DESCRI PTI ON METHOD FOR PRODUCI NG a, p- UNSATURATED CX LI C ACI D TECHNI CAL

FI ELD [ 0001] The present invention relates to a nethod for producing an
a, O-unsaturated carboxylic acid by carrying out a |iquid-phase oxidation
reacti on. BACKGROUND ART [ 0002] As a nethod for producing an a,
O-unsaturated carboxylic acid, a nmethod in which an olefin having 3 to 6
carbon atons and oxygen are supplied to a reactor and the olefin is
oxidized in a liquid phase in the presence of an activated pall adi um net al

catalyst to obtain the a, O0-unsat ub[%t cau_ﬁ,g@gxyl ic acid is disclosed
(Patent Docunment 1). Patent Docune 5 ese Patent Application
Lai d- Open No, Sho 60-155, 148 DI SCLOSURE OF | NVENT

METHOD FOR PRODUCING o, B- UNSATURATED CARBOXYLIC ACID

TECHNICAL FIELD
[0001]
The present invention relates to a method for producing an o, P-unsaturated

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

BACKGROUND ART
(0002]

As a method for producing an o, B-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 o, 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



PROBLEM 10 BE SOLVED BY THE I NV T1ON [ 0001} I n Patent Docunent |, there
is no description about a nethod 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 3 to 6 carbon atons and oxygen for the

pur pose of inspection repair of equipnent, it is apprehended that a noble
netal catalyst is oxidized and deteriorated by the dissolved oxygen in a

liquid phase in a reactor, after, tge reaction Qﬁs t_Reen stogggggl. Fgrthﬁr, it
i s appr ehethedisselned oxygeadn eyl parsdR RFqadPRiie HETIARECB I OEL SIS at ons
and oxygen may accunul ate at an upper space portion of the reactor, and the
di ssol ved Buthgenit isrepptesendescthilon ghsified donreseted elsbi dewing 100 sabenitARs bl e
gas is existing at the upper space portion of the reactor to raise oxygen
concent r atdndroxyghi sy meyursatent ex pippsi space fiGI04 bf thd teapter, and dlrg dissolvdd t he
present invention to provide a nethod for producing an a, 0-unsaturated

car boxyl i Codgkslihe@¥hdtiondiqhid ﬁia?fdv%&ﬁte&ﬂhi@e a tombusitleigat Bxatidghyde: i n a
liquid phasé’in the presence of a noble netal catalyst, which can ensure

operation i ty OPReNSkdRE doRB&tiafitn 2Rtichr #Me Ndause
DT et br o opRf sfick b of t@%ﬁ"éﬁ"aﬁ&. T e e M

[ 0005] The1 ist of the present invention resides in a nmethod for

pr oduci ng %R "gf"no- unsat urated carboxylic acid by an oxidation reaction in
whi ch an o ﬁé'n or an a, 13-unsaturated al dehyde is oxidized in a liquid
phase in t ‘bresence of a noble netal catalyst in a reactor to obtain the

cc, O-unsaturated carboxylic acid, the nethod conprisi g thedst.eg of
st oppi ng t hét Bxamiabieshof dke presentopvariiom (o PyVids # meq O‘S & POOYHES Aa%t or |

B-unsaturated carboxylic acid by oxidizing an olefin or an o, f-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 a,
B-unsaturated carboxylic acid by an oxidation reaction in which an olefin or an a,
B-unsaturated aldehyde is oxidized in a liquid phase in the presence of a noble metal
cataly;t in a reactor to obtain the o, PB-unsaturated carboxylic acid, the method
comprising the step of stopping the oxidation reaction by supplying an inert gas to the

reactor.

[0006]

One preferable espect of the present invention is the method for producing an «,

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



[ 0006] One preferable aspect of the present invention is the nethod for
produci ng an a, (3-unsaturated carboxylic acid, in which the oxidation
reaction is carried out continuously by supplying the olefin or the a,
0-unsaturated al dehyde, a sol vent and nol ecul ar oxygen to the reactor, and
supply of the oxygen is stopped before the inert gas is supplied in the
step of stopping the oxidation reaction. In the step of stopping the

oxi dation reaction, supply of the olefin or the a, 13-unsaturated al dehyde
can al so be stopped after the inert gas is supplied. A nnre pref erabl e

aspect of eoménpeuskehy sippleimgi he alefin petheetnBansaspraidoldehydg asolyent and

