DESCRI PTI ON  METHOD FOR PRODUCI NG PALLADI UM CONTAI NI NG
CATALYST TECHNI CAL FI ELD [0001] The present invention
relates to a nmethod for producing a

pal | adi um contai ning catalyst for producing an a,

[ 3-unsaturated carboxylic acid froman olefin or an a,
(3-unsaturated al dehyde. Further, the present
invention relates to a nmethod for producing an a,

[ 3-unsat urated car boxylHpycaapgToRACKGROUND ART [ 0002]
As a pal | adi um cont ai ni ng cat aryst for producing an a,
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exanple, a palladiumnetal catalyst obtained by
reduci ng palladiumin an oxidation state by an olefin
has been proposed in Patent Docunments 1 and 2.

Further, a pal |l adi umIBSHENICAFHEHL Rt obt ai ned by
reduci ng a pal | adi um conpound to pall adi um netal using

[000bf mal i n, hydrazine, hydrogen, nethanol, or an olefin
such as ethyl ene, propylene, or butene as a reducing
TAgepresdns ideationbethtésn tdat metholofou rpraducing Rapahitlium-containing
Docunment 1: International Publication No. WD
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an c[c,%gg;aturated carboxylic acid.

BACKGROUND ART
[0002]

As a palladium-containing catalyst for producing an o, B-unsaturated carboxylic acid
through liquid-phase oxidation of an olefin with molecular oxygen, for example, a
palladium metal catalyst obtained by reducing palladium in an oxidation state by an
olefin has been proposed in Patent Documents 1 and 2. Further, a palladium metal
catalyst obtained by reducing a palladium compound to palladium metal using formalin,
hydrazine, hydrogen, methanol, or an olefin such as ethylene, propylene, or butene as a
reducing agent is described in Patent Document 3.

Patent Document 1: International Publication No. WO 02/083,299
Patent Document 2: Japanese Patent Application Laid-Open No. Sho 60-155,148

Patent Document 3: US Patent No. 4,016,200



However, productivities of the a, (3-unsaturated
carboxylic acid of the catalysts produced by the

met hods described in Patent Docunments 1 to 3 were not
sufficient and a catalyst for producing an a,
(3-unsaturated carboxylic acid having higher
productivity has been desired. [0004] Therefore, it
is an object of the present invention to provide a

pal | adi um cont aipkg o RlOSINVENEORNabl es to

produce an a, (3-unsaturated carboxylic acid from an

ol efin or = [ ggh
producti \/?%@BLW ?ngﬁgmer@ﬁ;%%tﬁgo t 1\h(‘e_lqlrg}gsent
inhvention to provide a nmethod for producing such a

[0003htal yst. It is also another object of the present
invention to provide a nethod for producf_i ng.an a
He¢@evens produetivties af Kbt B-unsainmgtedncabgH b af; et cptalysts
MEANS FOR SOLVI NG THE PROBLEM [0005}{ One aspect _of
produbee] by the erdthdds\destribed in Batantiedwseentsol topt watechat guificient and a
pal | adi um contai ning catalyst for producing an a, .
cataly S fob paddikciigesh eaphmsyturated carotyliznacid havieg ihigher paedugtivity
- unsat ur at ed al dehyde, which conprises the step of
has b dedipg pal l adiumin an oxidation state by a

conpound (A) which is represented by the foll ow ng
[OOOEIjIrm“ a(l). 2 [0006] [Formula 1] RR R3 R-1CCR
(1) OH OH [0007]

Therefore, it is an object of the present invention to provide a palladium-containing
catalyst which enables to produce an o, 3-unsaturated carboxylic acid from an olefin or
an o, P-unsaturated aldehyde in high productivity. It is another object of the present
invention to provide a method for producing such a catalyst. It is also another object of

the present invention to provide a method for producing an a, B-unsaturated carboxylic

acid in high productivity.

MEANS FOR SOLVING THE PROBLEM
- [0005]

One aspect of the present invention is a method for producing a palladium-containing
catalyst for producing an o, P-unsaturated carboxylic acid from an olefin or an o,
B-unsaturated aldehyde, which comprises the step of reducing palladium in an oxidation

state by a compound (A) which is represented by the following formula (1).



(In the formula (1), each of RL to R4 independently

represents hydrogen atom or an organic group, and any

two groups out of RL to R4 may be conbined to forma

ring structure.) A particularly preferable enbodi nent

thereof is a nethod for producing a

pal | adi um cont ai ni ng catal yst, which conprises the

step of reducing palladiumin an oxidation state by
Kmo%re conmpound (A) that is ethylene glycol, propyl ene

ycoI gl ycerin, or L-ascorbic acid. [0008]

Fu Q anot her aspect of the present inventionis a
[Fo ﬂ&&ﬁ dlun}contalnlng catal yst produced by the

af orenen Qon smet hod. [0009] Furthernore, another

aspect present invention is a nmethod for

produ0|n@ an h, (3 unsat urat ed carboxylic acid

t hrcR CI—-G]-H—F@—p-hRSG oxi(ddtion of an olefin or an a,

(3-unsat yirate aldehyde wi t h nol ecul ar oxygen using

t he afor ég pal | adi um cont ai ni ng catal yst. 3

EFFECT ENTION [ 0010] According to the

net hod for producing a pall adi um containi ng catal yst
[0006] the present invention, a palladi umcontaining

catal yst that can produce an a, (3-unsaturated

(Io ahd ﬁ»rmula:(la,cca@hqudm tarR oindependentlyarepeesents hydeogen piope gr an

al dehyde in high productivit can be produced. [0011]
orgaltiér §logp,, andCanr tvdgrdups toae o Rl Itadt "umey. drtcaimbineg to form a ring

catal yst of the present invention, an a,

structure.)

A particularly preferable embodiment thereof is a method for producing a
palladium-containing éatalyst, which comprises the step of reducing palladium in an
oxidation state by the compound (A) that is ethylene glycol, propylene glycol, glycerin,
or L-ascorbic acid.

{0008]

Further, another aspect of the present invention is a palladium-containing catalyst
produced by the aforementioned method.
[0009]

Furthermore, another aspect of the present invention is a method for producing an o,
B-unsaturated carboxylic acid through liquid-phase oxidation of an olefin or an o,
B-unsaturated aldehyde with molecular oxygen using the aforementioned

palladium-containing catalyst.



3-unsaturated carboxylic acid can be produced from an

olefin or an a, 3-unsaturated al dehyde in high

productivity. [0012] Furthernore, according to the

nmet hod for producing an a, [3-unsaturated carboxylic

acid through |iquid-phase oxidation of an olefin or an

a, (3-unsaturated al dehyde with nol ecul ar oxygen of

the present invention, the a, (3-unsaturated

car boxylic acid Ngh productivity.

