DESCRI PTI ON  METHOD FOR PRODUCI NG a, R- UNSATURATED CARBOXYLI C ACI D

TECHNI CAL FI ELD [0001] The present invention relates to a nethod for
produci ng an a, n-unsaturated carboxylic acid by carrying out a

I'i qui d- phase oxi dation reacti on. BACKGROUND ART [0002] As a nethod for
produci ng an a, O-unsaturated carboxylic acid, a nethod in which an olefin
having 3 to 6 carbon atons and oxygen are supplied to a reactor and the
olefinis oxidized in a liquid phase in the presence of an activated

pal | adium netal catalyst to obtai unsat urated carboxylic acid
is disclosed (Patent Docunent 1). B%%Egg@lg?yrrent 1: Japanese Patent

Application Lajds 60- 155, I ROBLEM
7O BE S0LVED BYETHET RREARR o U 563 Privear TRrTRILGARROR YR AR ¢ o
description about a method for stopping a reaction, though there is a
description of an activation nmethod of a catal yst when the reaction is
started. In the case of stopping the reaction by sinultaneously stopping
the supply of an olefin having JTEGHNICALFIBLE: ons and oxygen for the
pur pose of inspection or repair of equipnent, it is apprehended that a
nobl e et a[0003] al yst is oxidized and deteriorated by 1 the dissolved
oxygen in a liquid phase in a reactor after the reaction has been stopped.
Further, it The ppResthandedon elatd GRS melibd oy pacdiRthgohef &) frakatigatddt o 6
carbon atons

carboxylic acid by carrying out a liquid-phase oxidation reaction.

BACKGROUND ART
[0002]

As a method for producing an ¢, f-unsaturated carboxylic acid, a method in which an
olefin having 3 to 6 carbon atoms and oxygen are supplied to a reactor and the olefin is
oxidized in a liquid phase in the presence of an activated palladium metal catalyst to
obtain the a, B-unsaturated carboxylic acid is disclosed (Patent Document 1).

Patent Document 1: Japanese Patent Application Laid-Open No. Sho 60-155,148

DISCLOSURE OF INVENTION
». PROBLEM TO BE SOLVED BY THE INVENTION
[0003]

In Patent Document 1, there is no descripﬁon about a method for stopping a reaction,
though there is a description of an activation method of a catalyst when the reaction is
started. In the case of stopping the reaction by simultaneously stopping the supply of an
olefin having 3 to 6 carbon atoms and oxygen for the purpose of inspection or repair of

equipment, it is apprehended that a noble metal catalyst is oxidized and deteriorated by



and oxygen may accunul ate at an upper space portion of the reactor, and the
di ssol ved oxygen in the reaction |iquid my evaporate while a conbustible
gas is existing at the wupper space portion of the reactor to rai se oxygen
concentration, which nmay cause explosion. [0004] It is an object of the
present invention to provide a nethod for producing an a, O0-unsaturated
carboxylic acid by oxidizing an olefin or an a, (3-unsaturated al dehyde in
a liquid phase in the presence of a noble nmetal catal yst, which can ensure

oper at i onal My-¥ [ ' \,
deteriorat iﬂéenagoﬁﬁvﬁiegﬁr?’%ﬁgn %ré@fcp{’%%% g’l?g S ? &tﬁ%?@%ﬁa@&%ﬁ EIES?CB)&%E%L EM
[ 0005] The gist of, the present invepntion resides Ln,a.nmethod fo roduci ng
b o (3 dER s aEPBr s ot SOTPLPRTTls kT B PEACE ARt RN an
olefin or an_a, (3-unsaturated al dehyde is oxidized in a |iquid phase in
the presen@ad GRYSEDTORY acqusiuiate aban HPRESsPRes BorHen of Hie I%ct%ﬁag ﬁﬂ@t fjgsojyved
(3-unsaturated carboxylic acid, the nethod conprising the step of stopping
t he oxi dat iosygandiaché ecactipn digpid| Iymhgvmratnewlﬁlegaasombwﬁ%be gasda eristng potwe 1
One preferable aspect of the present invention is the nmethod for producing
an a, (3-uppatspasd edrtivar bH e feactaeitd, raisa aaygen coheentratiagt which rreay tchuse | s
carried out 2 continuously by supplying the olefin or the a, n-unsaturated

al dehyde, exgigtivent and nol ecul ar oxygen to the reactor, and supply of the
oxygen i s stopped before the inert

[0004]

It is an object of the present invention to provide a method for producing an o,
B-unsaturated carboxylic acid by oxidizing an olefin or an &, B-unsaturated aldehyde in
a liquid phase in the presence of a noble metal catalyst, which can ensure operational
safety at the time of stopping the reaction and prevent deterioration of the noble metal

catalyst.

MEANS FOR SOLVING THE PROBLEM
[0005]

The gist of the present invention resides in a method for producing an o,
B-unsaturated carboxylic acid by an oxidation reaction in which an olefin or an «,
PB-unsaturated aldehyde is oxidized in a liquid phase in the presence of a noble metal
cataly;t in a reactor to obtain the o, P-unsaturated carboxylic acid, the method
comprising the step of stopping the oxidation reaction by supplying an inert gas to the
reactor.

[0006]
One preferable aspect of the present invention is the method for producing an «,

B-unsaturated carboxylic acid, in which the oxidation reaction is carried out



gas is supplied in the step of stopping the oxidation reaction. In the step
of stopping the oxidation reaction, supply of the olefin or the a,
a-unsaturated al dehyde can al so be stopped after the inert gas is
supplied. A nore preferable aspect of the present invention is the nethod
for producing an a, p-unsaturated carboxylic acid, in which a rate of
supply of the inert gas to be supplied to the reactor in the step of
stopping the oxidation reactionis 1 to 100 tines as nuch as a rate of

supply of the.nplecyl ar. o en to he supplied in th Ldation reacti.on.
[0007]  AnSUREOBTIE ty; SHRPLIRE fhs Blefif oryih® g Sbumetimiod aldeliyds & tolkScandod
for produci ng glg“a, 0- unsat ur at ed garbcixyl ic acid, in V\/(’ll%téﬁ total vol une
of the i nePIOFRATOXYBEL L, Bi5 TeadOk 50d SHRPYY &1 tho PX¥gende sipae © (S n
the step of stopping the oxidation reactigon is | to 1,000 tipmes as nuch as
a vol ume ofasissEpRItEddR the sfep of starpins thearddion radve] In thestapci storsies tsl e
aspect of the present invention is the nethod for producing an a,

( 3- unsat ur exiddtiomrdaotign, i smipplyi of therolefm oh tize tpPalnsatwiaed aldehydeecamalst tgas t o
be supplied to the reactor at OC and under 1 atmin the step of stopping

t he oxi dat stoppedesfizr itlonines gas issuppliéD A inbregrefegableiadpedtsofahy present iateriting
reactor. [0009] Another preferable aspect of the present invention is the

met hod f or ispihedHathd (8N pdducily WS at Fr@fsﬁdra@af BavYkIfc #Gd.%in WRid: Ghedf
reducing agent is further supplied to the reactor in the step of stopping

the oxi dat éigirb&{ SOGE LR %efe.% b%\’f\shﬁ?@%ﬁ tofie Ié&&af ﬁij&‘éistﬂ% r%l%‘r?%’ing 8 ogtligaftiioﬂ or

an a, P-uns at ed al dehyde lquird at a ure an
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present 1 nvention i
supplied in the oxidation reaction.

