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DESCRI PTI ON CARBON- | NSERTI ON- TYPE PALLADI UM METAL,
PALLADI UM CATALYST, PREPARATI ON METHOD OF THEM AND
PREPARATI ON 5 METHOD OF a, ( 3- UNSATURATED CARBOXYLI C
ACI D Technical Field The present invention relates to
a carbon-insertion-type palladium netal, a palladium
catal yst containing the carbon-insertion-type

pal | adium 10 netal for preparation of an

a, p-unsaturated car box¢E§&é§5Eﬂ3ﬁr the like, a

preparati on nmethod of Onh-i nsertion-type
pal | adium netal, a preparation nethod of the
pal | adi um catal yst, and a preparation nethod of the

a, WC%RB@W-WSFF&T@ BacEEi A Cf‘@[UM METARf PAREADIUM

I um net a ground Art According to a
Q?A?RE‘?STJ PREP ARATIONRIEPRUEOF THEM, MBIPREPARAHON

di stance of a (111) face of a general palladium

'zer o- VaBTHOBIGK ol B-UNSABURATED CARBOXYLIGASID; 28 =

40.12). It is known that carbon inserts into a

pal | adi um net al depending on a 20 preparation nethod
and conditions, and the like. For exanple, it is
descletlmdcalFidld An Chem Soc., 107 (1985), p.
4547-4548 that the carbon insertion into palladium
bl ackhe peesentiyventionretates to acarparninserjonsipe palladium
acetyl ene, and carbon nmopnoxide in a %aseous has

mgtalpﬂy)gllaq;ﬁ@hpatglyst containiog fye carbansihgeriopstypg pa?lad:um
R4 TP SRRRARG) BEFR Pel-UESa a0 FeRLC L f B iy 2

ol %t?‘ﬁlm%t“aéiﬁ%%tééiﬁsﬂaiweﬁﬁéﬁ-iv;?%@%ﬂﬁé@%ﬁ P 1 ype
prS—.‘}Her%ﬂWe%&‘Bf {ile aﬁ%rq\‘,a éﬁ?%rﬁ'@t%ﬂfe?ggg q?uoﬂ rhetHod of

ess Wth resp adi um

tHEES Rlunddiuldiés ﬁafﬂ%}xvﬁ’@ﬁmdtﬁiﬁu@bm'pailadium metal.

Background Art
According to a database JCPDS of an XRD pattern, a crystal face

distance of a (111) face of a general palladium zero-vaient metal is 2.246 A
(diffraction angle; 20 = 40.12°).
It is known that carbon inserts into a palladium metal depending on a
preparation method and conditions, and the like. For example, it is
described in J. Am. Chem. Soc., 107 (1965), p. 4547-4548 that the carbon
insertion into palladium black occurs by an interaction with ethylene,
acetylene, and carbon monoxide in a gaseous phase. In J. Phys. Chem. B,
101 (1997), p. 5470-5472, a preparation method of carbon-insertion-type
palladium nano-particles in an aqueous solution by ultrasonic irradiation is

described. However, an amount of inserted carbon in a carbon-insertion-
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 aqueou@n e ptharinandnit d kaews datt

insertion-type palladiumnetal is prepared by strict
preparation conditions such as a high-tenperature
treatnment at 200C or nore and irradiation with 5 a

hi gh-out put ultrasonic wave. On the other hand, it is
known that the palladiumnmetal is usable as catalysts
of various reactions. For exanple, in Japanese Patent
Application Laid-Open Nos. 60-139341, 60-139643, and
&0pd paliddiunpmeRdiiRepared Hemess Pesthods W0.958 maol orlleés with
of a, p-unsaturated al dehyde is oxidized with 10

rrekpact tar1. 0 ot thapaliddiami retahakethesdenethbds the sainsen-
of a palladium catalyst including the palladi um net al
tinsgrtiopetype palladiarumetd! is ptepared by [stnictipreparatidn @odditivas
pal | adi um cat al yst can be prepared by reduction of a
mlchaat amighetemoperature ttieatment aff 200°Ca01 mgredand ircadiatioowith
atonms. Mreover, in Industrial Chem cal Journal, Vol.
7a higkeoutpul akraspnicpyaves 134- 139, a nethod is descri bed
in which a palladiumblack catal yst prepared. from an
t%erﬁ’ ladiygr ety '%HP?@P@S
a |iquid- phase oxidati reaction of propylene i N
atalysts|of VeROKS yrelionsyher examples) apgnesa £aint Application

TR NGS 60138 L o864 b0 s da A iifan o
818 R i AR A g
Wole%ﬁfa?%&?é?r? g}]agipl]%gpr?%} i r'thsgaré&-r‘(éy &t Balladium

aqueous soO enum conpound and the

R&AtA99H IRBILERR RINESH al RidRUH SRstapCbor@Pafd 8h io)B-unsafifh@idz ed

w th nol ecul ar oxygen in a |iquid phase to prepare an

adrBoxyitsetidl baH ¢6e phllsdivaiecataysbcéddbepsepareat ®dreduction of a

carboxylic acid, and it is also 25 described that
nedilaaiilir woafpotnddeith palolefoh hewiag SttatGecarbod glamsadi um

oxi de can be used as raw materials of the lgal | adi um

cat al yMoreoxet,andnaigstrial CheminakJewmnal, Weint 4 Bo. 4(1Rif Bsp.
pal | adi um conpounds such as palladi um chl oride and
pk4-439.amathedissdesaribeddp whisk apafadium black catalyst prepared
from an aqueous palladium chloride solution is used to perform a liquid-
phase oxidation reaction of propylene in water. In Catalysis Today, 3
(1988), p. 245-258, a method is described in which an activated carbon-
supported palladium catalyst is used to selectively oxidize propylene, 1-
butene, 2-butene, and isobutylene. In Japanese Patent Application Laid-
Open No. 56-59722, a method is described in which an agueous solution of
a molybdenum compound and the palladium catalyst are used and an olefin
is oxidized with molecular oxygen in a liquid phase to prepare an o, -
unsaturated aldehyde and o, B-unsaturated carboxylic acid, and it is also
described that palladium chloride, palladium acetate, and palladium oxide

can be used as raw materials of the palladium catalyst.
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materials of the palladiumcatal yst contain chlorine
in an anount usually exceeding 300 ppm An anount of
inserted carbon in the palladiumnetal 5 prepared
usi ng the pall adi um conpounds is substantially 0, and
a crystal face distance of a (111) face of the

pal | adium netal is about 2.246 A. Myreover, in WO

02/ 083299, a nethod is described in which acrylic acid
and neAdardingito the present invesparsestudizisnpakiadium compounds
substantial |l y anorphous palladium netal catalyst, and
i sudhhess palladiymtchiaride and palladiusnacétateywhich farathe aw 10
pattern prepared by reduction of palladiumacetate is
apetgriats ghbtha paliadiym catalysticontain chloriagdn mcamow usuatly
tested an exanple of this docunent, and many
dxceedinendd& PR AN REWURbef Ibsered @amqnbmetbem!ladlum metal
cal culation of a reaction perfornance wer e

Y RRAERY ##igd ﬁ'F\%ﬁé“?‘BPﬁh‘quﬁﬁ’P'ﬂTﬁﬁJﬁtsé' bstanjally Qaé'f“l’ @rprystal
Hace SeTaneantal LDdarR el HRcRAIRSIAN metabis Spodboctiioh
'é'o?tlédéa aon?iﬁa?@be%ﬁgﬁéécat ot B tpechBacdRupicg acnvic
S B0 oA ZRE o FRba B A A s
FARANES mta é“%'yg”%i“"(@%@%w%‘éﬁ@ﬁeyéf ?ﬁ?ﬁ@?‘?‘ﬁ action

ooy bt Sledyt il gordits W T

st conccekiatnty s g rviesstar, sy
polymers or oligomers which had not been considered in calculation of a
reaction performance were formed. Considering these formation amounts,
the reaction performance described in paragraphs of the example of the
document becomes much lower.

<Prior Document List>

Japanese Patent Application Laid-Open No. 60-139341

Japanese Patent Application Laid-Open No. 60-139643

Japanese Patent Application Laid-Open No. 60-155148
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J. Am. Chem. Soc., 107 (1985), p. 4547-4548

J. Phys. Chem. B, 101 (1997), p. 5470-5472

-Industrial Chemical Journal Vol. 74 No. 4 (1971), p. 134-139

Catalysis Today, 3 (1988), p. 245-258

WO 02/083298
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insufficient in reaction performances in cases where

t hey have been used in various reactions, especially

in areaction in which an olefin or QJ 5 unsaturated

al dehyde is oxidized with nol ecul ar oxygen in a liquid
phase to prepare an ot, o-unsaturated carboxylic acid.

