} DESCRI PTION METHOD FOR PRODUCI NG a, p- UNSATURATED CARBOXYLIC ACID o
TECHENI CA! FI ELD The present invention relates to a nethod for producing an
a, p-unsaturated carboxylic acid. In particular, the present invention
relates to a nethod for producing an a, p-unsaturated carboxylic acid by
carrying out oxidation of an olefin or an a, p-unsaturated al dehyde in a

| i qui d phase. 10 BACKGROUND ART I n Patent Docunent 1 and Patent Docunent 2,
catal ysts for producing an a,p-unsaturated carboxylic acid by carrying out
oxidation of an olefin or an a, p-unsaturated al dehyde wi th nol ecul ar
oxygen in a liquid phase (expressed @ES&RIPTIQNi d- phase oxidation") and

nmet hods for producing the sane are disclosed. Patent Docunent 1. Japanese
Pat ent Application Laid-Open No. 2004-141,828 Patent Docunent 2:

I nternational R ' [ 8 I 20
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(meth)acrylic acid is produced by carrying out |iquid-phase oxidation of
propyl ene or isobutylene with nolecular oxygen, it has been found through

the invegtigation of the present i?éejﬂ@%%ﬁm(mt h)acrylic anhydride is
[ n

si mul t aneously formed. The oxidation 25 propyl ene or

i sobutyl ene is a StyEBRsNPirvERGOH ?é]até.sqow}n%ih@foglp?%{fﬁbgaﬂXi dized to
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form (nmeth)acrolein ih the first-stage reaction an e crol ein thus

formed is axpdinsaturated e4rBokyis Sgidc’ ngﬁniéﬁth! thé g?@é‘etﬁffﬁﬁ?ﬁlbﬁtréﬁes toa

reaction. It 1s not 1 concluded throu what route 1n the reaction process

(et h) acry| imethokfdr petRiticing an @&,%@ﬁzbéﬁﬁateh%@iyiiciécid by RanRyiHgRsutt hat

(meth)acrylic anhydride be forne
oxidation of an olefin or an o,B-unsaturated aldehyde in a liquid phase.

10
- BACKGROUND ART
In Patent Document 1 and Patent Document 2, catalysts for producing
an a,B-unsaturated carboxylic acid by carrying out oxidation of an olefin or an
a,-unsaturated aldehyde with molecular oxygen in a liquid phase (expressed
16  as "liquid-phase oxidation”) and methods for producing the same are disclosed.
Patent Document 1: Japanese Patent Application Laid-Open No. 2004-141,828
Patent Document 2: International Publication No. WO 02/083,299

DISCLOSURE OF INVENTION
20 PROBLEM TO BE SOLVED BY THE INVENTION
However, for example, when (méth)acrylic acid is produced by carrying
out liquid-phase oxidation of propylene or isobutylene with molecular oxygen, it
has been found through the investigation of the present inventors that
(meth)acrylic anhydride is simultaneously formed. The oxidation reaction of
25 propylene or isobutylené»is a successive reaction, in which an olefin is oxidized
to form (meth)acro!ein in the first-stage reaction and (meth)acrolein thus formed

is oxidized to form (meth)acrylic acid in the second-stage reaction. It is not



through a reaction of (meth)acrolein, (neth)acrylic acid, and oxygen
becduse ‘the existence of (meth)acrylic anhydride is confirmed only after
oxidation of an 5 olefin has proceeded to sonme extent and concentrations of
(meth)acrolein and (nmeth)acrylic acid have becone high. In Patent Docunent
1, there is a description on a polyner and oligomer as by-products,
however, existence of (nmeth)acryllc anhydride is not confirmed. Further,
in Patent Docunent 2, there is a description on a formation of methyl 10
formate froman a however, there is no
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al dehyde in @émwrﬁ[id)gggq,avmn?dﬁgﬁqw NG THE PROBLEM The present

i nventors have diligently researc met hod for transform ng

en " RS researched .
(meth)acrylic anhydrPatentDoslimbat 1 Ré AP ebSHptRM @}g?maf ﬁﬁggmgor%ér' n

the production of (neth)acrylic acid into a target

i ndustrial sasbpproducts|ciowsverabristenbe of pnsth)aeilic aRRJdad@iseiét cotfinmed.
result, they have found that (neth)acrylic anhydride” can be transfornmed

into a tar gdturthareini Baten Dacamient 2pthege (swaideserption on arfoprriaticwe of niethylont act
wi th an al cohol or water, which has beconme a clue to the present
i nventi dR. Homatefromiananalysis o arrgaction liquigj ndwevsr, there is no description on
a formation of (meth)acrylic anhydride. In this manner, when (meth)acrylic acid
is produced through liquid-phase oxidation of an olefin or (meth)acrolein, for
example, so far no countermeasures have been taken for a formation of
(meth)acrylic anhydride which is a by-product, and there still has been
15 considerable room for improvement in a yield of (meth)acrylic acid which is a
target material.
It is an object of the present invention to provide a method for enhancing
a yield of an a,B-unsaturated carboxylic acid when the «,B-unsaturated
carboxylic acid is produced by carrying out oxidation of an olefin or an

20 a,p-unsaturated aldehyde in a liquid phase.

MEANS FOR SOLVING THE PROBLEM
The present inventors have diligently researched a method for
transforming (meth)acrylic anhydride which is inevitably formed as a by-product
25  in the production of (meth)acrylic acid into a target material in an industrial scale
in order to solve the above-mentioned subject. As a result, they have found

that (meth)acrylic anhydride can be transformed into a target material by



(neth)acryllc acid which is a target material can be sharply inproved by
util*izing the method of bringing (nmeth)acrylic anhydride, which is forned
as a by-product 5 in the case of |iquid-phase oxidation of an olefin or
(meth)acrolein, into contact wth an al cohol or water, and have
generalized these information and thus have conpleted the present
I nvention. Nanely, the present invention relates to a nethod for producing
an a, p-unsaturated carboxylic acid, conpr|5|ng the steps of, 10 (a)
olefin or an a, 0-unsaturated aldehyde in
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able to carry out an embodi ment of I nventron

anot her scheasm-hpretédmgpheggﬁﬁﬁvgﬁw ng a constitution of equipnment for the
production of an a, p-unsaturated carboxylic acid froman olefin as a raw

material, which i sNarnely, the present invention el e inetfod ft? pho ﬁg ah
i nventi on. EXPLANATI ON OF NUMERALS 101: Reactor for |1 quid-phasé oxidation
o, B-unsaturated carboxylic acid, comprising the steps of:
10 (a) carrying out oxidation of an olefin or an «,p-unsaturated aldehyde in
a liquid phase to obtain a reaction mixture containing an o,p-unsaturated
carboxylic acid and an «,B-unsaturated carboxylic acid anhydride; and
(b) bringing the o, B-unsaturated carboxylic acid anhydride into contact
with an alcohol or water to obtain an «,B-unsaturated carboxylic acid resulting

16  from decomposition of the o, B-unsaturated carboxylic acid anhydride.

EFFECT OF THE INVENTION
According to the method of the present invention, a yield of an

«,B-unsaturated carboxylic acid which is a target material can be enhanced.

20
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic flow diagram showing a constitution of equipment
for the production of an o,B-unsaturated carboxylic acid from an olefin as a raw
material, which is able to carry out an embodiment of the present invention.
25 Fig. 2 is another schematic flow diagram showing a constﬁution of

equipment for the production of an a,p-unsaturated carboxylic acid from an

olefin as a raw material, which is able to carry out an embodiment of the present
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a, p-unsaturated carboxylic acid in a high yield by carrying out oxidation
of @& olefin or an a, p-unsaturated al dehyde in a |iquid phase. Concretely,
the a,p-unsaturated carboxylic acid is obtained through |iquid-phase
oxidation reaction, and besides, an a,p -unsaturated carboxylic acid
anhydride formed in 10 the |iquid-phase oxidation as a by-product Is
deconposed by bringing the a, p-unsaturated carboxylic acid anhydride into
contact with an alcohol or water to obtain the a, p-unsaturated carboxylic

acid. At firgt, h resent inyention, a step (a) is carried out, in

which an ol 3%% H*s']?-haﬁnﬁ,camnmmlwnsaa&mdr@emqu@d inaliquid

phase to obt agihaa. reacti,on. m xture containing an a, p-unsat ur at ed
JotABi AR i

carboxylic a ¥€ur at ed carboxylic acid anhydride. In the
present invention, an olefin or an a, p-unsaturated al dehyde can be used as
a raw material for the |iquid-phase oxidation. As the olefin to be wused as
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saturated | ower al dehyde may be included, as an iInpurity, I1n the olefin or

the a, p- unsafursatdraied eapsbxytio abid iv dbthined throughwqiii-phase oxidalite

a, p-unsaturated carboxylic acid to be produced is the one having the sane
carbon skel geagtion, antbesidgs rart o afrisaturated carbbrylieacid amydtitie foraved in
material is the olefin, and the one in which the al dehyde group of the

ori gi nall0 a thelignichkphase euidatior mgdcbyrpsoduct isydecomposed by bairiging/thegr oup i n
the case that .5 the raw material is the a, p-unsaturated al dehyde.

Concret el y, %Bryfisaduragedicasoxylic acid anhydride into contact with an alcohol or water

to obtain the a.,p-unsaturated carboxylic acid.

At first, in the present invention, a step (a) is carried out, in which an

olefin or an a,B-unsaturated aldehyde is oxidized in a liquid phase to obtain a
16  reaction mixture containing an a,B-unsaturated carboxylic acid and an
a,B-unsaturated carboxylic acid anhydride.

In the present invention, an olefin or an o, B-unsaturated aldehyde can
be used as a raw material for the liquid-phase oxidation. As the olefin to be
used as the raw material, for example, propylene, isobutylene, or 2-butene can

20 belisted. As the o,p-unsaturated aldehyde to be used as the raw material, for
example, acrolein, methacrolein, crotonaldehyde (8-methyt acrolein), or
cinnamaldehyde (B-phenyl acrolein) can be listed. Among the olefins,
propylene or isobutylene, and among the a,p-unsaturated aldehydes, acrolein
or methacrolein are preferable to be used as the raw materials for the

25 liguid-phase oxidation. A small amount of a saturated hydrocarbon and/or a
saturated lower aldehyde may be included, as an impurity, in the olefin or the

a,B-unsaturated aldehyde to be used as the raw material.



obt ai ned when the raw material is propylene or acrolein and nethacrylic
acid is obtained when the raw material is isobutylene or nethacrolein. The
reaction solvents to be used In the |iquid-phase oxidation reaction is not
particularly limted and water, al cohols, ketones, organic acids, organic
acid 10 esters, hydrocarbons and the |ike can be used. As the al cohols,
for exanple, tertiary butanol and cycl ohexanol can be listed. As the

ket ones, for exanple, acetone, nmethyl ethyl ketone, and nethyl isobutyl
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nore preferably 5% by mass or nore, 25 and preferably 70% by nmass or |ess

to the mass of theTha remdtionisolventsitochernsed intihefliguithbhiadd ¥xidation séadtion i§SS -
It is desirable that the m xed sol vent be honobgeneous, however, the m xed

sol vent nay ¥ Pasticulady bmited andgwateq aicshols, ketonés) drianiprezidy)organieaicidon, a
sol vent which does not contain water and alcohols can al so be used
ef f ect i V@I y eflersyBydrogarhans and thenlike can be usede s Astthe akaotiois) for exemplepunt

of the oIef%n or hé@@ o-ansaturated 5 al dehyde in the reaction solvent in
whi ch the | tGHag bH 1 80d gyelobaxarelqandse listed. As the ketones, for example,

acetone, methyl ethyl ketone, and methyl isobutyl ketone can be listed. As the
organic acids, for example, acetic acid, propionic acid, n-butyric acid, iso-butyric
acid, n-valeric acid, and iso-valeric acid can be listed. As the organic acid
16  esters, for example, ethyl acetate and methyl propionate can be listed. As the
hydrocarbons, for example, hexane, cyclohexane, and toluene can be listed.
Among them, organic acids having 2 to 6 carbon atoms, ketones having 3to 6
carbon atoms, and tertiary butanol are preferable. These solvents can be used
alone or as the mixed soivent of two or more kinds. Further, when at least one
20 compound selected from the group consisting of alcohols, ketones, organic
acids, and organic acid esters is used as the solvent, it is preferable to mix the
compound with water to form a mixed solvent. The amount of water in the
mixed solvent is not particularly limited, however, it is preferably 2% by mass or
more to the mass of the mixed solvent and more preferably 5% by mass or more,
25 and preferably 70% by mass or less to the mass of the mixed solvent and more
preferably 50% by mass or less. It is desirable that the mixed solvent be

homogeneous, however, the mixed solvent may be used in a heterogeneous



carried out is preferably 0.1% by nass or nore to the reaction sol vent

exi $ting‘in the reactor and nore preferably 0.5% by mass or nore, and 50%
by mass or less to the reaction solvent existing in the reactor and nore
preferably 30% by nmass or less. 10 In the present invention, it is
suitable to use a noble netal -containing catalyst prepared, for exanple,
in the followng nmethod at the tine of the |I|iquid-phase oxidation
reaction, however, the noble netal -containing catalyst prepared in a