13-unsaturated carboxylic acid, in which a rate of supply of the inert gas
to be supphpledulanoxtgenrtedhe oracton, arkesupplypofothe Sexypen Fgstepreddeiferst the rinert
reaction is 1 to 100 tinmes as nuch as a rate of supply of the nol ecul ar
oxygen to dwe issupplieéth the stdpeofaxdpgidd tha oxization ceactipdO Te steprobsthpping the
preferabl e aspect of the present invention is the nmethod for producing an

a, 0-unsatgiiadtRd reatRax vhiply 3¢itHe olelﬁnml ©B o 6ﬁﬁ§inmﬂélilulﬂbh§)ﬁe iche alaaebé gas
to be supplied to the reactor at and under atmin the step of

st oppi ng tg@ﬁ 2 Pge{ﬂlg?%grﬁgﬁgg ?g&?ﬂléﬁoegxgﬂr&pf% %ﬁecﬁ%ffﬂé%es%ﬁt ﬁw\éﬁhw of

a reactio preferable tispect of

e, PrESeT S Bl IS, FATE0, L&@B@ﬂ%ﬁ@%@é‘@@m G WA oo o
react fon FBPRY<S the GGG 8 ke Sunbiers B BT Bl at?fo 8ﬁ8t'°5&igg%% Hiafive)
Anot her preferahl e aspect of the present invention e method for
pr oduci ng Te#etian 13 3-tankilh timas éﬁ%ﬁﬁé)@mf‘cogﬂmw Pﬁﬂmne cular g¥YRSThEp lé"gent
is further supplied to the reactor in the step of stopping the oxidation
reacti on. seEppliesiaaniy exidationsieectioaduci ng agent,
[0007]
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 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 a,
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, B-unsaturated aldehyde which is liquid at a temperature and a pressure



an olefin or an a, O-unsaturated al dehyde which is liquid at a tenperature
~.and a pressure in the reactor can be used. A nore preferable aspect of
the present invention is the method for producing an a, P-unsaturated
carboxylic acid, in which an anount of the reducing agent (g) to be
supplied to the reactor in the step of stopping the oxidation reaction is,
based on a volune 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 nmethod for producing an a, [3-unsaturated carboxylic acid
by oxi di ziithdheareagiosfcam b@rusag 4 mo: piskashie aseest Sf db parsentiinyentiqfuiythshase
in the presence of a noble netal catal yst, operational safety at the tine
of st oppi mgethdiefor gaeducing aan, Pamsatatateedcaaimikylie taeid, dn athidna fimipket abibee
nmetal catal yst can be prevented. BEST!). ODE FOR CARRYI NG OQUT THE | NVEN | ON
% 88%} He r@ivdiigt @lent {d)ao eespplied v &iet te@dtoiinl thebge®plsaipping the aiédaioh.
reaction is, based on a volume V (L) of the reaction liquid in the reactor, from V x 100

to V x 2,000.

EFFECT OF THE INVENTION
[0010]
According to the present invention, in a method for producing an o, f-unsaturated
carboxylic acid by oxidizing an olefin or an o, B-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, B-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 l?e carried out in a continuous operation or & batchwise operation, however, the

continuous operation is preferable in point of productivity.



In the present invention, an oxidation reaction in which an olefin or an a,
. P-tnsaturai ed al dehyde which is a raw material is oxidized by nol ecul ar
oxygen to produce an a, P-unsaturated carboxylic acid is carried out in a
liquid phase in the presence of a noble netal catalyst. By such an

oxi dation reaction, the a, f3-unsaturated carbon/le acid is produced in
hi gh selectivity and high yield. The oxidation reaction may be carried out
in a continuous operation or a batchw se opexutioci, however, the
continuous operation is preferable in point of producti [0013] As the
olefin, tH80bHe having 3 to 6 carbon atons is preferable, and, for exanple,
propyl ene, isobutylene, 1.butene, or 2-butene can be listed. As the a,

13- unsat ur atAsdiét dédfingehe boe heviagd ®, 6 aarboheitoms e pteferablecand, for exampledehyde
(3 ethylacrol ein), or c3anmanal dehyde (0-phenyl acrolein) can be |isted.
[0014]  Td¥epyenel Isobingadéne! atiadereiob @xinhtese a&i He tidtdde A¥ O@ug,efl-unsathfigedone in
which a nmethyl group in the olefin has changed into a carboxyl group in the

case that AdyidVfoPRkehbR! abdldiflCmPiBtiolbin, ad0tohiReRRAR (FImetytRrafingl sehyde

group of the &, 0-unsaturated aldehyde has changed 1 nto a carboxyl "group in
the case t | RN . -unsat ur at ed al dehyde.
Concretely, %%Iéﬂgg(%(g%hgr@’rl%r?Ceﬁlg&grgbgléﬁt% e obtained in the case that the
raw mat eris[gb ‘hs propyl ene or acrolein, and nethacrylic acid can he obtai ned
in the ca { at the raw material is isobutylene or nethaerolein. [0015]

As a source_of the nol ecul ar oxygen,, air is econom cal and hence

pref erabl e, Tﬁﬁd" pesaguted sahoxslGasid do Pesprafugedr is tBk PHe AR aﬂﬁ&hﬁm@aﬂ al so
be used, and if necessary, a m xed gas obtained by diluting air or_ pure
oxygen wi tgEoyn intbgjelefinbas ehamgead it asarboxyhgroen inthp spsecthat the sy pategdss |t
is preferable that the nol ecul ar oxygen be supplied in a pressurized state
to a reactthe olefisjandshaotoi whkieh an aldehyde group of the o, 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 methacrolein.