An object of the present invention is to provide a
carbon-insertion- type palladiumnetal which is useful

as a pBidohstureof tHelnvehtigpnstituting a catal yst for
various reactions such as an a, p-unsat urat ed

car boxphiladiam chtdly sty dipcloséd imthecatsdvecteschibedl doatiments are
catal yst containing the carbon-insertion- type

pias LEictiarhimes adtiohgrerformaacas irocasds whereg, they inave theeatwesed in
carboxylic acid or the like, a preparation nmethod of
tminuwe@cﬁorps espegially nn ageboiibromn whishamelefinono,@-at ed
carboxylic acid by use of the palladiumcatal yst. That

i unsatutated aidehydetin oxisizaskwith malesulavexygendn @ liquid phase to
provided a 15 carbon-insertion-type palladiumnetal in
me@ﬁr%ﬁn%%msawat%@rbw @eﬁ%% i s 0. 16 nol or

nor e re to of .t he adi um net al ‘
Ther e M Obiged BF e biassnt iVeRlobis (5 RIBYIdedm 0B insetion-
al | adl rret al st.ance

(Bos BABLER bietehaibh it e Hﬁ?%é%"a@ir‘:rﬁ sples SPRgieng =
A AR IR s
Caf%?%%tldrf‘?é%%bﬁna Béhﬁdiﬁrﬂ catalfysY EoRdi rﬁ’nggﬁ'[é &stbbRlinsertion-

['yst contalnin | nser

pt@bb I B EIUNE hittal f@ﬂbiépfa%ﬁéd ¥f 8n m%hhéﬂwﬁ&e%a%wlc acid or

for preparation of an a, o-unsaturated carboxylic acid

Atedikd] agrépaitationmethiedtiof thamnanda, prbbara@non&n@thowcﬂelde o,pB-
a preparation nethod of a carbon-insertion-type

patidataiated catboixylic acidusi use of theqyalladiung Satadysici ng

pal l adiumin a palladi um conpound in a palladium

conpouhtatds sataarding o thevpresent irefqmbnatﬂ\emn&mqvmtua

havi ng .a chlorine content of 0 to 300 ppmi

Oqagggnv@gpmﬁnﬁygq,paléaﬂlum metal in which an amount of inserted carbon

is 0.16 mol or more with respect to 1.0 mol of the palladium metal. There is

also provided a carbon-insertion-type palladium metal in which a crystal face

distance of a (111) face of the palladium metal calculated from a diffraction

angle measured by an X-ray diffraction analysis is 2.270 A or more.
According to the present invention, there is provided a pailadium

catalyst containing the carbon-insertion-type palladium metal, particuhar!y a

palladium catalyst for preparation of an a,-unsaturated carboxylic acid.
According to the present invention, there is provided a preparation

method of a carbon-insertion-type palladium metal, including a step of

reducing palladium in a palladium compound in a palladium compound



10

15

20

25

In the preparation nethod of the carbon-insertion-type
pal l adium netal, the step is preferably perforned at

-5 to 1500C. The solvent is 5 preferably an organic
solvent or a m xed solvent of water and an organic

sol vent. The organi c solvent preferably contains at

| east one selected from a group consisting of
carboxylic acids, ketones, and al cohols. In the
pssiptomin whichethbdllatiunh eompobrd hevipgrd tislbribgRentent of 0 to
pal |l adium netal, reduction in the step is preferably
p20® ppreid digsalvedtithus Balyeatjent . 10 The reduci ng agent

is nore preferably an olefin having 2 to 6 carbon

at ons. In thikeprepaiatioamethodef thelcarbonkasertion-type palladium
carbon-insertion-type palladiumnetal is preferable
aetal niberatep i piaferabiy perfermed alod-torkad Ci otha ggleent is
pal | adium netal of the present invention defined as
dRefgrabban prganic selventeny mixed selvepiefavater apd an gganic
there | rovided a preparatjon 15 nethod of a

p%‘ﬁY%in u Q:‘am%#"vg&tl FETBTQW@"'MF@"&‘:HB% &t inast png sglected from

preparation .rretpod of a carb n-insertior|1-t e

12 BT CHA GoNSHRing of GRrbardiG RS Ketanas, abdAlconfEn: i on,

2 o unibanB PR Ee B P e BeroR P S0+ 8 pallesium
(R Suciin e 001ty AgiATbEL BBy Ben
AT réduHiR bYeA is%&@ra}e@féb@ eﬁ%l@fi{ﬁ haRfid 21dBEarbor foms.

presenc he above-descri bed pall adium catal yst for

the premapadpRatied methed bkiheRbatbsRltinsartieltasy BQﬂ@dih?hmetal
e

acid. The carbon-insertion-type palladi umnetal of
Os greferabhle\esnd nethod of peeplavingascarbpatinsehtiontgpé philadium
which is a catalyst for various reactions, and is 25
uvetal of Hwppreisaht nvaation pgefined as desatibég abofar t he
preparation of an OC P unsaturated carboxylic acid.
Accor dierprding:tedhe pegrariinuantiont thege ¢F pravides] a preparation
carbon-insertign-type pall adi um netal and pal | adi um
daetnog.of %paéq@utyr&@p{ t including the above-described preparation
method of a carbon-insertion-type palladium metal.

According to the present invention, there is provided a preparation
method of an a,B-unsaturated carboxylic acid in which an oxidation reaction
of an olefin or a,B-unsaturated aldehyde with molecular oxygen in a liquid
phase to prepare an o,B-unsaturated carboxylic acid is performed in the
presence of the above-described palladium catalyst for the preparation of
the o, B-unsaturated carboxylic acid.

The carbon-insertion-type palladium metal of the present invention is
useful as a palladium catalyst which is a catalyst for various reactions, and is
useful especially as a palladium catalyst for the preparation of an o, -

unsaturated carboxylic acid. According to the preparation method of the
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i nvention, the above-described carbon-insertion-type
pal | adi um netal and palladium catal yst can be
prepared. Furthernore, when an olefin or (I, P-
unsat ur at ed al dehyde is oxidized with nol ecul ar oxygen
inaliquid phase in 5 the presence of the palladi um
catal yst containing the carbon-insertion-type

pal I adi um netal , the (x,p-unsaturated carboxylic acid

C@emabﬁ |ﬁ§éﬂ@hﬂﬁbé’\1'8§ﬂ‘acﬂun1hrh§fhl ¥hapdliaBiunt Eatafst of Hd Bresent

of the Draw ngs 1is an X-ray diffraction

ainekditors, thBAbbveldescabed earbionsipbition-tyse palladiummetanand
net al prepared in Exanple 1; FIG 2 is an X-ray

dpalfadiarhi catalgstadarshes podpareéd o Futthermaore) avheinnareolefioror o, -
type palladiumnetal prepared in Exanple 2; FIG 3 is
amnsatumated afdehydeii® oxidizEdywitts mobesularndxygea ina liquid pivase in
netal 15 prepared in Conparative Exanple 1; and FIG
dthespresence af/thei palladium catalysticpstainiopdne carqu'msemon-type
pal | adi'um netal prepared in Conparative Exanple

Hedltadiwndanetsl, te oy Bungatonetedcarhoxydin @cishcam ba prepared with a
carbon-insertion-type palladiumnetal of the present
ifgBeldn is a carbon-insertion-type pall adi um net al

havi ng an anmobunt of inserted carbon of 0.16 nol or

nmore with respect to 1.0 nol of the palladiumnetal.

The agﬁggm g&_ |!g§ !ﬁgpfgr bog is preferably 0. 19 nol
or nor or nore, especially
prefergﬁy 4 &7 fFQb ditfralh r‘?ang& %géf?[t of%%a@naigig’gmon-type

I NS ed car on I'S pre era

B4 Rl fnqé@péaépap,rg EFé Ere {.ess, especially

prefer IyO is to be noted that 6
the anppt2 i@fari )ﬁfrﬁyfdﬁﬁa@ﬁéﬁ’ﬁﬁary@is darosf theRfb&-insertion-

guantifying carbon in the carbon-insertion-type
gpbé il adiure retallpreparedeintExanaplal2y si s.
FIG. 3 is an X-ray diffraction analysis chart of the palladium metal
prepared in Comparative Example 1; and
FIG. 4 is an X-ray diffraction analysis chart of the palladium metal

prepared in Comparative Example 2.

Best Mode for Carrying Qut the Invention

A carbon-insertion-type palladium metal of the present invention is a
carbon-insertion-type palladium metal having an amount of inserted carbon
of 0.16 mol or more with respect to 1.0 mol of the palladium metal. The
amount of inserted carbon is preferably 0.19 mol or more, more preferably
0.22 mol or more, especially preferably 0.25 mol or more. Moreover, the
amount of inserted carbon is preferably 0.81 mol or less, more preferably

0.78 mol or less, especially preferably 0.75 mol or less. it is to be noted that
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Additionally, it is observed by an X-ray diffraction
analysis (XRD) that a crystal face distance of a

(111) face of a palladiumnetal spreads, when 5 carbon
inserts into the palladiumnetal. Supposedly, this is
because when the anmount of inserted carbon into the

pal | adium netal increases, a ratio of a portion.

having a spread crystal face distance of the (111)

f theeamduritied ingertddbcirbonahde obtairesaisesquditifyingcarbon in the
the carbon-insertion-type palladium netal of the
pearbentinsertienitymenpall ddiumrmetah by feteraenliab bpalysisof t he
(111) face of 10 the palladiumnetal calculated froma

di f f r addditianalhg litds mbasowescbyban quy)diﬁmﬁodiamh{sdﬁ {(XRD) that

analysis is 2.270 A or nore (diffraction an 20!'5
R coslal fagndistanes of a { g face oba @ella@um et @Brgadzs when
A or nore (diffraction angle; 29 < 9.64). Moreover

tGREbER yaserls inte thedpallagiiine metab &gepase&ﬂy, thisds because when
(Ratom el tinsatist Giban N thePA LA ISCrBRSPHe fatio of 2
SaTod naitie Shreaty sl frosisiAch ot B ({1 be of the
Rt PR B g fé‘&ﬂ%rﬁ@&%’hﬁ@a&%ﬁfadium
5P e s P A8 18 K b e o
fthe "Baadiih Wil Hidd Aééﬁfﬂr@rﬂ P SR arid 'rﬁéééu?ét? b¥¥IQe X-

above-descri bed conaditions. A preparation nethod

trag difieiciofl @palysieid Z27H A or MoRS (diffactivi anglk 126ad39.68°).
metal of the present invention is not especially

| Thie tadtal fate distanvel ie preferalile 227 hAdrimereudiffractien bogle; 26
of reduction of palladiumin a palladium conpound in

a PalG4a)i Morewvepoineccrystalifscerdistanakiis B. 290 o5 less (diffraction
pal | adi um conpound i s dissolved in a solvent, a nethod

ANGlei2a 39 320t Mda to bemated thalthe diffiactiemaagiecasiasponding

hod such th f
aa|thgmafﬁc§ﬁ1?§éné’n€%%smiﬁé RRBe BAlaCk e

Vr{'lgél\@ureg bpoRD measurement is usually observed as 38.9 to 40.2°.