di fferent neﬁ% d or the one on sale may al so be used. The noble

met al - cont ai ﬁﬁ catal yst can be prepared by dissolving a 15 nohl e netal
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i nvention indicates palladium platinum i um

gol d, si | vertheréactoriand micreqsreferablyABRIbY Rfels drahbad iand) 50% 3y MEEs or

rhodium ruthenium iridium and gold are preferable, and pall"adiumis

parti cul ar | yegs tef theaiebetiomMsbiventrexisting imtheLregetdr andenorepreférablle30% by
preparation 7 4 Y of the noble netal -containing catal yst are not

parti cul ar| yn#ss.9rie8s. however, for exanple, chlorides, oxides, acetates,
nitrates, sulfates, tetraanm ne conpl exes, and acetyl acetonate conpl exes

of a nobe netal H thepeesenkinvention, ibis suitable taisia nobile:metalscontaining es,
and sul fat e%a?aflys% pr}ggéreed, érael,xaer‘rrl&e%rtﬁe%l?;\ﬁiag t3z|1§t’l'|<>d at the time of the
liquid-phase oxidation reaction, however, the noble metal-containing catalyst
prepared in a different method or the one on sale may aiso be used.
The noble metal-containing catalyst can be prepared by dissolving a
16  noble metal compound into a solvent and by reducing thé resultant liquid using a
reducing agent. Through this reduction, the target noble metal-containing
catalyst is deposited. The catalyst can be a supported catalyst in which a
noble metal is supported on a carrier, however, the catalyst may be a
nonsupported one. The reduction can be carried out in a gas phase, however,
20 it is preferable that the reduction be carried out in a liquid phase. Hereinafter, a
liquid-phase reduction method in which a noble metal compound is reduced in a
liquid phase will be explained.
The noble metal contained in the noble metal-containing catalyst to be
used in the present invention indicates palladium, platinum, rhodium, ruthenium,
25 iridium, gold, silver, rhenium, and osmium. Among them, pailadium, platinum,
rhodium, ruthenium, iridium, and gold are preferable, and palladium is

particularly preferable. Noble metal compounds to be used in the preparation



5 and chlorides, acetates, and nitrates of a noble nmetal are particularly
preferabre. At first, a noble netal conpound solution is prepared by

di ssolving the foregoing noble netal conmpound in a solvent. As the
solvent, one kind or two or nore kinds of solvent selected fromthe group
consisting of water, alcohols, ketones, organic acids, and hydrocarbons
can be used. The concentration of 10 the noble netal conpound in the noble
nmet al compound solution Is preferably 0.1 % by nass or nore, nore
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The pressure is preferably 0.1 to gauge pr
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the case that the reducing agent is a liquid, thereis nolimtationto a

devi ce for rgdoetenkinds of solvent selecied#ro tikel aedup bonsistincofiRdter atlcaibis DY
adding a redu0| ng agent to the noble netal conpound solution. At this

time, the 8 kedongs, vrganie acids, and iydrapaaens can beaisesed The coricentratios wfar | y
limted v |s preferably about | to 100 noles to 1 nole of the
nobl e nﬁ?al V\E% lmetamemmwriattﬂe ooble metal cotpoiung sohsticmmisgireférablyi ne of
reduction apd, %r})y mass or more, more preferably 0.2% by mass or more, and particularly
preferably 0.5% by mass or more, and preferably 20% by mass or less, more
preferably 10% by mass or less, and particularly preferably 7% by mass or less.
Next, the noble metal is reduced by adding a reducing agent to the
16  noble metal compound solution. The reducing agent to be used is not
particularly limited and, for example, hydrazine, formaldehyde, sodium
borqhydride, hydrogen, formic acid, a formate, ethylené, propylene, or
isobutylene can be listed.
In the case that the reducing agent is a gas, it is preferable to carry out
20  reduction in a pressure device such as autoclave or the like to increase solubility
of the gas into a solution. At that time, it is preferable that the inside of the
pressure device be pressurized with the reducing agent. The pressure is
preferably 0.1 to 1 MPa (gauge pressure; hereinafter, pressure is expressed in
gauge pressure unless otherwise statéd).
25 In the case that the reducing agent is a liquid, there is no limitation to a

device for reducing the noble metal and reduction can be carried out by adding

a reducing agent to the noble metal compound solution. At this time, the



reducing tinme are variabl e depending on a reducing nethod, a noble netal 5
conpound "to be used, a solvent or a reducing agent, and cannot be exactly
af fi rmed, however, the reducing tenperature is preferably 0 to 100C, and
the reducing time is preferably 0.5 to 24 hours in the case of

| i qui d- phase reduction nethod. The supported catal yst nay be prepared in
the sanme manner as in the 10 case of preparing the nonsupported catal yst
except that reduction is carried out wth a carrier being present in the
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catalyst) can be filtrated by filtration, cent ugat’ on,

The resul t anedusingetime éipratrablyTe 530 20RbateThe 6356 of yuld<ptisenBaluid | ed.
The drying method 25 is not particularly imted and variods nethods can be

used. The physthedl. properties of the prepared nobl e metal -containi ng
catal yst can be confirmed with BET surface area neasurenent, XRD

measur enent, CO pulhgesuppostest catalyst mayshe prepared ittt same nearaér.asdndhé he
| i ke. The nobl e tal-containing catalyst is used in a suspended state in
the redfti SRS JRrEPNindihechonsupported eatplyaisexcept thatireduttioncisroairdet out
however, it with a carrier being present in the noble metal compound solﬁtion. As the
carrier, for example, activated carbon, carbon black, silica, alumina, magnesia,
calcia, titanié, or zirconia can be listed. Among them, activated carbon, silica,
and alumina are preferably used. A loading ratio of the noble metal is
16  preferably 0.1% by mass or more to the mass of the carrien; before the noble
metal is supported, more preferably 1% by mass or more, furthermore
preferably 2% by mass or more, and particularly preferably 4% by mass or more,
and preferably 40% by mass or less to the mass of the carrier before the noble
metal is supported, more preferably 30% by mass or less, furthermore
20 preferably 20% by mass or less, and particularly preferably 15% by mass or
less.
A precipitate deposited by reduction (a noble metal-containing catalyst)
can be filtrated by filtration, centrifugation, and the like. The resultant
separated noble metal-containing catalyst is properly dried. The drying method
25 Is not particularly limited and various methods can be used. The physical
properties of the prepared noble 'metal-containing catalyst can be confirmed with

BET surface area measurement, XRD measurement, CO pulse adsorption



be used in a fixed bed. The anount of the noble netal-containing catal yst
in 6 the'reaction liquid is, as a catalyst existing in the reactor,
preferably 0.01 part by nmass or nore to 100 parts by mass of the solution
existing in the reactor in which the |iquid-phase oxidation is carried out
and nore preferably 0.2 part by mass or nore, and preferably 50 parts by
mass or less to the solution existing in the reactor and nore preferably
30 parts by nass or less. 10 Usually, the |iquid-phase oxidation reaction

s car oo ot Se0 g LD A OeEn o the e
T au - phase.ox! dateonBARE5REREINY Paikysl R Ta5d in a bapeniscCstmts ben
%Egﬁl gfggf‘ﬁg&é‘?‘?ﬂ%‘?‘ér‘z 3‘*55‘33:5 ?ﬁ@é%Bﬂgg%?ﬂwﬁﬁ?%gé'&!ﬁ? 5%@%\'5%39’3% .
the 3,3 Egﬁa‘?;ﬁf%‘{ B #IRGERI. The rjaé‘m%r'ﬁ_fﬁ ingoBls' SefpiEBnfitng caaigstih N
to 1 ol e of s e SrEIdUPies afl GatBlysBidBiing i BaBich bebreidolR. 6 sl OV
25 nol es or rhwssorm’mﬂe?@10@b_hh@Wﬁhﬁs@bﬁf@@&h?{?igxiﬁgh?@eﬂﬁ t‘ggi%?r ijhe gas

contai ni ng nol ecul ar oxygen is preferably supp phase in
a ninute bubilich theliquidphage Dxitutiofiis cariud eut arbnidke peaferdbily 012 , for
exanple, a perforated plate, a nozzle, or a porous plate can be lTistéd. A

super fi ci al Massoen mereyfandprefprably G0 pants by nmedscsrbes tootheosviution exisfieg rb! v

0.2 25 cms _or nore and nore preferably 0.5 cnis or nore, and preferably 30
cm's or | ethe [gactarmard mose preferably 80parts by masswr I8 reaction tenperature
and the_reaction glrsessure at which the 10 l|iquid-phase oxidation reaction

is carri®d out ar ¥sgalipdhe lquidinhasemxidationireagtion is camiedeutiusing 8 gesent and

t he raw materrlr\%Ls to t1e l.Esed. The reaction tenperature is preferably 60C
or above anHONGIUNGMPRCURT 9XyESN. o Asthiegas containing molecular oxygen, air is

preferable in view of oxygen concentration and an economic feasibility, however,

in the case that the liquid-phase oxidation reaction is carried out at a
high-concentration oxygen, pure oxygen or a mixed gas of pure oxygen and air,
15  nitrogen, carbon dioxide or water vapor can be used, if necessary. The amount
of molecular oxygen is preferably 0.1 mole or more to 1 mole of the olefin or the
a.B-unsaturated aldehyde, more preferably 0.3 mole or more, and furthermore
preferably 0.5 mole or more, and preferably 30 moles or less to 1 mole of the
olefin or the o, B-unsaturated aldehyde, more preferably 25 moles or less, and
20 furthermore preferably 20 moles or less.
The gas cbntaining molecuiar oxygen is preferably supplied to the liquid
phase in a minute bubble state using a gas distributor. As the gas distributor,
for example, a perforated plate, a nozzle, or a porous plate can be listed. A
superficial velocity of the gas containing molecular oxygen is preferably 0.2
25  cm/s or more and more preferably 0.5 cm/s or more, and preferably 30 cm/s or
less and more preferably 25 cmis or less.

The reaction temperature and the reaction pressure at which the

10



and preferably 200C or bel ow and nore preferably 150C or bel ow. The 5
reattion"pressure is preferably not |ess than the one at which the reaction
liquid is liquefied at the reaction tenperature, and concretely, it is
preferably 0.05 MPa or nore and nore preferably 0.1 MPa or nore. It Is
desirable to set the reaction pressure at a high val ue because the

oxi dation reaction proceeds quicker as the reaction pressure becones

hi gher, however, it is preferably 10 10 MPa or |ess and nore preferably 8

MPa or !ess_&ro rﬂi\ge eco ? i cal point of view It is preferable to use
pol ymer: zat i SIS SPPJPJ:a Qﬂ_f@?@@?ﬂ lﬁ&qmd/@utarepngppe_ﬂy seleftas#ﬂ:]enendaw on
| qui d phasctSEA400T shvedtendihe ¥ el sabeiusad, o eRRBieDr s which can
ycroqui nonc TR RE T BiefEiapl o L B B dtoraprefermbl BoC or abdia,

o - pheny! 4N PASBER A0ORSHA BHLAY e roadiletic i, e ° 1
4 (1 ( ot Sy 70 ProsHte o bréferabiynoribdS B e SR W ien Ind facBh i
can be |i stigiqudfied aftpie'veabfiort tenprayire’ 4Rd yﬁ&etélg'tiffgﬁﬁgfbr{aﬁlgfbﬁggvm%' S

the anount which is necessary to prevent polyneriz

materi al s argf rhore amd afbre pleferabii©.1 MRY &r RidF6S ¥ g@éi}élﬂ%'i@@ﬁ#fhﬁn- The
{ by et

| i qui d- phase oxi dation reaction can be carried ou er of a 25 batch

type oper at ireaction prassute at@hight vaiee Geecaase tHo oXI@HEOIF FeacliohibLaady!'s type
operation is industrially preferable. In the case of the continuous type

operation, tquiskerias the reaction pressurecsedomes highenhdweverdt opreferabnigal
reaction 11 can be carried out. However, for exanple, a packed-colum
react or 10a Mit@er lessanshmore praferably 8JdParordessfram  the @oonomicaipaint-afower
reactor and a tray-tower reactor can be used. Anong them a bubbl e-col um
react or and VigW.

