is 5 not only a space which is f illed only with a catal yst
but also a space section in which the catalyst is diluted with the

I nactive carrier or the |ike. However, space sections at both ends of the
reaction tube into which no substance is filled or space sections into

whi ch only jpagdiMe acégéizgrﬁhféhtﬂe fiK&q %thq_gf W&kﬁdalacfit%ﬂfst naludad ot o

t he catal yst bed,,” because these sections substantia 0 not contain any

catal ysts. 4ngpdiCe PE&sedn i Ny amhiOn, thbepa sy Ny 88SH 31 BY 1MRIAGIHH ¢heaCid by
filling a solid oxidation catalyst into a fixed bed tube type reactor

_provi ded wi ifaet heatcaradidimokat Re dnikdy Howevieg, aphaw sateibak Hoboth
cont ai ni ng et hacrol ei n and oxygen through the catalyst bed, it is

i mport ant tends @f dhet weaotionreuthe gntd eilyiehanor substaace i8ifilihed or
catal yst bed in which the tenperature difference between the heat nedi um
bat h and t hepacatstgtsionedin(tAlwhischl Drily ITHCt iAe et eienmomihey dlike of
AT in the catalyst bed is preferred, and the maxi rumvalue A T should be
not | arger akerfidd®Ed beeanst inckuded de theATabatypstsbedpdécaups thase
excessive oxidation reaction causes a reduction in selectivity, which

| eads to a FeALERRHroWpsEFRLiablyisdo et ¢pREainsanyseadadysdishility of
degradation and alteration of the catalyst property due to thermal | oad.
An oxidation réedttihenPERSERE pRNEBHLONny WheENof YRS hes igifih drehagtydda on,

acid by filling a solid oxidation catalyst into a fixed bed tube
type reactor provided with a heat medium bath and by flowing
a raw material gas containing methacrolein and oxygen through
the catalyst bed, it is important to provide two or more high
temperature zones within the catalyst bed in which the
temperature difference between the heat medium bath and the
catalyst bed (AT) is 15 to 35°C. A smaller maximum value of
AT in the catalyst bed is preferred, and the maximum value A
T should be not larger than 35°C because if a value of AT becomes
too larger, an excessive oxidation reaction causes a reduction
in selectivity, which leads to a reduction of the yields, and
there is also a possibility of degradation and alteration of
the catalyst property due to thermal load. An oxidation
reaction in the present invention is an exothermic reaction,
so that it is inevitable that a AT which is a certain degree
of magnitude is produced. However, controlling the conditions
in such a manner that two or more high temperature zones in which
each AT is 15°C or more are provided, it is possible to avoid

producing a locally abnormal high temperature zone concentrated
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'so that it is inevitable that a AT which is a certain degree of magnitude
I s produced. However, .controlling the conditions in such a nmanner that two
or nore high tenperature zones in which each AT is 150C or nore are
provided, it is possible to avoid producing a locally abnormal high
tenperature zone concentrated 6 in one region. As a matter of course, zones
each AT of which 1is less than 15 C should exi st anong these respective
high tenperature zones. Methods for controlling the conditions in such a

manner thah bye PEqiBhE hA g LRIRALYH @ch2BeS 3bReR Q¥EREATALE PRicH
particularly limted and include, for exanple, such as a nethod 1In I ch

catal ysts ke Ifddd athdrtics “cespRullidV @HiRACtdnhg WS e Fededadi iy 1ligh ding a
space within a reaction tube into two or nore regions in its tube axial
direction amrthperdaengid mfnepch reaction zone in its tube axial direction
I's adjusted and the catalytic activity per unit volune in each reaction
zone is controMegtiodsn folri sonasellting rahichedndfian onentinoshchgaténner
catalytic activity per unit volume include, for exanple, such as a nethod
f or cont r olthiaiyg tycdioirumoge haigiho twimgre rialta reatzangst aries paokitled arehnahn
inactive carrier, and a nethod f or controlling by using other catalysts
havi ng di f PerddcH@nly Lind tedi @nd dmelusing aifpedepynpheli Sypichgas acmebhodt
conmposition or a preparing process thereof. It is preferable that the two
or nore hi g WBAGEr seted YESRedre £ idiiedh iadon rasPestivenrragtiangeones1s to
350C are provided .in %fcatal st bed in such a manner that a distance
bet ween a Provided by dividing a space within a reaction tube into two

or more regions in its tube axial direction and a length of each

reaction zone in its tube axial direction is adjusted and the

catalytic activity per unit volume in each reaction zone is

controlled. In this case, the methods for controlling the

catalytic activity per unit volume include, for example, such

as a method for controlling a dilution ratio when the catalyst

isdilutedwith an inactivecarrier, and amethod for controlling

by using other catalysts having different activities which are

obtained by modifying a catalyst composition or a preparing

process thereof.