BEST MODE FOR CA F@WWQ\WI ON [0013] The

I I adi um cont ai ni ng catal yst of the present invention

[OOﬁﬁ the one for producing an a, 0-unsaturated

carboxylic acid and caontains | east palla al .
Apgerdingaiol theimgraddat BioRRFge éaﬁaﬁﬁ‘éﬁ ~CROAIREE ﬁP’é@’nH’TF the present
i nvention may contain other netal conponents other
invénitian, salpebatiivmroostaining featalyss thah esannprasiice Gifp 6h ebrugsaturated
other than palladiumnmnetal, for exanple, ruthenium
carbiokolit uend fRonh ve olefmisor anmy, ﬂ-unsﬁtural)ed [alcbhydmm higlyproaductivity can
copper, antinony, tellurium |ead, and bisnmuth can be
be prodiced. It is preferable that 4 50% by mass or nore
of the nmetals contained in the pall adi um cont ai ni ng
[00 Igt al yst be palladiumnetal fromthe viewpoint of
aI i zing high catalyst activity. [0014] The

EFEARSEN B o Brihind ballis AHEE BRYGhHRALANn o,

suppor rler

t.,he |.oadi f
R AR el Mo R a%ggsﬁ%@érﬁmed
nore to the carrjer that is before the rretal
aldf‘é’&%ﬁh}élﬁhimﬁ’é‘%v%en supported, more preferably 0.5%

hé mass or nore, and furthernore preferably 1% by
[00k@lss or nore, and preferably 40% by nmass or |ess, nore

Furthermore, according to the method for producing an o, B-unsaturated carboxylic
acid through liquid-phase oxidation of an olefin or an o, B-unsaturated aldehyde with
molecular oxygen of the present invention, the o, B-unsaturated carboxylic acid can be

produced in high productivity.

BEST MODE FOR CARRYING OUT THE INVENTION
[0013]

The palladium-containing catalyst of the present invention is the one for producing an
o, P-unsaturated carboxylic acid and contains at least palladium metal. The
palladium-containing catalyst of the present invention may contain other metal
components other than palladium metal. As the other inetal components other than
palladium metal, for examble, ruthenium, rthodium, silver, osmii.lm, iridium, platinum,

gold, copper, antimony, tellurium, lead, and bismuth can be listed. It is preferable that



preferably 30% by mass or |ess, and furthernore
preferably 20% by nmass or less. [0015] The carrier is
not particularly limted, and for exanple, activated
carbon, silica, alumna, silica-alum na, nagnesi a,
calcia, titania, or zirconia can be listed, and anong
them activated carbon, silica, titania, or zirconia
is preferable. The carrier can be used alone or in

SO 5P 4B o U8 a5 A R o

the kind of the carrier and. .cannot be absolutely
pallagivan metaldipgy the viewnpn é'%"ﬂ’&fngg}‘g]? E%};Elypfacﬁgmﬁr ef erabl y
50 n2/g or nore and nore preferably 100 n2/g or nore,
[00AAH preferably 1,500 n2/g or less and nore preferably
1,000 n2/g or less. As the specific surface area of
Thee paltadiirescobtmiming catalyst |ofr the present dnyention mayi @ maysnot be
useful conponents are supported nore on its surface
suppBRe®on afadiiiCWhen adlcatiet Bawsedyehé ldadingrafia o€ nzeta xogiponents
the carrier becones larger, a catalyst in which its

cord%ﬁ.[n%l pafioMRANe Preferably (B VRS hEH oFdicte t@thelvarrier ol debifore the
| 001 Such a“pal | adi um cont ai ni ng catal yst of the

mefdl %?gm:ﬁ%gé@% glgiét OLkn %lp?élgéa';l GRGke g*eﬁrab'{_{v 0BH®¢ Mhdscdt more, and

con ep o ucing palladi'umin an
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productivity by using the palladi um contai ni ng

[00J&i al yst obtai ned by this method for producing the

pal | adi um cont ai ni ng catal yst. [0018] [Formula 2] .
The carrier is not particularly limited, and for example, activated carbon, silica,

alumina, silica-alumina, magnesia, calcia, titania, or zirconia can be listed, and among
them, activated carbon, silica, titania, or zirconia is preferable. The carrier can be used
alone or in combination of two or more Kinds.

[0016]

Specific surface area of the carrier is variable depending on the kind of the carrier and
cannot be absolutely said, however, in the case of silica, it is preferably 50 m?/g or more
and more preferably 100 m?/g or more, and preferably 1,500 m?/g or less and more
preferably 1,000 mZ/g or less. As the specific surface area of the carrier becomes smaller,
a catalyst in which its useful components are supported more on its surface can be
produced, and as the specific surface area of the carrier becomes larger, a catalyst in
which its useful components are supported more can be produced.

[0017]

Such a palladium-containing catalyst of the present inven.tion_ is produced by a



R R83 R-CCGR (1) OHOH[0019] (In the formula
(1), each of R to R4 independently represents
hydrogen atom or an - organi c group, and any two groups
out of R to R4 may be conbined to forma ring
structure.) The organic group that can be RL to R4 is
not particularly limted, and a nonoval ent organic
group such as an al kyl group, an al kyl carbonyl group,

mefhoB2WARNY borlkifY Rhe teph¥f fitikingOpllidiung it Ldis biidatiomrstate by a
group represented by the followng fornmula (3), or an

co%‘g%%'ale%f’*gﬁg %ﬁfﬁ%ﬁ%‘f@f’g%ﬁﬁ’%“%@ gl :8 & g aated
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has the structure which is represented by the fornula

produying ske piladvonponiaigingaatalyssr exanpl e, et hyl ene
gl ycol

[0018]
[Formula 2]
R? R®
R1—(|3-—(|3—R4 (1)
Cl)H OH
[0019]

(In the formula (1), each of R' to R* independently represents hydrogen atom or an
organic group, and any two groups out of R! to R* may be combined to form a ring
structure.)

The organic group that can be R! to R* is not particularly limited, and a monovalent
organic group such as an alkyl group, an alkylcarbonyl group, a carboxyl group, a
hydfoxyl group, a substitution group represented by the following formula (3), or an
alkyl group having a carboxyl group or hydroxyl group can be listed.

[0020]
[Formula 3]

HO OH

— (3)



gl ycerin, L-ascorbic acid, propylene glycol,

1, 2-but anedi ol , 2, 3-butanediol, 1,2-pentandiol,

1, 2, 6-hexanetriol, 1-thioglycerol, or L-ascorbic acid

2-glucoside can be Ilisted. Anong the conpounds which

are represented by the formula (1), the conpounds

which are represented by the fornmula (2) are

preferable. [0023] [Fornmula 4] H H2~ -R4 (2) OH OH
[omh?024] (In the formula (2), R4 represents hydrogen

atom or an organic group.) Anong these conpounds, a

THO FRABA o CartidH %l%m?‘initﬁ Qlk'?b’?foﬁﬁ%p@fé%ﬁbl?rl &N6.af heyhumber of

group havi ng carbon”atons, glycerin, or

L-ascor.bic acid i I , and ethyl ene
carbﬁpﬁﬁ)ﬁﬁm %E)W%%lgl%g(@ésg?@feg%@%gﬁé §', or L-ascorbic acid

IS particularly preferable. [0025] The anount of the
ﬂm?@&rrpound (A) to be used is not particularly limted,

however, it is referably 1 to 1,000 leg to 1. nmole. ., .
The corapound (Ao ip mlognaraﬁﬁﬂa%lf ﬁ@ﬁt@t%t]l%n%ﬁ%lt gie S%“"mfe which is
preferably 5 to 100 nol es. [OOZGJ 7 The met hod fO{
represedtedi byg theafdrmulauth)i Astthe cosipaund 6. forexample; gfaylene glycol,
conpound (A) is not particularly limted, however, a
glydgHhhod-gkotbiduakidy gropsdemeat ghical, of.2-patanediolim 2, Bbuiangdiol,
pall adiumin the oxidation state, in a liquid phase is
1,2-pERAeiAbl @, 6-h&Rdélriol, 1-thioglycerol, or L-ascorbic acid 2-glucoside can be

listed. Among the compounds which are represented by the formula (1), the compounds

which are represented by the formula (2) are preferable.