Itis preferable to use polymerization inhibitors in order to prevent
polymerization of raw materials or products at a high temperature at the time of
the liquid-phase oxidation reaction. As the polymerization inhibitors which can

16  be used on this occasion, for example, phenolic compounds such as
hydroquinone and p-methoxy phenol, amine compounds such as
N,N'-diisopropyl-p-phenylenediamine, N,N'-di-2-naphtyl-p-phenylenediamine,
and N-phenyl-N'-(1,3-dimethylbutyl)-p-phenylenediamine, and N-oxyl
compounds such as 4-hydroxy-z,2,6,6-tetramethylpiperidine-N-oxyI or

20 4-(H~-(OCH:CH,)s-0)-2,2,6,6-tetramethylpiperidine-N-oxyl (n being 1 to 18) can
be listed. The amount of the polymerization inhibitors to be used is the amount
which is necessary to prevent polymerization of the raw materials and the
products in the liquid-phase oxidation reaction.
The liquid-phase oxidation reaction can be carried out by either of a
26  batch type operation or a continuous type operation, however, a continuous type
operation is industrially preferable. In the case of the continuous type

operation, there is no restriction as long as gas-liquid-solid chemical reaction

11



stirred-tank reactor are preferably used when a |iqui d-phase oxidation
reaction’5 is carried out with a noble netal -containing catal yst being
suspended in a reaction liquid. It is possible to carry out a |iquid-phase
oxi dation reaction using, when necessary, an inline nultistage-tank
reactor in which two or nore stages of tanks are arranged in series and a
reaction liquid is caused to pass through each tank in order. A retention

time of areaction liquid in a reactor can 10 be properly sel ected
a reaction
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05, nou GBS R et KA R, oo LRI 12
e |14 ISR BN 50| et SN PO R

(e et el T SUEBRce s AP AY PR R TP Pl paig o=
Puch 25 L A St 6 G et A e Sob S BRI P ©

formation ofrea@tibhiqala! ORfas pBesiBRSo cﬂ?ﬁft oY & i&ﬁ]ﬂe&%?%étfbﬁ fdacfio§yas I n

whi ch the unreacted oxygen gas is dildted w oregol ng I nert gas

contai ns_ravusimg,evhen necestary, @ncihline nilistagé-tankreackerih WHISHE fWé 8 nrdtreand
hence, after the raw materials and the reaction solvents are usually

recover ed frefages ohtanketre branfed imsetievand a reasticn liglid is causddt pases i s
treated with incinerator and the like fromthe 25 viewpoint of air

pol | uti on cdhraugh eachdank in ofdesr Alnetentiohdime oba eeaction liquid ih & réectorecan Nt o
the atnosphere. As a nethod of this recovery, an absorption nethod, an
adsor pt i8n RS pregerly selegted depending va an ameunt aba Acbleometalwontaining

a,p-unsaturatgﬂ carboxy|ic acid can be obtai ned through the |iquid-phase
oxi dati on r E8@lYHn2 featliantempasatues, a reactionressurec and the like,hawevernisis

i nvestigation_of .the jnventors, that an a, p-unsaturated carboxylic
98t Pletdrabiy 0.1 Rodr or more and more preferably 0.2 hour or more, and

preferably 10 hours or less and more preferably 8 hours or less.

| It is apprehended that, in the liquid-phase oxidation reaction, a gas

15 containing molecular oxygen which has passed through a liquid-phase part of
the reactor (hereinafter, expressed as “unreacted oxygen gas”) forms a
detonating gas in a gas-phase part, and hence it is preferable to supply an inert
gas such as nitrogen, carbon dioxide, or water vapor to the gas-phase part, or o
the liquid-phase part under certain circumstances, to prevent the formation of

20 the detonating gas. The unreacted oxygen gas or a gas in which the unreacted
oxygen gas is diluted with the foregoing inert gas contains raw materials and
reaction solvents in a low concentration and hence, after the raw materials and
the reaction solvents are usually recovered from either of the aforementioned
gases, the resultant gas is treated with incinerator and the like from the

25  viewpoint of air pollution control or cost.  After that, the treated gas is
discharged into the atmosphere. As a method of this recovery, an absorption

method, an adsorption method, or the like can be listed.
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acid anhydride is forned as a by-product in this |iquid-phase oxidation
reaction.” 5 The acid anhydride formed as the by-product is a conpound in
whi ch one water nolecule is detached fromtwo carboxyl groups of the

a, p-unsaturated carboxylic acid which is a target product. Concretely,
acrylic anhydride I's forned as the by-product in the case that propyl ene
or acroleinis araw material, and nethacrylic anhydride is forned as the
by-product in the case that 10 isobutylene or nmethacrolein is a raw

above, “a reacti on MOEUETLAR do-anaRstet @ a0 Riic ackd Gan b8 phumined fiieugRac
Ther ef or o, "1 1§ Rk PhEEs ER<aBEN redein %enﬁé‘&%é’%bs‘?\%?fﬁ?é’_ﬁg&%%Lq?ﬁS% |
z,éggﬁ”Zt:o:izgEﬁ?ﬁ@%@%ﬁgﬁ@h}ﬁ%@%@ﬁ;ﬁa@ b el CorBoRAR” d
ot as the' A2 TG GTERA SO ik Pl dhall el Ll .
The. o, p- Unsat e ooy firhd g 1o B pRYaasis d CorfigouEn WL e sterc
carboxyl i ¢ amiotbdute isTautamast ﬁsnﬂwmrepxym&aepéaﬁmg@fmﬁzﬁwri ngi ng the

a, p-unsaturated carboxylic acid anhydride Tnto c an al cohol, an

a, p- unsat ur ataroxylictaniy Whicteigi gitaegétgsrodnet. t [Conoretely) BeAficrtitydrideidoxyl i c,

acid resulting fromdeconposition of the a,p-unsaturated carboxylic acid

anhydri de cdieredastthe byeprodnct ihthé casgitina propyldne ar petoleintis agaacmaterial,
carboxylic acid anhydride into contact with water, the a, p-unsaturated

car boxyl i ¢ andimethaarylicanhydsideds fermpad as thenbpproduct in tive casmthatat ed
carboxylic aci d anhydride can be obtained. 13 M| The a, p-unsaturated
‘car boxy!10c depkutylensorsnethrsedeinys Brremymateriahe Namelytheaughdhed car boxylic

aci d anhydridedr¥f)con1aqt with an al cohol is a ‘
liquid-phase oxidation reaction mentioned above, a reaction mixture containing

the o,B-unsaturated carboxylic acid and the o,B-unsaturated carboxylic acid
anhydride can be obtained.
Therefore, in the present invention, the step (b) of bringing the

15  «o,B-unsaturated carboxylic acid anhydride into contact with an aicohol or water
to obtain an «, B-unsaturatgd carboxylic acid resulting from decomposition of the
a,B-unsaturated carboxylic acid anhydride is carried out as the next step. By
cairying out such a step (b), the a,p-unsaturated carboxylic acid anhydride
which is the by-product can be transformed to the o.,B-unsaturated carboxylic

20 acid and a yield of the a,B-unsaturated carboxylic acid is improved as a whole.
More specifically, by bringing the «,B-unsaturated carboxylic acid anhydride into
contact with an alcohol, an a,B-unsaturated carboxylic acid ester and the
a,B-unsaturated carboxylic acid resulting from decomposition of the
a,B-unsaturated carboxylic acid anhydride can be obtained, and by bringing the

25  «,p-unsaturated carboxylic acid anhydride into contact with Water, the
a,B-unsaturatéd carboxylic acid resulting from decomposition of the

a.p-unsaturated carboxylic acid anhydride can be obtained.
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useful conpound in itself and can be used In an ester formas it is. In
this casé, the present invention can be regarded as a nethod for

si mul t aneous production 5 of an a, p-unsaturated carboxylic acid and an

a, p-unsaturated carboxylic acid ester. Further, when a yield of the

a, p-unsaturated carboxylic acid itself which is an original target product
needs to be inproved, the a, p-unsaturated carboxylic acid ester can be
hydrol yzed into the a, p-unsaturated carboxylic acid. |In this case,

hydrol ysis can be gasily carried out by varjous nethods which are 10

Cﬁnvent i ﬁnal |y knoWne | B"ﬁ#@gﬂ*@ﬂ oasowigagw ester ﬁbf:ﬁﬁdpb!( bringisggher er abl y
SR , . X 5]
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wator Ts copguer. STUther, hen § Yisiof 158 o B-npErdtad ety B fsHithniéh

_ used Sé OXlI dati on
reaction, tHe aal Grigisal targetPrRIuciREels to B8 ifBrdVeR!, théﬁ?ﬂn fatag the
al cohol or water i ch has al ready been present 1nt sol vent can be

used, howeveasarboxyicalcidbsler ean Wetlg/dréiyRe@irite the of fHuhBalurated ShrbdficaBRIINt

of the alcohol or water to be used is preferably 0.8 nole or 25 nore to |
nol e of t he la titiswase;s bydrolydiscearbbe elasily egiriddasutybyrvaousmethodervetiich akdy 0. 9
nole or nore, and furthernore preferably 1.05 noles or nore, and
pref er aBPy DonNentienally kneser.t o 1 nol e of the a, p-unsaturated carboxylic
acid 14 anhydride_ nore preferably 15 noles or | ess, and furthernore

y
preferably 8 nol dbedrcoheldo berniseddn dhe stamd) is prefersbhethe ome haviog 4 o

al cohol or ter rLS .
ess carbon atoms, and among them, it is more preferably a primary or a

secondary alcohol. Concretely, methanol, ethanol, n-propyl! aicohol, isopropy!
alcohol, n-butanol, and iso-butanol are preferably used, and among them, in

15  particular, methanol is preferably used. Water to be used in the step (b} is not
particularly limited, and for example, distilled water, deionized water, and
drinking water can be used.

An alcohol or water to be used in the step (b) can be separately added
to a reaction liquid containing an a,p-unsaturated carboxylic acid anhydride.

20  Further, in the case that an alcohol or water is contained in the solvent used in
the liquid-phase oxidation reaction, the alcohol or water may not be further
added because the alcohol or water which has already been present in the
solvent can be used, however, the alcohol or water can also be further added.

The an:rount of the alcohol or water to be used is preferably 0.8 mole or

26 more to 1 mole of the o, B-unsaturated carboxylic acid anhydride, more

preferably 0.9 mole or more, and furthermore preferably 1.05 moles or more,

and preferably 20 moles or less to 1 mole of the o,B-unsaturated carboxylic acid
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contained is used in the |iquid-phase oxidation reaction, the anmpount of the
al cohol o6r water to be used is not particularly limted and the reaction

m xture 5 containing the solvent and the a, p-unsaturated carboxylic acid
anhydride can be directly used in the step (b). Further, the anount of

al cohol or water within the above-nentioned range can al so be added to the
reaction m xture. Wien the a, p-unsaturated carboxylic acid anhydride is

brought Into contact with an al cohol or water, it is preferable to cause
r to increase a reaction rate of the
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condensat e of phenol and for ehy pertluorosultonic ac resin in

whi ch a sui fahove-gwentionéd rdrigd G4 SRE Be'addédPRAthd Bactin MipreVi nyl et her

and fluorocarbon are nore preferable. The cation exchange resins are
classified, basedVhendie®ofB-uhsaturatbd ¢aibt§lic aBidoarhyiitidel i Rroagt iataoor ous

type which has physical mcropores, and a porous type cation exchange
resin i s noragpntectwitit an aldobol or wates; ibis preferableto catmetdrpacidadatalysistosuch
cation exchange resins, for exanple, Lewatit (trade name) nmanufactured by
Bayer AdPan®oR¥iséin oeder tg increasenaresctionmatenof thecw, foynsaturated ¢atoxyliConpany

can be listed, As a the organic acids, p-toluenesulfonic acid is nore
pref er abl e. 3&d gngyd%;qeer ds the acid catalysts, for example, cation exchange resins;
organic acids such as benzene sulfonic acid, p-toluenesuifonic acid,
methanesulfonic acid, ethanesulfonic acid, and trifluoro acetic acid: mineral
acids such as hydrochloric acid, nitric acid, sulfuric acid, and phosphoric acid;
16  and heteropoly acids such as a heteropoly acid and a heteropoly acid salt are
preferable. As the cation exchange resins, strongly acidic cation exchange
resins such as polystyrolsulfonic acid resin in which a suifonic group is
introduced in a mother nucleus composed of a copolymer of styrene and
divinylbenzene, phenolsuifonic acid resin in which a sulfonic group is introduced
20  in a condensate of phenol and formaldehyds, and perfluorosulfonic acid resin in
which a sulfonic group is introduced in a copolymer of fiuorovinyl ether and
fluorocarbon are more preferable. The cation exchange resins are classified,
based on geometrical structure, into a gel type and a porous type which has
physical micropores, and a porous type cation exchange resin is more
25  preferable in view of improving reaction rate. As such cation exchange resins,

for example, Lewatit (trade name) manufactured by Bayer AG and Amberlyst

- (trade name) manufactured by Rohm and Haas Company can be listed. As
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acids, sulfuric acid is nore preferable. As a hetero atomin the heteropoly
acid, for exanpl e, phosphorous, silicon, boron, alumnum gernanium
titanium zirconium cerium cobalt, chrome, or sulfur can be listed.
Further, as a poly 5 atom for exanple, at | east one atom sel ected from

nol ybdenum tungsten, vanadium niobium and tantalum can be |isted.
Concretely, phosphotungstic acid, tungstosilicic acid, tungstoboric acid,
phosphonol ybdi ¢ acid, nolybdosilicic acid, nolybdoboric acid,