It is preferable that the two or more high temperature zones

in which each AT is within a range of 15 to 35°C are provided

in a catalyst bed in such a manner that a distance between a

first high temperature zone and a second high temperature zone

from an inlet side for the raw material gas is 0.2 to 0.9 times

the overall length of the catalyst bed, and particularly, it

is preferable that the distance should be 0.25 to 0.8 times the

overall length of the catalyst bed. A proportion of the

catalyst effectively acting in the whole catalyst filled into



‘first high tenperature zone and a second high tenperature zone f rom an
inlet side f or the raw nmaterial gas.is 0. 2 to 0. 9 tines the overal

| ength of the catal yst bed, and particularly, it is preferable that the

di stance should be 0.25 to 0.8 times the overall length of the catalyst
bed. A proportion of the catalyst effectively acting in the whol e catal yst
filled into 7 the reactor tends to increase as the ratio of the distance

between the high tenperature zones to the overal | length of the catalyst
bed becores deftfoo MIRIRAS @ &l dh arr]éek*i'x COM6 FClfhel a&g%ahee.be
hi gher and the possibility resulting 1n the degradation and alteration of

the catal yHeth@M the Ryl eMpRE atdtd ﬂsnéé)%etﬂewémdl i 8hyPhRSE QRS

| arger. When there are hree "or nore high tenperature zones, the 3|stance

bet ween t heatatyadir@eBbcbingd $RATEER] Wi rdReaniyePg &f dtBalrI1tices
the overall length of the catalyst bed, and particularly 0.25 to™ 0.8

times the ca&ircalﬂedd@gtbhbtehﬁﬁgﬂfer adhe tnEbess©ibinet il lterRerigt ¥h@ zones
i's typically five or less, and practically two or three are preferable.

And the di steaneridiciorcandt Attbrghidegethbus £LIDYEs tonely €64 Fedudiest ance
bet ween the points at each of which the AT is maxinmumin the high
t enper at ur @aszdiie akoyesideisor ibfed: tratfior becbingh 1anper at Wherr drierea apesi ti on
wherein the AT is maximumw thin this high tenperature zone) is preferable
at a di st arlderes og mere high temperasuseczanées | di HisvAnchdetwerty shebed
fromthe inlet for the raw material gas, and it is particularly preferable
at a di st arff®® afjecentohibgh temperature zones may be 0.2 to 0.9 times the
overall length of the catalyst bed, and particularly 0.25 to
0.8 times the overall length thereof. The number of the high
temperature zones is typically five or less, and practically
two or three are preferable.
And the distance between the high temperature zones
represents a distance between the points at each of which the
AT is maximum in the high temperature zone.
A position of the first high temperature zone (a position
wherein the AT is maximum within this high temperature zone)
is preferable at a distance of 0 to 0.7 times the overall length
of the catalyst bed from the inlet for the raw material gas,
and it is particularly preferable at a distance of 0.1 to 0.5
times the overall length of the catalyst bed from the above
described inlet.
Usually, minute peaks and valleys can be seen on the A
T curve which is in a tube axial direction, because of slightly
nonuniform distribution of the filled catalyst. Hence, when

determining a range of the high temperature zone, noise caused

by the peaks and valleys is reduced by determining a mean A



‘tinmes the overall length of the catalyst bed fromthe above described
inlet. usually, mnute peaks and val l.eys ‘can be seen on the A T curve
which is in a tube axial direction, because of slightly nonuniform
distribution of the filled catal yst. Hence, when determ ning a range of
the high tenperature zone, noise caused by the peaks and valleys is
reduced by determning a nean A 8 T for the neasured ATs around the certain
measurenent position wthin a range of 0.005 tines, preferably 0.01 tines,

e o Teal T rof MHenBash PP A UPbuR kndYeD Al e EXREORERL HAERL AP, O

satisfies a requirenent o enperature zone IS obser

measur ed Auitihq,ntmagaaeomeé §5 E*l%ers";ﬂ%‘}éngﬁz%lﬁﬁb ol iﬁéghth%r@&éféti e

zone is not satisfied when based on t t he ‘exotherm ¢ pea

shoul d not 1k gtaked BRetbet A Gk HRIET BYNE i 2088 - exHt hOBMPE §SENL IYESRL i on,
AT in the catal yst bed neans " a difference between tenperature at a certain

neasur enents atiedildsod reiqufiremehe &ﬂtﬁb%ﬁi%lbedmgaﬁataﬁéei&w HE8 Hsérheat
medi um bath around the position. Al though there is a possibility of

nonuni f or madi £hei heasaredf ABatinmetieuonsenpreatuthe redqhinemdst deathsedi um
bat h dependi ng on, such as, a reactor configuration, reaction conditions,
and a flowilnghstempershtulre hene ihediaimsattilsdiied swhem paskdeoni thérmeanng
the nean tenperature of the heat nediumbath as a heat nedi um bath

t enper atur &Tn the esethehsie paaleghewldf nehebgohakiehorm dhst hillghtion is

small. However, in the case where the degree is not small, it is required
to temperature zone.

In the present invention, AT in the catalyst bed means
a difference between temperature at a certain measurement
positionwithin the catalyst bed and temperature of a heat medium
bath around the position. Although there is a possibility of
nonuniform distribution of heat medium temperatures within the
heat medium bath dependingon, such as, a reactor configuration,
reaction conditions, and a flowing state of the heat medium,
there is no problem in treating the mean temperature of the heat
medium bath as a heat medium bath temperature in the case where
a degree of the nonuniform distribution is small. However, in
the case where the degree is not small, it is required to
determine AT by measuring the heat medium temperature at each
position.