[0007]

Another preferable aspect of the present invention is the method for producing an o,
B-unsaturated carboxylic acid, in which a total volume of the inert gas to be supplied to
the reactor at 0°C and under 1 atm in the step of stopping the oxidation reaction is 1 to
1,000 times as much as a volume of a reaction liquid in the reactor.

[0008]

Another preferable aspect of the present invention is the method for producing an «,
B-unsaturated carboxylic acid, in which a total volume of the inert gas to be supplied to
the reactor at 0°C and under 1 atm in the step of stopping the oxidation reaction is 1 to
1,000 times as much as a volume of the reactor.

{0009)

Another preferable aspect of the present invention is the method for producing an o,

B-unsaturated carboxylic acid, in which a reducing agent is further supplied to the

reactor in the step of stopping the oxidation reaction. For example, as the reducing agent,

an olefin or an o, f-unsaturated aldehyde which is liquid at a temperature and a pressure



met hod for producing an a, n-unsaturated carboxylic acid, in which an
-amount of the reducing agent (g) to be supplied to the reactor in the step
of stopping the oxidation reaction is, based on a volunme V (L) of the
reaction liquid in the reactor, fromV x 100 to V x 2,000. EFFECT OF THE

| NVENTI ON [ 0010] According to the present invention, in a method for
produci ng an a, 13-unsaturated carboxylic acid by oxidizing an olefin or
an a, [3-unsaturated aldehyde in a liquid phase in the presence of a noble

nmetal cata n a h the ..reac |on
can be ens%ﬁl g% re%%%ag%%ﬁe%ﬁsf %‘ %r]ze ]Erﬁtrqu%ﬁgpﬁg;g g%ecﬁf)egp%sﬁnvg%thorbg

prevent ed. m % FOR CARI%/I NG OQUT THE | NVENT] ON [ 0011] Hereinafter,
the presenfeHeGRE PERUGInE a0 %@%@G Gapboyfigiacid, “[ an AMEHB! ¢ WS ent

i nvention, an oxidation reaction in which an olefin or an a, 0-unsaturated
al dehyde wWFRJSRINE S28nt G, torde ctupplied to Biei reaczt@rdubghemm@t:ﬁ@ppmgwgem@tmn
produce an a, O-unsaturated carboxylic acid is carried out in aliquid
phase in ti’ﬂ@Cﬁqni@sméoofa volurod Ve(Iyetfdhe ractidryBquid By theuehctan fovm dax 166
reaction, the a, f3-unsaturated carboxylic acid is produced in high

sel ectivitt¥xd,00h yield. The oxidation reaction my be carried out in a
conti nuous operation or a batchw se operation, however, the continuous
operation is preferable in point of productivity. 4 [0013] As the olefin,
the one having 3 to 6 carbon atons is preferable, and, for exanple,

EFFECT OF THE INVENTION
[0010]
According to the present invention, in a method for producing an o, B-unsaturated
carboxylic acid by oxidizing an olefin or an «, f-unsaturated aldehyde in a liquid phase
in the presence of a noble metal catalyst, operational safety at the time of stopping the

reaction can be ensured and deterioration of the noble metal catalyst can be prevented.

BEST MODE FOR CARRYING OUT THE INVENTION
[0011]
Hereinafter, the present invention will be explained in detail.
[0012]

In the present invention, an oxidation reaction in which an olefin or an «a,
B-unsaturated aldehyde which is a raw material is oxidized by molecular oxygen to
produce an o, P-unsaturated carboxylic acid is carried out in a liquid phase in the
presence of a noble metal catalyst. By such an oxidation reaction, the o, B-unsaturated
carboxylic acid is produced in high selectivity and high yield. The oxidation reaction
may be carried out in a continuous operation or a batchwise operation, however, the

continuous operation is preferable in point of productivity.



propyl ene, isobutylene, 1-butene, or 2-butene can be listed. As the a,
-(3-unsaturated al dehyde, for exanple, acrolein, nethacrolein,
crot onal dehyde (0-nethyl acrolein), or cynnamal dehyde ((3-phenyl acrol ein)
can be listed. [0014] The a, |-unsaturated carboxylic acid to be produced
Is the one in which a methyl group in the olefin has changed into a
carboxyl group in the case that the raw naterial is the olefin, and the
one in which an al dehyde group of the a, (3-unsaturated al dehyde has
changed intQI@]carboxyl group in the case that the raw material is the a,
(3-unsaturi‘% al dehyde. Concretely, for exanple, acrylic acid can be
obtained in the case that the raw_ material is propylene or acrolein, and
met hacryl i c A&ithe e@ﬁnbéheo%%h%eg Briot thearbgn atemnis piefrsatl e, anda dier example,

| sobutyl ene or nethacrolein. [0015] As a source of the nol ecul ar oxygen,
air is ecoinryicae, isabutyneelhutdner abRehutenedeanpbe distedy derthore, af-unsataratgds of
pure oxygen and air can al so be used, and if necessary, a m xed gas

obt ai ned bwyldghyde, iforgexdmpler agruletn, anstedrolsir, ferotonaldgede (fanbthpladiobeihjeor or
wat er vapor can also be used. It is preferable that the nol ecul ar oxygen be
suppl i ed i eyhanldsh§dd '(Blﬁﬁbuzla%hﬂeﬁaycﬁz bEiagspr such as autocl ave. [0016]
The solvent to be used in the oxidation reaction is not particularly
limted, apghiwater; an alcohol such as t-butanol or cycl ohexanol; a ketone
such as acetone, nethyl ethyl ketone, or nethyl isobutyl ketone; an
organi ¢ aci dr l?eu&,h E%s?tﬁ%ttéds cﬁﬁégllicpic(?(i) L& @l}: g)rgcﬁ.{cgd 18 I_Eﬂeb Sty J.nl Wnity! 29 meéhyl

I sobutylic acid,” h-valeric acrd,” or tsovalerirc acid; an organi c acl d-ester
P enaon S Blolflin BT hR cnIREW oY SRHORR Fouph e L6 HOR AN AHERRAFE

the olefin, and the one in which an aldehyde group of the @, B-unsaturated aldehyde has
changed into a carboxyl group in the case that the raw material is the o, B-unsaturated
aldehyde. Concretely, for example, acrylic acid can be obtained in the case that the raw
material is propylene or acrolein, and methacrylic acid can be obtained in the case that
the raw material is isobutylene or methacroléin.