Py biot unye e BRHIG 8p8S. GieluBRedilfoRisnd tos'o'aé%becfsﬁqﬁae As the mineral
hetoropoly adrsiss StfurtSad iSheré Riaretable, s B heteidraipan ithe Hek efoﬁéwta?ﬁ%h
gglréll gf onlhﬁ?n sa nﬁlB”ﬁ%@J%@?@&%ﬁﬁ?R @%,%naéw%@[,ﬁ-‘ ﬁgﬁgh@'ﬁﬂar’ 'aI whi ch
substitutes Bédn| Bfn, cEMghoﬁﬁﬂalf‘thﬁ‘@mgf Bf%tﬂ ﬁrﬁﬁ)@ét%acf-‘gﬁhgf‘é:éfﬁéhear h

met al such as so rum 1 assium ru I Uum or ¢

metal sucd aﬁtd?ﬁrﬁé\‘lekﬁg?gle ra%ia“a%%bhm t6r s8léittd Flon? HdiybBerftm bt%gb%hf her a

transition netal such copper, ver zinc, oOr mercury

typical el engaadiug) n&ﬂn@huﬂh@%ﬁtahhﬁbéh Ballistdd. ", cbrﬁﬂféteowpﬁohghbtdﬁgsﬁén be

listed. As the acidic oniumsalt of the heteropoly aci nmoni-um sal t

which is a satit, bingstsilivi tidptingstobiofic\dcid) phoepRbmolybdidasid, ani ne, a

phosphoni um salt of the het eropoly acid, or the |Iike can be listed In the

case that anmalybdiosicid acid, molybdobbm\aaudpphoqnhmolgbdamngsm acid he anount
of the acid catalést to be used is preferably 0.005 nole or nore to 1 nole

of the a, (3-m@ gstiosilicic agid, nmlwhdalumﬁtghomcjacldnphmmenwndia 01
nole or nore, .and preferably 5 noles or less to 1 nole of the
a, (3- unsié ur%ﬁ'@d"%%fhﬂﬁtﬁllwcaﬁlddaadﬂbﬁﬁkﬂcaarm listed pFEﬂthelaBB)th m)l es

or less. In th caﬁeaethat a cation exchange resin is used as an acid

catal yst, t id salfe an agidie meta e hetarepely asid, i whichppitef er abl y
2' 28;5668? ! ;’ﬂy@qt mashp g&@}égm};%ﬁ&? are sugst?tu do %r%)ﬁca%?&g omurﬁascalltt% to
| the heteropoly acid can be listed. As the metal which substitutes part of
hydrogen atoms of the heteropoly acid, an alkaline metal such as sodium,
15  potassium, rubidium, or cesium; an alkaline earth metal such as beryllium,
magnesium, calcium, strontium, or barium; a transition metal such as copper,
silver, zinc, or mercury; and further a typical element such as aluminum, thallium,
tin, lead; or the like can be listed. As the acidic onium salt of the heteropoly
acid, an ammonium salt which is a sait of the heteropoly acid with ammonia or
20 an amine, a phosphonium salt of the heteropoly acid, or the like can be listed.
In the case that an acid catalyst other than a cation exchange resin, the
amount of the acid catalyst to be used is preferably 0.005 mole or more to 1
mole of the a,p-unsaturated carboxylic acid anhydride and more preferably 0.01
mole or more, and preferably 5 moles or less to 1 mole of the o, B-unsaturated
25  carboxylic acid anhydride and more preferably 2 moles or Ieés. In the case
that a cation exchange resin is used as an acid catalyst, the amount of the

cation exchange resin to be used is preferably 0.005 equivalent mass or more in
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acid anhydri de and nore preferably 0.01 equival ent mass or nore, and
preflerabl’y 5 equival ent mass or less to 1 nole of the a, p-unsaturated
carboxylic acid anhydride and nore preferably 2 equivalent nass or less. 5
Further, it is possible to cause a base to coexist instead of the foregoing
acid catalyst. As the base, for exanple, an inorganic base such as a
carbonate or a hydroxide of an al kaline nmetal or an al kaline earth netal,
an organi c base such as an aliphatic base or an aromati c base, and an

L, A 1 RS ol e
L SR ARSI B o
ani | ine, - sodP oHereny's REuNalerk s ¥ B8R 1 shorb By ey Rtpl coliontis i
amount of t hgcigagthyHAde andTRGre &e%éﬁ@%ﬁh%&e@n@ﬁ 'oﬁé%es.mre to | mole

of the a, p-unsaturated carboxyl’l c acl Ide an preferably 0.01

I , d ibrel i
mol e or mpre, and Purierr Rl yoésnlﬁlatsi:ggéeh% 0 coeltiat %c[)%thff%?geosmgr

a, p-unsaturated car boxy1 I ¢ acid anhydride and nore preter

less. As a natiticdtdlgst. DAstHe base forekempé)al nfgdni Baﬁé’g&éﬁhs\g th an

al cohol 20 or water, any one of a batch method,” a sem -batch nethod, and a

continuous carbhoatecona hydragidetafcan dlkaling hretati orvrralRaling eartiofhetai wnty, a
continuous flow nethod is preferable, and as a reactor of such a nethod,

for exanpl e Organigthasersuchasanaliphatic baseedr amakomatic base, smtban aliphatic
packed-col um reactor can be |isted. Wen a cation exchange resin is used

as an aci d @fidsakof ap alaineaasthsmetal wantbe usad. orAd a cohcrete axampé yst i s

packed in a Eoﬁnéf l_Rreferably used. The reaction tinme or the retention
time is!PrefBemofysogiumicarbonate petassiymicaibonats, anagnasiymaarbenats, or nor e,

and preferap ) S Gibondts, 85 lamalg%ga%rneate,lpzt;ssium bicarbonate, sodium
hydroxide, potassium hydroxide, magnesium hydroxide, calcium hydroxide,
trimethylamine, triethylamine, tripropylamine, pyridine, aniline, sodium acetate,
sodium oxalate, or the like can be listed.
16 The amount of the base to be used is preferably 0.005 mole or more to
1 mole of the o, B-unsaturated carboxylic acid anhydride and more preferably
0.01 mole or more, and preferably 5 moles or less to 1 mole of the
o,B-unsaturated carboxylic acid anhydride and more preferably 2 moles or less.
As a method for bringing an acid anhydride into contact with an alcohol
20  orwater, any one of a batch method, a semi-batch method, and a continuous
method can be adopted. From the viewpoint of productivity, a continuous flow
method is preferable, and as a reactor of such a method, for example, a tubular
reactor, a stirred-tank reactor, and a packed-column reactor can be listed.
When a cation exchange resin is used as an acid catalyst, a continuous flow
25 reactor in which a catalyst is packed in a column is preferably used.

The reaction time or the retention time is preferably 0.1 hour or more

and more preferably 0.2 hour or more, and preferably 8 hours or less and more
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preferably 6 hours or less. The reaction tenperature Is preferably 10C or
above and nore preferably 20C or above, and preferably 120C or bel ow, nore
preferably 90C or bel ow and furthernore preferably 60C or bel ow. The
reaction pressure is preferably 500 nmHg (66.7 kPa; in absolute pressure in
5 both cases) or nore and nore preferably 650 nmmHg (86.6 kPa; In absolute
pressure in both cases) or nore, and preferably 0.5 MPa or |ess and nore
preferably 2 MPa or |ess, though it is possible to carry out the reaction
at any one of a reduced pressure, an atnospheric pressure, and el evated

pressure. Al Prfarabh6houssar less. pTbaueactipralemperatune i preferablyc 10y | i c
acid of 10 tEe gresent i nvention enabl es to enhance a vield of the
a, p- unsat ur afave apdRere Rrefesably 209C s abovei angd Dfﬂfe!rabheéz)@%‘gosbdp\ﬂl( morend
t b), It i f I f h t th t f ti
the’a. b unsaptralbl SRS ot elot 804 hirihanmorn breferatiy 681G ORbeiow o Tascy 1 ¢
id hydr i t h _of whi.ch ' ' ) ti 1 Xt .
obtai ned i n (SRStBhhrSteyiR i< Bredaranit SO niaHg (P87 Kitaiin @080 RPFASHES Bt t he
t b ft t . i_naf f di t . of
method 185 poosnete3) §hnioe apiFhsi Belarapy sl Greid 106 6 GHE: 7 MBSOk enc
br esont i nvebtessufin Btin Sage drmbte, mndbrttafly 8 MPH of g 88, car i on
G ¢ . o o A
Catalyat and rerabifz Mba bPless MnBlgH it b Bos IR St pdtingTeacoartat 8y, 07
nobl e net al -@rnbRh RedgcePHRbY e, BA aru%ueﬁsﬁc bRsslife i éi8afed hrBgsurd> o

agai n. The noble netal -containing catalyst t e return e reactor

may contain the reSithdugh aimethsdfdrigtedsting '&ﬁ%ﬁﬂﬁfs@l&rﬁiﬁd’éarbﬂﬁyli@@éiﬂ of

met al - cont ai ni ng catal yst and the reaction m xture can be tarded out at

any one 16f he ¢resent ipventionrenables Rt enfwvera gieldoEheus, 8-uraturalied! evat ed
pressure. In the case that an olefin is used as a raw naterial, it is

pref er abl e togrigexylig asid by kempoisingthedoregeing stepqa) ahd tstep (H)ekt & préféfble
to further carry out the step (c) of separating the «,B-unsaturated carboxylic acid
and the a,B-unsaturated carboxylic acid anhydride both of which are contained
in the reaction mixture obtained in the liquid-phase oxidation reaction, while
15  carrying out the step (b) after the step (¢). Hersinafter, a preferable
embodiment of a method for producing an a,B-unsaturated carboxylic acid of
the present invention including the step (c) will be explained.
In the method of the present invention, it is preferable that, after the
liquid-phase oxidation reaction of the step (a) is finished, the used noble
20  metal-containing catalyst and the obtained reaction mixture be separated and
the recovered noble metal-containirig catalyst be returned to the reactor and be
used again. The noble metal-containing catalyst to be returned to the reactor
may contain the reaction mixture liquid.
The separation of the noble metal-containing catalyst and the reaction
25 mixture can be carried out at any one of a reduced pressure, an atmospheric
p.ressure, and an elevated pressure. In the case that an olefin is used as a raw

material, it is preferable to carry out the forégoihg.separation at the elevated
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4 pressure because any one of propyl ene, isobutylene, 2-butene, and the
| i ke whirch are olefins to be particularly preferably used in the present
invention has a low boiling point. In the case that an a, (3-unsaturated
al dehyde Is used as a raw material, the foregoing separation can be
carried out at the atnospheric 5 pressure, however, it may be carried out
at the reduced pressure. In the case that a particle dianeter of the noble
netal -containing catalyst is large and a specific gravity of the
metal -containing catalyst is large, sedinmentation by gravity can be
carried out RECIEE LELAYRR AQY o8p &f propyiene, ienhutyene; 2rbutene; and thedket he
particle dianeter of tPe nobl e netal -containing 10 catalyst is small and
t he specifi CUVS\'&WW'S ing fxbenpagicularsiv prefarablyaised ip dhe presandinvention has
centrifugatig i ch uses cgat ifugal force instead of gravit

t

filtration i A IGHBGINGGIE | S that 2nv. prynpebirates aldehyde inused ae a
Feduced pr oot 4t ha Inelfeasg sBherbsbininn e paimiart cul t Bhe siesmnerica
ol i - ojthct PSS, eVt Mot ol Bt af e 83uGed PPeRauReTLl 1 ot age
Ethtt a fiﬁeizhé’ Z@E‘hérﬁgéﬁ%ﬁ padie @hﬁi@@?m@ﬁﬁ%ﬁ%ﬁg " a
automatic e %acttg?ﬁtgfs l%t%??‘?ﬂgmrggﬁgﬁtﬁggﬁ %?‘E%@f@? Phg‘@érﬁ ﬁ?g?fgal
dehydrat or . sediinentdtionrby?Grefity eahbe 6o ol 8t el RHUEEAD apafdcLr U1 on

centrifugal dehydrator, "an extrusion nultistage ce dr at or,

and a screw hgwevernip ths eaise thitthe pardls didiaaler oﬂmwﬁéabcrﬁeuﬁasnta'nﬁngi ke can

be used. At the tine of filtration, a pressure filter such as a preSsure

Nut sche 10a gsitalyst issaailand flid spacificgragity of thenhatet-conisining catalétds snil
Ei nto-Burwel | pressure 25 filter, a reversible pressure filter, a Kelfy

filter, a Seestifugation whish uses/sentrifugal faree insteadhof gravity ar filttetion ipwhichir e
filter, a vertical cylindrical pressure |leaf filter, a continuous cloth
flow filter aMBiteraakeans 2 fikeate aye sopansted with sppartition called fiter madium
using gravity, elevated pressure, or reduced pressure s preferably used.
At the time of centrifugation, a centrifugal settler such as a cylindrical
15  centrifugal separator, a solids-ejecting separator, a vertical decanter, a vertical
multistage decanter, an automatic batch horizontal decanter, a continuous
ejecting horizontal decanter, and Centrifuge; and a centrifugal filter such as a
batch centrifugal filter, an automatic batch centrifugal filter, an automatic ejecting
centrifugal dehydrator, a screw ejecting centrifugal dehydrator, a vibration
20  ejecting centrifugal dehydrator, an extrusion centrifugal dehydrator, an extrusion
| multistage centrifugal dehydrator, and a screw ejecting (horizontal) centrifugal
dehydrator; and the like can be used.
At the time of filtration, a pressure filter such as a pressure Nutsche, a
plate pressure filter, a concave plate pressure filter, an Eimco-Burwell pressure
25 filter, a reversible pressure filter, a Kelly filter, a Sweetiand filter, a Vallez filter, a
horizontal piate pressure filter, a vertical cylindrical pressure leaf filter, a

continuous cloth flow filter, a continuous rotary cylindrical pressure filter, a.
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19 t continuous double cylindrical pressure filter, a continuous drum belt
pressure* filter, a continuous . rotary filter press, and a continuous
pressure leaf filter; and a vacuumfilter such as a vacuum Nutsche, a
vacuum | eaf filter, a continuous multi roomcylindrical vacuumfilter, a
continuous single roomcylindrical vacuumfilter, 5 a continuous verti cal
circular plate vacuumfilter, and a continuous horizontal vacuumfilter;
and the like are used, and in the case that a catalyst in the form of
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containing mainly an a, p-unsatura car boxy

carboxyl i ¢ agicupiitst aHE thé'likk areGded Hnd ihfhé Ba?éeﬁ%g atm(%i%lxéﬁ@ the Yorof! I al

is an olefin, it is preferable to separate an o

unreact ed r sumpisecortinuatslyaseparted N SIHH by filtélels rgﬂ%ﬁ?ﬂh I's an
ehy