When two or more diffraction angles measured by the XRD measurement
are observed in this range, the crystal face distance of the (111) face of the
palladium metal calculated from a smallest diffraction angle may satisfy the
above-described conditions.

A preparation method of the above-described carbon-insertion-type
palladium metal of the present invention is not especially limited, but
examples of the method include a method of reduction of palladium in a
palladium compound in a palladium compound solution in which the
palladium compound is dissolved in a solvent, a method of thermal treatment

of the palladium compound such as a powder, a method such as a thermal
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ease of preparing the catalyst and reproducibility, a

nmet hod of reduction of palladiumin the palladi um
compound in the palladi um conpound solution in which

t he pal | adi um conmpound i s dissolved in the solvent is
preferable. This 5 nmethod wll hereinafter be

described in detail. The pall adi um conpound preferably
has a chlorine content of 0 to 300 ppm Wen the
cinéatmemt of patladiuni i arovgidizetistatearAbxivedalk frpsi Hie Yiewpoint of
di stance of the (111) face of the palladi um net al

teastsof preppringdhe satalyst@nd repraducikility ha method oheeduction of
content is nore preferably 200 ppmor |ess, further 10
praltastium iy the palbadiumozormpeeind wgem%adwnpﬁmpaum ssotublon n
pprn or less. Alower limt of the chlorine conten

\yhlﬁbrtae ;ﬂa&aewabcgmmguwﬁ dissalyed in the sqlwent is p&fer%tﬂey This

or. .nor referably 30 pprn or nore.
EJE'S rge il Qﬁreﬂ?@ebg ﬁe@mﬁ@ﬁaﬂd i ncl ude pal | adi um

and bi s palisd ﬁ%‘b?%ﬂ'@%‘@"ﬁéfe b s = GBIR Ghrted 70 o
R %f'*@%i“a@?”f‘?%?%f o688 o
SALEEL e PR 8Ce BY Y Xalabiuh o @ISR TpRald AR Upper

era adi U e1s espeC| a

rﬁ”ft 8f H IOQHQ icbhttls bﬁgr% gl'éfﬁfabW‘Q rT%ﬁ’f bf‘{és& Rk

t he p um compoun ving a comrercra

férablyaﬁmﬁﬁﬁntdﬁ |aks, & s@@@.atuﬁtpaéfeVatﬂqule gﬁ@@lﬁ%mA lower

preferably the chlorine 20 content s

dipnis ofitheechlbring ebatdnt RYmoke prsfelaly 10 ppaTPEMRee, frther
commerci al ly avail abl e pal | adi um conpound havi ng a

tprgferablyd20 ppmoamThers, espagiaby preferahdyl 30 \ppat br mored Examples
carbon adsorption or the like to reduce the chlorine

cfiihe pa)ladivn aempaued ingluds palladiumssaltseseh:as @ailaﬁewm\od
of the carbgn-insertion-ty al | adi um net al of
t3ret@iee patirdipm Rilrate mnshb &@9 pnateipal %ﬂdﬂﬂ'ﬂd pﬁﬂadlum
B °”§3@'€$¥b§ﬁa@apw§3n§@?[H%l#e?%ﬁ"?éghmme
of solubility into the solvent and ease of pyrolysis, the paliadium salts are
preferable, and palladium acetate is especially preferable. Additionally,
since the chiorine content of the palladium compound having a commercially
available industrial grade usually exceeds 300 ppm, preferably the chiorine
content should be considered in selecting the palladium compound. A
commercially available palladium compound having a high chlorine content
may be treated by activated carbon adsorption or the like to reduce the
chlorine content, and may also be used.

In a preparation method of the carbon-insertion-type palladium metal
of the present invention by the use of the palladium compound having the

small chlorine content, the above-described carbon-insertion-type palladium
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nmetal can preferably be prepared. It is to be noted
that the carbon-insertion- type palladium netal having
a desired anmobunt of inserted carbon can be prepared
by appropriate selection of the chlorine content of
t he pal l adium conpound and preparation conditions
(chlorine content of the solvent, and 5 the |ike).
Exanpl es of the solvent in which the palladi um
coetal wad preferdblyts prepared:| hdetobé aovtedothgttheccarbbrdngertion-
such as carboxyric acids, ketones, esters, and
aype tpalladium metalchaowhy ardesoredantaunt af dhserigairgarbon can be
solvent; and the |I|ike. Above all, the organic
spriepared by apprapriate sdlestipn of thethinsine content of the gajladium
solvent are preferable. The organic sol vent Preferab
cenmpeunrd and pseparaar copditions dchlpane gontgndgpthe solvent, and
1ﬁn3|st|ng of the carboxylic acids, ketones, and

ed¥8)s, nore preferably contalns at Ieast one

o B @B SHRar Rl ACh T BaradE st bind®
eci,al,l

Bﬁ‘ 5880 IndtiiEardil Ordetlic SO0ty %ti‘c?f’ea%%r@oa@ﬁ 5408 defones,

%Fé’%ﬂda%gmols % @4?@5¥J‘|ﬂa§f \?&%p?ng%@@gfz i\@gefarng rTt]he

5!|I%L°A'H90\Fé35ﬁ ! tgé'dﬂgaﬁ’if: SRS or 9'@ rﬂ eBrs‘b%éi'fi'o‘f vﬁa?érda

tyric aci n=valeric acrd, ISO eric aCI

%}@gﬁlcaédwerﬂ afalpreferatsiei d i s espeC| ally preferable.
The exanples of the 20 ketones having 3 to 6 carbon

at ons T brgkmieeeklvenepraf@iabyy cotitiirs dteéasiane setédtet from a
i sobutyl ketone, and the |like. The organic sol vent nay

agrpup|monaistihg of itiee satbexykiclacidscketondsrand alcohbls more

solubility of the palladiumsalt. For the m xed

spflefmablycﬁome rat dgast ongaseiected fipsna graupricrasisting 0& nt
wat er and the above-descri bed organi c sol vent

p?aéb@ndm acids HRvIND, 240 B 5adEIn RMSp Kefoaesiiaying:3 ta 6 carbon
TS, S dSHaD RO KA W et BBIVAGH e 1he Saoxylic

acids having 2 to 6 carbon atoms. The carboxylic acids having 2 to 6 carbon

atoms is preferably at least one selected from a group consisting of acetic
acid, propionic acid, n-butyric acid, n-valeric acid, and iso-valeric acid.
Above all, n-valeric acid is especially preferable. The examples of the
ketones having 3 to 6 carbon atoms inciude acetone, methy! ethyl ketone,
methyl isobutyl ketone, and the like. The organic solvent may appropriately
be selected in consideration of the solubility of the paltadium salt.

For the mixed solvent of water and organic solvent, a mixed solvent of
water and the above-described organic solvent is preferable. The mixed
solvent preferably has a homogeneous state, but may also have a

heterogeneous state. The amount of water in the mixed solvent is not
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especially limted, and the anobunt may al so be

arbitrary, but 1 wt%or nore is preferable, 2 wt% or

nore is nore preferable, 4 ww% or nore is further

preferable, 8 wt% or nore is especially preferable,

and 10 wt% or nore is nost preferable with respect to

a total mass of water and organic solvent. 5 The

anmount of water in the m xed solvent is preferably 60

wespeamiallydimitedrcare therarheurtahsy aosdaditrargsbut 1 wttdermore

preferably 40 wt % or |less, especially preferably 30

wisopreferbiles 2 vetfrd onowire |5 mioee phaferabie, wt 84% roriregre isiftitther

respect to the total nass of water and organic

spiejenable, Bhwit o enarerig @specially praferatia: raridod w§iseor more is

pal | adium nmetal contains a 10 netal other than.

pAPsheeierable withiesped tositetal massmaiwatecang erganie solveat.
tal is dissolved befagrehand in the palladi um

Ecg’r\%émﬁﬂmé of watesin dag mixed selvgnt ismsafer %@Y\ﬁoew;% OR{ess; more

CRererbBly S5 b arleft abﬂﬁlgsé‘%%;%%bf%fi %"21 f?@tgfﬁu Fepeeily
SRR e or Bn eimeRlp e pBD RO Paoes BFL Wipirgfiect
R tﬁgqg?éq R{aslseo?%atéY §H@Ioh€éni8 ?vagﬂ{. of a chlorine
conpoun contained rnt nmetal conmpound of the netal

ot her W 18/thAfbT bR BortRr ol B dhdiuth Rk Adnkdhs -

conmpound concenttation I n I'um conpoun

SAbtdl iofier thaf Pall88ift | Aiethdd i Wisigh the!ndtal dirfdGlirkbPbbithe
0.2 wt% or nore, and nore 20 preferably 0.5 wt % or

nmetal isTtiesolvbddsbforehantna thesl paltadiemt combpsuind solution can be
preferably 10 wt % or less, nore preferably 4 wt % or

lesesd. Proointhay viewpoadnf eatalystiantivinnof the paliadadn catalyst
conmpound solution is preferably 5 ppmor less, nore
prasttaining thexashandnsertion-typeipakadium metal Hbe ganterdiof the
conmpound can be reduced with various 25 types of i
rragia pHhiprdgan palladim indthecargordpsertion-tyRe pal dnetal is
imt d
lﬂrg}erggry @(P atom% or less. A smaller content of a chlorine compound
contained in the metal compound of the metal other than palladium is more
preferable.

A palladium compound concentration in the palladium compound
solution is not especially limited, but is préferably 0.2 wt% or more, and more
preferably 0.5 wt% or more. The palladium compound concentration is
preferably 10 wt% or less, more preferably 4 wt% or less. A chlorine
concentration in the palladium compound solution is preferably 5 ppm or
less, more preferably 3 ppm or less.