[0015]

As a source of the molecular oxygen, air is economical and hence preferable, and
pure oxygen or a mixed gas of pure oxygen and air can also be used, and if necessary, a
mixed gas obtained by diluting air or pure oxygen with nitrogen, carbon dioxide, or
water vapor can also be used. It is preferable that the molecular oxygen be supplied in a
pressurized state to a reactor such as autoclave.

[0016]

The solvel_lt to be used in the oxidation reaction is not particularly limited, and water;
an alcohol such as t-butanol or cyclohexanol; a ketone such as acetone, methyl ethyl
ketone, or methyl isobuty] ketone; an organic acid such as acetic acid, propionic acid,

n-butylic acid, isobutylic acid, n-valeric acid, or isovaleric acid; an organic acid ester



cycl ohexane, or toluene can be used. Anobng them an organic acid having 2
‘to 6 carbon atons, a ketone having 3 to 6 carbon atons, and t-butanol are
preferable. The solvent can be used alone or as m xed solvents of two or
more kinds. [0017] The noble nmetal catal yst contains a noble netal which
catal yzes the oxidation reaction. As the noble netal, for exanple,

pal | adium platinum rhodium ruthenium iridium gold, silver, or osmum
can be used. Anobng them paI | adi um platinum rhodium ruthenium iridium
or gold is _prefer al | adi.um i s rtlcul referable. The nobl e
metal may 5‘5%3@& lomestE B e mamoriier of i Byttosalot Sicho s heyds] The
nobl e net al (i yst may contain any metal (nonnoble netal) other than the
nobl e net afY¢ Xf% OR KRGS 8N hetaed. ATnena iRmoAn prgapigracihiiaviog? & catioa. The
nonnobl e netal may be used al one or in conbination of two or nore kinds.
The rate oftofisea kgignedbviagrietoad carbon atoms tantl 3-taanoh arveprefanabléeThmosiventet al
catalyst is preferably $0 atomc %or less fromthe viewpoi nt of catalyst
activity. (@0%9)sed Toae nobd mixeet salveastafityws tor rRye kimda nonsupported type or a
supported type. As a carrier to be used in the case of the supported type,
for exanpl @0i1@cti vated carbon, carbon black, silica, alumna, nmagnesia,
calcia, titania, or zirconia can be listed. Anmong them activated carbon,

silica, or afHemh&Ele! el %Eﬁ[}%kﬂc%ntameacﬂfb'ié Thet B W U & e RdatiBn

conbi nation of two or nore Kinds. In the case of t pported type
catal yst, n pr I 40% by
mass to th%gggjrn r %ér c%%eeh[ F]e %og%l%&p ﬂj’attpg'iladﬁmﬁ Eﬂfﬁ)ﬁ;‘r d'XOCHt"é tl-rr‘ti;tpe&ém

pref er abl ymdum?, églff t%}iver, or'os?mum can be used. Among them, palladivm, platinum,
thodium, ruthenium, iridium, or gold is preferable, and palladium is particularly
preferable. The noble metal may be used alone or in combination of two or more kinds.
[0018]

The noble metal catalyst may contain any metal (nonnoble metal) other than the
noble metal. As the nonnoble metal, bismuth or tellurium is preferable. The nonnoble
metal may be used alone or in combination of two or more kinds. The rate of the
nonnoble metal in the metals contained in the noble metal catalyst is preferably S0
atomic % or less from the viewpoint of catalyst activity.

[0019]

The noble metal catalyst may be a nonsupported type or a supported type. As a carrier
to be used in the case of the supported type, for example, activated carbon, carbon black,
silica, alumina, magnesia, calcia, titania, or zirconia can be listed. Among them,
activated carbon, silica, or alumina is preferable. The carrier may be used alone or in
combination of two or more kinds. In the case of the supported type catalyst, loading

ratio of the noble metal is preferably 0.1 to 40% by mass to the carrier before the noble

metal is supported, and more preferably 1 to 30% by mass.



[0020] Further, it is preferable to cause a polynerization inhibitor to
exist in a reaction liquid by about 1 to 10,000 ppmin order to prevent
pol ymeri zation of raw materials or products. As the polynerization
inhibitor, for exanple, a phenol conpound such as hydroqui none or

par amet hoxyphenol ; an am ne conpound such as

N, N - di i sopropyl par aphenyl enedi am ne,

N, N - di - 2- napht yl par aphenyl enedi ani ne,

N- phenyl - N g 3- di et hyl but yl ) par aphenyl enedi am ne, or phenot hi azi ne; or
an N oxyl rco ound such as 4-hydroxy-2, 2, 6, 6-tetranet hyl pi peri di ne- N-oxyl
or 4- benzoy%oxx- 2,2,6, 6-tetranet hyl pi peridi ne-N-oxyl can be listed. The
pol ymeri zat i 6HSTKithpredwratlajo epsise s polymiepizatian inhibitoo héxisttin emreadtion Wiguid
nore kinds. [0021] Conditions of the oxidation reaction are properly

sel ect ed dépesliiung ¢ 18,090 pentinacder & pawenmpelyinftizitiorb 6f ¥sw Omarddls or
preferable conditions will be explained in the followng. [0022] The

liquid vol ymedicts. tAretheepal yerifisariabibRer dbr Yxithple, b pHRAST B8ARdNALIchCaB0%
of the volune of the reactor. The reaction tenperature is preferably 30 to

200C, and ipdrquivoséer apl Y pRRmembROshendie raﬁactan%epr%aﬁpaﬁhds %@fefﬁb' y 0
t of t 0

to 10 MPaC and nore preferably 2 to 7 MPaQ The anpun e nobl'e netal
Ceactor, mors o el Bl 1o RN B SRR kR o ning, | 5
(2 1520 by Mo TR (RSB L B MBS S o PRERTE  °
2l dehyde, SBBPURRT. kA norscul Aviindend i danetaai g bpprilcd. ot i s
4-benzoy10xy-2,2,6,6-tetramethy1piperidine—N—oxyl can be listed. The polymerization
inhibitor may be used alone or in combination of two or more kinds.
[0021]

Conditions of the oxidation reaction are properlﬁ' selected depending on a solvent and
a raw material to be used, and preferable conditions will be explained in the following,

[0022]

The liquid volume in the reactor (expressed as V (L)) is preferably 10 to 80% of the
volume of the reactor. The reaction temperature is preferably 30 to 200°C, and more
preferably S0 to150°C. The reaction pressure is preferably 0 to 10 MPaG, and more
preferably 2 to 7 MPaG. The amount of the noble metal catalyst to be used is preferably
0.1 to 50% by mass to the liquid in the reactor, more preferably 0.5 to 30% by mass, and
furthermore preferably 1 to 15% by mass. The noble metal catalyst may be used in a
suspended state in the reaction liquid or in a fixed bed.