I nternmedi ate product. The olefin and the a,p-unsaturated a de may be

separated si nul t aWheslayserial npuitistage eankeaetnlis uséd, iblsipréferablel to providar ry
out separation in the order of the olefin and the a, p-unsaturated al dehyde

in view of acaialyst sepanatoret anhetttet iob each tanjoreactor td3epataté ithe hoblee
preferably used in the present invention has a | ow boiling point, and
hence séPar fetahcontainiag catadyat angddhe deadtionmbitenecdnd, tocreturndemablédy an
equilibriumflash distillation. The equilibriumflash distillation is an
operation i meiakeontaining,catahst ta the griginattank &nd to transfer the reaction mixture

to the next tank.
In the method of the present invention, it is preferable that the reaction
mixture after the noble metal-containing catalyst has been separated as
16 mentioned above be separated into a mainly unreacted raw material and a
reaction mixture containing mainly an o, B-unsaturated carboxylic acid, an
a,f-unsaturated carboxylic acid anhydride, and a solvent.
In the case that the raw material is an olefin, it is preferable to separate
an olefin which is the unreacted raw material and an a,p-unsaturated aldehyde
20  which is an intermediate product. The olefin and the «,f-unsaturated aldehyde
may be separated simultaneously, if possible, however, it Is preferable to carry
out separation in the order of the olefin and the a,B-unsaturated aldehyde in
view of the relations of their boiling points. The olefin to be preferably used in
the present invention has a low boiling point, and hence separation of these
25 compounds is preferably carried out by an equilibrium flash distillation. The
. equilibrium flash distillation is an operation in which a raw material is (, heated

when necessary,) flashed into a separator through a pressure-reducing valve to
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when necessary,) flashed into a separator through a pressure-reducing val ve
to 20 séparate into a gas and a liquid corresponding to a tenperature and
a pressure of the system It is preferable to set a tenperature of the
reaction mxture before it is flashed to a reaction tenperature or a
tenperature within a range of a reaction tenperature 15C, and to set a
pressure to a reaction pressure or a 5 pressure within a range of a
reaction pressure a reaction pressure x 0.3, however, it is nore

ture at jts reaction tenperature and

B? gfsgﬂ.?gl d ﬁ 38{"’:"&%?@ i'{tg %sgrﬁe?? éﬁiﬂgﬁ‘ﬁ cQrasponding tosa temperatyrgand@ Pressyse at or
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recycled to the reactor and used to the reaction after t n gas is

l'iquefied witemperatureangpressute dirsttiynolt o pretdriable td sbt'dSrasadbife Mkfe thBe raw
material is an a, p-unsaturated al dehyde, and 1n the case that the raw

nmaterial is sepasaterito aprdssireavitiiiha mpgercfio MPadb d reactidr brassure xADO5.
separation of an a, p-unsaturated al dehyde can be carried out. For this

separ ati on, By camyipgtaut the equilibriumeflasindistiltation the reastiommiktune tser at i on,

menbr ane- separation operation, and the |ike can be used, however, it is

pref er adPe tS8P@Eted roairly intmavapor costainjeg ansiléfin as aonalncdomponent aridea

f or egoi ng mﬁﬁnt' nuous . mul ti stage distillation colum, the one havi nfgaIS
ns

pl ates or ndiA¥idcontaining, campenanispthecthantbeiefiy arhesvapardssualiy can

condenser iiggre erab] e havi | ates or. nbre i s nore

t he one ng 4
preferabl e, ‘ARG 1HESH Wg\ﬂﬁﬂﬁﬁﬁjﬁ)laaﬁggg@ﬁ @nent, dissolved gases, and the
like because the equilibrium flash distillation is a separating operation using only

one separation column. When a higher degree separation is needed, an
15  ordinary distillation column such as a tray tower or a packed column can be
used. The vapor is preferably recycled to the reactor and used to the reaction
after the olefin gas is liquefied with a compression or cooling operation.
In the case that the raw material is an o,p-unsaturated aldehyde, and in
the case that the raw material is an olefin and after the separation of the olefin, a
20 separation of an a,B-unsaturated aldehyde can be carried out. For this
separation, a conventional distillation operation, extraction operation,
membrane-separation operation, and the like can be used, however, it is
preferable to use a continuous multistage distillation column. As the foregoing
continuous multistage distillation column, the oné having 3 plates or more as a
26  number of plates including a reboiler and a condenser is preferable, the one
having 4 plates or more is more preferable, and the one having 5 plates or more

is furthermore preferabie. As such a distillation column, a commonly used
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Is furthernore preferable. As.such a distillation colum, a commonly used
21 distil'lation colum |ike, for exanple, a tray tower such as a bubble cap
tray tower, a sieve tray tower, a bubble tray tower, or a jet tray tower
whi ch causes vapor and gas to contact in a cross flow, a turbo grid tray
tower, a ripple tray tower, a dual flowtray tower, or Kittel tray tower
whi ch causes vapor and gas to contact 5 in a countercurrent flow, or a
baffle tray tower colum or a disc donut tray tower which causes gas and
liquid to co %ﬁﬁé in_the other manner; and further, for exa a packed

colum in wh liPn eolugn Ikee. foriexample o tray towersudh as %Q,Ubhle%eﬁ'aﬁq\ﬁ{ﬁf, an
' | ock . ' ' Mah ki ng, I fill
'r 2}5252& eéf%‘y”@m Cay MR Fultile By it Sﬁﬂﬁéré%‘%avie?%ﬁcﬁ sgﬁw vaporo
P e ; I
foner and a2d9esd0 cERtER ifa oS A& B BRG Y tWelch Bionil oo Budrcn ™
bel ow {1 om - SParNR Rl ¥oweh br Kt el o Sy bo\Heiiso? o sl ol eontpet
P easur o7 ant & coaeRAl et AT o7 3 CHAID BB ToivRr BOISRT G R, S it Wb Sower 11 ge
of the bot t oWhichUsduaes gaaarid liqtiid fo bbﬁ!ébt’in"the%tﬁ%}’ tfind Bna3] Rér, ¥6 | uxed
to a distillation colum, when It 1s needed, and a reflux ratio'Is

preferably Oexdmple, apacked dolume iPWhicH &P invegiidr fMfer sl 8 lﬁ%%hiyﬁﬁ@aab' y 20
or less and nore preferably 15 or less. It i's preferable to use the

for egoi ng popaliming, zat interlookisaadien Dixde patkingér MeMeareni patkingy) or @ régafr
colum. It is possible to use bubbling of mol ecul ar oxygen at the Sane
time, when filler represented. by Sulzeppacking is packbd; lcdnthedgsenht afhwﬁ:ré%ain?t he
colum top may contain a solvent. It is preferable to recycle the liquid
of the d8I uftirolbgr ofRlatesiindicgtesa theoreticalnumberof plates irobotha tray ¢oweor and
to use it a%}'i#in a reaction. On this occasion, the liquid of the colum
top may con Racked colimn A hettom temperature issprefenably 130°%0ebelowaci d and

, p- t t ed ' i d anhydrid
an & p-unsaiybi Erefecrgﬁﬁfoﬁd"bcor geclbw, and ¥urrtll19rrenore preferably 90°C or below from

the viewpoint of preventing polymerization. An operating pressure can be
selected from an atmospheric pressure, an elevated pressure, and a reduced

16  pressure within the preferable temperature range of the bottom.  Further, part
of a liquid of a column top can be refluxed to a distillation column, when It is
needed, and a reflux ratio is preferably 0.05 or more and more preferably 0.1 or
more, and preferably 20 or less and more preferably 15 or less. It is preferable
to use the foregoing polymerization inhibitors to prevent‘ polymerization in a

20 column. Itis possible to use bubbling of molecular oxygen at the same time,
when it is needed. An a,p-unsaturated aldehyde obtained from the column top
may contain a solvent. [tis preferable to recycle the liquid of the column top
containing an o,B-unsaturated aldehyde to a reactor and to use it again in a
reaction.  On this occasion, the liquid of the column top may contain a small

26 amount of an a,B-unsaturated carboxyiic acid and an o,B-unsaturated carboxylic
acid anhydride. |

In the method of the present invention, it is preferable to further carry
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In the nethod of the present invention, it is preferable to further carry
22 but seéparation of a solvent froma reaction m xture from which an

a, p-unsat urat ed al dehyde has al ready been separated. For this separation, a
conventional distillation operation, extraction operation, nmenbrane
separation operation, and the like can be carried out simlarly as In the
case of the 5 foregoing separation of an a, p-unsaturated al dehyde.
Il'lustration of a separation by distillation operation as an exanple is

e, PO o BIPkaghlio Se RR R PR FSoclen SRR VB oo
A B SRR A
Is prefer ab%@#'&??h@gﬁﬁfpﬁ;})m@é@w&gﬂggfa&'ﬁpgﬁl 'PPH&*’BBFﬂS Heht
carboxyl | o adr g eaf A e fiefear Bé patied Gufiinfindy o 1k BRESANHL ool vent
has alreqy foregbing Bapatefion didn & Rldnskturiifamhide. 2 MOSANA o

i
distillation opera?!l on, extracti of operatli on, ane Separation

operation, agubdraion by distilatioe opératioRheCat e§+r§*gl§i§'erﬁaﬁ%wielﬂor é%t-nﬁtal.sgi@f the

f oregoi ng separation of an a, p-unsaturated ver, |

preferabl e tpreferabie toaper #bbparativn By soMtinudiustriitistagandigmrtiohiceiumn,
Separation by a continuous nultistage distillation colum 1s preferable,

and as such A9suchsdistillatiorncoluminuand eperating'cahditionsoit @ preferable to dse the
preferable to use the foregoing distillation colum and operating

condi ti ons. foragsingdistillstioracalumeand pperating woaditivnsar ltds preferable tb can be
obtained froma colum top. In the case that an a, p-unsaturated carboxylic
aci d, wifch regever & selyent separated andsugerfagpircing reacliond, a crude

(meth)acrylic aciﬁl bt ai ned. 25 here can be used to produce nethyl
(nmeth)acrylate th %ﬁ%m&%%theompsent inveatian, dis preferakie ta fiuthercarty

produce a hi ol cBYL tbn (oﬁ%g*l%-ﬁﬁﬁi}éb ic:‘f:rr?pccinc!emtt %r?tLa'?nQng an a,p-unsaturated
carboxylic acid and an a,B-unsaturated carboxylic acid anhydride from a
reaction mixture from which the solvent has already been separated. For this
15  separation, a conventional distillation operation, extraction operation,
membrane separation operation, and the like can be carried out simifarly as in
the case of the foregoing separation of an o,p-unsaturated aldehyde, however, it
- is preferable to use a separation by means of distiliation operation. Separation
by a continuous multistage distillation column is preferable, and as such
20 distillation column and operating conditions, it is preferable to use the foregoing
distillation column and operating conditions.

Consequently, a crude a,B-unsaturated carboxylic acid can be obtained
from a column top.  In the case that an a,p-unsaturated carboxylic acid, which
is a target product, is (meth)acrylic acid, a crude (meth)acrylic acid obtained

25  here can be used to produce methy! (meth)acrylate through an esterification
reaction with methanol or to produce a high purity (meth)acrylic acid through a

purifying operation such as crystallization operation. A high-boiling component
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purifying operation such as crystallization operation. A high-boiling
component’ 23 containing an a, p-unsaturated carboxylic acid anhydride can
be obtained froma bottom In the bottomliquid, an a, p-unsaturated
carboxylic acid nmaybe contained. An a, p-unsaturated carboxylic acid
anhydride content is preferably 0.1 %by nmass or nore to the mass of the
bottomliquid and nore preferably 5 0.5% by mass or nore, and preferably
10% by mass or less to the mass of the bottomliquid and nore preferably
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whi ch has t hisotisrhlliqOil #%d Rioré prefétatly gg,? %gsloﬂﬁsg%; in absol ute

pressure in both cases) (a reagent cat Sigma- Al drich Corporation).