[0023]
[Formula 4]
H R
HG—C (2)
OH OH
[0024]

(In the formula (2), R* represents hydrogen atom or an organic group.)

Among these compounds, a compound in which R* is a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms, glycerin, or L-ascorbic acid is more preferable, and
ethylene glycol, propylene glycol, glycerin, or L-ascorbic acid is particularly preferable.
[0025]

The amount of the compound (A) to be used is not particularly limited, however, it is
preferably 1 to 1,000 moles to 1 mole of palladium in an oxidation state and more
preferably 5 to 100 moles.

[0026]



As a solvent to be used for reduction in the liquid
phase, water is preferable, however, organic solvents
i ke al cohols such as ethanol, 1-propanol, 2-propanol,
n- butanol, and t-butanol; ketones such as acetone,

met hyl ethyl ketone, nethyl isobutyl ketone, and

cycl ohexanone; organic acids such as acetic acid,

n-val eric acid, and isovaleric acid; and hydrocarbons

mﬁeﬁ@dffsﬂeaa@ Pentaten id e Sxiddtionetanby drrcolepound dA) is not
alone or in n%lnatlon of two or nore kinds,

pm‘éﬁgﬁgsi h teﬁnhgwg&? I SinPihbl bof rfuctnd® @& hh@fial JT\allditm, Baving

vent of t’hese compounds and water can al so be

il ol R R e Rl PRARREE' 0 SN G

2|%vent and water is optional, however, water content
[02%{It he whol e ni xed sol vent is preferably 5to 50% by
mass. [0028] As the palladiumraw material hayi

Aapselyentiie b wwaoam@lstl%m the Liguid phase, &@éﬁw ¥elga%qe, however,

pal | adium salt, a pal |l adi um oxi de, or pal | adl um
orgamicdentsolike aleohals siet axietharal, ém@nd Reprepanol, n-butanol and
pal | adium salt or a palladiumoxide is preferable.
t-bufagolp Ketones yoelsad hcetdre; meindngihyd, keparel awtithyrh isehugyli lgzéone and
pal | adi um acetate, palladiumnitrate, palladium

cy@bhdxahéne; ob@dhicaRg¥isieh &addeticlntith) mivhlesit @cidpand isovaleric acid; and
bi s(acet hyI acetonate) palladiumcan be |isted, and

hy%gé?}g dl@@ﬂ&h B@lﬂe ShdMehiner LA cy %hb)?ﬂlleuéﬁnaﬁétlﬁéﬁ alone or in

umnltrat or tetraamnne paIIadlummtrate

o) SERRLE: VR, by SRR OB Vi«
B T et BB Vbt i B S@esaze@.&maed
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'l;ﬁvagc;;'u;J Egt:rl]c?natl hl'im(r:e%(rerr L,vea;er crogglrjlf fnl t(1)12 v?h%?e I?]L}fe% s%?vecr:l? {srﬁret%rably 510
50% by mass.

[0028]

As the palladium raw material having palladium in the oxidation state, for example, a
palladium salt, a palladium oxide, or a palladium oxide alloy can be listed, and among
them, a palladium salt or a palladium oxide is preferable. As the palladium salt, for
example, palladium chloride, palladium acetate, palladium nitrate, pélladium sulfate,
tetraammine palladium nitrate, or bis(acethylacetonate) palladium can be listed, and
among them, palladium chloride, palladium acetate, palladium nitrate, or tetraammine
palladium nitrate is preferable.

[0029]

In the case of reduction in the liquid phase, the raw material of palladium, having



addi ng the conmpound (A) to a dispersion |iquid of the
carrier on which the raw material of palladium

havi ng palladiumin the oxidation state, has been
supported. [0030] Wen the pall adi um cont ai ni ng
catal yst containing a netal conponent other than

pal | adium netal is produced, the sanme reduction as
that mentioned above can be carried out using a raw

palFkEH i theQlxiBRIR! statblGh dSoldedTBt dlspéraéd irOthe &olvehtilind reduction
oxl de corresponding to the netal conponent to obtain

is é%ﬁg& a(}rugldly LadihB ¢hB e%o‘iﬁ}%%nﬂfﬁﬁgbs {d¢hd P&uBALL HBSolutidie liquid or

ctiTonas that  nentioned above can be carried
. out,in a.state that .the raw pater] I :
disfefsion dishish R e S8 5 b iog Y o reouBh calfEled e Pried out by
Further, the_ raw material _of. | can be re ed .
addipg theccogporad (Hhio 9331?%‘8%}8% &qwr@tﬁ%?afﬁaﬁ ‘P%&’F‘{?ﬁ&ﬁ% Taw material
reduced or at the same tinme with palladium [0031]
of palladiven, havimg peladiumdn ghs exidation state dps BeR HPRYES| on
state of palladiumnetal in the palladium containing
foosat al yst which is finally obtained, it is preferable
to apply a nethod in which a palladiumsalt is

WheRahé gdllafiuhbntiding eatastst bnminingaadmetab cpmpoment other than
resultant carrier is subjected to a heat treatnent to

palfREAARRSA i§brddast tHRahine@bdddien apelat Atthntiohedalbové birdbe carried
pal ' adi um oxi de, and then, reduction is carried out.

o.utE) 1%%?%; rav haferiiF Bﬁﬁ%ﬁ ﬂ%cgséé %&%@C%ﬂ drhemPRl badk uhtréspbhding to

e carrier, a In a solvent is
tneCHHRRP FBGnet KE OBl u XS, 1y P b o, the same
R B P S Sy 1y e o
cue s By SUpPOVIE o i Q9T OPRGS i alty Gt iy eteril

The solvent for dissolving the palladium L :
of metal can be reduced before palladium is reduced or after palladium is reduced or at
the same time with palladimn.

[0031]

Further, in order to obtain an excellent dispersion state of palladium metal in the
palladium-containing catalyst which is finally obtained, it is preferable to apply a
method in which a palladium salt is supported on the carrier at first, and then, the
resultant carrier is subjected to a heat treatment to decompose at least part of the
palladium salt into patladium oxide, and then, reduction is carried out.

- [0032]
As a method for supporting the palladium salt on the carrier, a method in which a

solvent is evaporated after the carrier is soaked into the solution of the palladium salt or

a method, which is called pore-filling method, in which a solvent is evaporated after a



salt is not particularly Iimted as long as it
di ssolves the palladiumsalt. [0033] The tenperature
of the heat treatnment is preferably the thernal
deconposition tenperature of the palladiumsalt or
above, and is preferably 800C or bel ow and nore
preferably 700C or bel ow. The nethod for raising
tenperature to a predeterm ned tenperature of the
ceRSRtantduB bR solubioR 8F tHedal ladidnAdal teqhivaieht tb the poRWAlume of the
the rate of raising tenperature is preferably 1 to
- | . . :
carfi b, i i Citict R BRI ThoRHRR FRIORRY Bt Plladiun
al | adi um caont.ai ni cat al yst. .The: hal.di ' after
soff et Cp BRIV Rl 81588 R Pl thE Bl SET (21 1
reached is not particularly limted as long as it is
ugh for the thermal deconposition of the palladi um
salt, however, it is preferably 1 to 12 hqurs. [[0034]
Fbe ttheperaure i of theeheatalivasmens saprojerably theethepal decomposition
treatnent at the thernmal deconposition tenperature of
terhperatuad biutiepailsdititm sit almboes, iand dv preferghdy 8REHY er bélew and more
pal | adium salt into palladium oxide. By doing so, it
préferaBDs FOMACE of Gekiin PTIRS Metipd| FahBINgORmPerhtge ot &) paddetermined
pal | adi um particles, and hence dispersibility of the

terBBdrhfiEd SMLRHehtl tPdaBiientSs hoMaPNQMrBEmited, HORROER the rate of raising
possi bl e to produce an a, (3-unsaturated carboxylic