[0023)

When the oxidation reaction is carried out continuously, an olefin or an «,

B-unsaturated aldehyde, a solvent, and molecular oxygen are continuously supplied. It is



7 preferable that each conponent be supplied continuously in the follow ng
condition. The feed rate (g/h) of the olefin or the a, [i-unsaturated

al dehyde which is a raw naterial is preferably V x 10 to V x 500. The feed
rate (g/h) of the solvent is preferably V x 100 to V x 2,000. The feed
rate (g/h) of nolecular oxygen is preferably V x 100 to V x 2,000.

Further, feed rate per hour of nolecular oxygen is preferably 0.1 to 20
noles to 1 nole of the olefin or the a, 0-unsaturated al dehyde which is a

raw materi al re.preferab 0.1 +to 5 | es., [ 0024 Now, a ...

pr ef er abl e%ﬁ?%%@ ?e g‘f’npfﬁcg‘pﬁ?'gf)oa’?e&i ?68 r?“ﬂ%]fegioﬁo”g’?‘“?w Ll’bglFeel“Wéﬁlg eondifign;

w il be shﬁ]wn bgl ow.@hiOZS{@ Firstly, a ngble nmetal conpound and a carrier
are added t'det fred daiey phthe glefinragtheopq Brunsatusied, pldghede whiclhy 5 prrepare a
fluid dispersion in which the carrier is dispersed. Secondly, a reducing
agent is ademerialds pigferghlyVox di0gpdt xiS60. The feed trte (¢/heofitbb kelverstiapred¢rablyhe
sane tinme to load the noble netal on the carrier. [0026] The nobl e netal
conmpound t & kd00sed al,000eThé faed olte () obiulecalar pxgeariaprefrably Viet 100 to
particularly limted, however, a conmpound which contains a noble netal atom

in an oxidr zeos! RirthdrSfedd fRr€p&tHodr oF RI0IRURNBkRicnds FRIFGEDBIND. | RMEPHLHE], an
acetate, a nitrate, a sulfate, a tetraam ne conplex, or acetylacetonato

conpl ex of t§ henfeRrahEBlefin drSthe RY, §-6AAR|rfed AMRBGIL i@ acl]a{lpﬁlkg;gi%]?]adlﬂd

acetate, or a nitrate of the nobl'e netal 1s nore prefterable.
more preferably 0.1 to S moles.

[0024]

Now, a preferable aspect of the preparation method of the noble metal catalyst will be
shown below.
[0025]

Firstly, a noble metal compound and a carrier are added to the solvent in a desired
order or simultaneously to prepare a fluid diSpersion- in which the carrier is dispersed.
Secondly, a reducing agent is added to the fluid dispersion to reduce the noble metal at
the same time to load the noble metal on the carrier.

[0026]

The noble metal compound to be used at the time of the catalyst preparation is not
particularly limited, however, a compound which contains a noble metal atom in an
oxidized state is preferable. For example, a chloride, an oxide, an acetate, a nitrate, a
sulfate, a tetraamine complex, or acefylacetonato complex of the noble metal is
preferable. Among them, a chloride, an acetate, or a nitrate of the noble metal is more
preferable,

[0027]

In the case of preparing the noble metal catalyst which contains a nonnoble metal, a



In the case of preparing the noble netal catal yst which contains a nonnoble
netal, a 8 noble netal conpound and a nonnobl e netal conpound nay be
jointly used. For exanple, the nonnoble nmetal can be contained in the
nobl e metal catal yst by dissolving the nonnoble netal conpound in a
solvent of a liquid phase when the noble netal conpound is reduced in the
i quid phase. [0028] As the solvent to be used at the tine of the catalyst
preparation, water is preferable, however, depending on solubility of the
nobl e net al ound and the reduci ng,agent, and on dispersibility, of a
carrier i nnpﬁ%"&g “grRPguR é‘“flr?eHE’é?‘gql% netal, cgp cnay| Ree pintly pised.ghor

al cohol such as ethanol, 1-propanol, 2-propanol, n-butanol, or t-butanol; a
ketone su&kaERleqthemgRRcbleatet) ica bp ppntined ie themably metad satatypt bx disselaingor
cycl ohexanone; an organic acid such as acetic acid, n-valeric acid, or

i soval eri c thechennoble meta) doowanidin susivend ofhe pijaidephdse wetrea, ther nabje Inedidx ane
can be used alone or in conbination of nore than one kind. [0029] The
reduci ng agempourd ibecdusediinahe liheidtpha®:. of t he catal yst preparation is not
particularly limted, and as the reduci ng agent, for exanple, hydrazine,

f or mal dehy f#28] sodi um bor ohydri de, hydrogen, formc acid, a formate,

et hyl ene, propyl ene, 1-butene, 2-butene, isobutylene, 1, 3-butadien,

1- hept , 2 ; s iR :

roChal |yl alconal e o O Rt he DRKRIpe ANSOPERERon ! RSB Mt
duci t t s | ' th b t al

he roquci o, gependii KR'sbERNR 4P REDAID ptiy eI frd Blede i HRGE v

more pref eﬁd”H)Jny d&gersibility of a carrier in the case of using the carrier, an organic solvent like

an alcohol such as ethanol, 1-propanol, 2-propanol, n-butanol, or t-butanol; a ketone
such as acetone, methyl ethyl ketone, methyl isobuty] ketone, or cyclohexanone; an
organic acid such as acetic acid, n-valeric acid, or isovaleric acid; or a hydrocarbon such
as heptane, hexane, or cyclohexane can be used alone or in combination of more than
one kind.