As such a thin-filhithe presaminventionpis Féféiabldtlﬁséﬁ&rﬂ@%@&g?hﬁéétbkﬁb&on

still, athinfalling filmthickener, Smth thin-filmevaporator, Luwa
t hi n-fi | m ewasbosylicracidanhydnidefomea high-boifihg Eohiponbnt containing tHeé on still,
Q hner centrifugal nolecular distillation still, a rotor tray centrifugal

nol ecul ar dicsBirunsaturatedcarboxylio acith anhykiride obtairéd: froht the bottbm afrtivey t hem
Smth thin-fil mevaporator, Luwa thin-filmevaporator, or H ckman
centrifdBal GeBIEBU| Khisdeparation cambe cariied cuthy theforsgoing distiliatizh 1t i s

preferable to select operating conditions of the thin-filmevaporator 25
in such a waPEIRIRN. Angl if ts; Rrefesable tonagert out distillation eperationcusing avthinofilei d

anhydri de are _not ,deteri arat ed tenperature is preferably 30C or above
an dy evaporator whichis arb?e fo (ﬁ‘stan% heat and evapgrate a samgle by forming a

thin liquid film because an «,p-unsaturated carbpxylic acid anhydride has
usually a high boiling point and easily polymerizable as in the case that, for
16 example, the a,B-unsaturated carboxylic acid anhydride is methacrylic
anhydride which has the boiling point _of 87°C/ 13 mmHg (1.73 kPa; in absolute
pressure in both cases) (a reagent catalog of Sigma-Aldrich Corporation). As
such a thin-film evaporator, a pot still type molecular distillation still, a thin falling
film thickener, Smith thin-film evaporator, Luwa thin-film evaporator, Hickman
20  centrifugal molecular distillation still, Othmer centrifugal molecular distillation still,
a rotor tray centrifugal molecular distillation still, or the like is preferable, and
among them, Smith thin-film evaporator, Luwa thin-film evaporator, or Hickman
centrifugal molecular distillation still is more preferably used.
Itis preferable to select operating conditions of the thin-film evaporator
25  in such a way that qualities of a target «,B-unsaturated carboxylic acid
anhydride are not deteriorated. A temperature is preferably 30°C or above and

more preferably 50°C or above. Further, the temperature is preferably 150°C
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nmore preferably 50C or above. Further, the tenperature is preferably 150C
24 or below, nore preferably 120C or below, and furthernore preferably 90C
or below fromthe viewpoint of preventing polynerization. A pressure is
preferably 0.01 nmHg (1.3 Pa; in absolute pressure in both cases) or nore,
nore preferably 0.1 nmHg (13.3 Pa; in absolute pressure in both cases) or 5
nore, and furthernore preferably I mmHg (133 Pa; in absolute pressure in
both cases) or nore, and preferably 100 mHg (13.3 kPa; in absolute

_ : f e
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be distilled out separately or sinultaneously by selecting 'a propeér

condi ti on avoregpteierabiy @danftH® PE3.31P16n abSittd b@é&urecwﬁdlﬁfcaséir‘?eorf or egoi ng
pol ynmeri zation inhibitor can be used with the Vview of preventirg

pol ymer bz atrmore, andfughetraomepraferably LmnRHg(h83 Pat htabsyle@qiragsirean bolA i S
carried out with a liquid containing an a, a-unsaturated carboxylic acid

anhydri de #@seRkot mesednd pfeferably 100 mamHgH(d 3. 3kPadn mabsblute pressiues Im
separation, before or after the above-nentioned a, R unsaturated al dehyde
. separ at | on,pARCasEs)Ar less.anorepreierably 5 mmdgdB.7 kich;in bsskye peassare iror
before or after the above-nentioned a, (3-unsaturated 20 carboxylic acid
anhydri de 3@:9&5’3?? (Pr legs anskitribermprapesfersbly 20puaHodRTkia; iniabsplute ent

i nvention dthe.ggﬂiéituion of vices to carry out themwll be

expl ai ned KSIRHEHR 395U dess. h bgnrxamRipavier Bethacieaciand s not
(oSt ! GheS pinhBBA AL HAL ard ke Fadetods R BB i Sbags oo 19, 2
Lg?g‘eﬁ{‘_ ?L?\i\%tﬁﬁéﬁ/#g alglfdgé{e‘l?me?%@rw%%ﬁhf&r%]er &an be 'fAtigR ot Is‘é‘;':érately or
simultaneously by selecting a proper condition among the foregoing operating
conditions. Further, the foregoing polymefization inhibitor can be used with the
view of preventing polymerization at high temperature.

15 Further, the foregoing step (b) is carried out with a liquid containing an
a,B-unsaturated carboxylic acid anhydride at the time of before or after the
above-mentioned olefin separation, before or after the above-mentioned

' a,B-unsaturated aldehyde separation, before or after the above-mentioned
solvent separation, or before or after the above-mentioned a,B-Linsaturated

20 carboxylic acid anhydride separation.

Hereinafter, preferable embodiments of the present invention and the
constitution of devices to carry out them will be explained by way of the figures,
however, the present invention is not restricted by the following.

Figure 1 is a schematic flow diagram showing a constitution of

25 equipment to produce an o,p-unsaturated carboxylic acid from an olefin as a

raw material. In Figure 1, raw material, solvent-introducing pipeline 1, inert

gas-introducing pipeline 2, off-gas pipeline 4, catalyst circulating pipeline 6,

25



gas-introduci ng pipeline.2, off-gas pipeline 4, catalyst circulating
pipeliné 6, 25 olefin circulating pipeline 8, aldehyde circulating

pi peline 10, and solvent circulating pipeline 14 are connected at an upper
part of reactor for |iquid-phase oxidation 101, and nol ecul ar oxygen
supply pipeline 3 and reaction |iquid-draw ng pipelinée 5 are connected at
a bottompart of reactor for 5 |iquid-phase oxidation 101. In order to
carry out a liquid-phase oxidation reaction using such equipnent, a

For ' quto pRAECASEAERMAER! ol iRl 185t oo o
R B L
Pxi ot on ! BR8N 107, a9 QTP ohbe SR pPRIRE S i Rlackefls] °0os O 07
sol vent ar ejiqui!qRanfiRpipdiirk 5'4fe cBARLAEA'Ra bdtid pdrlidsacRKidal i on 101

t hrough the pipeline™L, and nol ecul ar oxygen 1s into it through

the pi pg i niquidiphagardxidalieh £01.1 qui d- phase oxi dation by 15 bringing the
nol ecul ar oxygen into contact with the olefin and the noble :

met al - cont ai ni ng kadrdel & carfy bhiea figlideiHase Mi@RGre Rty RINGAsucH @ gas in
whi ch unreacted oxygen gas is diluted with the inert gas is discharged from

the pipel i eguipment, a soleésiamba siohlenietalptontaidingacatalysioamt dhaiged iritethd not
shown in the figure) in the mddle of the pipeline 4. 20 The reaction

l'i qui d t husregistarifaeliquid-peseroxidationr i, ahfirshi grel amingt gasiscihtrodused imtd he
nobl e nmetal -contai ni ng catal yst and the noble netal -containing catalyst is
separ at ed a8 9apPhaseipan ofthe deactonfortiguid-phasernxidation cor wiemit i needédi ng

cat al yst thu% Sﬁparat ed is returned to the reactor for I|iquid-phase
oxi dat i10n 10% 2 HAvdgPhasePast ptihereastor fagliquid-phase oxistationdaraughithes whi ch

t he noble netal-cqntaining, catal yst has been separated is sent to the
f1ash tomrp'ﬁ%?gﬁ%ﬂbﬂ’qﬂﬂ@r?’@z@ﬁiq{ﬁ qtonatinggasin thadasrhaseharal Nextoel i ne

A an olefin which is a raw material and a solvent are introduced into the reactor for
liquid-phase oxidation 101 through the pipeline 1, and molecular oxygen is
introduced into it through the pipeline 3 to carry out a liquid-phase oxidation by

15  bringing the molecular oxygen into contact with the olefin and the noble
metal-containing catalyst in the solvent. Unreacted oxygen gas or a gas in
which unreacted okygen gas is diluted with the inert gas is discharged from the
pipeline 4. It is also possible to provide an absorption column (not shown in
the figure) in the middle of the pipeline 4.

20 The reaction liquid thus obtained is drawn out from the pipeline 5
together with the noble metal-containing catalyst and the noble metal-containing
catalyst is separated at the solid-liquid separator 102. The noble
metal-containing catalyst thus separated is returned to the reactor for
liquid-phase oxidation 101 through the pipeline 6, and the reaction liquid in

26 which the noble metal-containing catalyst has been separated is sent to the
flash tower 103 through the reaction liquid after catalyst removal pipeline 7 At

the flash tower 103, a gas containing mainly the olefin is compressed and
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the flash tower 103, a gas containing.mainly the olefin is conpressed and
26°liquefied by a conpressor (not shown in the figure) and returned to the
reactor for |iquid-phase oxidation 101 fromthe top of the flash tower 103
through the pipeline 8 Meanwhile, the reaction liquid in which the olefin
has been separated is drawn out fromthe bottomof the flash tower 103 and
sent to the 5 nultistage distillation colum 104 through the reaction
liquid after olefin renoval pipeline 9. In the case that an al dehyde is a

L o it AR e ok

Ly A ST B 8 R 50 MR .
asti et | opPeline B e, B ACA igbfein BEh WIE olel s BORR " cacti on
liquidin V‘é@ﬁ?aféﬁﬂs%irﬂwﬁ'b?ﬁ?mﬂ@b@ﬂtﬂﬁ@fﬁﬁ? 'ﬂ?éh st 1§§Qq(§)§éﬁgtﬁiltﬁedr awn

out fromthe bottomof the nultistage stilTatron col um

i ntroduged fmultitddiediaRatio’! cdi@mnefdLthrbi ¥Hé3|%|a(cti8b{ ﬂéﬁi’d%’a?ie?oié%ﬁa fefiquaph the

15 reaction liquid after al dehyde renoval pipeline 1 o the reactor for

ester cati opipélifey8r olry tHescdgbthat An AldeHiRle i820VaW meRdradl, thRifBhitsweP 168

brought into contact with an aji-unsaturated carboxylic acid anhydride is
suppl i ed ttheqipelinese8 ahd @hean be oaiitied andihy pipeliakiMearl Be ditéetly an al cohol

Is used, a corresponding a, p-unsaturated carboxylic acid ester and a

cor r espondi ¢anregted R thegaultistageddistillationydoiumadiod. ar e produced, and when
water is used, a corresponding a,p-unsaturated carboxylic acid is produced
and these productAt tharr@ulggtnge tillatiomgoiuingn 464, difeactioh gontaining imainly E06
through after acid anhydride deconposition pipeline 13. Wen an al cohol is
used, 0 i frisaliyated,aldehyde i whumeddodhe reactar fasiquisi-phase exidatiotown i n
t he figure)‘ui‘inft‘??f'I m. ddl e of the 25 E,i Rliel jne 13 to recover unreacted

al cohol . at14Hzom iheiter gfthemuttistags disilation safumng@4 thrauakthe aipelivgt 1 ni ng

mainly the yelyGhle, 'the TSI IR U in WRidhARE o p-Urdaturated aldehyde has been

separated is drawn out from the bottom of the muitistage distillation column 104
and introduced into the reactor for esterification.l hydrolysis 105 through the

15  reaction liquid after aldehyde removal pipeline 11. To the reactor for
esterification / hydrolysis 105, an alcohol and/or water which is to be brought
into contact with an o,B-unsaturated carboxylic acid anhydride is supplied
through the alcohol / water supply pipeline 12. When an alcohol is uséd, a
corresponding o, B-unsaturated carboxylic acid ester and a corresponding

20 a,B-unsaturéted carboxylic acid are produced, and when water is used, a
corresponding o,B-unsaturated carboxylic acid is produced and these products
are sent to the multistage distillation column 106 through after acid anhydride
decompaosition pipeline 13. When an alcohol is used, it is also possible to
provide a distillation column (not shown in the figure) in the middle of the

26  pipeline 13 to recover unreacted alcohol. At the multistage distillation column
1086, a fraction containing mainly the solvent is returned to the reactor for

liquid-phase oxidation 101 from the top of the multistage distitlation column 106
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| i qui d- phase oxidation 101 fromthe top of the nmultistage distillation.
cotum 106 27 through the pipeline 14. Meanwhile, the reaction liquid in
whi ch the solvent has been separated is drawn out fromthe bottom of the
multistage distillation colum 106 and sent to nultistage distillation
col um 107 through reaction liquid after solvent renoval pipeline 15. It
Is also possible to provide a dehydrating 5 columm (not shown in the
figure) in the mddle of the pipeline 15 to renove water produced in the

| oss of the solvent

< "Suppl e RNBUSE 106 RIFFIDAC 4ol (MERTDIE, the feardon QUi ryBichtBe solvant on
cation 1 nyaPsF Rl sbarated aPdd ofEiar 6 betior, ot the munlsieda dotlgfiors "aci o
From t et oo BT a0 Ak kel it Rdted AffancCiating 167 overirrongaud”
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pi peline 17. Figure 2 iIs another matic ow di agr &m show ng a

consti t uti othendolverntus BUpplenichted Asretigh IRe pipeliHespt ur ated carboxylic acid
froman olefin as a 20 raw material. 'In Figure 2, the sane procedure as in

Figure 1 is carriAtitheunultistadge distifationl dolermacko7disthd ¢add Mt anldkBhol @t i n
whi ch an a, p-unsaturated al dehyde is renoved. In the next step, the

reaction | idsedindtheveactor forestetificationt/thydrolsis @5, muddriespagding stil | ation
colum 104, in which the a, p-unsaturated al dehyde has been separated, is
i ntroduded #frunsaturated cagiaxylic acittestenanda costasponddg ¢ Brunsstu2ted he
reaction liquid after aldehyde renoval pipeline 11. At the nultistage
distillati o?fifbexﬂfﬁwa%@,re drawn eut francthet tapaf the multistage wistdlatior solumn

t dt
returned o 6?ﬁ1rough the carboxylic acid-drawing pipeline 16. Meanwhile, in the case

that water is used in the reactor for esterification / hydrolysis 105, a
corresponding «,B-unsaturated carboxylic acid is drawn out through the

15  carboxylic acid-drawing pipeline 16. Further, a residue is drawn out from the
bottom of the multistage distiliation column 107 through high-boiling component
pipeline 17.