Further, methods for measuring temperatures in the
catalyst bed include, for example, a method in which, prior to
filling a catalyst, protective tubes are placed in the tube type
reactor and a thermocouple is inserted into the respective
protective tubes to measure the temperatures at the respective

positions during reaction. In this method, a position to place



'dete€rm ne ‘AT by neasuring the heat nmediumtenperature at each position
Further, nethods for measuring tenperatures in the catalyst bed include,
for exanple, a nethod in which, prior to filling a catalyst, protective
tubes are placed in the tube type reactor and a thernocouple is inserted
into the respective protective tubes to neasure the tenperatures at the
respective positions during reaction. In this nmethod, a position to place
9 the protective tube is preferably a center of a section which is nornal

to the tubethgigtotesesié ausd iihprecaehbly hubentanths a lseRtibrolnthg
protective tube is required to be longer than that of the catal yst bed.

Thi s net hodis swqumef e tabt ke hatmiagialheit €SPEORICH ehedt el iPRIIPONENd

wi thin-the catal yst bed can be conveniently nmeasured. In addition, in case
of using a anmeéngth ub® theperoeectdvenbiube is regusied ald beempneeadrhah i s
actually inpossible to neasure the tenperatures of the catal yst beds of

all reactiobhatbef, the catalpotecard. t Ahiseaetthod tisbpxrefwirabler bprassat t he
entire reactor will be actually subjected to this nmeasurenent. In practice
of the presthe tenperabhres aoRednPratitdAnsf wikbinathe|aitaliysta beglvcan
material gas can be varied within a wwde range, but it is appropriate to
be in a rang® ePrYeRsenblyongaturedd pkit taddiitaken, piefRre® @ téSHRI i d a

range of 3 to 8,volunme It is econom cally advantageous to use air as . a
Source of - BEybEREUBEtERe THAded At B BA R COCal Ly i 18

necessary. éa‘cgggff{/]tirmap}ois%ribolfe gé%eansuir% &:Hg geafn%er}agteurlieasl o%atshe catalyst
beds of all reaction tubes, so that some of the reaction tubes
which represent the entire reactor will be actually subjected
to this measurement.

In practice of the present invention, a concentration of
methacrolein in a raw material gas can be varied within a wide
range, but it is appropriate to be in a range of 1 to 20 volume %,
and particularly preferable to be in a range of 3 to 8 volume %.

It is economically advantageous to use air as a source of
oxygen, but air enriched with pure oxygen may be used if
necessary. A concentration of oxygen in the raw material gas
is preferably 0.3 to 4 moles relative to onemole of methacrolein,
particularly it is preferable to be 0.4 to 3 moles. The raw
material gas may contain a little amount of impurities such as
lower saturated hydrocarbyl aldehyde which do not substantially
influence on a primary reaction and may also be diluted by adding
inactive gases such as nitrogen, steam, and carbon dioxide.

A reaction pressure for oxidation reaction can be varied
from an atmospheric pressure to several atmospheres. The heat

medium bath temperature which is a reaction temperature is

~
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Is preferably 0. 3 to 4 noles relative to one nole of methacrolein,
particularly it is preferable to be 0.4 to 3 noles. The raw naterial gas
may contain a little anount of inpurities such as |ower saturated

hydr ocar byl al dehyde which do not substantially influence on a primary
reaction and may al so be diluted by adding inactive gases such as
nitrogen, steam and carbon di oxide. A reaction pressure for oxidation
reaction can be varied froman atnospheric pressure to severa

at nospher esprdhérésaé 298dtgm batd, tmg&ﬁw&ﬂm prefer8ad 8D to 400
tenperature I's 10 preferable 230 to 450 and particularly preferable 250

to 400 OC.°AA spaepavel veilbyiol @fraavramtn%rﬁeaﬁlagagalss iBr prerapaws1808n O
3000 hr-', and particularly preferable 500 to 2000 hr-'. Exanr)les The
present invent3000wntt', nandbpatuithearigspreliedabbhe detatd byoexarples. In
t he exanpl es and conparative exanples, "part(s)" neans part(s) by weight.
A conposi tion ofExampled yst was determ ned fromthe charged anounts of raw
materials of catal yst conponents. As a heat mediumof a reactor, a nolten
salt conposed ofTIEd prssens oinyentaim um hl tnew eoanthBthemsiesitr idfeds ddi um
mtrite was_used. An analysis of reaction raw materials and products was
carri ed outddlaghdxrxomRles:- aphl)f thenezanpilpsmnd conpesesiiye examples,