[0029]

The reducing agent to be used at the time of the catalyst preparation is not
particularly limited, and as the reducing agent, for example, hydrazine, formaldehyde,
sodium borohydride, hydrogen, formic acid, a formate, ethylene, propylene, 1-butene,
2-butene, isobutylene, 1,3-butadien, 1-heptene, 2-heptene, I1-hexene, 2-hexene,
cyclohexene, allyl alcohol, methallyl aleohol, acrolein, or mathacrolein can be listed.
[0030]

The reducing temperature is variable depending on the noble metal compound or the
reducing agent to be used, however, it is preferably —5 to 150°C and more preferably 15

to 80°C. The reducing time is preferably 0.1 to 4 hours, more preferably 0.25 to 3 hours,

and furthermore preferably 0.5 to 2 hours.



to 80C. The reducing tinme is preferably 0.1 to 4 hours, nore preferably
0.25 to 3 hours, and furthernore preferably 0.5 to 2 hours. 9 [0031] It
is preferable to wash the noble nmetal catal yst deposited by reduction with
water, a solvent, or the like to renove an inpurity such as a chloride,
acetate group, nitrate group, or sulfate group originated fromthe noble
nmetal conmpound. [0032] It is preferable to carry out the oxidation
reaction using the noble netal catalyst thus obtained. [0033] 1In the

pr esent imgaﬁ%gon, t he oxidation reaction is stopped by supplying an inert
gas to th ctor after the above-nentioned oxidation reaction is carried

out (a step of stopping the oxidation reaction). In the case that the

oxi dat i on r ediciiPhierablectarwasbdhe neble graial ogiadiss dgposited by redustion atithewatenta
supply of nol ecul ar oxygen be stopped before the inert gas is supplied in
the step ofsobleotpmmbeﬂie toxed@ive ain ingaeity ouch b4 ai chlqrdkes iabétetet groap,onitratea
danger of explosion caused by an increase in an oxygen concentration in a

gas at the groyper sidfancgropp brigihatedf frdrh ehe 1020 Metabbsmpsundr event deterioration
of the noble netal catalyst with nolecul ar oxygen by supplying the inert
gas to the[p@agtor to purge nolecular oxygen inside the reactor to outside
the reactor at the tinme of stopping the oxidation reaction as nentioned

S0, 3 Pty SR A e S AR il 8
obtained.
[0033]

In the present invention, the oxidation reaction is stopped by supplying an inert gas to
the reactor after the above-mentioned oxidation reaction is carried out (a step of
stopping the oxidation reaction). In the case that the oxidation reaction is carried out
continuously, it is preferable that supply of molecular oxygen be stopped before the
inert gas is supplied in the step of stopping the oxidation reaction. It is possible to avoid
a danger of explosion caused by an increase in an oxygen conceniration in a gas at the
upper space portion of the reactor and to prevent deterioration of the noble metal
catalyst with molecular oxygen by supplying the inert gas to the reactor to purge
molecular oxygen inside the reactor to outside the reactor at the time of stopping the
oxidation reaction as mentioned above,

[0034]

As the inert gas, nitrogen, carbon dioxide, or a rare gas such as helium, neon, or
argon can be listed.
[0035]

The position at which the inert gas is supplied to the reactor is not particularly limited,

however, it is preferable to supply the inert gas to the liquid phase portion inside the
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[ 0035] The position at which the inert gas is supplied to the reactor is
not particularly limted, however, it is preferable to supply the inert
gas to the liquid phase portion inside the 10 reactor in order to purge

nmol ecul ar oxygen existing around the noble nmetal catalyst to outside the
reactor nore effectively. [0036] The total volune of the inert gas to be
supplied to the reactor, at OC and under | arm is preferably i to 1,000
times as nmuch as a volune of a reaction liquid in the reactor and nore
preferably 2 to.100,tinmes. Furiher, the total volu of e inert _gas, to be
D lpp | e gkt a8 Pires MalebSit orkrar istig rourd e apblan 3l Pl o0,
tinmes as nmuch,as,a volunme of the reactor and nore preferably 2 to 100

ti mes. Cond¥ f {eaciox pEnctiectielnt r ati on i nsi de the reactor including the
reaction liquid and the upper space portion of the reactor can be | owered,
and hence t#86revention of the deterioration of the noble netal catalyst
by oxidation and the avoi dance of the danger of explosion can be attained
at the sane Themtal[VoOlidad of the idehtagas té be fupplied sethelraictérat WK dhdtuindar T e@et i on
is carried out continuously, the rate of supply of the inert gas to be
suppl i ed t g preferatR¢ t®1,000 titicgas hitlth ¥is & voRunldEf 4 feaBSorAlSqulll ehthedSackdi@andat e

of supply of nolecul ar oxygen, and nore preferably | to 10 tines because it

i's possi bl %&egfaamw RBUCORHEY. EGHhé! &ﬁ%ﬁ?@o}hﬁ@&%& B G3es 8E stypiRut si de
t he reactor. urther, It is possible that supply of an olefin or "‘an a,

e R A L L AT o bP o B L0l

step of stopplng
volume of the reactor and more preferably 2 to 100 times. Consequently, oxygen

concentration inside the reactor including the reaction liquid and the upper space portion
of the reactor can be lowered, and hence the prevention of the deterioration of the noble
metal catalyst by oxidation and the avoidance of the danger of explosion can be attained
at the same time.

[0037]

Further, in the case that the oxidation reaction is carried out continuously, the rate of
supply of the inert gas to be supplied to the reactor is preferably 1 to 100 times as much
as the rate of supply of molecular oxygen, and more preferably 1 to 10 times because it
is p_ossible to rapidly purge molecular oxygen inside the reactor to outside the reactor.
Further, it is possible that supply of an olefin or an ¢, B-unsaturated aldehyde is stopped
after the inert gas is supplied in the step of stopping the oxidation reaction.

[0038]

The oxygen concentration inside the reactor attained by supplying the inert gas is

preferably 10% by volume or less, more preferably 1% by volume or less, and

furthermore preferably 0.01% by volume or less.

[0039]
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The oxygen concentration inside the reactor attained by supplying the inert
gas is preferably 10% by volume or less, nore preferably 1 % by vol une or

| ess, and furthernore preferably 0.01 % by volunme or less. [0039] 11 It is
preferable that the inert gas to be supplied to the reactor be supplied

till the step of stopping the oxidation reaction is perfectly finished.
The inert gas can be supplied continuously or intermttently till the step
of stopping the oxidation reaction is perfectly finished. It is preferable

to supply the,. s.conti.nuously to stop the reaction rapidly. [0040]
It is prefergtbﬁsg)?%%ragﬁr bioedpy B@S‘éhﬂé&aequﬂgt%@emacms herﬁéppléﬁhtléﬂhq step he
step of stopping. tgg oxi dation reaction to nake surroundi ngs of the noble
metal cat a|‘§§f°n%m&) Padationfgactionnis psreetdy fimishednbheminedfgas fvan redsupplied
agent (g) to be supplied is preferably fromV x 100 to V x 2,000 based on
a vol ume of°oRfya caritatsrinitigotly tillithe step o€ stopping (the pridstimrireastion is (e pctnd
more preferably fromV x 110 to V x 1,000 in point of preventing

det er i or at ifgishedfTt istgefectiietonmpaly thainttyst chytimudats oap thdR4ddon Apidijie
reduci ng agent, the one to be used at the tinme of the catal yst preparation
menti oned 4BBA¢ can be |isted, however, an olefin or an a, (3-unsaturated
al dehyde is preferable. It is nore preferable to use the olefin or the a,