Palladium in the palladium compound can be reduced with various
types of reducing agents. The reducing agent is not especially limited, and

the examples include hydrazine, formalin, sodium borohydride, hydrogen,
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t he exanpl es include hydrazine, formalin, sodium

bor ohydri de, hydrogen, 10 formc acid, salt of formc
acid, ethylene, propylene, 1 -butene, 2-butene,

i sobutyl ene, 1, 3-butadi ene, 1-heptene, 2-heptene,

1- hexene, 2-hexene, cycl ohexene, allyl alcohol,

nmet hal | yl al cohol, acrolein, nmethacrolein, and the
like. As the reducing agent, olefins having 2 to 6

gafrRieracid, Aak GFferricRichd, &itAPikbAe, yidhe, agriiéne L-bllepe,
preferably at |east one selected froma group

(ssitglensg 1 F-bitad@riec eheptend 2-hepete, 1-hdxehenR-hexade,
2-butene. Wen the reducing agent is a gas,,

yclohdxane, allv akcobpel, iImethatlylaiogiml nacrotein rreéthastdlgin, and the
reduced in a pressurizing device such as an

dikeo dsathe. reducingi agend,selefin$ bavingi Zie ©taion atoms are
pressurizing device is pressurized 10 with the

rsaferablg, apd the agent ismacreuprefersblysatdeast anerselecteddravra
(gauge pressure). Mregver, when the reduci hg agent
igfodp [cpgsisting of prapyleng, isqtuityenec t-butene, and Z-Bytene: on

S 4050 DB o G POREER,

. i 1 thi I [

Sl RSN R8T s bt s
el N, b sl ST Pl By RS Bbrafype

AUl sPERG Y THB RSB B b TS e

fapetdlpe) preferably 1 OOC or nore, and especially 20
ppr"efera l'y 150C or nore. An upper limt of a reduction

t enpemasreofer, wheli #iesieddtin i9a ligakBor &%8bkd, the device
preferably 500C or less, further preferably 450C or

[festhe redpetiorabf pakaditerialvioy liriteéd, and thes adudirghagent may be
pal l adiumin the palladi um conmpound is reduced by this
rasideddntoeetheapalladiunmce anpound| sohatiare t Alusage ¢ P raduginghagent
tart] (tehilfsx%ilrrlus1 ?si rlljoTespecially limited, and is usually about 1 to 50 mol with
respect to 1 mol of the palladium compound.

A temperature at the time of the reduction of palladium is not
especially limited, but a iower limit is preferably -6°C or more, more
preferably 0°C or more, further preferably 10°C or more, and especially
preferably 15°C or more. An upper limit of a reduction temperature is
preferably 150°C or less, more preferably 50°C or less, further preferably
45°C or less, especially preferably 40°C or less.

When palladium in the palladium compound is reduced by this
method, a palladium zero-valent metal is deposited in the palladium
compound solution. Carbon simultaneously inserts into the palladium metal,

and the carbon-insertion-type palladium metal having a desired amount of
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25 compound sol ution. Carbon sinultaneously inserts
into the palladiumnetal, and the

carbon-insertiondype pall adi um netal having a desired
amount of 11 inserted carbon is obtained. The
carbon-insertion-type palladiumnetal is

appropriately cleaned with the solvent, and separated
fromthe solvent by solid-liquid separation neans
sinsérted caeur isfokgainede Teatarbon-dmskeriioh-typd palfadiummetal is
separated carbon-insertion-type palladiumnetal is
aappropriateietigaded adth theBodverd) andl separatechfrgsitthefsolvent by
present invention contains the above- described
csoligblinuid sepatatientmeanp auchads eantrifugal sepagationsand filtration.
contain the carbon-insertion-type palladi um netal

i Thepeparated parbondaseriss-tyae |pauadwm aetallis eppropaiatelysljied.
further contain a su&port ed-type pal |l adi um cat a

I
suppor tRaiPBladium calelat ebhBdreSaMdNYeRIiqN wta'méﬁetapeve-

S@é"%&@?ﬁ%@? Rl he Rl BT Pk Ty e SopiAin the

St ditint e e%a%ﬁ‘%cﬁﬁ?&#g@iﬁas\%W%Jﬂa%anﬁar{w%vﬁ@?waw

f%‘aﬁg‘ﬁﬁ%’“{’ iy 6 oA, A $EPbhA8y W pafiftiu ittty
SRIrReRieRlly SaIARE AR, BAGnG ko Wion 1t Spgtited fipe

C{S&Iﬁa@it_ﬂﬁ chthiﬁth@b?epé?éﬁ% '|§36§s§iﬁlbtt@'lrs'er§ﬁfetthétﬂfdﬂé%wmg a
pal | adi um ne he anount of inserted carbon in the

CAlppont suteas activatyd eartdr @it inthé bbovedesodised pallddium
pal | adi um catal yst is usually 0.16 nol or nore,

p:oaﬁmta‘td s0l0tid’s, amletivod foyprepanng thepcarbendhsgrtiOn2gpel
nore, especially preferably 0.25 nol or nore 20

vpalladmm peetal and theveaftor alfowing theal support sushaas adtivated

amount of inserted carbon is preferably 0.81 nol or

|caskon ﬁ%ﬁ'épiﬁf?"éf"@ wwetsl, angghedike.or | ess,” especial ly

The aII dl um atal

ey cultia Babadiim cataieLofiha nrgrennveminn Gariains the above-

described carbon-insertion-type palladium metal. The amount of inserted
carbon in the carbon-insertion-type palladium metal contained in the
palladium catalyst is usually 0.16 mol or more, preferably 0.19 mol or moré,
more preferably 0.22 mol or more, especially preferably 0.25 mol or more
with respect to 1.0 mol of the palladium metal. The amount of inserted
carbon is preferably 0.81 mol or less, more preferably 0.78 mol or less,
especially preferably 0.75 mol or iess.

The palladium catalyst may substantially contain a palladium metal
into which carbon does not insert. At this time, assuming that a total amount
of the carbon-insertion-type palladium metai contained in the palladium

catalyst and the palladium metal into which carbon does not substantially
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i nto which carbon does not insert. At this tine,
assum ng that a total anount 25 of the '
carbon-insertion-type palladiumnetal contained in the
pal | adi um catal yst and the palladiummnetal into which
carbon does not substantially 12 insert is 100 parts
by weight, 30 parts or nore by weight of the carbon-
insertion-type palladiumnetal are preferable. The
pabéRds 100 pattalbysieight, B0nparts dramere by weskgiedf Whé batbon-
solvent, and is separated fromthe solvent by
snSenﬂnohrtqpe pabagiamametal are pnefesalllé. as 5 centri f ugal
separation and filtration. The separated pall adi um
cat al yBhe palladipmrestalyst islapptopriatelytieansd witdithesolvent, and
catal yst of the present invention is obtained in this
rif.sReArated Fopntheasn ventd saligsliquid separgiicegaeans such as
i nvention ma eferably be _10 used as a cataly in
SaGRuoRbseRaleN BRd AT | Fhe sepaigtempalaniumeatalyst s
aldehz s oxi dized with nol ecul ar oxygen in a liquid
!%QQﬁge an cc P-unsaturated carboxylic acid
(herel eferr | so as liquid-phase. . s
oxi dat | Bnpatadiiniataiet of he 2Pefésimihtyion’sabiained in his
tha Hﬁ ctlvated 15 beforehand A met hod of activation
I's nd? especially limted, and, for exanple, a nethod

Y S tﬁﬁ%‘cﬁ?esﬂigﬂﬁ%"rtzﬁﬁt&t&gfab'v be
RiseBd P4 icathlyst im adeaticgh .@wh@h%ﬁabﬁhair%ﬂﬁ%aﬁmédc

acid by the use of the palladiumcatalyst of the

[l dsteytle isroxidized withirhblebalad exggém ftla liqdldl piasd® prepare an

preparati on nmethod of the (x,p-unsaturated carboxylic

acG p-dinsaturated carbokyliondicid I(lhmlrcﬂftérlrafemrecﬂp also as liquid-phase
O unsaturated al dehyde that is a raw material is
pxidasiondl y oxi di zed with nol ecul ar oxygen in the

l'iquid phase to prepare the

The palladium catalyst may also be treated to be activated
beforehand. A method of activation is not especially limited, and, for
example, a method in which the catalyst is heated under a reducing
atmosphere in a hydrogen flow is general.

Next, a preparation method of an o, p-unsaturated carboxylic acid by
the use of the palladium catalyst of the present invention will be described.
In the preparation method of the a,B-unsaturated carboxylic acid, a reaction
in which an olefin or o, -unsaturated aldehyde that is a raw material is
preferably oxidized with molecular oxygen in the liquid phase to prepare the
o, B-unsaturated carboxylic acid is carried out in the presence of the
palladium catalyst of the present invention. In accordance with this method,

the o, B-unsaturated carboxylic acid can be prepared with a high yield.
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(X, O unsaturated carboxylic acid is carried out in the
presence of the palladiumcatalyst of the present

~invention. In accordance with this method, 25 the a,

O unsaturated carboxylic acid can be prepared with a
hi gh yield. 13 The exanples of the olefin include

propyl ene, isobutylene, 1 -butene, 2-butene, and the

i ke. The exanpl es of the a,o-unsaturated al dehyde

i ncl udéhaexainples ofrtbeluefirminelude propylenal tebytidene, 1-butene,
(O-met hyl acrolein), cinnam al dehyde (0-phenyl

adtboitena andthe hkae THekexanspieh of thena, f-unsatarated aldahyde
the olefin, the (x,p-unsaturated carboxylic acid to
biackderarelein, gnel apmlanun@omldebma%mmliasr@lelrd, cinnam
including the sanme carbon skeleton.as that of the
ohlgehyde \gﬁrﬂheﬂﬂeaqﬁkﬁ'%?ﬁﬁﬂéﬁ like a, p- unsaturated

| de L gehy aturay
iy dehyﬂ&‘qr&?‘egﬁ‘é’ﬁa R dles 3%9&815%!%; U3t Eboxylic

at ur at ed, car Oi’yl ic.acid

Cada KRR AtpBae S Sk TatiEted camalis ﬁcihi'e%f'yring the same

Grtiab SrefROgR0 et 58 ol "ielbB R mbbpayis o p-
AR tinefed yb%hggé Llé‘rg Pﬁ@r@@hiﬂaﬁﬁﬁ o?}hé Hﬁi Bﬁ?a@j@&ﬁed aldehyde is