met hacrolein, a selectivity groduced met hacrylic acid, and a one-pass

yield of rreE’WéEWP d“efd}SdPéFE(ﬁ skiié&’?tlgélty o CORP@ sS4 108l b Rscat ahywer si on
?Eyg?tgaiggLelndé{grmlg A%romlgge g%%é t ggtgeéPacr ﬁgtgfialélgf:
catalyst components. As a heat medium of a reactor, a molten
salt composed of 50 mass % of patassium nitrate and 50 mass %
of sodium nitrite was used. An analysis of reaction raw
materials and products was carried out by gas chromatography.
In addition, a conversion of methacrolein, a selectivity
of produced methacrylic acid, and a one-pass yield of
methacrylic acid are respectively defined as follows.
Conversion of methacrolein (%) = (B/A) x 100
Selectivity of methacrylic acid (%) = (C/B) x 100
One-pass yield of methacrylic acid (%) = (C/A) x 100
In the above definitions, A is the number of moles of supplied
methacrolein, B is the number of moles of reacted methacrolein,
and C is the number of moles of produced methacrylic acid.
[Example 1]
100 parts of ammonium paramolybdate, 2.8 parts of ammonium
metavanadate, and 9.2 parts of cesium nitrate were dissolved
into 300 parts of pure water. A solution of 8.2 parts of 85
mass % phosphoric acid in 10 parts of pure water and a solution

of 1.1 parts of telluric acid in 10 parts of pure water were

~
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‘One-=pass yield of nmethacrylic acid (%9 = (CA x 100 In the above
definitions, Ais the nunber of noles of 'supplied nethacrolein, Bis the
nunber of noles of reacted nethacrolein, and Cis the nunber of noles of
produced nethacrylic acid. [Exanple 1] 100 parts of ammoni um

par anol ybdate, 2. 8 parts of amonium netavanadate, and 9.2 parts of
cesiumnitrate were dissolved into 300 parts of pure water. A solution of
8.2 parts of 85 mass % phosphoric acid in 10 parts of pure water and a

solution afidédltpaabdvef sbaltidrt vl 4t i ) tEn@ft SHpEr yBL£L Wi e
added to above solution with stirring, and tenperature was raised to 95 C

with stirriragsedhen, 98°sokuthost@tr3ng.parhén, 04 sOPREioni bfages pgabrParts
of ferric nitrate, 1.4 parts of zinc nitrate, and 1.8 parts of nmagnesi um
nitrate i no§0cpppes nitrpteg Rabepawas addédrriuor hhieratehi $.41 pavte oBs
stirred for 15 mnutes at 1000C, and an obtained slurry was dried using a
spray dryeeginTwoipaate,ofindr dpBi parter efandgdesdumOfipante oh 8hepapvtd ai ned
dri ed substance and m xed with each other, then pressed into ring tablets
whi ch wer ec$ pP¥¢ Wadharewadi adeedr, Runphen, thisemidtunetwas saidradnfor n
l-ength by using a tabletting machine. The tablets were calcined at 3800C
for 5 hour $SWRLNBELEoRENYO0H r andhan htwined s lnrgys walst draed. usheg a
conposition of tge catalyst 1, represented by an atom c rati o excluding
oxygen, waBra¥ fP8F¥Pdws: MD12P1.5C'Q 3VQ 5FeQ 4TeO.j MyO. j 5Zn0. | Csj

Two parts of graphite were added to 100 parts of the
obtained dried substance and mixed with each other, then pressed
into ring tablets which were 5 mm in outer diameter, 2 mm in
inner diameter, and 3 mm in length by using a tablettingmachine.
The tablets were calcined at 380°C for 5 hours while flowing
air, then a catalyst 1 was obtained. The composition of the
catalyst 1, represented by an atomic ratio excluding oxygen,
was as follows:

Mo,,P, ;Cu, ,V, ;Fe, ,Te, Mg, ,sZn, ,Cs,

A mixture of 370 mL of the catalyst 1 and 130 mL of alumina
balls having an outer diameter of 5 mm was filled into an inlet
part for a raw material gas of a steel made fixed bed tube type
reactor having an inner diameter of 25.4 mm which was provided
with a heat medium bath, and 1000 mL of the catalyst 1 was filled
into an outlet part of the above described reactor. 1In this
case, a length of the catalyst bed was 3005 mm. A raw material
gas consisting of 6.5 volume % of methacrolein, 11 volume % of
oxygen, 10 volume % of steam, and 72.5 volume % of nitrogen was
passed through this catalyst bed at a space velocity of 1000

hr' and at a reaction temperature (a heat medium bath

12



A mi'xture-of 370 nL of the catalyst. | and 130 nL of alumna balls having
an outer dianeter of 5 mmwas filled into an inlet part for a raw nateri al
gas of a steel made fixed bed tube type reactor having an inner dianeter
of 25.4 mm which was provided wth a heat nedium bath, and 1000 nL of the
catalyst 1 was filled into an outlet part of the above described reactor.
In this case, a length of the catal yst bed was 3005 nm A raw materi al

gas consisting of 6.5 volunme % of nethacrolein, 11 volume % of oxygen, 10
vol ume % oftenipRAFt ) & 2MpPlunme % of nitrogen was passed through this
catal yst bed at a space velocity of 1000 hr-' and at a reaction

tenperature (a bﬁah madisuﬁhgta téing A od w&kh@fgaea@zsvpsednﬁ@%ﬁidﬂg a
tenperature of the catalyst bed in this case, a first high tenperature