' i B PeCRfhimde jP £8n kEaMYAispersi
el REDRRARGTT b R cERinde JEOHRER SR (A Bispersion

IS _pr rable,to use the,one ' e g
st oEpTlsgio R st SuiEed PRIERGr ol b i holding time ofter

t hermal deconposition te rature of the..palladi um, . .
the plegletPunines ETIReR e AILGE M0 EURIRLE ekl is fioF bRty yimited

preferably 200C or 10 below. As, the thelrazmal ) )
as densHaspib &3 enaygh fearibe tharmak desomnesitign of 426 paHadiym salt, however, it

becones | ower, -
is preferably 1 to 12 hours.
[0034]

Further, it is preferable to carry out the heat treatment at the thermal decomposition
temperature of the palladium salt or above in order to change the palladium salt into
palladium oxide. By doing so, it is possible to suppress agglomeration and growth of
palladium particles, and hence dispersibility of the palladium particles is improved and
it becomes possible to produce an «, 3-unsaturated carboxylic acid from an olefin or an
a, B-unsaturated aldehyde in high selectivity.

[0035]
As the palladium salt, it is preferable to use the one having the thermal decomposition

temperature of 400°C or below. The thermal decomposition temperature of the

palladium salt is more preferably 300°C or below and particularly preferably 200°C or

10



exot herm ¢ heat becones smaller. In particular, by
using the palladiumsalt having the thernal
deconposition tenperature of 200C or below, it is
possi ble to reduce exotherm c heat to suppress
aggl oneration and growth of palladiumparticles even
in the case that the thickness of the bed hei ght of
the carrier on which the palladiumsalt is supported
balovk. I the MRer@hl §8@nipRakioh 16 &Eﬁﬂ} bth i
Consequently, it becones pos}gi ee to %%g@dggsglrtlbgfomes lower,
eRothBndk Wesd ' o dah ) gher osel ectivity. .
In the cata ygﬁéggﬁfgghgéﬁg%ngﬁlagnbyi itk tiF pafladipy salt having the
rerit, in the case. scal e up, .that the
tlcE Ea?ﬁigfydg?'gqqﬁg%sﬁc’d’ ﬁ?‘ﬁlﬂ“@é’i‘%é’& Rl ﬁ 15 below, it is possible to reduce
e -unsa&lurat ed car box&/ll ic acid can be produced even
HAPR Qettocjuppeess geslpmeration andi gjawthoef palladium pasiclésseven in
Iarge because it is usually wunavoidable that the
thefiags that the Spickmess g8 therheddisight bf theeaiar vnevhichn thetpatibdium salt is
the palladium salt is supported at the tine of the
syppatted plethe tiore ofitbe hrmtdrdannge is harges| aloneeyubntlyd iCRcamLs possible
anount and a scale of a calcination apparatus. [0036]
toAprodupe ah | o UB-ahkatuaied§ erbdlydic S §h SleBBHRL
be listed, in which the nglI adi um sa trﬁa\?i nglaéjh%@ catalyst
priotectival ord e aiEuesial kéile, iIERRES Birb Sebit, iﬂﬂﬂ&c%re J}%Ql‘é’rdpg that the

supported on the carrier, and ?he resultant carrie
i LA [t Ipported.i s ;subj.ected to
cHgthat bR 08 ACHRD oh ok BT Shrop Rl Rif e be produced
Lt ratuye.of t alJadiumsalt or_ .
FOOROBe 1hBneh® TP ALL B or e Bitel i o Srcavy it dgmusualy
he pall.adiymsalt s orted on the carrier has been
kel GidB8 Rt 5Bkt P e doecheTEn od Chorgatri p ity elladium
pr.ecursor (i s supjected to a reduction treatnent.
“Fd%) sunpoRed phtbe sung aliibe heatdraatmentthscerseslargedn relatiorptoes catalyst
pal | adi um chloride (I1) (thermal deconposition
amouh andha sgake offa gdd@)tionmpphmtisum acetate (11) (thernal

deconposition 11
[0036] '

As a particularly preferable embodiment, a method can be listed, in which the
palladium salt having the thermal decomposition temperature of 400°C or below is
supported on the carrier, and the resultant carrier on which the palladium salt is
supported is subjected to the heat treatment at a temperature of the thermal
decomposition temperature of the palladium salt or above to obtain a catalyst precursor
in which part of the palladium salt supported on the carrier has been changed into
palladium oxide, and then, the catalyst precursor is subjected to a reduction treatment.
[0037]

As the palladium salt to be used, for example, palladium chloride (II) (thermal

decomposition temperature of 650°C), palladium acetate (II) (thermal decomposition
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tenperature of 230C), palladiumnitrate (11) (thermal
deconposition tenperature of 120C), tetraanm ne

pal l adium (11) nitrate (thermal deconposition
tenperature of 220C), or bis(acethyl acetonate)

pal l adium (I1) (thermal deconposition tenperature of
210C) can be listed. Anong them palladi um acetate
(I'1), palladiumnitrate (I1), tetraamm ne pall adi um

tdrhperatiltd bALSECYY Ila_mail(tﬁﬁ afifpxtk ATH t(EHeah &) ddahpaditio tétbgrature of

Is preferable. he pal | adium salt can be used al one

PR FRTR G 0 S e i e o
23055 5 TSOEH D R LERORER Tt s o
2R 50 e O B B SHISHRBSRSEE o) PR e

alladium salt was heated fromthe roomt erature at
teirapering pallidien AL piTate, Ok bisfACA{y 13 HBAELPAG AR (1) 1 preferable
thernogravi meter (trade nane: TGA-50, manufactured by
Thpatiation Galt par bet wssd plonk ©0 Botomhinatinnydf twieer more kinds.
above-nentioned heat treatnment, a catal yst precursor
[6038}hi ch part of the palladiumsalt supported on the
carrier has been deconposed into palladium oxide is

OftteaineRfal debomBoditi® emaktfAutecofoBe Hylladiimrsatluahitenmeasured with
treatnment of palladi umoxide contained in the

& og@%h&ﬁ?%g%ﬁémmt&bﬁg%%@@%em&e of the palladium salt was

nmenti‘one eat treat . I'n"the case that a
dgﬁﬁédagé H 2 :Héraﬁff{e 3 Sk M"/% kfyaﬁﬁbsefuf e Sﬁzﬁ‘ﬁflﬁlﬁf &A1Y $fas reduced
precursor, e pal Madi'um salt I's al'so simultaneously

MBS L B i g 4 Mt e
i, S BB AT AR BT I s cAgtser B8t GiFfacticed by
Sﬁgrr:;d&;iurgor;goragg)! adiumin the oxidation state.