Invention Is e or I qul

é?ﬁ{éd% d Ba%kﬂrbréﬁwﬁ tHe &gﬂ Qné uFHtSP%ﬁSbM %bxd.

propyl ene or 15" acrol ein, acrylic Al

PCeneretsly fwiash treeoriw »Hat@@alqs pF@N!éﬁé et Qbﬁblelfﬁhﬁc@lléﬁbﬁi s
or (X, Ounsaturat ed al dehyde which is the raw materi al

nebtainedn t\@henahse ravimateviahis isdbutalemeadratetmadralein; tisacrylic
and/ or | ower saturated aldehydes as inpurities. A

sagid ¢eobtaineg. ecul ar oxygen for use in the |iquid-phase
oxidation 20 reaction is econonmcally preferably air,

but pulkR®Rr§dRA UGy catalyskelithgsresent lpue@tlcamsge,apesrailyawtable
Lr}a\é al so be usg | f necessary, it is al so?gossn ble to

ok liguigrphaseqad %ttﬂ'h!fh‘@B'CByﬂCﬂY'IqﬁcF'Gr*ﬁ Brerargd Honpprapylene or

%erdiEh Vgrtnqetwatc}y \dELid is prepared from isobutylene or methacrolein.

The olefin or o, B-unsaturated aldehyde which is the raw material may
contain a small amount of saturated hydrocarbons and/or lower saturated
aldehydes as impurities.

A source of molecular oxygen for use in the liquid-phase oxidation
reaction is economically preferably air, but pure oxygen or a mixed gas of
pure oxygen and air may also be used. If necessary, it is also possible to
use a mixed gas obtained by dilution of air or pure oxygen with nitrogen,
carbon dioxide, steam, and the like. A gas such as air is usually introduced
to a reactor such as an autoclave in a pressurized state.

The solvent for use in the liquid-phase oxidation is not especiaily

limited, and it is possible to use water; alcohols; ketones; organic acids;
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carbon di oxi de, steam and the like. A gas such as air
is usually introduced to a reactor such as an

autoclave in a pressurized state. 25 The sol vent for

use in the |iquid-phase oxidation is not especially
limted, and it is possible to use water; alcohols;

ket ones-, organic acids; 14 organic acid esters;

hydr ocar bons; and the like. The exanpl es of al cohol s

i oqjaaﬁteaéidrésita'syhiwb@aﬂjonsc 364 ghe Hié0The @xeniphss bf #eohols
The exanpl es of tones include acetone, nethyl ethyl
kieichsde, tertiri Yutars oeyicydhes@nol) andethd likehdHel doaampibs of
exanpl es of organic acids include acetic acid,
pkefpnesiinclads dcetbne; methyl iethyd &etbne, seetbyitisobutykketdne, and
n-val eric acid, iso-valeric acid, and the like. The
el@rifkee sThe exargples of acgenic scidssintiudeatetiotacid, paopioaicsacid,
nethﬁgg}proplonate and the |ike. The exanples of the

%ﬂslspmtu&awéxaw@len%%ddﬁ@mlc a¢iri ane the like.
dthel As the solvent for use in t
afﬁ%ﬁaawn of 59RRILa engmt@%etrwgaﬁ%i@tqagn@thvb 6

carbon torrs ton havi n carbon at

PRI A therliR: (g EXeBlesoing h%&m?ﬁ SRR pexane,
S %‘*‘éﬂs tor, AR ER 7 ek e Byl onase
"G Gatt? SidsKEfing2 pFSLBABIORS KBl Ml 3 o 6

group consrsti'ng of ones, ~organi ¢ ac

aCHHDBh SAGHhS, Aitd % &?m) ténola?r@ \Eg@%@ﬂb"@ﬂ& a\f!?h@ .a\ﬁﬁ’f @hd n-

is preferable.

S\Edlém‘lbcaUSar@CésgéSwﬁﬂ/vlp?éeralblbmdr@ of §tventher b%&bdlgomeht of

is preferably or nore, nore preferably 5 wt % or

nevoconmbre saseristmay atsocharased. oWlidreat igaseons skieetdd from a
The upper Iimt of the anmount of water is preferably

Tgroup Zonsisting ©f alaoinots, kebdrersabrgari® anid¥; and loeganic Heil

m xed sol vent preferably has a_ honbgeneous state, but

rﬁﬁ}erél, agngd @ogfenév\@thog@tﬁémreﬁer@b@ 'Ebe amount of water in the
qui d- phase oxi dat i on reaction may al so be carr

dmxefiﬁo Y@t &t notespacial h/d!m'ée%;}?é{té'ﬂﬁ !merdm&w @rﬁqr@h{y 2 wt%

acg}dmct)r%? ﬁc?rgtﬁrg*éra%’ly%/v&“f; Or'more with respect to the mass of the

mixed solvent. The upper limit of the amount of water is preferably 70 wt%
or less, more preferably 50 wt% or less. The mixed solvent preferably has a
homogeneous state, but may also have a heterogeneous state.

The liquid-phase oxidation reaction may also be carried out in any of
a continuous system and batch system, and the continuous system is
preferable in consideration of productivity.

The amount of the olefin or a,B-unsaturated aldehyde in a reaction
solution in which the liquid-phase oxidation is carried out is usually 0.1 part
by weight or more, preferably 0.5 part by weight or more with respect to 100

parts by weight of the solvent. The upper limit of the usage of the raw
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preferable in consideration of productivity. The

anount of the olefin or a,p-unsaturated al dehyde in a

reaction solution in which the |iquid-phase oxidation

is carried out is usually 0.1 part 25 by weight or

nore, preferably 0.5 part by weight or nore with

respect to 100 parts by weight of the solvent. The

upper limt of the usage of the raw 15 material is

usiaterigl iSQspalivt 80 partsvby gvdiglat orl less, prefezbiblyait parf®by weight

parts by weight or |ess. The anount of nol ecul ar

oollgss. is usually 0.1 nmol or nore, preferably 0.3 nol

or nore, nore preferably 0.5 nol or nore with respect

to 5 Theamasmt phmotgaiamoxpgenyks Bsuakyafur ssokdr more,

al dehyde. The upper Iimt of the nol ecul ar oxygen

uBrEfRrably 3uael gr morersnorerpretasably il 8 mol 15 yorgsviti respect to
nor e preferab 20 nol or |ess, The pall adi um

cim'ﬂﬁhe glefigprio. - w@éalrawdaafgeamdxaemelw qfftlae
G855 3t o ) oo o B 2T B,
s Pt 2D o el 15 0 01 part by v ;E? or

ol + adr i PELEG | CatdlyBEfsiysdity Ukl th o ¥usiBnBed SiatBin the

' 2666 sbutibBRin Wﬁéﬁ%h@’hdlﬁ&%s@ xﬁvd;éi oﬁQ% \WalR8H out, and may

exi sting in the reaction unit

| 4198 id- IEREIA PIkEPHEPN The drAduntsst tﬁ@baniasanv@&tsr st i

of the 15 anount of the catalyst is usually 60 parts

ieastiog Bblugionlis s8uallpd © 1051 By adight drind, prefeyatig 0dhpart

or |l ess. The tenperature and pressure for carrying out

t hewkigintiod nuire s the pailatiuom cataty st eistipgiia aaleactien enit evith
dependi ng on the solvent and raw naterial for use.
Tespeehier1 Q0 pants by welightraf e isolutivprexéstingundhe seaction wryit in
600C 20 or nore, preferably 700C or nore, and the

u‘ﬂB'é‘F' the fipvid-ghase exidationisorarged out. The upper ilm!t of the

amount of the catalyst is usually 60 parts by weight or less, more preferably
50 parts by weight or less.

The temperature and pressure for carrying out the liquid-phase
oxidation are appropriately selected depending on the solvent and raw
material for use. The lower limit of the reaction temperature is usually 60°C
or more, preferably 70°C or more, and the upper limit is usually 200°C or
less, preferably 150°C or less. The lower limit of the reaction pressure is
usually 0.5 MPa (gauge pressure) or more, preferably 2 MPa (gauge
pressure) or more. The upper limit is usually 10 MPa (gauge pressure) or
less, preferably 7 MPa (gauge pressure) or less.