zone in whicelsey rmfimen Higpeareipara tiiantzoms iIDQHIOH raomaaingnd of the
inlet side for the raw material gas and a second high tenperature zone in
whi ch a mibempematemee patintewpsi Ht 0 was f13M0anmefid @ tthe eénlleofside for et
side for the raw materi al gas were observed. That is, aratio of a

di st ance béheerawmiet eatigle gawoamd ghs ¢eome hdiglr tempeestuoe zdmee iangiiclof t he
catal yst bed was 0.30. In addition, AT at the position of the maxi num

t enper at ur @ Raxinanitempenftgire peiperasui 800 amefvas thkcendmf Alfeainkdie
position of the maxinmum tenperature in the second high tenperature zone
was 19C.  BddendpPr pirefavy msdguiadn Ie600eHm Ik ¥ed- eddads ibheairatto si de

o e ran et 2 2% MB5e 38 nd M (AN oA BN b Bk oSS Ty 1
the length of the catalyst bed was 0.30. In addition, AT at
the position of the maximum temperature in the first high
temperature zone was 21°C, and AT at the position of the maximum
temperature in the second high temperature zone was 19°C.
Further, AT at a position 1000 mm from the end of the inlet
side for the raw material gas was 12°C.

Table 1 shows analytical results for the reaction products
which were collected.

[Comparative Example 1]

A mixture of 620 mL of the catalyst 1 and 130 mL of alumina
balls having an outer diameter of 5 mm was filled into an inlet
part for a raw material gas of the same fixed bed tube type
reactor as used in Example 1, and 750 mL of the catalyst 1 was
filled into an outlet part of this reactor. A length of the
catalyst bed in this case was 3005 mm. The same raw material
gas as used in Example 1 was passed through this catalyst bed
under the same conditions.

Then measuring the temperature of the catalyst bed, only

one high temperature zone was observed in which the maximum
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‘which were collected. [Conparative Exanple 1] A mixture of 620 nL of the
catalyst 1 and 130 nL.of alum na balls having an outer dianeter of 5 mm
was filled into an inlet part for a raw material gas of the same fixed bed
tube type reactor as used in Exanple 1, and 750 nL of the catalyst 1 was
filled into an outlet part of this reactor. A length of the catalyst bed
in this case was 3005 mm The sanme raw naterial gas as used in Exanple 1
was passed through this catalyst bed under the sanme conditions. Then

measuring tf&mpSFREL AL \Aﬁo‘%ﬁﬁf ﬁBE%(F@Eﬁ' ¥bmPadh ARl ¥r O0€ iH1Gh §¢ ggeféwe

zone was observed In maxi mum 13 tenperature point was 0O nm f

the end of the rawehatédEal Gas!hanr awdivtien, alAPas: tReafddkihen, AT at the
maxi nrum tenperature of this high terrperature zone was 31'C. Table 1 shows

results of vaapysasued dhecipadiidh funishieiturd Gumanads verdxanpl e 2] 1500
mL of the catalyst 1 was filled into the same reactor as used in Exanple

1. A length of tTebleatalysts bedudtstdi ankilysisves tHHDTeawdt ibhepBedEct aw
material gas as used in Exanple 1 was passed through this catal yst bed
under the same ddlmigaratsivellBxampdas2rli ng the tenperature of the catal yst
bed, only one high tenperature zone was observed in which the maxi num

t enper at ure poi nt50hEL290 the tabtalyat kewdsofilbhedi it tdidleank rehetonw
material gas. In addition, AT at the naxi mumtenperature of this high

t enper at ur eag avfeedp\iB EZp(ml(ple 1. A length of the catalyst bed at this time

was 3005 mm. The same raw material gas as used in Example 1
was passed through this catalyst bed under the same conditions.
Then measuring the temperature of the catalyst bed, only
one high temperature zone was observed in which the maximum
temperature point was 200 mm from the end of the inlet side of
the raw material gas. In addition, AT at the maximum
temperature of this high temperature zone was 40°C.

Table 1 shows results of analysis of the reaction product.

[Comparative Example 3]

1370 mL of the catalyst 1 was filled into the same reactor
as used in Example 1. A length of the catalyst bed at this time
was 2745 mm. The same raw material gas as used in Example 1
was passed through this catalyst bed under the same conditions.

Then measuring the temperature of the catalyst bed, only
one high temperature zone was observed in which the maximum
temperature point was 200 mm from the end of the inlet side of
the raw material gas. In addition, AT at the maximum
temperature of this high temperature zone was 40°C.

Table 1 shows results of analysis of the reaction product.