[0039]

Through the above-mentioned heat treatment, a catalyst precursor in which part of the
palladium salt supported on the carrier has been decomposed into palladium oxide is
obtained. It is preferable to carry out reduction treatment of palladium oxide contained
in the catalyst precursor obtained through the above-mentioned heat treatment. In the
case that a palladium salt exists on the carrier of the catalyst precursor, the palladium
salt is also simultaneously subjected to the reduction treatment
[0040]

The apparatus for reducing palladium in an oxidation state is not particularly limited

as long as it can add the compound (A) into a solution or a dispersion liquid containing

palladium in the oxidation state.
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12 [0041] The reduction tenperature and the reduction
time are vari abl e depending on a kind of the conpound
(A), however, the reduction tenperature is preferably
-5 to 150C and nore preferably 15 to 80C. The
reduction tinme is preferably 0.1 to 4 hours and nore
"preferably 0.25 to 3 hours, and furthernore preferably
0.5 to 2 hours. [0042] At least part of palladiumin
[bdrgoxi dation state is reduced to palladi um netal

t hrough the above-nentioned reduction treatnent.

Lgﬁ{} gs]éiluct%rf t%ﬁ\p%ﬁ?urE e fe r@@uctfoﬁWﬁﬁidaﬁngé dgl_?]%nding on a kind of

um contal ning catalyst Ts separate

nmet hod far, separating th atalvst s no Ll cWlardapo

05 Frpeepnay ) Pov Stsentbg ratodih driBrraliie Ebeftyy 8/ 18"1sb°C and

centrifugation pmethod can be used, Th Slﬁ arat eﬂh d

IRAF IPERIPRRD bh aP g e dR4U98 (TR ISRTB BTy O togh hovggnd more

drying nethod is not particularly |imted and various
nab?yso-%%w bhowrs,cand futierapre prafergily Adde 2108, t he

nmet hod for producing an a, [3-unsaturated carboxylic

(@429 t hrough |iquid-phase oxidation of an olefin or

an a, O-unsaturated al dehyde with nol ecul ar oxygen

uai gist fret ¢fglaliadiutinnchndsddationgstatatedeysdedad palialipnesetalt through

invention will be explained. [0045] As the olefin

iR einferitiBfed RULERINaFdahentf Or exanpl e, propyl ene,
i sobutyl ene, or 2-butene can be listed. Further, as

[@d@ a, (3-unsaturated al dehyde which is the raw
material, for exanple, acrolein, nethacrolein,

Ch%te? Qﬁ‘é geec{]u\éggn,(@e'gﬁgiﬂgé p%ﬁﬁcﬁh:%i-c@ntaiﬁhg catalyst is separated. The
method for separating the catalyst is nof particularly limited, and fqr example, filtration
method or centrifugation method can be used. The separated palladium-containing
catalyst is properly dried. The drying method is not particularly limited and various
methods can be used.

[0044]

In the next place, the method for producing an o, B-unsaturated carboxylic acid
through liquid-phase oxidation of an olefin or an o, P-unsaturated aldehyde with
molecular oxygen using the palladium-containing catalyst of the present invention will
be explained.

[0045]

As the olefin which is the raw material, for example, propylene, isobutylene, or
2-butene can be listed. Further, as the o, B-unsaturated aldehyde which is the raw
material, for example, acrolein, methacrolein, crotonaldehyde (B-methyl acrolein), or

cinnamaldehyde (B-phenyl acrolein) can be listed. The olefin or o, P-unsaturated
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ci nnamal dehyde ((3-phenyl acrolein) can be listed. The
olefin or a, (3-unsaturated 13 al dehyde which is the
raw material nmay contain a small quantity of at | east
one of a saturated hydrocarbon and a | ower saturated
al dehyde as inpurities. [0046] The a, [3-unsaturated
carboxylic acid to be produced is, when the raw
material is the olefin, the one having the sane

aldglgid%%hiiéﬁ 6l OB vARaleil A dohtdi s smlli fintinhen at leastrane of a
t al is th

erl e a, (3-unsaturated al dehyde, the a,

sar%r%%eldiriﬁ, t U,E‘E%tﬁg%ﬁg%g&géﬁﬂh’gmgg gﬁghg%ebat% ﬁrgggl?ﬁiég@ed is the

ég-unsaturat ed al dehyde has changed into the carboxyl
[00, lnup. [0047] The nethod for producing an a,

3-unsaturated carboxylic acid of the esent .
fhw'énléiuasﬁtmgteémaf%wléc Agid to i%ﬁ LPF?F[uﬁngsse%ﬂl glaft ra¥nmptsrial is the
produci ng acrylic acid from propylene_or acrolein or
olefiny therond bheving the sdmae earbore skel¢tan ps the olefimbas, VEhide, gyhen the raw
met hacrol ein. [0048] As a source for nolecul ar oxygen
mate@iabés tiked, prmbdtaratadoaliehybate oxp-aasdtantedecachaxytic acid to be
air is economcal, however, pure oxygen or a m xed gas

prodlicdfs@hO ¥HE AN wARA 18k AldeBiddgroup 9Ethe anf-unfatnmesisaldelyde has
a diluted mxed gas in which air or pure oxygen is

ch%igk%'ﬁxggtﬁ@iéa%oxzigxfoﬁﬂen' car bon di oxi de, water vapor,

'tke ca so be used. [0049] The solvent to
[Oogz used in the |iquid-phase oxidation reaction is not
p]ticularly limted, and for exanple, water;

an

Bl Skt 15 850, BB UG R P o s
im.riegt?c?xiJ tigl sulftgltﬂ%n%r ?igui%[p %Qei Cox?cfaitign for producing acrylic acid from
propylene or acrolein or for producing methacrylic acid from isobutylene or
methacrolein.

[0048]

As a source for molecular oxygen to be used in the liquid-phase oxidation reaction,
air is economical, however, pure oxygen or a mixed gas of pure oxygen and air can be
used, and if necessary, a diluted mixed gas in which air or pure oxygen is diluted with
nitrogen, carbon dioxide, water vapor, or the like can also be used.

[0049]

The solvent to be used in the liquid-phase oxidation reaction is not particularly
limited, and for example, water; an alcohol such as tertiary 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-butyric acid, isobutyric acid, n-valeric acid, or

isovaleric acid; an organic acid ester such as ethyl acetate or methyl propionate; or a
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such as acetic acid, propionic acid, n-butyric acid,
i sobutyric acid, n-valeric acid, or isovaleric acid;
an organic acid ester such as ethyl acetate or nethyl
propi onate; or a 14 hydrocarbon such as hexane,

cycl ohexane, or toluene can be used. Anpbng them an
organic acid having 2 to 6 carbon atons, a ketone
having 3 to 6 carbon atons, or tertiary butanol is