(13- unsat ur at Res prefiRiBigeo AftHeh Supplyed i-lﬁig@ﬁg?gsﬁ}tto tl‘{weﬁ%}ni; th fle rg%ﬁ(ﬁ??@%rg@agld of

the oxidation reaction to produce an a, -unsat urat ed car

wi thout af ecricpgalontb FlenbIEnh GRS h2beSRime Sl redbilibh Sreqttie” ¥

wi thout affecting the main reaction i ¥ e
oot At e B GbndrRoT AR R br AR RSSTe SERPES To b supplfet s preterioly fom v x © O
100 to V x 2,000 based on a volume of the reaction liquid in the reactor (expressed as V
(1)) and more preferably from V x 110 to V x 1,000 in point of preventing deterioration
of the noble metal catalyst by oxidation.
[0041]

As the reducing agent, the one to be used at the time of the catalyst preparation
mentioned above can be listed, however, an olefin or an o, B-unsaturated aldehyde is
preferable. It is more preferable to use the olefin or the a, B-unsaturated aldehyde as the
reducing agent, which is a raw material of the oxidation reaction to produce an q,
B-unsaturated carboxylic acid because the operation of startiﬁg the reaction can be
cartied out stably without affecting the main reaction in the case that the reaction is
restarted after the reaction has been stopped. Further, it is preferable to use a reducing
agent which is liquid at a temperature and a pressure in the reactor, in particular, to use
an olefin or an ¢, B-unsaturated aldehyde which is liquid at a temperature and a pressure
in the reactor because the noble metal in a liquid phase is put into a reducing

atmosphere by the reducing agent to be supplied.

[0042]
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agent which is liquid at a tenperature and a pressure in the reactor, in
~particular, to use an olefin or an a, (3-unsaturated al dehyde which is
liquid at a tenperature and a pressure in the reactor because the noble
metal in a liquid phase is put into a reducing atnosphere by the reducing
agent to be supplied. [0042] 12 The concentration of the reducing agent in
the reaction liquid is not particularly |imted, however, it is preferably
0.1 to 50% by nass, and nore preferably 1.0 to 20% by mass because the
operation of starting the reaction can be carried out stably in the case
Uhat the oxi 3% CORFAHAKEN Gf the redbising: agaat imdhe gpackien lissihis Bobgarisulasly of
the noble netal catalyst can be prevented w thout |owering the reducing
abi lity i nlimdedy bewevsr. it is[pefesbly 0.1 to 1% by madss.candombrevereferstdy tidhtwe2@ftour e
inside the reactor after or at the sane tine when the supply of the inert
gas to theby eeass becduas threaperattoar ¢feslarting thdegaction cars berosmeied pue kabhbinetheo

. ower the tenperature inside the reactor after the supply of the inert gas

to the reesstahatths okRation ractienl inRGtaptbl Qhd Fehes HRBAUSe Vxiddien 'FdLE hhBleageNt

to the reactor has been started. [0044] The step of stopping the
oxi dation pRatthBlst GntRFRERhEM Withdi® IdihdHnddnd Eﬁuﬂ%@%ﬁﬂft?in fhR $eddfprt NE

reactor to the nofmal préssure after the oXygen contentration and the
tenperaturﬁ)ohgljside the reactor are sufficiently lowered. It is preferable
to return the " pressure inside the reactor to the normal pressure when the

rper e g SRR o A5 ST 80 T PR AR RO A e
when the supply of the inert gas to the reactor has been started. Further, it is more
preferable to lower the temperature inside the reactor after the supply of the inert gas to
the reactor has been started and after the supply of the reducing agent to the reactor has
been started.

[0044]

The step of stopping the oxidation reaction is completed by returning the pressure
inside the reactor to the normal pressure after the oxygen concentration and the
temperature inside the reactor are sufficiently lowered. It is preferable to return the
pressure inside the reactor to the normal pressure when the temperature inside the
reactor becomes 50°C or below and the oxygen concentration inside the reactor

becomes 1% by volume or less.

EXAMPLES
[0045]
Hereinafter, the present invention will be explained in more detail by examples,
however, the present invention is not limited to these examples.

[0046]
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EXAMPLES [0045] Hereinafter, the present invention will be explained in
nore detail by exanples, however, the present invention is not limted to
t hese exanples. [0046] 13 (Catal yst preparation) To 2,640 g of a m xed
solution of 88% by nmass n-valeric acid and 12% by nmass water, 48 g of

pal | adi um acetate (rmanufactured by N E. CHEMCAT Cor poration) was

di ssol ved. The resultant solution was transferred to an autoclave and 240 g
of an activated carbon was added to the solution. The autocl ave was shut
tight and hase .partion of the autoclave was substituted by nitrogen
while a |igfﬂ%fyaﬁgrggarﬁgﬁr?}l on was stirred, and the resultant system was
cooled till I qui d phase reaches 5 to 10C. Then, _ propyl ene was

i ntroduced i E{??‘{‘*ﬁi %ﬁc}’twcé\fefuppn |0?§% bymaga-ppleas arid a%ﬁ%éy 2% WHEGS
and stirring of the |liquid phase was carried out for 1 hour at 50C
Subsequent 14§, gt it paedinmi aeetatas(mamyfassared bl N .Fe QHEMGCAE Corpothgionhewas

autocl ave was released, and the reaction liquid was taken out. A
preci pi t at dissaiyed.i The atsitafir sstutidre wasstddsfertedr @aat iamocldvieqaridd 240dgrof an
nitrogen flow, and a supported palladium catal yst was obtained. The

| oadi ng r atattivandd @abdraetadudded té theSokiba!l Tid atedlaveOVadihubBgift-aniQ0¢hElphase
(Reactor) A stirred tank type gas-liquid-solid catalytic reactor having

o 2 i SR AR SRt RS b OR) MY ©
froma | OV\@ﬁrr&EraIld B‘Ie llegﬁta}ﬂ.e%{e% wal cHd168 till the ﬁ&ﬂ& E)Hfl;lslei r2&khes 5 to 10°C. Then,
propylene was introduced into the autoclave till the inside pressure reaches 0.5 MPaG,
and stirring of the liquid phase was carried out for 1 hour at 50°C. Subsequently, the
stirring was stopped, and the pressure inside the autoclave was released, and the
reaction liquid was taken out. A precipitate was filtrated from the resultant reaction
liquid under nitrogen flow, and a supported palladium catalyst was obtained. The
loading ratio of palladium of this catalyst was 10% by mass.
[0047]
(Reactar)
A stirred tank type gas-liquid-solid catalytic reactor having inside volume of 4 L was
used as a reactor. The reactor is equipped with a device which can continucusly supply a
gas containing molecular oxygen from a lower part of the reactor, a pfessure controlling
device which keeps the pressure of the gas phase inside the reactor constant, and a
device which can continuously supply a liquid raw material. Further, the reactor has a
structure in which the reaction liquid is drawn out while the liquid level of the liquid

phase is kept constant, and the catalyst is filtrated, and the resultant filtrate can be

continuously drawn out to outside of the system.