[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 solvent 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 isobutyl 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



[ 0016] The solvent to be. used in the oxidation reaction is not
particularly limted, and water; an al cohol such as t-butanol or

cycl ohexanol ; a ketone such as acetone, nethyl ethyl ketone, or nethyl
isobutyl 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 such as ethyl acetate or nethyl propionate; or a

hydr ocar bon such as hexane, 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 at eneh asnethyl- bedtatnobr anehylr efepiaiate . orTae hydioeanhon canchbes Udsxdngl one
or as m xed solvents of two or nore kinds. [0017] The nobl e net al

cat al yst egpslbkdxaste, dr (ol damtbalusedisahompthainy Zesrgahie aoid odrgohta €aatboan. As
the noble netal, for exanple, palladium platinum rhodium ruthenium

iridium  gent aldetoh@haviRie PG LEILGALtGES, Uned-bubifeNare! hrefratp@l TiRdidiRnt
pl ati num rhodium ruthenium iridium or gold is preferable, and pall adi um

is partic § [ . . used al one or in
corr‘gi nat i g%@%lf b{s[e\[/i\oaﬁ%{ré o?rgér gmﬁ%{r@é‘%ﬂ%ﬁﬁ t°§hﬁoﬁgmrl11§ )l e nmetal catal yst may

contain aﬁz Ithal (notnobl e netal) other than the noble netal. As the
nor anbl e 0[ , bismuth or telluriumis preferable. The nonnobl e netal nmay

be used alope or_in copbination of two qr nore kings. The rate of, the
ponnobl e ot SPhler RERh RSt GO Snqe (R i ﬁ%‘ﬁ@?@%i‘?eapgf&at%
preferably SO atomc %or |ess fromthe viewoint of catalyst activity.
[0019]  Tesetienpdethesnchile metali fortexample paladivms pgsinee dhedipw. suthanidghpor t ed
type. As a carrier to be used in the case of the supported type, for

exanpl e, #tivmatgel, cévbpmr csmivon chh dek psesli [Amneng dhami palladitgn piatimunsal ci a,
titartia, or zireonia can be listed. Anong them activated carbon, silica,

or al um nghodfunpr eftksrinhe iridig, Cér. gbRY ispyefbrables efdapaieivm isophtioadbilpn of
two or nore kinds. I n the case of the supported type catal yst, | oading

rati o of pheerf1b] Ehe TR mbk] Rafheusdd Mokb dr ih@oB¥hakivn B8 &S0 bOmblekiads.r i er
before the noble netal _ is supported, and nore preferably 1 to 30% by nass.
[0018]

The noble metal catalyst may contain any metal (nonnoble metal) other than the
noble metal. As the nonnoble metal, bismuth or tellurjum 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 SO
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.



100201 Further, it is preferable to cause a polynerization inhibitor to
exist it: areaction liquid by about 1 to 10,000 ppmin order to prevent

pol ynmeri zation of raw materials or products. As the polynerization

i nhibitor, for exanple, a phenol conpound such as hydroqui none or

par anaet hoxyphenol ; an am ne conpound such as

N, N1- di i sopropyl par aphertyl enedi arni ne, NN -di-2-naphtyl paraphenyl enedi am
N phenyl -N - (1, 3-di net hyl but yl ) par aphenyl enedi am nphenot hi azi ne; or an