14



‘Tabl'e 1 shows results of analysis of the reaction product. [Conparative
Exanple 31 13 7 O nL of the catalyst 1 was filled into the sane reactor as
used in Exanple 1. A length of the catalyst bed at this tine was 2745 mm
The sane raw material gas as used in Exanple 1 was passed through this
catal yst bed under the sane conditions. Then neasuring the tenperature of
the catal yst bed, only one high tenperature zone was observed in which the
maxi num tenperature point was 200 nrmfromthe end of the inl et side of

t he raM/nateriatCgﬁﬁargeiagdgkgﬁ?leAI]at t he maxi num tenperature of this
hi gh tenperature zone was 40'C. Table 1 shows results of analysis of the

reaction produch.mibéd£oFapabine ofxenel €a¥dl s i Xanae1 90 M2 i1 ehihke
catalyst 1 and 130 nL of alumna balls having an outer dianmeter of 5 mMm

was fill edbadlle havingein opardr Baamateavo fEd @i ahsghsl Déd tihrcsameingaet or
as used in Example 1, and 1150 nL of the catalyst 1 was filled into an

out | et parpardffonhiasravmeterial Jangifhtiné shlme ratatystashededtint Bkamplee was
3005 mm The sanme raw material gas as used in Exanple 1 was passed through
thi s catal ystandd Liied: phcthamatookist ilowes Chdhedetne iaryoatiletppanture
of the catalyst bed at this tine, a first high tenperature zone in which

t he maxi nuff EBEHSFRATHA poifndeRgsh2sh the cadalam tehgdodt el #lise wage for
the raw material gas _and a second high, tenperature zone in which the

maxi mum t eAPEPaffre PBEnTAMBST BSONARPE LBM TRE BFRdUSEdt AR Examplesidwasf the

raw material _ga re observed. That is, a
pas e% Vt\%roug %hls catalyst bed under the same conditions.

Upon measuring a temperature of the catalyst bed at this
time, a first high temperature zone in which the maximum
temperature point was 250 mm from an end of the inlet side for
the raw material gas and a second high temperature zone in which
the maximum temperature point was 830 mm from the end of the
inlet side of the raw material gas were observed. That is, a
ratio of a distance between the above two high temperature zones
to the length of the catalyst bed was 0.19. 1In addition, A
T at the maximum temperature of the first high temperature zone
was 16°C, and AT at the maximum temperature of the second high
temperature zone was 37°C. Further, AT at a position 700 mm
from the end of the inlet side of the raw material gas was 10
°C.

Table 1 shows results of analysis of the reaction product.

[Example 2]

100 parts of molybdenum trioxide, 3.2 parts of vanadium
pentaoxide, and 6.7 parts of 85 mass % phosphoric acid were mixed
with 800 parts of pure water. After stirring this mixture for

three hours while heating at reflux, 0.5 part of copper oxide,
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‘rati'o of a distance between the above two high tenperature zones to the

| ength of the catalyst bed was 0. 19. In‘addition, A T at the maxi num
tenperature of the f irst high tenperature zone was 160C, and AT at the
maxi mum t enperature of the second high tenperature zone was 370C. Furt her,
AT at a position 700 mm fromthe end of the inlet side of the raw materi al
gas was 10 O0C. Table 1 shows results of analysis of the reaction product.

[ Exanpl e 2] 100 parts of nolybdenumtrioxide, 3.2 parts of vanadi um

pent aoxi de,o anga&t df Brtic abif,5an@s .2 gﬁphgwfqéﬁa%quhddwﬁfdéﬁM' Wi th
800 parts of pure water. After stirring this mxture for three hours while

heating at adifddixo @he pdktudie,Cepeer ths fleéxtibeOwdsPpstiredd byydih Ford, and
1.2 parts of germani um di oxi de were added to the m xture, then the m xture

was stirrecdvwagdicudforwhiileo Heatrimgtad ecdinis ng Thle oefalied Fharebt shsed
slurry was cooled to 50C, and a solution of 11.2 parts of cesium

bi car bonat eedql 8D arkCof apdr @ watlert iwas ofdddd 2t patrtiiss ofl eesyumand stirred
for 15 mnutes. Then, a solution of 10 parts of amoniumnitrate in 30
parts of puricarhanatednadtaearbs tdk puiner watearndas rddest tot thied furyl5

m nutes, and the obtained slurry containing catalyst conponents was dried
usi ng a sprad d@bigirednf®npds figrt@saphThenvefesadidbiion oo pants off t he
obt ai ned dri ed substance and m xed with each other, then pressed into ring

tabl ets whiZHHEPHALEERER 10} A0PAgt st Burmwakes WasRddgdrtBe sdurrym
and a | engtahndOffuBrtngrussitrgg:raeé E cl)xetltg r}r?innl?tggsi, ,neaind the obtained slurry
containing catalyst components was dried using a spray dryer.

Two parts of graphite were added to 100 parts of the
obtained dried substance and mixed with each other, then pressed
into ring tablets which had an outer diameter of 5 mm, an inner
diameter of 2 mm, and a 1length of 3 mmusing a tabletting machine.
The tablets were calcined at 380°C for 5 hours while flowing
air, then a catalyst 2 was obtained. The composition of the
catalyst 2 represented by an atomic ratio, exclusive of oxygen,
was