Figure 2 is another schematic flow diagram showing a constitution of

equipment to produce an o,B-unsaturated carboxylic acid from an olefin as a

20 rawmaterial. In Figure 2, the same procedure as in Figure 1 is carried out until
the multistage distillation column 104 in which an ¢,p-unsaturated aldehyde is
removed. In the next step, the reaction liquid drawn out from the bottom of the
multistage distillation column 104, in which the o,B-unsaturated aldehyde has
been separated, is introduced into the multistage distillation column 108 through

25  the reaction liquid after aidehyde removal pipeline 11. At the multistage
distillation column 108, a fraction containing mainly the solvent is returned to the

reactor for liquid-phase oxidation 101 from the top of the multistage distillation
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reactor ,for |iquid-phase oxidation 101 fromthe top of the nultistage
distillation 28 colum 106 through the pipeline 14. Meanwhile, the
reaction liquid in which the solvent has been separated is drawn out from
the bottomof the nultistage distillation colum 106 and sent to the
mul ti stage distillation colum 107 through the reaction liquid after

sol vent renoval pipeline 15. It is also possible to 5 provide a dehydrating
colum (not shown in the figure) in the mddle of the 15 to renove water

um_(n: it ) in | | :
oos of 1 hac2orus P8 Hirceigh ¥he ikl F MBTH A, she oftflon Rilg FRHRN °

ss of the Sol vent ' | _ rAReT A T t
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10 Meanwhi | distiflatiérobolofid 1@&aﬁ@%€ﬁﬂ@"{he0rﬁmi§faggr!§%tﬁlt&g§hn %P%ﬁtlﬁ‘?%v%lggge

carboxylic acid anhydride is drawn out fromt e multis
di stillati othecrgaction i§Qid aftet sovent remblarpipéline w.apnrssl.aérsb pdagiblé t@ﬁgh

hi gh-boi I'i ng conponent including acid anhydride pipeline '18. At the
t hi n-filin epepidendaehyGiting cohemaradeshdwrain therfiguesl inithe midd®i 6fl the A% to
a, p-unsaturated carboxylic acid 15 anhydride is sent to the reactor for
ester cati ofemoys watenpiodudsbin thediayid-phase ozidatidn ireactisirpelFurthetfan and a
hi gh-boi | i ng conEonent is drawn out as a residue through the high-boiling
conponent pRAMOUNkEf loss of the selveetissuipplemented timoughdhe ipipelinet.dr ol ysi s 105,
an al cohol and/or water which is to be brought into contact with an
a, p-unsat ur at ed oAt hexpHitistage distiiatiparaalemnd 07y pfractienzontainisggnainhea
al cohol / ter, supply pipeljne 12. \Wen an al cohol is used, a
corres pond},\%{)g%{ ﬁ?—rﬁa’gétaﬁl‘cg'?éiﬂa‘b’ﬁ%wp%h 3@ garboxylic agid-diawig Ripgbnrii Bg
a, p- unsat ur boxyl,ig acid are produced, and en ter js used, a
corres B@ndi @éggwﬁﬂéhg ﬁ%’ﬁ?'@'&g SQW&%FFEO@ﬂWQ an &,\Aﬁﬂhng@ rﬁ{?ﬂll @{Eg@ﬂlc
products ; cid,.anhydri de Qsition
DT oal e 1 OSBRI A5 4 bBhaRhe BN RRGDR FRRRBR bRt
explai ned 1 197"8R& seft &) hilHin\8Yaporator 108 through high-boiling component
including acid anhydride pipeline 18. At the thin-film evaporator 108, a
separated fraction containing mainly an o,p-unsaturated carboxylic acid
15 anhydride is sent to the reactor for esterification / hydrolysis 105 through acid
anhydride pipeline 19, and a high-boiling component is drawn out as a residue
through the high-boiling component pipeline 17. To the reactor for
esterification / hydrolysis 105, an alcohol and/or water which is t.o be brought
into contact with an o,B-unsaturated carboxylic acid anhydride is supplied
20 through the alcohol / water supply pipeline 12. When an alcohol is used, a
corresponding a,p-unsaturated carboxylic acid ester and a corresponding
a,pB-unsaturated carboxylic acid are produced, and when water is used, a
corresponding a,B-unsaturated carboxylic acid is produced and these products
are drawn out through the after acid anhydride decomposition pipeline 13.
25 EXAMPLES
Hereinafter, the present invention will be explained in more detail by way

of the examples.
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of the exanples. 29 (Liquid-phase oxidation reaction of isobutylene) A
stainl ess steel stirred-tank reactor equipped with a jacket having an

i nside dianmeter of 126 mmand a volune of 4 liters was used as a reactor
for ~carrying out a |liquid-phase oxidation reaction. The reactor has a
structure in 5 which raw materials are supplied froman upper part of the
reactor together wwth a solvent, and a reaction liquid is drawn out from
"the systemwhile a liquid | evel of the |iquid-phase part of the reaction

lrr{e?;: dcio?\t ;?ﬁhn@ Si Sl%géaﬂgggoil:%ecﬁﬁ@ﬁ%bybﬁgﬁ%dOf?S?A) E;l lrrggisurert lary
butanol aqueous SaldhihRRSUES SFBHLEHR dactlPabilbb ol Wifich IabSH ibvidg Uy | "

a level of the resultant reac ed a con |qU|d

pal | adi um nfisile QRAIGLALN2E hirh Sd S POIRIILEE £ feM Wass, ustehe%s 2PgadbeRAr ed by

di ssolving palladiumnitrate in water and reducing 1t wt or mal dehyde in

the presencea®fing c&lt'a'Iitﬂnd‘u?hééé'bxfd%tléHF?QQéﬂorPaH'fl-iéd md?rh hestrabturé f

carrier was used. The t he resul tant |qU| adjusted 1 n such a

15 way téat whictotawmatéridldard sapplibdoReman Gppé J%rsofiwetr@ae@a tegethupdith
supplied from an upper part of the reactor and the supply was stopped when

a gas- phasea sphvent pareba reactioreliduidl ivididwrPout forhithielisgstehtahilé anpRidiaver was
raised to 90C and stabilized at the sanme tenperature for about 10 m nutes,

and 237 g/ hef thefliquidipbase paitsiitie peastiendiqiisk@pt gbhstaat. t he sol vent were
continuously supplied 20 to the reactor. As the solvent, the one prepared
by incl udi ng 200 Potheoteactornb®g-of ghraltsdium raetpbmmtamnzgismoa-suppottedor into
75% by mass tertiary_butanol agueous solution was used. At this tine, an
aver age ret %a@[v&haw & Yo bY tnass tegiary thatang! .a@ueau§ sabdionwere previoysly
A (e R R TV S R NORTIES IS C
P 0e! a8 R AT BB o G oSS BB R S
one prepared by dissolving palladium nitrate in water and reducing it with
formaldehyde in the presence of a silica carrier to support pailadium on the
silica carrier was used. The level of the resultant liquid was adjusted in such a
16 way that a volume of the liquid became 3 liters. Nitrogen gas was supplied
from an upper part of the reactor and the supply was stopped when a gas-phase
part pressure reached 4.8 MPa. A liquid-phase temperature was raised to
90°C and stabilized at the same temperature for about 10 minutes, and 237 g/hr
of liquefied isobutylene and 2,135 g/hr of the solvent were continuously supplied
20 tothe reactor. As the solvent, the one prepared by including 200 ppm of
p-methoxyphenol as a polymerization inhibitor into 75% by mass tertiary butanol
aqueous solution was used. At this time, an average retention time of the
resultant liquid phase was 1.0 hour. Subsequently, air was continuously
- supplied to the liquid-phase part of the reactor at a rate of 800 g/hr from a
25  compressed air bomb through a sparger and the reaction was started while the
gas-phase part pressure was maintained. In this state, the reaction was

continued for 6 hours, and the obtained reaction mixture was analyzed. As the
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continued for 6 hours, and the obtained reaction mxture was:analyzed. As
the 30 results, conversion of isobutylene was 46.5% selectivity to

nmet hacrol ein was 43.0% selectivity to nethacrylic acid was 23.7% and
selectivity to nethacrylic anhydride was 4.9% The anal ysis of the
foregoing raw materials and products were carried 5 out using gas

chromat ography. The conversi on of isobutylene, selectivity to nethacrolein
produced, selectivity to nethacrylic acid produced, and selectivity to

th i drid d def i t followng, reg tively.
Ao the sel ctaRUlE: Someriafict B RHenn s Fai6 %, seatll b Med APl W88 based
i sobut i ted b t i hydrj de .i ,
St of chi onet PPOTh POV MRRAr YR EHOVEr fs foned Solechdbiia pptAsryic
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X Qggrsgglne {’F*/&fa%%égger@ﬁgcryl i)cxaci d (°/§ §CE :I)V;t)é)tg rlrgg ag(raloeglt invi(ty to)

met hacrylic anhydfﬁ?%ﬂé{@giss:og]&ﬁe)foég/{aglﬂ%dgv ﬂr%geﬁlsléa@dt;%Sd@&Q‘(f?erg%ra?ﬁ‘éd’e’ A

represents nunber o I sOb P represent’s nunber of

ol es O | 2604 s cARGHEtbordpH P RRFBiRverBBRA st IBhE SdibctiR acr of i 1

produced, D represénts nu I ‘noles « rylic’acrd pro ed, and E
represents pigffasdrolin pRideceq! séBEINAG 68! héthaRRAME Hcid BrodfuRed CaRd séfctivity

(Separation of |owboiling products and nethacrolelﬁ) The pal | adi um

net al - cont ajgvnethairyliccenttidpide produset atey géfingibas G olIBWINE |rdﬂ563ﬁi&é@t ed by
filtration under pressure fromthe reaction mxture obtained. The filtrate

was f | ashedAatheasélegtivityt tovwaethaetgdic arihyaisidbethiecfollowhmudefinittordbasadast ed
i sobutyl ene was renoved. The resultant reaction mxture after 25

i sobut yl eneishbutylanenis rasioptestibecauseumethaorylid gnhiidsidel is stbichiotnetridally o
30 and 10 obtaned from two times moles of isobutylens, L o 19 & diameter o
Conversion of isobutylene (%) =(B/A)x 100
Selectivity to methacrolein (%) = (C /B) x 100
Selectivity to methacrylic acid (%) = (D / B) x 100
Selectivity to methacrylic anhydride (%) = (2 x E/ B) x 100
15 In the above formulae, A represents number of moles of isobutylene
supplied, B represents number of moles of isobutylene reacted, C represents
number of moles of methacrolein produced, D represents number of moles of
methacrylic acid produced, and E represents number of moles of methacrylic
anhydride produced.
20 (Separation of low-boiling products and methacrolein)

The palladium metal-containing silica-supported catalyst was
continuously separated by filtration under pressure from the reaction mixture
obtained. The filtrate was flashed at a flash tower under atmospheric pressure
and unreacted isobutylene was removed. The resultant reaction mixture. after

25 isobutylene has been removed was subsequently distilled in batch to separate

methacrolein using a glass Oldershaw column having a diameter of 30 and

number of plate of 20, under the conditions of the distillation still temperature of
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nunber of plate of 20, under the conditions of the distillation stil
tenperature of 31 r i about 50C and the reflux ratio of 2.0. The
conposition of the reaction mxture thus obtained was 2.8% by mass of

met hacrylic anhydride, 30.4%by mass of nethacrylic acid, 28.1 % by nass
of water, and 38.7% by nmass of tertiary butanol. 5 (Esterification /
hydr ol ysis of nmethacrylic anhydride) Exanple 1 A 500 niL four-necked flask
equi pped with a stirrer, a stirring seal, a thernonmeter, and a cooling
tube was set in a thernostatic oil bath. To the foregO|ng flask, 300 g of
the reacti dbaut B0%Eanccibetreflux raficoef 200 b hewompasitian ofthermpastivmmidiraryy t he
f oregoi ng separating operation of |owboiling products _and nethacralein
and 200 pprihyy oktrired wias\&Pinby prass-afweeibropfie aphydede, 3%Vq/méma@étq on

i nhi bitor wer n |ntroduc d. The syst was ted to 7OC whil e
stirred, arfﬂe%aﬁiy 'Sfacf!fgﬁaﬁ gr’Pg‘PX/"'@@ﬁ watgs, Apd @(ﬁ g|a,s§5q

manuf actured by Bayer AG, trade nanme: Lewatit Catal yst K2621) (dry 15
form 0.05%§&3¥valent to 1 mole of met hacryl i ¢ anhydride, ion exchange

[
capaci t . [ m-dry for S e flask as an acid
cat al ys%g. Zﬁ@%ﬁ"ﬁ& Zhﬁ&E 3@1'8 8%9@’0@'@%(&\({?2 the systemwas stirred
for 2 hour Hyﬁgf nsi de tenperature of 70C. A snall anount of the
reaction |iqu Was sanpl ed and analyzed with HPLC. The anal yzing

e ! I
Syner gi 40 Fus on PGB four HbeRRE fadk dauippey TR stifpha GRfing Selhd T
Det ecti ng Wﬁé‘@nérﬁ@&trhangQQ:d@IThERMWaS%MH@W%mW bafH. UtTcthe/

acetonitrile = 70 / 30 25 Fl ow speed:
foregoing flask, 300 g of the reaction mlxture (contamlng 28.1% by mass of

10  water) obtained by the foregoing separating opération of low-boiling products
and methacrolein and 200 ppm by mass equivalent of p-methoxyphenol as a
polymerization inhibitor were measured and introduced. The system was
heated to 70°C while stirred, and 2 mL of a strongly acidic cation exchange resin
(IER, manufactured by Bayer AG , trade name: Lewatit Catalyst K2621) (dry

15 form; 0.05 equivalent to 1 mole of methacrylic anhydride, ion exchange capacity
of 1.3 meq/mL-dry form) was added to the flask as an acid catalyst. After the
addition of the acid catalyst, the system was stirred for 2 hours at an inside
temperature of 70°C. A small amount of the reaction liquid was sampled and
analyzed with HPLC. The analyzing conditions are as follows.