N- oxyl conpound such 4-hydroxy-2, 2,6, 6-tetranet hylpi peridi ne- N oxyl or
4-benzoy|25¥Q2]2,6,6-tetr et hyl pi peri di ne-N-oxyl can be listed. The

pol ynmeri zation inhibitor nay be used alone or in conbination of two or nore

ki nds. [ 0021furtheEanidipréferasleab chite adolHnériAton aafbitd?Ro 8xiSt iRraGREHoh l&ﬁh@Ct ed
depending on a solvent and a raw material to be used, and preferable

condi ti onspMabby® ©Xpd 80N I b fiQ! Inp ﬂ%&% Lo dival ume
in the act oﬁrlvI (expressed as m( 1) )Hflérs prdé%grnagylo t%o%(?:g}g‘{vl ?ﬂggrf\iiclﬁ ghe of
t he reacto [ a iscpreferably 30 to 200t, and nore
pr ef er abl yf> rgSIt%}g.légéﬁé *ﬁ@lﬁreeacﬁno%%ébﬁte%’sﬂo?ee’ﬁa?p )7 e%/%}r‘eé‘ﬁi §05‘8?'8id15u?(115 ApaG,
and nore p rably 2 to 7 MPaG The anount of the noble netal catalyst to
be used i Sﬁﬁiqw%[ﬁq y ¥.1 QMWE 5 tH t hdDequi @R W he rslé‘gbt ofS nore
preferably Q.5 to 30% by mass, and furthernore preferably 1 to 15% by mass.
The nobl e afitseptopyipataphenylgedisaine.i n a NNs¥idosahainsaphenylensdiamiies i on
liquid or in a fixed beq.tLSOZS Wien the oxidation reaction is carried
out cont i nalenyi-Nafl, Hidisnéthylbutyl)nsraphenyylenadismting, at gberatldetiveer aa Nwoxyknt |
and nol ecul ar oxygen are continuously supplied. It is

compound such as 4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl or

4-benzoyloxy-2,2,6,6-tetramethylpiperidine-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 properl&' 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 SO 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



preferable that each conponent be supplied continuously in the follow ng
condition. The feed rate (g/h) of the olefin or the tx, P-nnsatitrated

al dehyde which is a raw material is preferably V x 10 to V x 500. The feed
rate (gib) of the solvent is preferably V x 100 to V x 2,000. The feed rate
(0) of nolecular oxygen is preferably V x 100 to V x 2000. Further,feed
rate per hour of nol ecular oxygen is preferably 0.1 to 20 noles to 1 nole
of the olefin or the tx, n-unsaturated al dehyde which is a raw materi al,
and nore preferably 0.1 to 5 noles, [0024] Now, a preferable aspect of

t he pr epar prefesablenthat edclocomipensnd icesupplied contirabydy inthe¢ f@dlovghewondisioow

[ 0025] Firstly, a noble netal conpound and a carrier are added to the
sol vent i nTke dediraed(@hyler th¢ otdfimubt ane oy f-ynsamrped pddehyde fwhikhd idiasfaer si on
in which the carrier is dispersed. Secondly, a reducing agent is added to

the fluid gdheARrSpRTehBly @AUNEI R JVRDTRe PR Fhte %/h? bEthe 3bRefit iSPrdferabpad t he
nobl e netal on the arriér. [0026] The nobl e nmetal conpound to be used at

(e LA of 110,654 s, el kg b Batk ke bbbt lovrer 2
D1 1201 2y, P KR e GBS SRR R3O il
{he. nob o ok B0LG 8f it of et Bunprseit diietoe Seudh foa By Bticabgitihe
nobl e net allnor%a;n?fleé%%y (\)/El?it(():?nclzcﬂgi ains a namable netal, a
[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 acetylacetonato 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



nobl e nmetal conpound and a nonnobl e netal conpound may be Jointly used. For
exanpl e, the nonnoble netal can be contained in the noble netal catal yst by
di ssol ving the nonnohl e netal conpound in a solvent of a liquid phase when
t he nobl e netal compound is reduced in the |liquid phase. [0028] As the
solvent to be used at the tinme of the catal yst preparation, water is
preferabl e, however, depending on solubility of the noble netal conpound
and the reducing agent and on dispersibility of a carrier in the case of
using the carrier, an organic solvent |ike an al cohol such as ethanol,

1- propat 1notle mratgdacrehpoundt @mot , nomnoble bmemh @bmpautd noaye bs jeintlgsusedeFone,

nmet hyl et hyl ketone, nethyl isobutyl ketone, or cycl ohexanone; an organic

aci d such aantsthen@giotle Metibtfite: @mitdnedin ths avelk efidtal @iyt byrdi&olving
hydr ocarbon such as heptane, hexane or cycl oh.ex one kind. [0029] The

reduci ng atﬂ@ﬁfonﬁ@bl@%é@e%rﬁﬁodnﬂem a R8REhCHE ﬁrlic}(nd pRhdeCHhe it a8bIeNBetal

reduci ng agent, for exanple, hydrazine, fornmal dehyde, sodi um borohydride,
hydr ogen, Jgﬁﬁ yl ene, propyl ene, 1-butene, 2-butene,
|sobutyleﬁ% i? g %ﬁk&gmgﬁﬁaa ﬁﬁ@ 2- hept ene, 1-hexene, 2-hexene,
cyclohexeg® %ﬂllyl al cohol , nethallyl al cohol, acrolein, or mathacrolein
can be Ii 8

As the solvent to be used at the time of the catalyst preparation, water is preferable,
however, depending on solubility of the noble metal compound and the reducing agent
and on dispersibility 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 isobutyl 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, 1-hexene, 2-hexene,
cyclohexene, allyl alcohol, methallyl alcohol, 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.