Thexae! Yaibhethe, kR tHRRHe 3hwBe y3kd.i Among them, an
hw@%ﬁ%ﬁﬁg?#%%m%ps¥mo’ %ﬁgnnré:kinds. Furt her, when a%

orglg;%%séﬁiég ?l)]%é]?lgl, Y&l SEh&S hitnd ORbAE hg\';iﬁggj £ BSdaPbdn Goms, or

Ketones, organic acids, a organi c acid

esters is,used, it LS ef erable t0 h ] ‘
gy Jokmobs Rreisrati ot R Gaf R o6 il Hiihe ot 1f o Bpffildion of two
case, the anount of water is_ not parti.cul arl .
or R Kiads. Tstien ayhen;at 28t gnecsobvedopgleated fomBe igfoupscapsisting of
the nmass of the mxed solvent and nore preferably 5
alcplool5,0ketdmes nerganic Bhisls sadyenganip gcﬂ@qg asowd, it is preférable to use
honogeneous, but it may safely be used in a ]
thehaixed egivestufths setaed f@0S0and Water) Inghiscbapsh dlseeamount of water is
oxi dation reaction may be carried out by any one
noPpREOAE]P limikaNhéwerRYSt By iefessbl Qo (FAYE by miass & the mass of the
however, it is preferably carried out by continuous

nﬂ?%&é g%%ént%ﬂgy Mdrk rE%rd%@W isdeq ali MAssOfTHRr Qulvitii¥i pryferably

anmou of the olefin or the a,

- [ is the raw
hm&égéeﬁr%lga%’%gﬁﬁ?ﬂaﬂa %%?‘%ﬁspeﬁggg%g%? atn F%ﬁr% S%E%ict ion, is
0(ﬁtrgiferably 0.1 to 20 parts by mass to 100 parts by
[ s of the solvent and nore preferably 0.5 to 10
. parts by mass. [ 0052 The anmount of .nol ecul ar ox

e tiaisLERSF Y408, teBPtono meY, Be SaTHRg BY PY Y SHe
the olefin or the a, (3-unsaturated, al deh¥de whi ch és
contiryopspraeaser 4l baiehr procpyserhomeney, .13 prterablpraned out by
and particularly preferably 0.5 to 20 nol es.
continuous process industrially in consideration of productivity.

en
rocess of
%%

[0051]

The amount of the olefin or the o, P-unsaturated aldehyde to be used, which is the
raw material of the liquid-phase oxidation reaction, is preferably 0.1 to 20 parts by mass
to 100 parts by mass of the solvent and more preferably 0.5 to 10 parts by mass.

[0052]

The amount of molecular oxygen to be used is preferably 0.1 to 30 moles to 1 mole
of the olefin or the o, P-unsaturated aldehyde which is the raw material, more
preferably 0.3 to 25 moles, and particularly preferably 0.5 to 20 moles.

[0053]
The catalyst is preferably used in a suspended state in the reaction liquid of the

liquid-phase oxidation, however, it may be used in a fixed bed. The amount of the
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[0053] The catalyst is preferably used in a suspended
state in the reaction liquid of the |I|iquid-phase

oxi dation, however, it may be used in a fixed bed. The
amount of the 15 catalyst to be used is preferably
0.1 to 30 parts by mass as the catalyst existing in a
reactor to 100 parts by nmass of the solution existing
in the reactor, nore preferably 0.5 to 20 parts by

catiB&® to %@ leédi'ist%i_ e a1y 0. Pie GO bk bylmhe akSthp akatabydpxisting in a
NESS. he reaction tenperature and the

re cﬁ&cﬁ)' II%B éﬂ{'@ %ﬁ gﬁ%ﬁ A PP SRR é@uftﬁlg reAS0E riﬂbl%‘?pref@fhbly 0.5

€ SO erawrraterl e reaction to be

to S Sects et av PR s B 7-deb a@élépﬁa%%% gk Pon °

ressure is preferably at nospheric pressure (0 MPa
ijﬂuge pressure; hereinafter, all pressures being
expressed in gauge pressure)) to 10 MPa and, nore
Bhefreacsiph yerpperature wph thepRagiomERes IO HS] PreRarl| srigqted depending
the present invention will be nore concretely

onethp kaliverdcind thereanphiesiaboltthe Gaetian & be/usclx Bhpreaastion temperature
however the present invention is not Iimted to these

éiﬁb@SBO td B00KRadd oayvpregerabignit &s1507¢. Chspreadtionveressure is
anples, "part" neans "part by nmass" [ 0056]

préféﬂi%l)b/ ﬁhﬁsﬁﬁen'i: @fés@ﬁ%% MPS(galige PreSivs '}ﬁienﬂf&r afligiryssufes being

raw mat'eri al's and products was carried out using

| exgﬁﬁ?eﬁ”fl R R G A E G S

raw material and productivity of an a, (3-unsaturated
al dehyde to be produced are defined in the follow ng.

EXAMPLES
[0055]

Hereinafter, the present invention will be more concretely explained by Examples and
Comparative Examples, however, the present invention is not limited to these Examples.
In the following Examples and Comparative Examples, “part” means “part by mass”.
[0056]

{Analysis of raw materials and products)

The analysis of raw materials and products was carried out using gas chromatography.
Now, ratio of reaction of an olefin or an a, B-unsaturated aldehyde which is the raw
material and productivity of an a, B-unsaturated aldehyde to be produced are defined in
the following.

[0057]
Ratio of reaction of an olefin or an o, p-unsaturated aldehyde (%) = (B/A) x 100

Productivity of an o, B-unsaturated carboxylic acid (g/gPd/h) = (C/D/E)
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[0057] Ratio of reaction of an olefin or an a,
3-unsaturated al dehyde (%9 = (B/A) x 100 Productivity
of an a, (3-unsaturated carboxylic acid (g/gPd/h) =
(CDE) 16 Wierein, A represents nunber of noles of an
olefin or an a, O-unsaturated al dehyde supplied, B
represents nunber of noles of an olefin or an a,

[ 3-unsaturated al dehyde reacted, C represents mass

Whbredl, Rfepfesch@ nufitef bf AoRe of ah WA bicarte] frupsamiurdd]dehyde
D represents mass (g) of palladiumnetal in a

o SO T O ORI o (bl

b TR AR T P SHBed R ot
roR el SUATE L) FBUFIBR TGS SRh B SRS LS REgtst tim? (1)

and C represents mass (g) of nethacrylic acid

[0058bduced. [0059] Exanple 1 (Preparation of catalyst)
To 40.0 parts of palladium (Il) nitrate solution .
Ionither ifallcwing Bxpmepless and| Gemparativso fixamplesg the zeackion nreducing
of palladium, 20.0 parts of a silica carrier

meflsaeegiclacil Sotnfisubatylareerasaiarrikiouting, in ts easephuepresghts number
0. 68 cc/g) was soaked, and an aqueous sol ution

of BIN&! JTashHYy1eHeSRPPNE) B RpaReR@himbér dRinbles iof ispbuylenatreacted,
10 parts of pure water was further added, and the

and @‘Q‘rg%llegéﬁttsdﬁg%inﬁfs;(# §ffﬁ@®a&¥ﬂ@9&i&b§‘6&u¢§!bsequem ly, the

evaporat e e was"subjected to the heat
[0 ?at ment of heating fromthe roomtenperature to 200C
the rate of 1.5C/ minute in air and holding for 3
hou[s at 200C, and cooled to the room tenperature.
ExgmeledrD neasurenent was carried out on the obtained

catal yst precursor,
(Preparation of catalyst)

To 40.0 parts of palladium (II) nitrate solution (nitric acid aqueous solution
containing 2.5% by mass of palladium), 20.0 parts of a silica carrier (specific surface
area of 450 m’/g, pore volume of 0.68 cc/'g) was soaked, and an aqueous solution
obtained by dissolving 0.22 part of telluric acid into 10 parts of pure water was further
added, and the resultant mixture was evaporated. Subsequently, the evaporated mixture
was subjected to the heat treatment of heating from the room temperature to 200°C at
the rate of 1.5°C/minute in air and holding for 3 hours at 200°C, and cooled to the room
temperature. The XRD measurement was carried out on the obtained catalyst precursor,
and formation of palladium oxide was confirmed.