Mo,,P,Cu, .V, (Ge, ,B, ,CS,

A mixture of 150 mL of the catalyst 2 and 90 mL of alumina
balls having an outer diameter of 5 mm was filled into an inlet
part for a raw material gas of the same fixed bed tube type
reactor as used in Example 1, and a mixture of 200 mL of the
catalyst 2 and 40 mL of alumina balls having an outer diameter
of 5 mm was filled into a middle part of this reactor, and 1020
mL of the catalyst 2 was filled into an outlet part of this
reactor. A length of the catalyst bed at this time was 3005

mm. The same raw material gas as used in Example 1 was passed
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"The 'tabl ets were cal cined at 380C for 5 hours while flowing air, then a
catal yst 2 was obtai ned. The conposition of the catalyst 2 represented by
an atom c ratio, exclusive of oxygen, was M)12P 1Cuo.1Vo .6Ceo0.2Ba.2C s i A
m xture of 150 nmL of the catalyst 2 and 90 nL of alum na balls having an
outer diameter of 5 nmwas filled into an inlet part for a raw materi al
gas of the sane fixed bed tube type reactor as used in Exanple 1, and a

m xture of 200 nL of the <catalyst 2 and 40 nL of alum na balls having an

outer di anetigfoudh ©hi¥n v@cafydt asbd Niiex MKl anpardodi it ss F eactor, and
1020 nL of the catalyst 2 was filled into an outlet part of this reactor.

A length of the pirmmgsulkdetgas tdiigertdtiraras SO Tatilyst®edgNe £ AMst
material gas as used in Exanple 1 was passed 11 16 through this catal yst

bed under tlinigls atrempenrati i e nondJion widahut hagmax Leup et empe £a ©f r & hso et al yst
bed, a first high tenperature zone in which the maxi num tenperature point
was 180 mmwasm &h remdf xdm tdre end etf shdeinletheidaw fratlke i mdw mmiser Bakecond
hi gh tenperature zone in which the maxi mum tenperature point was 620 mm
fromthe er@R®f 2 hee¢ondthighictempendtaurengang e afhigds, thendnaximimd hi gh
tenperature zone in which the nmaxi numtenperature point was 1100 nm from
the end of t¢EPEYFtere RUNoWaghb2p Jun faoay the gad afetheobsdetedidehaf | s,
anong the above three adiacent hi gh tenperature zones, a ratio of a

di st ance betRh@&d"RAtEridt 9afy #Re SERORY MHighterrpEpbnGrZomd® which

the maximum temperature point was 1100 mm from the end of the
inlet side of the rawmaterial gas were observed. That is, among
the above three adjacent high temperature zones, a ratio of a
distance between the first and the second high temperature zones
to the length of the catalyst bed was 0.15, and a ratio of a
distance between the second and the third high temperature zones
to the length of the catalyst bed was 0.16. In addition, A
T at the maximum temperature of the first high temperature zone
was 16°C, AT at the maximum temperature of the second high
temperature zone was 18°C, and AT at the maximum temperature
of the third high temperature zone was 17°C. Further, AT at
a position 480 mm from the end of the inlet side for the raw
material gas was 9°C, and AT at a position 960 mm from the end
of the inlet side for the raw material gas was 9°C.

Table 1 shows results of analysis of the reaction product.
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‘to the length -of the catalyst bed was 0.15, and a ratio of a distance

bet ween the second and the third high tenperature zones to the |length of
the catal yst bed was 0.16. In addition, O T at the naxi numtenperature of
the first high tenperature zone was 16C, AT at the maxi mum tenperature of
the second high tenperature zone was 18C, and AT at the maxi num
tenperature of the third high tenperature zone was 17C. Further, AT at a
position 480 mmfromthe end of the inlet side for the raw naterial gas
was 9C, and AT @bbgepqsition 960 nn1fron1the end of the inlet side for the

raw net er i aBEedtS P ConliL 1+o%a“ el \hsc %fa ?Eu\é i”‘f Fyction
product. 1 E gtﬂveaxa%rl gpg r%bﬂi‘ fI ow
Conpar at i E ylccwl yy pCi @(%
Exanpl e 184"'504 0716 uunpou our ve 8% 781970 2 Exanmpte—t—Conparative
87.978.168E§a559gpﬂe P Compgy af i ve §7.378.536§, 4 Example 3 §?pgarat|ve
Comparative -
85.7 81.9 70.2
Example 1
Comparative
87.9 78.1 68.6
Example 2
Comparative
87.3 78.3 68.4
Example 3
Comparative
86.3 79.5 68.6
Example 4
Example 2 85.2 85.4 72.8

Industrial Applicability

According to the present invention, when synthesizing
methacrylic acid by filling a solid oxidation catalyst into a
fixed bed tube type reactor provided with a heat medium bath
and by flowing a raw material gas containing methacrolein and
oxygen through the catalyst bed, methacrylic acid can be
manufactured in high yields by providing two or more high
temperature zones in which each AT is 15 to 35°C without
providing any sections in which ATs exceed 35°C.