[ 00301 The reducing tenperature is variabl e depending on the noble netal
conpound or the reducing agent to be used, however, it is preferably -5 to
150C and nore preferably 15 to 80C. The reducing tine is preferably 0.1 to
4 hours, nore preferably 0.25 to 3 hours, and furthernore preferably 0.5 to
2 hours, [0031 It is preferable to wash the noble netal catalyst
deposited by reduction with water, a solvent, or the like to renove an
inmpurity such as a chloride, acetate group nitrate group, or sulfate group

originated fromthe noble netal conpound. [0032] It is preferable to
carry out [d08lJoxi dation reaction using the noble netal catalyst thus
obt ai ned. [0033] In the present invention, the oxidation reaction is

stopped by suppdfen®lard Wkl the GidbletBethhetdl pacicpssirl byrrediteionvevie watsmt 4 oned
oxidation reaction is carried out (a step of stopping the oxidation

reaction) . odivent NG ha kel t%afexrf&% iR QRit ‘%391%) ;aQré Hoted, raic@tgteog'xtoug,e nitrate

continuously, 1t is preferable that “suppl nol ecul ar oxygen st opped

before t he@gﬁrotr 9Rse %f@{bg@liﬁa@d {}r&nggnné&gg}e% c I?_lgglmd{)g t he. oxidation

reaction. S possi 0 -avoid a ger expl osion caused by an
i ncrease Uﬁoiﬂ oxygen concentration in a gas at the upper space portion of
t he react d to prevent deterioradon of the noble netal catalyst with

nol ecul ar oxygen by, supplying the inert gas to the reactor to puyrge
mol ecul ar &5%&6@%9?@&@ ey b ea oFdatongRRioadsigdhs saperetak et of

st oppi ng the oxidation reaction as nentioned above. [0034]
obtaine

[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 concentration 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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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 limted, however, it is
preferable to supply the inert gas to the liquid phase portion inside the
reactor in order to purge nol ecul ar oxygen exi sting around the noble netal
catalyst to outside the reactor nore effectively. [0036] The total vol une
of the inert gas to be supplied to the reactor, at OC and under 1 atm is
preferably 1 to 1,000 tinmes as nuch as a volune of a reaction liquid in the
react or andactor i guder ter pike @ldcolat 08y gannexdsting arpwit thetriobla wetal cetlyisheo of

the inert gas to be supplied to the reactor, at 0OC and under 1 atm 1is

pr ef er abl youlsitiothk, refdfbrimdre effastivelsch as a vol ume of the reactor and rore
preferably 2 to 100 tinmes. Consequently, oxygen concentration inside the
react or inwb ing the reaction liquid and the upper space portion of the
reactor can be | owered, and hence the prevention of the deterioration of

the nobl e meyal, Letﬁf%(ﬁﬂét)fﬁ%tlﬁﬁgﬂttb%g sﬁé}ﬁieﬁhﬁggevﬂ?aépﬁﬁo‘ﬁ afd AN QEh, of

expl osi on can talined a sane 37] Farther, in the case

: EZL. ert B8 h & frs&&grté35%10‘*@5&6?%6@-?@“8%@28@? PP g Foabrg Qﬁwd"ﬁiﬁ}e%iﬁﬁp%if as
N 10

{'}‘ﬁesaﬁeiazﬁg%aér?fera& $OC 140 et Tty SiA goline LU drebEygarme Raried ( ne

reactor to outside the reactor. Further, it is possible that supply of an

ol efin or tarthe regedrats@iGiped snder Hemydis Pr§fe§4hibde@ 500@ timgseas Wé‘Flﬂ §s i s

supplied in the step of stopping the oxidation reaction.
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 possible to rapidly purge molecular oxygen inside the reactor to outside the reactor.
Further, it is possible that supply of an olefin or an a, 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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[ 0038] The oxygen concentration inside the reactor attained by supplying
the inert preferably 10% by volune or |ess, nore preferably 1% by vol une or

| ess and furthernore preferably 0.01% by vol une or |ess. [0039] 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 inert gas continuously to stop the reaction rapidly. [0040] It

i s preferabllbistpeferabithat thepipbry gas toeshustippliedetie retdrite suppléddfill ithe kg St ep
of stopping the oxidation reaction to make sunoui zdi ngs of the noble netal