[0060]
The catalyst precursor was added to 50.0 parts of ethylene glycol which is a reducing

agent. The obtained mixture was subjected to the reduction treatment of heating to 70°C
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and formation of palladium oxide was confirnmed. [0060]
The catal yst precursor was added to 50.0 parts of

et hyl ene glycol which is a reducing agent. The
obt ai ned m xture was subjected to the reduction
treatnment of heating to 70C 17 and holding for 2
hours. The m xture after subjected to the reduction
treatnment was filtrated under suction, and the

and® RbRML thrSPhbksThe ShixWAS aftet bilgeael v theeredactivadirwdtinent was
1,000 parts of pure water. Further, the solid matter

ﬁquxgédogxg&é? 4 £, and WL §b@heg%ﬁfilqﬂ%€e& wa filirhicaoamld Wavhed with

aln silirca-supported palladl umcontal ni ng

talys t he | cadij,n rati o 9 | | adi '
10600545 it ettt QBN BRudh 280G RO under
t he obtai ned catalyst, and dis ear ance .of th .
2 1iGaca. HW| 1ocRbiRP S Gt PROR P S e ARHOiF SIS (Bp loading
pal | adium metal were confirmed. [0061] (Eval uation of
ratioeofcpalladipmonetal being §-096 byaasshi ey XRD Beashrraenhyag qarried out
above-nenti oned nethod (corresponding to 0.25 part .of
on jtiad blatdinadneatatyat, pndwisappdaranme ad thih XRED peakslgrived Fomspglladium
by mass t-butanol aqueous solution. The resultant
oxidaaad Ysrinatiod of palladiuns nefal Bede bonfimed. t - but anol aqueous
solution as a reaction solvent were introduced into an
[oogyjoclave and the autoclave was shut tight.
Subsequently, 2.0 parts of isobutylene was introduced

' : .06l ave, and the systemwas stirred
@‘%%a?r]’gé?%é%%%ol utions of 1,000 rpnm and heated to

h . fini Y .
ﬁ%g%: fo f:ogghc? ‘téﬁ'ﬂgy%%%g&%ﬁlﬁ%ob jthe g.b%‘?{lﬁxgu?n%?tééé?&ﬁfna (c¥&esponding to
| f.2.4 \P t d. Qi 4o
0BRSS R SRR iR AR mss s
pressure of 4.8 MPa and the reactio st artebd. E?ch
aqusone seiken. {The reymltanteatalyss apd Jamarty of ’p'%\g’zbyb?aﬁtl Uisip! aqueous

(the internal pressure of 4.7 MPa), oxy?en was
soltion eslaceattion solvent were introduced into an autéclave and the autoclave was

shut tight. Subsequently, 2.0 parts of isobutylene was introduced into the autoclaye, and
the system was stirred (number of revolutions of 1,000 rpm) and heated to 90°C. After
the heating was finished, nitrogen was introduced into the autoclave to the internal
pressure of 2.4 MPa and then compressed air was introduced into the autoclave to the
internal pressure of 4.8 MPa and the reaction was started. Each time when the internal
pressure dropped by 0.1 MPa (the internal pressure of 4.7 MPa), oxygen was introduced
into the autoclave by 0.1 MPa, and this operation was repeated during the reaction. The
internal pressure right after each introduction of oxygen was 4.8 MPa. The reaction was
finished when 30 minutes passed from the start.

[0062]

After the reaction was finished, the inside of the autoclave was cooled in an ice bath.
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into the autoclave by 0.1 MPa, and this operation was
repeated during the reaction. The internal pressure
right after each introduction of oxygen was 4.8 Mra.
The reaction was finished when 30 m nutes passed from
the start. [0062] After the reaction was finished,
the inside of the autoclave was cooled in an ice bath.
18 A gas-sanpling bag was attached to the gas outl et

A 9is- iSRRG WYLaitbed BEiHIAGasQUtIEEb thestdtReaatid ahel gas outlet
ghe %?r?ergit%% gasawasecol I eg%agd whil e the internal &

w#{%ﬁe?né'& endlthé Qﬁ}]eé'éiglg%‘a? FwiBEolidteadatitle tﬂ—é]%ltél%ap tR8ure of the

contal ni yst was taken out romthe

aut ocl ave an he_cat al y.st. Dar r ane
re iy G T h TG e Oh Vg B2 el Sos PR G81°from the
recover reaction |iquid,and the sappl ed s were .. .
g vy B L SFRHER B8 Py o ghFosction liquid was
- reaction and productivity were calculated. [0063 ;
reqyareg! The recpvensd raaction Lisjuic: anchihgsempigdegasatiere snalyaed, path gas
as in Exanple 1 was carried out except that 50.0 parts
chrfmea6grahy amderatio bf xactemim groduttiziy esoscalotlged.on was
used instead of 50.0 parts of ethylene glycol in the

[0o63]uction treatment. [0064] (Evaluation of reaction)
The sanme procedure as in Exanple 1 was carried out.

ExafipR5] Exanple 3 (Preparation of catalyst)
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that 50.0 parts of 20% by
mass L-ascorbic acid aqueous solution was used instead of 50.0 parts of ethylene glycol
in the reduction treatment.

[0064]
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.

[0065]
Example 3
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that 50.0 parts of 50% by
mass ethylene glycol aqueous solution was used instead of 50.0 parts of ethylene glycol
in the reduction treatment.

[0066]
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.
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The sane procedure as in Exanple 1 was carried out
except that 50.0 parts of 50% by nmss ethylene glyco
aqueous sol ution was used instead of 50.0 parts of
et hyl ene glycol in the reduction treatnent. [0066]
(Eval uation of reaction) The sane procedure as in
Exanple 1 was carried out. 19 [0067] Exanple 4
(Preparation of catalyst) The same procedure as in
anple 1 was carried out except that 50.0 parts of
[oo&z§anpl ¢ !
gl'ycerin was used instead of 50.0 parts of ethylene
Ex%ﬂﬂggl in the reduction treatnent. [0068] (Evaluation
feaction) The sane procedure as in Exanple 1 was
carr.i ed_.out [0069] Exanple 5 (Preparation of
(Pr‘??ﬂaélwgffé{ﬁéﬂsarre procedure as in Exanple | was

T&?;é&%dﬁggte@ﬁé&?ﬁtﬁsﬁgaj}ﬁplg% ggﬁgéaﬁ?%ubf%&ééﬁi}ﬁ%ﬁse&o parts of
glycge{ﬁ);l;;isalsgégggagl Sg g'(&:tﬂ:pg%; O%?ég?ﬁgfys?lbg%%eguggoni trpatment.
Exanple 1 was carried out.
[0068]
(Evaluation of reaction)
The same procedure as in Example 1 was carried out.
[0069]
Example 5
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that 50.0 parts of
propylene glycol was used instead of 50.0 parts of ethylene glycol in the reduction
treatment.

[0070]
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.

[0071]
Comparative Example 1
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that 50.0 parts of ethanol

was used instead of 50.0 parts of ethylene glycol in the reduction treatment.