A reason why the a,f3-unsaturated carboxylic acid can be prepared

with the high vieid by the use of the palladium catalyst of the present
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| ess, preferably 1500C or less. The lower limt of the
reaction pressure is wusually 0.5 MPa (gauge pressure)
or nore, preferably 2 MPa (gauge pressure) or nore.
The upper |imt is usually 10 MPa (gauge pressure) or

| ess, preferably 7 MPa (gauge pressure) or less. 25 A
reason why the a, p-unsaturated carboxylic acid can be
prepared with the high yield by the use of the

pavertibnig machlar sbutafuppbeediyestatteridg properties oh thespaltddium
cl ear, but supposedly scattering properties of the

pzdtdalgslt inrthe caactionssolutiort imewhiehdhe diquiispheaseooxidatiomisctarried
the |iquid-phase oxidation is carried out are

enliane edhbpced by thaeuseé of the carbborinsertionttypa paljadium metal
pal | adium metal having the desired amount of inserted
devineght

hesdeswadrarEsutef insertechearnbenent i on wi | |

herei nafter be described nore concretely wth
exanplEXAMIEES npar at i ve exanpl es, but the present

If QYFQW%PI@%SIQ Oqtnggkgq%f'vﬁﬁ 2D q‘qyiea%%%eggmrep%qchetely
S exdEhleR ot chwlative & &Qﬂﬁfnﬁvtﬁ?ﬁ@@%r KRl b ot
BRG] ‘Bé?%%"ﬁﬁ%%p%@? S RE Ry les Adeipdative °°
Giafea e ABBKUBangBl St Y O @

I'ol"r'goner vity and vyield of an a,

0uns uHBRsRCRERMetbliSl 454 Préddref | ned as ol | ous:

Conver of the olefin or ‘oc, o-unsat ur at ed

aI dehyRigw rnatéﬁélé)anﬁ ﬁr@ﬁuc@&b@@t ahﬁlﬁewﬁy yBe chromatography.
a, p-unsat ur at ed al dehyde (C'B) x 100; Selectivity
doriveesian dPanrslefinvablunsatamatediatdetyidd, selectivity of the o, B-
unsaturated aldehyde, selectivity of a polymer/oligomer, and selectivity and
yield of an a,p-unsaturated carboxylic acid are defined as follows:
Conversion (%) of the olefin or o, B-unsaturated aldehyde
| = (B/A) x 100;
Selectivity (%) of the a,p-unsaturated aldehyde
= (C/B) x 100;
Selectivity (%) of the o, p-unsaturated carboxylic acid
= (D/B) x 100;
Selectivity (%) of the polymer/oligomer
= (E/B) x 100; and
Yield (%) of the a,p-unsaturated carboxylic acid
= (D/A) x 100,
where A denotes a mol number of the supplied olefin or «,p-unsaturated

aldehyde, B denotes a m_ol number of the reacted clefin or o, B-unsaturated
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= (DB) x 100; Selectivity of the pol yner/oligoner
= (E/B) x 100; and Yield (%9 of the a, o-unsaturated
carboxylic acid = (DA x 100, 25 where A denotes a
nmol nunber of the supplied olefin or a, o-unsaturated
al dehyde, B denotes a nol nunber of the reacted olefin
or a,o-unsaturated 17 al dehyde,. C denotes a nol nunber
of the prepared a, p-unsaturated al dehyde, D denotes a

NBldeRydd T dehotdita ﬁ‘(o?ﬁaﬁ%@r of fhie f1ep hk&oa&ggunﬁuméal ic

aci d,” and E denotes a nol nunber t he ['ymer and

oélugnym D \ehetesi & mioh fuidler aﬂfﬁ%e;srepfaré&& mb@éatnreaéd

(x, p- unsat urated al dehyde unit, in 5 which a total

vearpbxy{oarid, argd Ederiotes ahﬁtﬂfmmbdﬁﬁfm poRfrer&ndasiigomer,
is divided by a nolecular weight of the suppl i ed

owhichris thie (nol Rumbea bfithet cldfinlod el-desaturited, aldshydeeunit, in
oxi dation reaction of the a,fl-unsaturated al -dehyde,
cviaich aptotal(waigbljumiteg) obthe@itepartedspaipmiee anyl oligemer is divided
chlorine content was obtai ned by quantitative '

det amelaewlapweight of the: supplieskoletin ohe. bansalgrated aldehyde.

compound by an i on chromat ography process by AQR211
(ke dn the@yidatierraaction SHeRE edb-unsailiatad aidshyse, /8 .

Car Eond*ﬂ%w?”@%suﬂ%f %élonﬁeiﬁqrﬂ%néa?@oﬁ”&z? determned
SR R TR e Y
b @’5 Mt it 05, 5 AP Bt PO
A KJ 21 8&%1? ﬁég%') inmjéo%cw Bﬁbrﬂa@éa.scoadrﬁﬁmshm Abw rate: 1 5
ml/min).

(Measurement of Amount of inserted Carbon)

The amount of inserted carbon was determined by the quantitative
determination of carbon in the carbon-insertion-type paliadium metal by
elemental analysis by VarioELIll (trade name) made by Elemental Co.

(Calculation of Crystal Face Distance measured by XRD)

The X-ray diffraction analysis (XRD) (X ray; Cu-Ko/40 kV/100 mA,
scan speed; 4°/min) was carried out by RU-200A (trade name) made by
Rigaku International Co., and the obtained diffraction angle was assigned to
Bragg's condition equation to calculate the crystal face distance of the (111)
face of the palladium metal.

<Example 1>

(Preparation of Carbon-insertion-type Palladium Metal)

1.1 parts of palladium acetate (chlorine content of 62 ppm, made by

Aldrich Co.) were added as the palladium compound to 62.0 parts of a 92
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scan speed; 40/mn) was carried out by RU 200A (trade
nanme) nmade by 20 Rigaku International Co., and the

obtai ned diffraction angle was assigned to Bragg's
condition equation to calculate the crystal face

di stance of the (111) face of the palladiumnetal.
<Exanple 1 > (Preparation of Carbon-insertion-type

Pal | adi um Metal) 25 1.1 parts of palladium acetate

(wtrh aguesus nnateric adid Gaiutiom asthdesdbyent Al ivehe Beaded and
wer e added as the palladi um conpound to 62.0 parts of
adigsbhisd at 804Cjudbe obtainad soiutioncvas ieftitatstand akthelreom
solvent, and were heated and dissolved at 800C. The
dempienatures gindat bronghisand eealeddn anandociave havinganstirring
tenperature, and brought and sealed in an autocl ave
rieMicey A retationinunbearenascest ta 12804 the: sltsiag was stasted, and
to 1200 rpm the stirring was started, and 5 .
iintedeatian #nd disghancecafa 8@ 0gen Yasiwerggenegied sryegal times to

L L
BB R o O o G30ERHIE e Epolfie wes
B85 408 o B R nel o i LY oo o0 L

by an~i n the autocl ave was

A1 scharfigdandl the HORMB AY cOd18d 3 DOC B’ bath, the gas

opened. e réaction solution in ave was

tih 3R hefdchsld Whe dﬁschﬁﬁj&c{, :ahH%biseauér?tBﬁthet dlftoclave was

car bon-insertion-type pal | adi um netal ‘was

petedl tRHeerbdayion ebiutiochug ahe aatiriaid was trandferred into a
subsequently a supernatant liquid was renoved. An 80

wiettrifggatiors tubee the cantion-issérichappepatiadidadmetdlevds
centrifugal separation and the renoving of the o
qupeipitatesihy cenfrifupaheeparatiopeand subsequentlyrasuperngtas fiquid
the carbon-insertion-type palladiumnetal, and

yrasrenerash An $0vith aaliegyeapriiq agid lﬁwu%mwamgdgdr the

obt ained. The t of . -
cen?mﬂga[ separat?gr? ng tt?e removing of the supernatant liquid were

repeated three times to clean the carbon-insertion-type pailadium metal, and
a black carbon-insertion-type palladium metal was obtained. The amount of
inserted carbon in the obtained carbon-insertion-type palladium metal was
0.31 mol with respect to 1.0 mol of the palladium metal, and the crystal face
distance of the (111) face of the palladium metal calculated from the
diffraction angle measured by the XRD was 2.282 A (20 = 39.46°). Itis to be
noted that the obtained XRD chart is shown in FIG. 1.

(Performance Evaluation of Palladium Catalyst)

In the autoclave having the stirring device, 150 parts of the 80 wt%
aqueous acetic acid solution containing 200 ppm of p-methoxy phenoi were

laid as the solvent of the liquid-phase oxidation, and 0.5 part of the carbon-
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inserted carbon in the obtained carbon-insertion-type
pal | adiumnetal was 0.31 nol with respect to 1.0 nol
of the palladiumnetal, and the crystal face 20

di stance of the (111) face of the palladi um net al
calculated fromthe diffraction angle neasured by the
XRD was 2.282 A (20 = 39.460). It is to be noted that
t he obtained XRD chart is shown in FIG 1.

(iReerftionrape pafadiLiamietzl wels deatterst] asntieapalladitn datalyse
aut ocl ave having the stirring device, 150 parts of the
Feuntherimcre, 5 0partissofanethacraleindverel addedrasctivet rawnimaterzo €or
pprn of p-methoxy phenol were l|aid as the sol vent of
tthe liguig:pliagshaxsidation.d Afteohermaetically Tlgsing thef aytoslayer then
19 insertion-type palladiumnmetal was scattered as the
tiring was started gt a stirmng ratationnembsr of 460 reMoand the

met hacrol ein were added as the raw material for

| aaclave nasdested #pite $0° Grvdherhaaten: .Waen;theﬂwpﬁgatvwe
aré%&ﬁé@ém%éwaé%h&é@%m "3 S e, Sestbbla). fikstining
B obe RS rntebt oML ot s b p AT it or 40
%%%8%% cpﬂﬂ“éwéh ieeptbe? BrbBfioR 1ERifon0° | 101 PEC e
Lo CafA erHb ghﬁ ftthévéé’ctl%‘?@fr?e 9{1@@%%% £65H%5 20°C by the

After e en e reactron e autocl ave was

qeé”b%fh t An %Q:Qoﬁiﬁdﬂﬁ:tﬂé RohfainiRgicaid ﬁate?%é’gbg Rrap bag were

bottle containi'ng cold water and a gas trap bag were

adttzepigdo a0gds aatﬁetw&h@butafclé»*eanautswhew eThe gakicutlet of the
order. The gas outlet of the autoclave was opened to

caltbelate Was apehedaodtollbet theasas, aadithe phessané at thevautoclave

was rel eased. The reaction solution in the autoclave

wess releassicer Tieelreantion sdhetiareint thefautedlavaimas teansferned into
pal | adi um cat al yst was precipitated by the 15

d@ﬁtqemrlfggal t§b§-a$%ﬂ tr@rpalfﬁwlymlmat\aaﬁ precipitated sy the

| lected th m
8:,0 e@gg sqpar;g“g the gﬁpegn%qgnt hqum? was collected(tlﬂrough a

membrane filter of PTFE (hole diameter: 0.5 um).