catal yst i oft @opping thecoxigatdRIANAT 8. peFiat R MRikhed Ofhd BRrtr @duahng agHMkd (9)
to he supplied is preferably fromV x 100 to V x 2,000 based on a“vol une of

t he react i @ntihiidlishHod Mtdrne . . r abl
rom v x 110 euthy o RidRReHRSNhe bEHE SopRhetfc Yltildn RIMAIDSGPELFT 00

deca at t RiiegH IFPERZONE R st nfsh Gt RehORKSLOR0 08 The o BRULY. °°

however, Z[BO ]efi n or an a, f3-unsaturated al dehyde is preferable. It is
nore preferable to-use the olefin or the a, 13-unsaturated al dehyde as the

reduci ng agznt, \?[ni ﬁ@ i Mraw material of the oxidation reaction to
produce an a1 PEierghlede dyriez supnly Basdpcing agenttoghe smaster imthe sisarafistenping
starting the reaction can DC carded out stably wi thout affecting the main
reaction ithe pxidatiemsecaction tormeke samoundings of fhesicbl¢ mdtahfatelyst into neadidign has
been stopped. Further, it is preferable to use a reducing agent which is
liquid at admesphper dhe amoanibfthpredasiup agem (b beagplidd isiprefomibly Bohav x t 0
use an olefin or an a, p-unsaturated al dehyde which is liquid at a

t enper at urlé0 an¥ >a2j008 Basddeor Nvillifieoe A RactRRCAHIE I RS rORRIr fefrbAbd D va

liquid phase is put into a reducing atnosphere by the reduci ng agent to be
suppl i ed. (LP@4@Jmore 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 a, B-unsaturated aldehyde is
preferable. It is more preferable to use the olefin or the o, p-unsaturated aldehyde as the
reducing agent, which is a raw material of the oxidation reaction to produce an @,
B-unsaturated carboxylic acid because the operation of starting the reaction can be
carried 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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The concentration of the reducing agent in the reaction liquid is not
particularly limted, however, it is preferably 0.1 to 50% by mass, and
nore preferably 1.0 to 20% by mass because the operation of starting the
reaction can be carried out stably in the case that the oxidation reaction
is restarted and further because oxidation of the noble netal catal yst can
be prevented without lowering the ed cing ability in the reactor. [0043]

It is preferable to lower the tenperature inside the reactor after or at
the sane tinme when the supply of the inert gas to the reactor has been
started. FulhbB&oncenttiph effahabtduciny hgsterintithe réatiperiafuid és nos paeicuhely
reactor after the supply of the inert Ras to the reactor has been started

and after |fnfigedS HOREVer Ok id ﬁ%ferrﬁﬂg@i.ln%_ K% by hess! Agl fu@?e_cf)&rerm? heen2edart ed.
[ 0044] The step of stopping the oxidatidn reaction i's conpleted by
returning r i psd t : - Ar r the
oxygen contanePIFEat T Biodior 0P (bAREMEE bRl SalBE TR SR S Bl i
sufficient| owered.. lt is preferable.to.return the pressure dnside, the
reactor t c?a%/%%‘a%ﬁrf’é‘lldaﬂf’gﬁﬁgn\% é‘?‘??atrﬁg and r@‘g#%f?tﬂf%usien‘)@‘il loflhoéJ tB%é‘c?S i
beconmes 50C or bel ow and the oxygen concentration, inside.the reactor
becones 1993 @ ﬁﬁﬁa@?e Pré‘é@teé‘)(ﬂﬁﬂl_t%@”?@m@f fed“Flé‘lgé’i%HW ﬂ%a’,e IE3&0r esent
invention will be explained in nore detail by exanples, however, the
present i M%¥Mion is not limted to these exanples. [0046]

It is preferable to lower the temperature inside the reactor after or at the same time
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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(Catal yst preparation) To 2,640 g of a m xed sol uti on8% by mass n-valeric
acid and 12% by nmass water, 48 g of palladiumacetate (manufactured by N. E.
CHEMCAT Cor poration) was di ssolved, The resultant solution was transferred
to an autoclave and 240 g of an activated carbon was added to the sol ution.
The autocl ave was shut tight and a gas phase portion of the autoclave was
substituted by nitrogen while a |liquid phase portion was stirred, and the

resultant systemwas cooled till the liquid phase reaches 5 to 10C. Then,
propyl ene was introduced into the autoclave till the inside pressure

reaches 0.&aMifagrepartiosyirring of the liquid phase was carried out for 1
hour at 50C. Subsequently, the st opped, and the pressure inside