[0072]

(Evaluation of reaction)
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[0071] Conparative Exanple 1 (Preparation of
catalyst) 1 was carried out except that 50.0 parts of
et hanol e rocedure as in Exanple The sane procedure
was used instead of 50.0 parts of ethylene glycol in
the reduction treatnent. [0072] (Evaluation of
reaction) 20 The sane procedure as in Exanple 1 was
carried out. [0073] Conparative Exanple 2

T sERe bRk e A6 P BLAhME 1) wabQaffedaantt s of 85% by nass
acetic acid aqueous solution, 1.1 parts of palladium

[002#) acetate was di ssolved while heated at 80C, and
aqueous sol ution obtained by dissolving 0.11 part

of telluric agid into 10 parts of pure water was
COIHB@@HYe#’fPéﬂRIEQM tant mixture was introduced into an

aut ocl ave having inside volume of 150 ml together wth
(Preppraioppfcatalysta silica carrier (specific surface area

of 450 n2/g, pore volunme of 0.68 «c¢c/g),, and th .

Tu6pirtoved SE b s BFgi A ARICEYS sdiitioth £ Pies B paljadium (D

500 rpm and the inside of the autoclave was repl aced
acebife Wdsr digsoivedy while rhediedi atg80fC, randern gauequst splytipe obtained by

autocl ave to the internal pressure of 0.8 MPa and
diséAPRR0I 1N DakthifIelnpsy svid o 30 partesf purGwsequasaddgd. The resultant

propyl ene as a reducing agent was introduced into the
miAHiOsiBUBoducRifth n aufticRive ahvinp e6sidy eolafetofid SO ml together with

at nospheric pressure to 0.6 -MPa, and the system was
IO.Bepaa}tS%ftaosﬂica carrier (specific surface area of 450 m?/g, pore volume of 0.68
cc/g), and the autoclave was shut tight. The system was stirred at 500 rpm, and the |
inside of the autoclave was replaced by nitrogen by introducing nitrogen gas into the
autoclave to the internal pressure of 0.8 MPa and repeating this operation 3 times.
Subsequently, propylene as a reducing agent was introduced into the autoclave from the
internal pressure of the atmospheric pressure to 0.6 MPa, and the system was heated to
80°C and held for 1 hour to carry out reduction treatment.

[0074]

After the autoclave was cooled to the room temperature, the internal pressure of the
system was released and the autoclave was opened. The reaction mixture was filtrated
under suction, and the obtained solid matter was filtrated while washed with 1,000 parts
of pure water. Further, the solid matter was dried for 2 hours at 100°C under nitrogen
flow to obtain silica-supported palladium-containing catalyst (the loading ratio of
palladium metal being 5.0% by mass). The XRD measurement was carried out on the

obtained catalyst, and formation of palladium metal was confirmed.

[0075]
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80C and held for 1 hour to carry out reduction
treatnment. [0074] After the autoclave was cooled to
the roomtenperature, the internal pressure of the
system was rel eased and the autocl ave was opened. The
reaction mxture was filtrated wunder suction, and the
obtained solid matter was filtrated while washed with
1,000 parts of pure water. Further, the solid matter
ar i 2 hours at 100C under nitrogen flowto
(Evg%tﬁg%bgﬁa%@)support ed pal | adi um cont ai ni ng cat al yst
the | oadin i il adi gt i Ghit- 6100 WIf of the
'll(,p&%a)n.xe Wge%%%négs%{%nl‘@%tl ﬁgés%?gggicg% egﬁétlﬂon the -
Qbt ai ned talyst, and formation af [ t
catggs” eBime ot B4 G5 E mniia P (RGeS AU B A3 part of
same procedure as in Exanple 1 was carried out except
paliadium setalhwpsussd- t he catal yst obtained by the
above-nentioned nethod (corresponding to 0.25 part of
[00@4) | adi um nmetal ) was used. [0076] The above-nenti oned
results are collectively shown in Table 1. As shown jn
THY dbovephentionéd resultsfaveioallectinely shown iroTabe hiAs shoge n this table,
carboxylic acid can be produced in a higher ) )
it R RUHE ¥ by DYplunsateated! yarboxyliedanie banciso priduged on tehbigher
nmet hod of the present invention. [0077] Conparative
h&d a0éor@iigab Yisd hethbé of thepresent invention.
P“’E?@E%ﬁ"r’éﬂ%égi Igﬁ%%g 1 vvaisﬂgcarri ed out except that
[00?2 0 parts of 37% by mass fornal dehyde aqueous
]uti on was used instead of 50.0 parts of ethylene

Co%p%xga%lve Example 3
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that 50.0 parts of 37% by
mass formaldehyde aqueous solution was used instead of 50.0 parts of ethylene glycol
in the reduction treatment. |
[0078]

(Evaluation of reaction)

The same procedure as in Example 1 was carried out.
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in the reduction treatnent. [0078] (Eval uation of

reacti on) The sane procedure as in Exanple 1 was

carried out. 22 [0079] [Table 1] Ratio of reaction

of Productivity of Reducing agent or reducing

I sobutyl ene nmethacrylic acid agent-containing |iquid

(% (g/gPd/h) Exanple 1 Ethylene glycol 54.8 3.4 20%

by mass L-ascorbic acid Exanple 2 56.7 3.2 aqueous
m0$9]ution 50% by nmass et hyl ene glycol Exanple 3 53.4

3.4 aqueous solution Exanple 4 dycerin 52.9 3.3

nhE?ﬁgﬁle 5 Propyl ene glycol 50.6 2.8 Conp. Ex. 1

ol 30.7 1.5 Conp. FEx. 2 Prapylene 18 3 0. 6-37%
by masg fornal dehyde

Ratio of reaction of Productivity of
Reducing agent or reducing
isobutylene methacrylic acid
agent-containing liquid
(%) (g/gPd/b)
Example | Ethylene glycol 54.8 34

20% by mass L-ascorbic acid
Example 2 56.7 3.2
aqueous solution

50% by mass ethylene glycol

Example 3 534 34
aqueous solution
Example 4 Glycerin 52.9 33
Example 5 Propylene glycol 50.6 . 28
Comp. Ex. 1 Eithanol 30.7 1.5
Comp. Ex. 2 Propylene 18.3 0.6
37% by mass formaldehyde
Comp. Ex. 3 46.8 25

aqueous sohution
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Conp. Ex. 3 46.8 2.5 aqueous solution 23 Wuat is
clainmed is: 1. A nmethod for producing a

pal | adi um cont ai ni ng catal yst for producing an a,
n-unsat urated carboxylic acid froman olefin or an a,
(3-unsaturated al dehyde, the nethod conprising the
step of reducing palladiumin an oxidation state by a
compound (A) represented by the follow ng formula
(1): [Formula 1] R2 R3WhR isCldimBdifl) OH OH wherein
each of R to R4 independently represents hydrogen
atom or an organic group, and any two groups out .of
Rl to RA may be conbined to forma ring structure. 2.

A pal | adi - d
1A R B B, oo S S e
oG R Ft 1A WY I e o
m%cﬂp%{:gégé a{ecﬁ?q)%o S:gdlnggql%g?% B lalll ggfdgt%rf sotgtte%ynal (r:]o(‘i’npound

(A) represented by the following formula (1):

[Formula 1]
R* R°
S S
R—C—C—R (1)
OH OH

L

wherein each of R! to R* independently represents hydrogen atom or an organic group,

and any two groups out of R' to R* may be combined to form a ring structure.
2. A palladium-containing catalyst produced by the method according to claim 1.
3. A method for producing an o, B-unsaturated carboxylic acid through liquid-phase

oxidation of an olefin or an a, B-unsaturated aldehyde with molecular oxygen using the

palladium-containing catalyst according to claim 2.
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