20 Apparatus: Shimadzu LC-VP series
Coiumn: Synergidu Fusion-RP 250 mm x 4.6 mmiD (manufactured by
Phenomenox Inc.)

Detecting wave length: 250 nm
Eluant: 2mM-KHzPO, aqueous solution / acetonitrile = 70 / 30

25 Flow speed: 1.0 ml / min

Oven temperature; 40°C

Amount of injected sample: 1.0 uL
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Oven: tenperature: 40C Anount of injected sanple: 1.0 L 32 Using these
conditions, the results in Table | were obtained. The reaction perfornmance
was cal cul ated by the followi ng fornulae (hereinafter, the sane

cal cul ation being used in Exanples 7 and 8). Conversion of nethacrylic
anhydride (ANH) (%9 = { | - (nunmber of noles of 5 ANH after reaction) /
(nunber of noles of charged ANH)} x 100 Selectivity to nethacrylic acid
(MAA) (% = (number of noles of produced MAA) / {(nunber of noles of

consuned ANH) x 2} . x 100 Exanple 2 The sape.procedure of the reagti on was
carried out as in aseco '%?cg!ﬁretsh'gg ”gia@e('!lwﬁfﬁ Qpéaty?ecinat ol

(cont ai ni ng "REET B forhirbeoySs gkt BY the faloline raryag Theishamerbie 1
(ner of nai t oF2NTeAEARNGE HEFRy GREH SeffigRS M &) Bampl es 3 10 6). 15
" SR N B N AR Pl 1
(nunber a%)f yﬁoﬁ%ﬂ%ﬁ@h%&?uﬂéwgrgsg&cﬁ%@ ‘?@"’pgg‘mw rre% hacryl at e
(MY (% = Selesity @ mdbgyiioboRr( o) 2OnfMblr of (rAEEDES piRidEBY MARS

consuned ANH) x 100 Tabl e 1°Added Aci sion Se y Selectivity
Sel ecti vi t y/{{numbsicfaholesisiiconsamied AH) 22}ANIDOO MAA to MVA (MAA+MVA)

Added anount Added anmount % % % % Exanple _ IER 81.4 56.6 - -
" Example 2
The same procedure of the reaction was carried out as in Example 1

10 except that 32 g (1 mole) of methanol (MeOH) was introduced into the flask
together with the reaction mixture (containing 28.1% by mass of water) and
obtained the results in Table 1. The reaction performance was calculated by
the following formulae (hereinafter, the same calculation being used in
Examples 3 to 6).

15  Conversion of methacrylic anhydride (ANH) (%) = {1 — (number of moles of
ANH after reaction) / (number of moles of charged ANH)} x 100
Selectivity to methacrylic acid (MAA) (%) = (number of moles of produced MAA)
/ (number of moles of consumed ANH) x 100
Selectivity to methyl methacrylate (MMA) (%) = (number of moles of produced

20  MMA) / (number of moles of consumed ANH) x 100

Table 1
Added Acid catalvst Conversion|Selectivity | Selectivity| Selectivity to

alcohol / water (Added am:Lmt) of ANH | to MAA | to MMA [(MAA+MMA)
(Added amount) _ (%) (%) (%) (%)

Example IER

1 - 2 mi) 814 56.6 - -
Example MeOH IER
o (1.0 mole) @ mi) 85.2 40.1 1334 173.5

Example 3
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12 ) Exanple MOH IER 2 (1.0 nole (2 m) 95.2 40.1 133.4 173.5 Exanple
3 33 The solvent is renoved by distillation fromthe reaction m xture
obtained by renoving | ow boiling products and nethacrolein, and fromthe
resultant mxed liquid of nethacrylic acid and methacrylic anhydri de,
crude nethacrylic acid is separated by vacuumdistillation. Subsequently,
the resultant separated 5 high-boiling conponent containing nethacrylic
anhydride is sent to thin film evaporator to separate into nethacrylic

the” et hacryl i o | i, lfentiBFelEias by MLAIHRn A vie rtsBh RNy Rl nY

: | : . A
Cons"os o S EhERRGlow o ot ha elRagain BRGNS GATRNFL LI 1o
ot hacr yl § O ACRIRR P rsMadyiucid BHA I Alichydue! eru® hefhiacniic,
a stirring sedis s@parhfb‘éf%i?@étﬁfm dtflafor®0 S&bﬁ@@ﬁhg&gég?@@{a epaftfted N 2

thernostatic oil bath. the foregoing flask, 30 nmet hacrylic

anhydri ge (kightaiientcompofenttoohesinibg raghadnlicarfydnae ¥ semtodnih A/ ppm by

mass equi val ent of p-nmethoxyphenol as a polynerization inhibitor were

nmeasur ed arevaporatodtaseparate inbe nidthadryli@anhydride afeageskiuel rongly acidic
cation exchange resin as in Exanple 1 was added as an acid catal yst.
Further, 14.4g ((Ohestangetenaterial caybetobizingd byl bringing theasetreatrylic o t he
dropping funnel . Heating of the systemwas started while 20 the system was
stirred. N@Wﬁﬂﬂ&kﬁ@e_@gﬁi@md byi thelferegping operationdntotcontactavith methanoli nsi de
t enperature was ke at 50C, paying attention to heat generation by the
reaction. Arvater e, gieagest methacavlis anhydridewasused asia mpdgl offthene

system, was_continued . far..1, hour ,at, 5QC. Consequently, the results in Table
2ywer e 10 met?lac'ryllg anhygnde 10 Be ob?alneg (|:n such a v?alnjy men aoneg above lfo carrly

out esterification / hydrolysis of methacrylic anhydride.
A 100 mL four-necked flask equipped with a stirrer, a stirring seal, a
thermometer, and a 50 mL dropping funnel was set in a thermostatic il bath.
To the foregoing flask, 30.8 g of methacrylic anhydride (a reagent manufactured
15 by Aldrich Corporation) and 200 ppm by mass equivalent of p-methoxyphenol
as a polymerization inhibitor were measured and introduced. To the flask, 8
mL of the same strongly acidic cation exchange resin as in Example 1 was
added as an acid catalyst. Further, 14.4g (0.45 mole) of reagent methanol was
measured into the dropping funnel. Heating of the system was started while
20 the system was stimred. Methanol was dropped little by little into the flask while
inside temperature was kept at 50°C, paying attention to heat generation by the
reaction. After the dropping of methanol was finished, stirring of the system
was continued for 1 hour at 50°C. Consequently, the results in Table 2 were
obtained.
26 Examples4to8 |
The same procedure was carried out as in Example 3 except that the

kind and the amount of addition of alcohol and/or water to be added and the
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obtai ned. 25 Exanples 4 to 8 The sane procedure was carried out as in
Exanpl e’ 3 except that the kind and the anount of addition of al cohol

and/ or water to be added and the 34 kind and the amount of addition of the
acid catalyst to be added were changed as shown in Table 2, the results
shown in Table 2 were obtained. As PTS which is an acid catalyst in Table
2, p-toluenesul fonic acid nonohydrate (nmanufactured by Wako Pure Chem cal

I ndustries, Ltd.) was used. 5 Table 2 Added Acid catal yst Conversion

A to e KBRSt S addiion of e 4658 Safvet o8 Bo Hack i BRE o 4
150.2 4 (0-38"9871d9 Tefle FErendi oI Tafe RIS GHlafis” 35 TS, o
Beanpl o 0" I 25 AgY Htdvetin Tahien kgl hbeiohls s MidhyglieTe o2 o
93,6 11 e (aaRIed b UWARE PR OnchiicHRILEFRATI orlvadthodet nacr vl |

anhydride is transforned into a target materia MVA) by bringing it
into corg acTahleth net hanol or water. The obtained MVA was defined as the

target materrarbrratze muﬁ\;;c;tlai;lsltﬁ Conversion|Selectivity| Selectivity[Selectivity to
alcohol / water (Added amount) of ANH | to MAA | to MMA {(MAA+MMA)
(Added amount) (%) (%) (%) (%)
Exa;"p'e : O.T:ﬁsle) (éEn:"l) 974 | 868 | 994 | 186.3
E""";"p'e (o.Tseg:ié) (‘:En':) 733 | 821 | M7.1 | 1992
E"a,’j“p’e ko.Tseﬁgle) ; 19 | 1163 | €83 | 1846
Exaénpfe (O.T:?nze) (0.0:51-:1 ooy | %8 614 | 1216 183.0
EX&;"P'G (0.2:2rgole) (-:Enfl) 597 97.8 i )
Exa: Ple (O.ZZch:ole) (0.0(|;’5T :mle) 55.9 93.6 i )

| It was recognized that methacrylic anhydride is transformed into a target
material (MAA + MMA) by bringing it into contact with methanol or water. The
obtained MMA was defined as the target material because it can be transformed
into methacrylic acid by hydrolysis treatment which is carried out sebérately.

10 Consequently, it was recognized that a yield of methacrylic acid can be
improved, as a whole, by carrying out the esterification / hydrolysis treatment of
methacrylic anhydride subsequent to the foregoing liquid-phase oxidation

reaction of isobutylene and the separation of methacrylic anhydride.
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into nmethacrylic acid by hydrolysis treatnment which is carried out -
separately. 10 Consequently, it was recognized that a yield of nethacrylic
acid can be inproved, as a whole, by carrying out the esterification /
hydrol ysis treatnment of nethacrylic anhydride subsequent to the foregoing
| i qui d- phase oxidation reaction of isobutylene and the separation of

nmet hacrylic anhydride. 35 What is clainmed is: 1. A nethod for producing an
a, (3-unsaturated carboxylic acid, conprising the steps of: 5 (a) carrying

out oxidation of an olefin or an - Un urated al dehyde in a liquid
phase to obtain a reaction m xt ur?vﬁgwgaﬁ?%h?fén a, (3-unsat ur at ed
carboxylic acid and an a, (3-unsaturated carboxylic acid anhydride; and (Db)
bringing the a, (3-unsaturated carboxylic acid anhydride into contact wth

an al cohol or water i z tald g lqd resulting
10 from deconposi ti oﬁﬂ‘é@%ﬁg&a&?’gaﬁﬁgﬁ?ﬁjg@%g'r.%gé??r%d’qg? aemhydri de. 2.
The net hod Eg@hpRsinEYRé a, 3-unsaturated carboxylic acid according to
claim1l, furcﬁ{gr Icglrtrgéf ?%p%bft he step of: (c) separating the

a, (3-ungat ur at ed (‘é&b_ﬁﬁ?ﬂﬁbi sutdddbtRAbfdMoléfin dr l&n%??liﬁéra%ﬁrﬁib&éﬂéazdé i acid
anhydride both of which are contained in the reaction mxture, ile

carrying oug ligind pHage tombtaihtzeredction shigturé ehntainingzm FBtirishtliatedr oduci ng
an a, (3-unsaturated carboxylic acid according to claiml or 2, wherein an
aci d cat al ysarbozyliceacié andarceo@xunsatatatéd eartitylic aeidadninarideg) agd out t he step
(b). 4. The nethod for producing an a, p-unsaturated carboxylic acid

accordi ng to cl ai(ky bringingrtbe o, Bupsattirdtedacarboxylici acidanhydiide imbe chntadt
selected from the group consisting of cation exchange resins, organic

aci ds, ni neWit ap@iehol 26 water tecebtaiban . fxunsrturated carboxylic acid resulting

10 from decomposition of the o,p-unsaturated carboxylic acid anhydride.

2. The method for producing an ¢, p-unsaturated carboxylic acid
according to claim 1, further comprising the step of:
(c) separating the «,p-unsaturated carboxylic acid and the
15  o,p-unsaturated carboxylic acid anhydride both of which are contained in the

reaction mixture, while carrying out the step (b) after the step (c).

3. The method for producing an «,B-unsaturated carboxylic acid
according to claim 1 or 2, wherein an acid catalyst is caused to coexist at the

20 time of carrying out the step (b).

4. The method for producing an «,p-unsaturated carboxylic acid
according to claim 3, whersin the acid catalyst is at least one kind selected from
the group consisting of cation exchange resins, organic acids, mineral acids,

256 and heteropoly.acids.
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