Also, according to the present invention, the yields are
further increased by providing a first high temperature zone
and a second high temperature zone from an inlet side for the

raw material gas in such a manner that a distance between these

hS
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"86.379.568. 6 Exanpl e 4 Exanpl e 285.285.472.8 Industrial Applicability
According to the present invention, when synthesizing nmnethacrylic acid by
filling a solid oxidation catalyst into a fixed bed tube type reactor
provided with a heat nmediumbath and by flowng a raw naterial gas

cont ai ni ng nmet hacrol ein and oxygen through the catal yst bed, nethacrylic
acid can be manufactured in high yields by providing two or nore high
tenperature zones in which each AT is 15 to 35C without providing any
sections i midh ctenfodifaticeebrtr. iNE.2 R eQdithtes0ahh8vBE§ €M ength
invention, the yields are further increased by providing a first high

t enper at ur eofottige @aca bysedead. hi gh tenperature zone froman inlet side for
the raw material gas in such a nanner that a distance between these 18

hi gh t enper at ur &uanties ,i sthk 2yields 9aremadsan ianatealded engtémpXdy ity a
catal yst bed. Further, the yields are also increased by enploying a

conposi t e oxdmeos bpe esdrleedepyeshptatiove thesabbbedlésenibed Ebyrmuas @l pol i d
oxidation catalyst. 11 19 CLAIMS 1. A nethod for manufacturing methacrylic
acid, in whathht$elidenidayloe eatalystsynt hesi zed by using a fixed bed
tube type
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"reactor provided wth a catalyst bed into which a solid oxidation catalyst
is filled and with a heat nmediumbath and by flowng a raw material gas
cont ai ni ng met hacrol ein and oxygen through said catalyst bed,
characterized in that the catal yst bed does not have any sections in which
a tenperature difference between the heat nedium bath and the catalyst
bed { AT = (catal yst bed tenperature) - (heat nedium bath tenperature) }
exceeds 3 5C and two or nore high tenperature zones in which each AT is 15
to 35C are provided. 2. The nethod foremug acturing mat hacrylic acid
according to claiml1, characterized in that a distance between a first
hi gh tenperature zone and a second high tenperature zone from an inlet
side for the raw material gas is 0.2 to 0.9 tinmes an overall length of the
catal yst bed. 3.A Meehodt hod rfaru feotid miod ¢ et aw@tylacs woid ,a¢hwiRtER rdieng
toclaim1 or 2, characterized in that said solid oxidation catalyst is a
conposi te oréthacep! tsattial ilsyspntbekawnedgby arsing a €ixed\vbe®bhibél XGHeOg
wherein, Mo, P, Cu, V and O represent nolybdenum (1) phosphorus, copper,
vanadi um afeRetQyprovidedatitlivaloatal vyt bedriggenwhiah d eadid oxd daltdment

sel ected froma group consistin of iron, cobalt, nickel, zinc, magnesium
cal cium st?¥RINFH 1pdildRd andawiilin acheaki nadivn et mnddiyfiestng

silver, boron, silicagn, tin, |lead, arsenic, antinpny, bisnuth, niobium
a raw material gas containing methacrolein’and oxygen through
said catalyst bed, characterized in that
the catalyst bed does not have any sections in which a
temperature difference between the heat medium bath and the
catalyst bed {AT = (catalyst bed temperature) - (heat medium

bath temperature)} exceeds 35°C and two or more high temperature

zones in which each AT is 15 to 35°C are provided.

2. The method for manufacturing mathacrylic acid according
to claim 1, characterized in that a distance between a first
high tempefature zone and a second high temperature zone from
an inlet side for the raw material gas is 0.2 to 0.9 times an

overall length of the catalyst bed.

3. The method for manufacturing mathacrylic acid according
to claim 1 or 2, characterized in that said solid oxidation
catalyst is a composite oxide represented by a following formula
(1):
Mo,P,Cu,V X, Y0, (1)
wherein, Mo, P, Cu, V and O represent molybdenum,

phosphorus, copper, vanadium, and oxygen, respectively, X
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tantal um zirconium indium sulfur, selenium tellurium |anthanum and
cerium and Y represents at |east one elenent selected froma group

consi sting of potassium rubidium cesium and thallium wherein a, b, c,
d, e, f and g represent atomc ratios of respective el enents, and when
a=12, 0.1sbs3, 0.01 scs3, O Olsds3, OCses3 and 0.01sfs3, and g is an atom c
ratio of oxygen which is required to satisfy a val ence of said each
conponent. 4. The method for manufacturing mathacrylic acid according to

any of claireprhedents atlbefet ehiczeTendnt Bell At edNtrdiRsidrdiiScoREithengi gh

tenperature zones are controlled by adjusting a catalytic activity pér

uni t vol unefiritroinn sabdltat aligkelherin@)l magnesium, calcium, strontium,
barium, titanium, chromium, tungsten, manganese, silver, boron,
silicon, tin, lead, arsenic, antimony, bismuth, niobium,
tantalum, zirconium, indium, sulfur, selenium, tellurium,
lanthanum, and cerium, and Y represents at least one element
selected froma group consisting of potassium, rubidium, cesium,
and thallium, wherein a, b, ¢, d, e, f and g represent atomic
ratios of respective elements, and when a=12, 0.1<b<3, 0.01
=c=<3, 0.01=d=<3, O0<e<3 and 0.01<f<3, and g is an atomic ratio
of oxygen which is required to satisfy a valence of said each

component.

4, The method for manufacturing mathacrylic acid according
to any of claims 1 to 3, characterized in that AT and positions
of the high temperature zones are controlled by adjusting a

catalytic activity per unit volume within said catalyst bed.
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