the aut ocl avigy 26 % 8t £ased, soARnlITBSYERE ta@h-VilaHE deidasd t a¥esy @idss whter,
precipitate was filtrated fromthe resultant reaction |iquid under nitrogen

flow, and . Iladium ¢ S t &t ~AFh i i o of
pal | adi um‘gsf %’ﬁ@@g@lg%éﬁ%ﬁﬂ% th%gs}sS\? ?%4? e%:(r:rt g?})p%?ﬁkﬁg“{v?% ed
tank type gassli.quid-sol.jd,c | ytic reactor, having.jnsid 4 L
was used & Ssgl‘fegagllh&r.es hﬂt rsggliif) rw?ss{r@iﬁ?lﬁ%dego t%’tg&%v?%ae/%l\ﬁﬁrgh&i%
continuously supply a gas,contai ning. no] ecul ar, oxygen fr.om a | ower part of
t he react ACHVHCHPALQR S t8| qwﬂmhﬁ%a‘&mﬂeﬁe@% tpﬁg%aﬁjrdeas%%r@%é‘? t he
gas phase inside the reactor constant, and a device which can continuously
suppl y a |pogioniof the snecdaveawas substivéad by mitragencvidle aHquid Bhase peTH® WaS whi ch
the reaction liquid is drawn out while the liquid | evel of the liquid phase
is kept cotistedndnd theebstilent Gadtednyweds cosletlitill thadiguid @hase teachasdstol 108Gt Then,t r at e

can be continuously drawn out to outside of the system [0048]
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]

(Reactor)

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 continuously 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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Example | (First oxidation reaction) To the reactor, 264 g of the
supported pall adium catal yst and 2,5 L of 75% by nass t-butanol aqueous
solution were introduced, and the reactor was pressurized by nitrogen to
4.8 1vlPaG Then, 259 g of isobutylene was introduced to the reactor, and a
liquid raw materi al prepared by adding 25 parts by nmass of isobutylenc to
100 parts by mass of 5% by mass t-butanol aqueous sol ution was
continuously supplied in such a way that an average residenc tinme of the
liquid raw material in the reactor becones 0.9 hour, At time, the
reaction | ggahglewas drawn out while the liquid level in the reactor was
kept constant,” and the catalyst was filtrated, and the resultant id trate

was contin . Subsequently, air was continuously supplied at
HIHP R ARty

a rate of the sanme time, the tenperature of the liquid
phase was rajsed to 90C and_.the reaction was started. filtpate which
had been coﬁh ﬁﬁ(fﬁas“f(i}" G0t SRt SURPOTEA R lﬂfnvﬁq‘%r‘ygfnﬂz}re% Oﬁgé/gé%géﬁsfront
the start og the reaction.. The results of the reaction were: 'gobutyl en
conver si on" ‘F‘a‘%g.aﬁ%ouééf’lé@?'i‘\?‘ief“ymt“&d\%ﬂdh Bredrarteft WaPrSSrIZG % BYRIEER vi t y
to nethacrylic acid of 33.0% At this |ime, oxygen concentration in a gas

drawn out forb8VRaGIgben. 28pacef ipohutylone whs inirodnesttioghe yaston aBdeapijquid rawre.

[ 0049] The anal ysis of the above raw naterials and products were carried
out usi ng masrishpepatddyaadlding 2S pbrit b enes odnscusylem; toah®) patseloy mass iofs t o
met hacrol ein and nmethacrylic acid produced are defined as foll ows.

| sobut yl eng5% Cb?\'fﬁ‘iss itdutdn¥ aqueoBs Adlukod GRs S@ht@lﬁidu‘ﬂyE %})bneMt fuak raolvey that %)

(CB) x 100 Selectivity to nethacrylic acid (%9 = B) x 100

an average residenc time of the liquid raw material in the reactor becomes 0.9 hour. At
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 continucusly 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 méthacrolein 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

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 noles of nethacrolein produced, and D represents nunber of noles
of rnethacrylic acid produced. [0050] (Step of stopping the oxidation
reaction) After the foregoing oxidation reaction was finished, the supply
of air was stopped, and nitrogen, the volunme of which was 5.7 tines (at 0C,
1 atnm) as much as the volune of a fluid dispersion in the reactor, in which
t he supported pal |l adi um catal yst was di spersed, was supplied at the rate of
620 M The BuUHR! 3t fohtulke,qAi @preastsmmumbealof waslec ofitisabugderfeosuphieds Baf t er
the supply of air was stopped, and stopped. At this i e, oxygen

concent r atpgbsehfl AurBRe #ANEs 8P isoblifBnaNedRREC SoFe&npofilthbe &f mblke dfeact or
was 0.0% by vol unme. As such, the opérational safety at the tine of stopping