[0048]
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devi ce which keeps the pressure of the gas phase inside the reactor
.constant, and a device which can continuously supply a liquid raw
material. Further, the reactor has a structure in which the reaction
liquid is drawn out while the liquid | evel of the Iiquid phase is kept
constant, and the catalyst is filtrated, and the resultant filtrate can be
continuously drawn out to outside of the system [0048] 14 Exanple I (First
oxi dati on reaction) To the reactor, 264 g of the supported pall adi um

cat al yst aqg ? h of 75% by mass t-butanol aqueous solution were

i nt roduced, %WRP? e reactor was pressurized by nitrogen to 4.8 MPaGc Then
250 g of |sobutylene was introduced to the reactor, and a liquid raw

mat eri al pr(gﬁélr@ddmﬂa@mllﬂg) 25 parts by mass of |sobutyl ene to 100 parts by
mass of  75% by mass t-butanol aqueous solution was continuously supplied
in such a waylotthateactan Xdey afjthersuppoteapdlladfing tataliet badIRSA. bAVS TSR i N
the reactor beconmes 0.9 hour. At this tine, the reaction liquid was drawn

out whil e titetdnbbagudohesshtidnwéiednteakk @ anake k@Rior vl Pedsditized®hitrbSen
catalyst was filtrated, and the resultant filtrate was conti nuously dravvn

out. Subs e(?lblﬁrStMPaGal’Hen,"‘@% E%’f’ﬁéo‘ﬂﬁ@f[}%} &H@{;}dﬁéd 2 ﬂ% ﬂéﬁs’%tlgr Qlflv\% g %Eiuﬁ 8‘(’}’ ‘o

and, at the sane tine, the tenper rar’s

90C and th e filtr n.conti nuously
drawn out \%ﬁ%&ga%z:g m Cﬁéé%ﬁopfg‘% a‘ala‘ssb ?88%} c&ﬁt?ﬂgoﬁﬂg[ﬂb o'Fa’istﬂlio
reaction. s? sul téb'ﬁgrgthe react on were: isobu &r;ﬁ, conversi on of
25.0% sel 6215 W V% 9 2apequsi 9 'BP“W“&H paplied ip sughya way that

met hacrylic_aci d of 3.0% At thiis tinme, en concentration in a gas

drawn out PP B¥ATAEmICSIGERT tmsafdhs, ﬂ?’idd‘ﬂwdﬂatﬁﬂ indhe resetopdscomeod. B ovn Atne.

this time, the reaction liquid was drawn out while the liquid level in the reactor was kept

constant, and the catalyst was filtrated, and the resultant filtrate was continuously drawn
out. Subsequently, air was continuously supplied at a rate of 620 NL/hr and, at the same
time, the temperature of the liquid phase was raised to 90°C and the reaction was started.
The filtrate which had been continuously drawn out was analyzed when 91 hours had
passed from the start of the reaction. The results of the reaction were; isobutylene
conversion of 25.0%, selectivity to methacrolein of 50.3%, and selectivity to
methacrylic acid of 33.0%. At this time, oxygen concentration in a gas drawn out from
an upper space portion of the reactor was 4.3% by volume.

[0049]

The analysis of the above raw materials and products were carried out using gas
chromatography. Isobutylene conversion, and selectivities to methacrolein and
methacrylic acid produced are defined as follows. |
Isobutylene conversion (%) = (B/A) x 100
Selectivity to methacrolein (%) = (C/B) x 100

Selectivity to methacrylic acid (%) = (D/B) x 100
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[0049] The analysis of the above raw materials and products were carried
.out using gas chromatography. |sobutylene conversion, and selectivities to
nmet hacrol ein and nethacrylic acid produced are defined as foll ows.
I'sobutyl ene conversion (%9 _ (B/A) x 100 Selectivity to nethacrolein (%9 =
(dB) x 100 Selectivity to methacrylic acid (%9 = (DB) x 100 15 In the
above fornul ae, A represents nunber of noles of isobutylene supplied, B
represents nunber of noles of isobutylene reacted, C represents nunber of

nol es of nefhacrgl ei raduced, and D represents nunber of nol es of

net hacrylic cﬁ‘& %FS&&EB@.“’[ ‘degB‘]esertt“S &% °§t'%‘§ﬁ”r /Y 1abvutdsaegsinplisd, B
reaction) After the foregoing oxidation reaction was finished, the supply
of air was PEGEYEqumben of meles gk isobutylenggrasied, & reprresmtsaember70f meles qut
0C, 1 atm) as nuch as the volune of a fluid dispersion in the reactor, in
whi ch the #wefperden padneedi tandc & atyresentmsiumdies peff sedes wlsmethephiliedagt t he
rate of 620 NL/hr. The supply of the liquid raw material was continued for
1 hour aft proditmd. supply of air was stopped, and stopped. At this tine,
oxygen concentration in a gas drawn out from an upper space portion of the
react or waf)050] 0% by volunme. As such, the operational safety at the tine of
stopping the reaction is ensured. [0051] (Second oxidation reaction)

(Step of stopping the oxidation reaction)

After the foregoing oxidation reaction was finished, the supply of air was stopped,
and nitrogen, the volume of which was 5.7 times (at 0°C, 1 atm) as much as the volume
of a fluid dispersion in the reactor, in which the supported palladium catalyst was
dispersed, was supplied at the rate of 620 NL/hr. The supply of the liquid raw material
was continued for 1 hour after the supply of air was stopped, and stopped. At this time,
oxygen concentration in a gas drawn out from an upper space portion of the reactor was
0.0% by volume. As such, the operational safety at the time of stopping the reaction is
ensured.

[0051]
(Second oxidation reaction)

Subsequently, the same oxidation reaction as the first one was carried out again. The
filtrate which had been continuously drawn out was analyzed when 91 hours had passed
from the start of the reaction. The results of the reaction were: isobutylene convers.ion of
25.5%, selectivity to methacrolein of 43.5%, and selectivity to methacrylic acid of
33.8%. As such, deterioration of the supported palladium catalyst can be prevented. At
this time, oXygen concentration in a gas drawn out from an upper space portion of the

reactor was 5.2% by volume.