As a result, the methacrolein conversion was 83.5%, the selectivity of
methacrylic acid was 76.8%, the selectivity of the polymer/oligomer was
5.3%, and the yield of methacrylic acid was 64.1%.

<Example 2>

A carbon-insertion-type palladium metal was prepared in the same
manner as in Example 1 except that 1.0 part of palladium acetate (chlorine
content 80 ppm, made by Tanaka Kikinzoku Kogyo K.K.) was used as a
palladium compound and 150 parts of a 93 wt% aqueous n-valeric acid
solution were used as a solvent. The amount of inserted carbon in the

obtained carbon-insertion-type palladium metal was 0.32 mol with respect to
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As a result, the nethacrol ein conversion was 83. 5%

the selectivity of nethacrylic acid was 76.8% the
selectivity of the polyner/oligoner was 5.3% and the
yield of nethacrylic acid was 64.1 % 20 <Exanple 2> A
carbon-insertion-type palladiumnetal was prepared in
the sane manner as in Exanple 1 except that 1.0 part
of palladium acetate (chlorine content 80 ppm nmade
by.OTaokdfth&ipalladinkumictajyandthe Jryetal fanscdistance of the (111)
pal I adi um conpound and 150 parts of a 93 wt % aqueous
rfagelaf the paldadiumsmetsl galculatos fr@rrutt@cdlﬁ@cam @ngémeasheed
amount of inserted carbon in the obtain

cly HEnXRRswas Q&MM%G pa’#ﬂ 48 ut imte ke nﬁé%d that shergbtained
mn h res ect to 20 of the palladiumnetal, and

&ISWb'nc’:ance of the (111) face of t he
ﬁSLLSréﬁm Gyanes Rt palledsmyaaias 3gs ovalisies i Y Shrde
HReffer 8y rf@%%ﬁ%'&ﬁ ﬁEﬁ%%‘%&itﬂsmpz E%ebaéfif@% Bl

e'ﬁg{ ?ﬁa%%éé&oég‘ﬁ]en@%ﬁqﬁgﬁ%? é‘*ﬁn g Eéﬂ-np fnq%&mem
ifl oRSioh agsd gl 'tﬁ@bél@kﬁ’bﬁéf%}‘ m@£%M.§ was"2.5%, the

el n conversion wa e selectivity o

-“@él@é’tﬁﬁ ldf%@@b@rﬂ&?m@%n%‘mé&@o%%ear@mnbwaém dAméthacrylic

pol ymer /ol i goner was Y% and the yiel

radil agdsy$2 6%.10 acid was 62. 6% <Exanple 3> The
carbon-insertion-type pall adium netal prepared by the

pr ocedkExample anple 1 was scattered in 50 parts of

an 85 w % aqueous acetic acid solution, and further

5.0 paTlnecarbomemseraloedyparpladadmgpmai|pfesaieﬂ®etrwrm@cedure

840_15 m2 /g, pore volune; 0.42 cc/g, average pore
fdexaraple Hwas SRpltereddn S0gearts of an 85 wt% aqueous acetic acid

solution, and further 5.0 parts of activated carbon (specific surface area; 840
m?/g, pore volume; 0.42 cc/g, average pore diameter; 2.0 nm) were added
and stirred at 20°C for one hour. The obtained dispersion was filtered with
suction under a nitrogen flow to obtain an activated carbon-supported
palladium catalyst. A palladium loading ratio of the activated carbon-
supported palladium catalyst was 10 wt%.

The performance of the palladium catalyst was evaluated in the same
manner as in Example 1 except that 5.5 parts by weight of the activated
carbon-supported palladium catalyst were used as the palladium catalyst,
and 150 parts of a 75 wt% aqueous acetic acid solution containing 200 ppm
of p-methoxy phenol were used as the solvent of the liquid-phase oxidation.

As a resuit, the methacrolein conversion was 85.3%, the selectivity of
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and stirred at 200C for one hour. The obtai ned

di spersion was filtered wth suction under a nitrogen
flow to obtain an activated carbon-supported

pal | adi um catal yst, A palladiumloading ratio of the
activated carbon- supported palladium catal yst was 10
wt% 20 The performance of the palladiumcatal yst was
eval uated in the same nmanner as in Exanple 1 except
trhethazndicisvid wvae\7 9/8%J tHe Sélettivityastithe pbReher/oligomer was
car bon-supported pal |l adium catalyst were used as the

161 bVa dindinthe 3field Yo methadrdlid 86idwad 64dPs.a 75 wt % aqueous
acetic acid solution containing 200 ppm of p-methoxy
phenol<kvameplested as t he sol vent of the |iquid-phase
oxidation. 25 As a result, the nethacrol ein conversion
was 85A pegformancsepba palladiymotatalyshwas svalated icthe same
75.2% the selectivity of the polyner/oligonmer was
gnappergiin beample| bei/hammf:m carpordnge type palladium
<Exampl e 4> A perfornmgnce of a pall adi um catal yst wa
doatal RreRered in RrO&ECYN %%frﬁ?@mng 1 exqepi thatel ﬁall’b@ft?c Héa 70

LR N K T T .
TR0 3 B b 2 hrf BR800
e T T R S e
'rgxgggﬁnﬂ%’é@n e é@&ntﬁﬂﬁgﬁg? 181900 ORPhEH %QQﬁl'Fodu%Fd to

gas containihg 40 vo oxygen was I ntroduce

tD5 MPS (Jatigd Prid8ard) 'R@p iitRduwrirehitroBbh 6 06 MPa (gauge
nitrogen to 0.6 MPa (gauge pressure) instead of

ipressutet irstead of ihtrodudinlyRer (o0RBMMPA(gasgY pPlesstite)d As a
result, the isobutylene conversion was 43.5% the

sesult ttheiisobutylene chaversice was Wd<5% 7th@dgeledtivity of methacrolein
selectivity of nethacrylic acid was 8.6% the o
wased(.B%. ithe selectivity of methansylicagid wvas 8.64s the sebactiyity of the
theﬁylield of methacrylic acid was 3. 7% ) )
polymer/oligomer was 15.8%, and the yield of methacrylic acid was 3.7%.

<Comparative Example 1>

The preparation was carried out in the same manner as in the

“preparation method of the carbon-insertion-type palladium metal of Example

1 except that 1.0 part of palladium acetate (chlorine content 480 ppm, made
by PMC Co.) was used as the palladium compound, and 150 parts of a 90
wt% aqueous n-valeric acid solution were used as the solvent. The amount
of inserted carbon in the obtained palladium metal was 0.07 mol with respect
to 1.0 mol of the palladium metal. The crystal face distance of the (111) face
of palladiﬁm calculated from the diffraction angle measured by the XRD was

2.264 A (20 = 39.78°). ltis to be noted that the obtained XRD chart is shown

iInFIG. 3.
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<Conparative Exanple 1 > The preparation was carried
out in the sane nmanner as in the preparation nethod
of the carbon-insertion-type palladium netal of

Exanple 1 except that 1.0 part of palladium acetate
(chlorine content 480 ppm nade 20 by PMC Co.) was
used as the palladi um conpound, and 150 parts of a 90
wt % aqueous n-val eric acid solution were used as the
sol vera peffbemameeaiot a pafladinsecdtalyscwad enaluatdchin the same
obt ai ned pal |l adium netal was 0.07 nol with respect to
Inénmerl asin Examplel 1 extephtmatithé palladiuor yetal wesacsed as the
di stance of the (1111) face of palladium cal cul ated
fpaliadiune catalystadisi a resullythe methaorelgirgonvessiarwagaél. 3%, the
2.264 A (20 = 39.780). It is to be noted that the
sislegtivity okriethaeytic psidwasAB.0%, the celegtivity ofithe
performance of a palladi um cat al s evaluated in

PRy SaalaTaeKASs 23-5%. 2RAME Wold GhpepRCOiGAcwas 34 2%

-pal | adi um net al s used as the palladiumcatalyst.
parafive trenel

As ar
Lo eci i ipRblortba B B e B M B
X Sngiefiof ReBBATE ¥attornRREe iy pe palaiun HieR A Exglete
EORSIt ot 110/6aR of SRR oEPteFE [CHICHRY biént 1100 ppm.

&ﬁmbytmétcﬂemmto@)‘ whslkad 'a'd"(hé"g@ha&iﬁn( S§6hpHURE and
content 1100 ppm 10 nade by N. E. CHEMCAT Co.) was used
AS0 pertef & @i v aqupeus i-vaidtit adid@ohaiohswere useas s
aqueous n-valeric acid solution were used as the

solvermtt Théramanmtoftinsdrtechsarbbadn te bbtained paladibmanetatl was
pal | adi um netal was substantially 0, and the carbon
isubstarnitialy @agnd dne cbdmniingertiohevas petehserwed The crystakface
of the (111) face of palladiumcal culated fromthe

slistange of te i) &ace of palladium calculated from the diffraction angle
measured by the XRD was 2.244 A (20 = 40.16°). It is to be noted that the

obtained XRD chart is shown in FIG. 4.

16l ei n conversi on was 71. 3%

A performance of a palladium catalyst was evaluated in the same
manner as in Example 1 except that the palladium metal was used as the
palladium catalyst. As a result, the methacrolein conversion was 32.9%, the
selectivity of methacrylic acid was 42.8%, the selectivity of the
polymer/oligomer was 36.0%, and the yield of methacrylic acid was 14.1%.