the react i, .5,&0S pfo%qcecp osfil o %@E]%Q&t?’ﬂu%ek O THeRAES | N inethasHAREGLRANT | Y,

the same oxidation feaction as the first one was carried out again. The
filtrate whi hﬁrad been continuously drawn out was anal yzed when 91 hours
had passe(?r(f(ﬁ’(% ‘the start of the reaction. The results of the reaction

wer e: isoﬁ?wﬁ%ﬁene conversion of 25.5% selectivity to nethacrolein of 433%
and sel ec y to nethacrylic acid of 33,8% As such, deterioration of the
supported pal | adi um catal yst. can be prevented. At this tine, oxygen
concentrat(EtGPnOfﬁoaplgaﬁlecnxa%ﬁw@@@acﬂr)@)rn an upper space portion of the reactor

was 5.2% by vol une. [0052] ] )
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 conversion 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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Conparative Exanple | (First oxidation reaction) An oxidation reaction
was carried out with the sane procedure as in Exanple 1, (0053] (Step of
"stoppi ng the oxidation reaction) After the foregoing oxidation reaction
is finished, the supplies of air and the liquid raw materi al are stopped

si mul t aneously, 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

oxi dati on (GRGArhtRR)Exampi@$equent |y, the sanme oxidation reaction as the
first one 1s carried out again, however, the supported palladi um catal yst

iclsaidrer;[agr: gfﬂgteoq(i&@igntr&%tﬁﬁ)su' ts of the reaction are lowered Wat is

An oxidation reaction was carried out with the same procedure as in Example 1.
[0053]

(Step of stopping the oxidation reaction)

After the foregoing oxidation 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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[Claiml] A net hod for producing an a, f3-unsaturated carboxylic acid
by an oxidation reaction in which an olefin or an a, fl-unsaturated

al dehyde is oxidized in a liquid phase in the presence of a noble netal
catalyst in a reactor to obtain the a, 13-unsaturated carboxylic acid, the
met hod conprising the step ol. stopping the oxidation reaction by supplying
an inert gas and a reducing agent to the reactor, 2] The nethod for
“producing an a,d carboxylic acid according to claiml, wherein the

oxi dation reaction |Is carried @bdt dontiaimedsisy by supplying the olefin or
the a, P.-unsaturated al dehyde, a solvent and nol ecul ar oxygen to the
reactor, and supply O the nol ecul ar oxygen is stopped before the inert gas
is supplied in the step of stopping the oxidation reaction. [C aim 3]

[Claim 1]

A method for producing an o, P-unsaturated carboxylic acid by an oxidation
reaction in which an olefin or an o, B-unsaturated aldehyde is oxidized in a liquid pbase
in the presence of a noble metal catalyst in a reactor to obtain the o, p-unsaturated
carboxylic acid, the method comprising the step of:
stopping the oxidation reaction by supplying an ine.rt gas and a reducing agent to the
reactor.

[Claim 2] |

The method for producing an o, B-unsaturated carboxylic acid according to
claim 1, wherein the oxidation reaction is carried out continuously by supplying the
olefin or the o, P-unsaturated aldehyde, a solvent and molecular oxygen to the reacéor,
and supply of the molecular oxygen is stopped before the inert gas is supplied in the
step of stopping the oxidation reaction.

[Claim 3]

The method for producing an o, B-unsaturated carboxylic acid according to
claim 2, wherein supply of the olefin or the o, B-unsaturated aldehyde is stopped after
the inert gas is supplied in the step of stopping the oxidation reaction. -

[Claim 4]

The method for producing an a, B-unsaturated carboxylic acid according to any
one of claims 1 to 3, wherein the reducing agent is an olefin or an ¢, B-unsaturated
aldehyde which is liquid at a temperature and a pressure in the reactor.

[Claim 5]
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The nethod for producing an a, P.-unsaturated carboxylic acid according
claim2, wherein supply of the olefiri or the a, p-unsaturated al dehyde is
stopped after the inert gas is supplied in the step of stopping the
oxidation reaction. [Claim4-] The nethod for producing an a,
13-unsaturated carboxylic acid according to any one of clains | to 3,
wherein the reducing agent is an olefni or an a, p-unsatunted al dehyde
~which is liquid at a tenperature and a pressure in the reactor. [ aim5]
The net hod for produp..unsaturated carboxylic acid according to any one of
claims 1 to 4, wherein an anount -the reducing agent (g) to be supplied to

the reactor t h%ﬁ%ﬁem@sﬁ 151 RBRLAAg k8, PXirdauiAal ERBGlioncidsacchdirdoaaya
volunme V (L) of the reaction liquid in the reactor, fromV x 100 to V x

2, 000. one of claims 1 to 4, 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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