[0052]
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Subsequently, the sane oxidation reaction as the first one was carried out
.again. The filtrate which had been continuously drawn out was anal yzed
when 91 hours had passed fromthe start of the reaction. The results of
the reaction were: isobutylene conversion of 25.5% selectivity to

met hacrol ein of 43.5% and selectivity to nethacrylic acid of 33.8% As
such, deterioration of the supported palladium catal yst can be prevented.
At this tinme, oxygen concentration in a gas drawn out from an upper space
portion of the reactor was 5.2% by volune. [0052] 16 Conparative Exanple 1
(First oxi RagathvsFtamlg 1 An oxi dation reaction was carried out with the
same procedure as in Exanple 1. [0053] (Step of stopping the oxidation
reaction) AFrgoxidationosagtioing oxi dation reaction is finished, the supplies
of air and the liquid raw nmaterial are stopped sinultaneously, and the
reaction is AnepjpiationAtactibh svak careied ooyl thecsankenbediutetds ih Exangphs1.dr awn out
froman upper space portion of the reactor exceeds 6.0% by vol une and
further rig@s3)As such, the operational safety at the time of stopping the
reaction is not ensured. [0054] (Second oxidation reaction) Subsequently,

the same oxgEahbf &pki j t fL{st one is carried out again,
however , tﬁegguppolrnélgg%péa %. |3nr19%gf)gfyst is deteriorated and the results

of the reacthfn th@ri%réggﬂfgr §8dation reaction is finished, the supplies of air and the liquid
raw material are stopped simultaneously, and the reaction is stopped. At this time,
oxygen concentration in a gas drawn out from an upper space portion of the reactor
exceeds 6.0% by volume and further rises. As such, the operational safety at the time of
stopping the reaction is not ensured.
[0054]
(Second oxidation reaction)

Subsequently, the same oxidation reaction as the first one is carried out again,

however, the supported palladium catalyst is deteriorated and the results of the reaction

are lowered.
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17 What is clainmed is: 1. A method for producing an a, (3-unsaturated
.carboxylic acid by an oxidation reaction in which an olefin or an a,
3-unsaturated al dehyde is oxidized in a liquid phase in the presence of a
noble metal catalyst in a reactor to obtain the a, (3-unsaturated
carboxylic acid, the method conprising the step of. stopping the oxidation
reaction by supplying an inert gas to the reactor. 2. The nethod for
produci ng an a, O-unsaturated carboxylic acid according to claim1,

wherein the oxidation reaction is ﬁ&éﬁieg.oua.qontinuously by supplying the
olefin or the a, fl-unsaturated al 494y vent and nol ecul ar oxygen
to the reactor, and supply of the nol ecul ar oxygen is stopped before the
inert gas is supplied in the step of stopping the oxidation reaction. 3.
The nethod for producing an a, (3-unsaturated carboxylic acid according to
claim2, Jhérwethod dpmrpdurding fre op Pemsatumted tasbexylip-aowklt am axidatien thabijote i s
stopped after the inert gas is supplied in the step of stopping the

oxi dati on headi¢hoam okefin thenmethadsdftattedraddbeda s eidized (Bauhmad pliatdd the
carboxylic acid according to claim2 or 3, wherein a rate of supply of the

inert gas tpeesbicessfphdtdéindetl thalyseacd facion td b6tabi 8P o PB-wushapfbd garbbeylic
oxidation reaction is 1 to 100 tinmes as nuch as a rate of supply of the

mol ecul ar  QXMIBR MahdEcoiiiiEtelstpldte oxi dation reaction. 5. The nethod
for producing an a, (3-unsaturated carboxylic acid according to any one of

o i L Sobybt Al Slclo ) 45, e {0BeAIE by MRS Supel o fo
GRITRER NERACT AR ST TN QN T TR
acid accor gvlhgr%ug Sle%rgda%gg reaction is carried out continuously by supplying the olefin or the
o, B-unsaturated aldehyde, a solvent and molecular oxygen to the reactor, and supply of
the molecular oxygen is stopped before the inert gas is supplied in the step of stopping
the oxidation reaction.
3. The method for producing an «, B-unsaturated carboxylic acid according to claim 2,
wherein supply of the olefin or the a, B-unsaturated aldehyde is stopped after the inert
gas is supplied in the step of stopping the oxidation reaction.
4. The method for producing an o, B-unsaturated carboxylic acid according to claim 2
or 3, wherein a rate of supply of the inert gas to be supplied to the reactor in the step of
stopping the oxidation reaction is 1 to 100 times as much as a rate of supply of the
molecular oxygen to be supplied in the oxidation reaction.
5. The method for producing an o, B-unsaturated carboxylic acid according to any one
of claims 1 to 4, wherein a total volume of the inert gas to be supplied to the reactor, at
0°C and under 1 atm, in the step of stopping the oxidation reaction is 1 to 1,000 times as

much as a volume of a reaction liquid in the reactor.

6. The method for prbducing an o, B-unsaturated carboxylic acid according to any one
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18 of clainms 1 to 4, wherein a total volume of the inert gas to be supplied
to the reactor, at OC and under ] atm in the step of stopping the

oxi dation reaction is 1 to 1,000 times as nuch as a volunme of the reactor.
7. The nethod for producing an a, O-unsaturated carboxylic acid according
to any one of clains 1 to 6, wherein a reducing agent is further supplied
to the reactor in the step of stopping the oxidation reaction. 8. The

met hod for producing an a, O-unsaturated carboxylic acid according to claim

7, wherei [ ' o) Ln.or an J 3, af,ur at ed

al dehyde Lﬁf@ éﬁﬁ)ﬁghl _ragte‘i ”téta? gr%%g}eaétﬁp'%ugﬁt&ag t%sigwféai%hﬁfga‘ftgﬁﬁtor.
Co ol ai m 70 opindi S fRdne HeB ahtioarments poHei G- AgBE | (g)-008 thees 85
supplied to the re@ctor in the step of stopping the oxidation reaction is,

based on al¥6h hdvelume)of the repgor.eaction liquid in the reactor, fromV x

100 to V x_2,000. 19
7. The method for producing an ¢, B-unsaturated carboxylic acid according to any one

of claims 1 to 6, wherein a reducing agent is further supplied to the reactor in the step of
stopping the oxidation reaction.

8. The method for producing an «, B-unsaturated carboxylic acid according to claim 7,
wherein the reducing agent is an olefin or an o, B-unsaturated aldehyde which is liquid
at a temperature and a pressure in the reactor.

9. The method for producing an a, B-unsaturated carboxylic acid according to claim 7
or 8, wherein an amount of the reducing agent (g) to be supplied to the reactor in the
step of stopping the oxidation reaction is, based on a volume V (L) of the reaction liquid

in the reactor, from V x 100 to V x 2,000.
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