<Comparative Example 3>

An activated carbon-supported palladium catalyst was obtained in the
same manner as in Example 3 by the use of the paliadium metal prepared in
the procedure of Comparative Example 1. The performance was evaluated

in the same manner as in Example 1 except that 150 parts of a 75%
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15 nmeasured by the XRD was 2.244 A (20 = 40.160). It
is to be noted that the obtained XRD chart is shown
in FIG 4. A perfon-nance of a palladium catal yst was
eval uated in the sanme nmanner as in Exanple | except
that the palladiumnetal was used as the palladium
catalyst. As a result, the nethacrol ein conversion was
32.9% the 20 selectivity of methacrylic acid was
Aaustdeetisalcat sohutioy uséd Esa reactipnsolivent. gAserresal, the
36.0% and the yield of nmethacrylic acid was 14.1 %
qosthaereleineorvessiph avad>7 200 %a the sdeetﬂvityamfbnﬁﬂ”egmﬁsracidjwas
pal | adi um cat al yst was obtained in the sane manner
i46 B tipe selectiyity elethgolymer/pligqraen was dhatbiand the yield of
%%;ed in_ 25 the (procedure of Conparative Exanple
1me Wﬂ'é‘—ra W&‘ﬁc@ﬂvé’s eval uated in the same manner

as in g t t at 150 parts of a 75% 23
aqueou %i@ ?ﬁ!“’ﬁ i on used as a reaction
sol v

. Logh paEduBalE Ptm"ef? %ﬁa@#@ﬁ'ﬁg'ega R trasaife

VAN et PGt TG G HP ot pr CorfirailE
%@Eq WHS usEaER! tﬁeﬁllﬁﬂﬁm%’%@ i Qva%%{raguéﬁa to 3.5

st was eval ua manner

EMPER §u§e Ei‘és‘;sxﬁ r |ﬁﬁ§dtﬁ@hgﬁﬂ!’dﬂﬁ (56 Mlﬁa (gauge

Conpar at was us as t e pall aditm
reasyre)., A@radre%ult ﬂ@slsbﬁﬁwmmvbﬁs@n as\IZR6 Y s electivity

pressure) after i nt roduci ng nitrogen to 0.6 MPa (gauge

IdF methastoleih. was 10206 hé tseldohieity sbimethdatylc acidwass2.6M%, the
was 23.6% the selectivity of nethacrolein was 10.2%
tsedectpvity of the pglyoferfodigheer wascS4é v anddhe yisid of methacrylic
selectivity of the polyner/oligomer was 54.7% and the
yacd W%fo-ﬁét-hacryl ic acid was 0.6%

The above-described results are shown in Tables 1 and 2.

Table 1
Amount of | Conversion Selectivity - Yield of
. of Selectivity of .
inserted of methacrylic { polymer/foligomer methacrylic
carbon methacrolein aci dry poly (%)g acid
9 %
(C/Pd) (%) (%) (%)
Ex. 1 0.3 B83.5 76.8 53 64.1
Ex 2 0.32 86.4 72.5 8.0 62.6
Ex. 3 0.31 85.3 75.2 6.5 64.1
C .
ome- | 907 71.3 48.0 215 34.2
Ex. 1
Comp.
o 329 42.8 36.0 14.1
Ex. 2
C .
°MP- 1 o7 725 46.0 222 33.4
Ex. 3
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The above-described results are shown in Tables 1 and
2. 15 Table 1 Selectivity Amount of ConversionYield of
of Sel ectivity of insertedofnethacrylic

met hacryl i cpol ynmer/ ol i gomer car bonnet hacr ol ei naci d
acid(% (CPd)(W(% MEx. 10.3183.576.85.364.1 Ex.
20. 3286.472.58. 062. 6 Ex. 30.3185.375.26.564.1 Conp.
0.0771.348.021.534.2 Ex. 1 Conp. 032.942.836.014.1 Ex.
2Takle® 0.0772.546.022.233.4 Ex. 3 24 Table 2

Amount of | Conversion | Selectivity Seiectivity . Yield of
. of Selectivity of .
inserted of of , . methacrylic
. .| methacrylic | polymerfoligomer )
carbon isobutylene | methacrolein acid (%) . acid
(C/Pd) (%) (%) (%)
(%)
Ex. 4 0.31 43.5 379 8.6 15.8 3.7
c .
oMl 007 236 10.2 25 54.7 0.6
Ex. 4

In this manner, it has been revealed that an a,f-unsaturated
carboxylic acid can be prepared with a high yield by the liquid-phase
oxidation of an olefin or o, B-unsaturated aldehyde using the palladium
catalyst containing the carbon-insertion-type palladium metal of the present

invention.

Industrial Applicability

A palladium catalyst containing a carbon-insertion-type paltadium
metal of the present invention is high in catalyst activity for use in a reaction
in which, for example, an olefin or o, p-unsaturated aldehyde is oxidized to
obtain an o, p-unsaturated carboxylic acid in a quuidlphase, and the o -
unsaturated carboxylic acid can be manufactured with a high yield by the

use of the palladium catalyst.
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Sel ectivity Amobunt of ConversionSel ectivityYield of

of Sel ectivity of insertedofof nethacrylic

nmet hacryl i cpol ynmer/ ol i gomer

car boni sobut yl enenet hacrol ei naci d aci d( % (CYPd)(@@(@@

Ex. 40.3143.537.98. 615.83.7 Conp.

0.0723.610.22.554.70.6 Ex.4 In this manner, it has

been reveal ed that an a, a-unsaturated carboxylic

acid can be prepared with @LAIMS8 yield by the

| i qui d- phase 5 oxidation of an olefin or

a, (3-unsaturated al dehyde using the pall adi um

catal yst containing the carbon-insertion-type

pal | adi.ufaashen-inserionretypecealiadiurn imatatk Woerein auwnounilof

Applicability 10 A palladi um catal yst containing

daserted cabontis Sl wéobmqrammhrﬁesn@@tatp 160 mal of prn;@ledtum

invention is high in catalyst activity for use in a

"B&8&-ion in which, for exanple, an olefin or

a, (3-unsat urat ed aldehyde is oxidized to obtain an

a, (3-unsat urat ed carboxylic acid in a liquid phase
unsat rat

d
manut dot AEiPat el ey misiE wherelT s Hystelface
RALtLAES WPLqFY 7 ek of 22 alladlurn metal calculated from a diffraction

angle measured by an X-ray diffraction analysis is 2.270 A or more.

3. A palladium catalyst comprising the carbon-insertion-type

palladium metal according to claim 1 or 2.

4. A palladium catalyst according to claim 3, for preparation of an

o, p-unsaturated carboxylic acid.

5. A preparation method of a carbon-insertion-type palladium metal,
comprising a step of reducing palladium in a palladium compound in a
palladium compound solution in which the palladium compound having a

chlorine content of O to 300 ppm is dissolved in a solvent.

6. A preparation method of a carbon-insertion-type palladium metal

according to claim 5, wherein the step is performed at -5 to 150°C.
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CLAIMS 1. A carbon-insertion-type palladi um net al
wherei n an anmount of inserted carbon is 0.16 nol or
nore with respect to 1.0 nol of a palladium 5 netal.
2. A carbon-insertion-type palladiumnetal wherein, a
crystal face distance of a (111) face of a palladium
nmetal calculated froma diffraction angle neasured by
an X-ray diffraction analysis is 2.270 A or nore. 10
3. A pal Wbparat@ahgtmdmf@carbbngnserﬁon-type palladium metal
carbon-insertion-t pal | adi um netal according to
cderondlingde ciainub o pwhemm the selventis@an-ergsnigi sajvent or a
claim3, for preparation of an 15 a, (3-unsaturated
dBP@Q)@ﬂ'Y%"téﬁ“@tefBa”d\aBPéW'ﬁtSPbﬁnhet hod of a
carbon-insertion-type palladiumnetal, conprising a
step of reducing palladiumin a paI I adi um corrpound in

fé‘onpo'fhd P RTRA BSR4 b fieRr i tibe Ballariiifibtal
e IRe %ﬁf@h st arBanlc iR sBh BT AR ot
Sielcted) it il cafis iR of EaRB K BBfls etoried, SriP dghols.

pal | adium netal according to claim5 or 6, wherein
the solvent is an organic solvent or a mxed sol vent

of wat@r aAgitéparatiohIAethedss |aVc%rbon5n§értu9n@iﬁ’ééﬁ’éd:% metal
nmet hod of 'a carbon-insertion-type palladium net al

aording do apy dnel o claims® e B8 wheif rauttionsa tive Blep is
contains at |east one selected froma gr oup

qeerfoirgteidrny afredacibgagent aci ds, ket ones, and
al cohols.. 9. A preparation nethod of a
carbon-insertion-type pall adi um netal

10. A preparation method of a carbon-insertion-type palladium metal
according to claim 8, wherein the reducing agent is an olefin having2to 6

carbon atoms.

11. A preparation method of a carbon-insertion-type palladium metal
according to any one of claims 5 to 10, wherein the carbon-insertion-type

palladium metal according to claim 1 or 2 is prepared.
12. A preparation method of a palladium catalyst comprising a
preparation method of the carbon-insertion-type palladium metal according

to any one of claims 5 to 11.

13. A preparation method of an o,pB-unsaturated carboxylic acid in

which an oxidation reaction of an olefin or o, B-unsaturated aldehyde with
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10 according to any one of clains 5 to 8, wherein
reduction in the step is perfornmed by a reducing
agent. 10. A preparation nethod of a
carbon-insertion-type palladiumnetal according to
claim9, wherein the reducing agent is an olefin
having 2 to 6 15 carbon atons. 11. A preparation

nmet hod of a carbon-insertion-type palladi um net al
anclecdliangxygerainya tigeidgghasedbseparcoarl @, f-uhsatarated lcarboxylic
carbon-insertion-type palladiumnmnetal according to
@cid is perfornied is the ppesante fdhe palladipregatalyst accordingao
oflgbgalladiun1catalyst conprising a preparation

el of the carbon-insertion-type pall adi um net al
according to any one of clains 5 to 11. 25 13. A
preparati on nethod of an a, (3-unsaturated carboxylic
acid in which an oxidation reaction of an olefin or

a, D-unsaturated al dehyde with 27 nol ecul ar oxygen in a
liquid phase to prepare an a, o-unsaturated carboxylic
acid is perforned in the presence of the palladi um
catal yst according to claim4. 28
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