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DESCRI PTI ON  METHOD FOR MANUFACTURI NG

PALLADI UM CONTAI NI NG SUPPCORTED CATALYST 6 TECHN CAL
FI ELD The present invention relates to a nethod for
manufacturing a palladi umcontaining supported

catal yst for producing an a, 3-unsaturated carboxylic
acid froman olefin or an a, p-unsaturated al dehyde.
Further, the 10 present invention relates to a nethod

for producing an a,p 8cRIptredN carboxylic acid.
BACKGROUND ART As a lePF S}Fﬁm cont ai ni ng supported

catalyst for producing an 15 a, p-unsaturated
carboxylic acid through |iquid-phase oxidation of an

MRS FO KE AT TR SRR Teo

2002/ 083, 299 Al, a supparted. catal yst of palladium
nmetal which is forned Tngapallad|umsalt
with a reducing agent. Further, in Japanese Patent
Application Laid-Open No. 2000-202, 287, a palladium
catal yst 20 for hydrogen addition reaction

manufact ured by suppPECHNIGALIFIELD odi ammi ne

pal | adi um sol ution on an alum na carrier followed by

r ed RHe prieskht ineetiom AslatesRb A trethddTdPmannlfadiicY a
PRCBLEM TO BE SC]_VED BY THE | N\/ENTI ON 1 However,

pallhﬁﬂn? ﬁtar}ﬂng Pe RE#I %?}%9 é’r{ a%—hﬁg?ﬂll;h%d

um C rog IOﬂ reacti on
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carboxylic acid.

BACKGROUND ART

As a palladium-containing supported catalyst for producing an
a,B-unsaturated carboxylic acid through liquid-phase oxidation of an olefin with
molecular oxygen, there has been proposed in, for example, International
Publication No. WO 2002/083,299 A1, a supported catalyst of palladium metal
which is formed by reducing a palladium salt with a reducing agent. Further, in
Japanese Pétent Application Laid-Open No. 2000-202,287, a palladiu-m catalyst
for hydrogen addition reaction manufactured by supporting a dinitrodiammine

palladium solution on an alumina carrier followed by reduction is described.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
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5 nethod described in International Publication No. WO
2002/ 083,299 Al is not sufficient yet and a catal yst
for producing an a, p-unsaturated carboxylic acid with
hi gher selectivity has been desired. Therefore, it is
an object of the present invention to provide a

pal | adi um cont ai ni ng supported catal yst for producing
an a, p-unsaturated 10 carboxylic acid froman ol efin

ﬂ Howelet HerbUs ﬁb%séhﬁﬂ'&z Besis éu&h o‘f‘%‘Js?ﬁq tn}]e' ééioradium

is a further object e pr ent I nvent
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SOLVI NG THE PROBLEM The present invention resides in a
to apeufbunsaiuratgd cageaxylic ﬁg'CbOf thelqatalystmaaufiagtuied y the
supported catal yst for produci ng an a, p-unsat ur at ed
meﬂmcﬁdmnnedao.l ermationah PublicationoNo aWQ 2p02/083,28%A ¢ ds not
al dehyde, conprising the step of reducing pall adi um

sufficientyetanidoa vatlyst for prodading tanny, paurisatiratdtcarboxylitcadid with
pal | adium oxide is in a state of being supported on a

higher sélettivily hdssbesrpliesiaid e that the catal yst precursor
be the one which is prepared by a nethod conpr|5|ng

Lhe Thersford! it il BBject Bpd C@@&{egfgpu&hﬁ&{ o Prdvidéa

carrier; and form precursor 1 n which

sl R ok Gt ﬁﬁsﬁ%mq o Pﬁfﬁﬁaﬁ@aﬁsg

carRaRIs R ToR AN RIRITURIAN & fbbFHUERtoR algatiyedh digh seectvity.

s.l;?grf rmthe faqregoi ng heat treatnent at the thernal

Iti Qhiectof theyprasent Investion fe previde aimethes forprasiucing
salt or higher. Besides, the present invention

thercatalysts iltis stiy another objecs of the: pregent inveption tol pravide ast
manuf actured by the foregoi ng nmet hod.

method for producing an a,B-unsaturated carboxylic acid in high selectivity.

MEANS FOR SOLVING THE PROBLEM

The present invention resides in a method for manufacturing a
palladium-containing supported catalyst for producing an a,p-unsaturated
carboxylic acid from an olefin or an o,p-unsaturated aldehyde, comprising the
step of reducing palladium oxide contained in a catalyst precursor wherein the
palladium oxide is in a state of being supported on a carrier. |

It is preferable that the catalyst precursor be the one which is prepared
by a method comprising the steps of: supporting a palladium salt on the carrier;
and forming the catalyst precursor in which at least a part of the palladium salt

supported on the carrier has been changed into pa[ladidm oxide by heat
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Further, the present invention resides in a nmethod for
produci ng an a, p-unsaturated carboxylic acid through
| i qui d- phase oxidation of an olefin or an
a, p-unsaturated al dehyde wi th nol ecul ar oxygen by
using the foregoing palladiumcontaining supported
catal yst. 10 EFFECT OF THE | NVENTI ON According to the
met hod for manufacturing the palladi umcontaining
treBHRENY $ftFe eafritr oniwhith thé gﬁflé‘ﬁﬁﬁi salf &d bb&ﬁ zsuPBSrted.
rte t ich’ can

pal | adi um cont ai ni ng supp catalys

e ol i oo S AT BT AU Hobf nettof e g
cfopAigh tlbdrayil AL kol et SHA g

acco diﬂg to the pall adi um containing supported .

cat aP§idessthepresentdavantiontesides im a pallagiymwestainingt ed

carboxylic acid can be produced in high selectivity
suppertec-catalyst maaufactered by thefaragoing:thetbodoxyl i ¢ aci d

is produced from 20 an olefin or an a, p-unsaturated

al defhyrtiwer, ther precent inventiali regides inkemethda forfproducing an

produci ng an % P-unsaturated carboxylic acid through

o, f-ungatdra6@ sarvky A LB thRIughNiqRid:phise bxidation of an olefin or an

a, p-unsaturated” al dehyde Wi th nol ecul ar oxygen by
! . 0 X of
RSyt Rlehl WtRABIcEUBr Wy QLAY st iidhoddiha
i . ' i gh selectivity. BEST MODE
pa'%@?ﬁ%@ﬁiﬁl&scﬁ’%ﬂé&?’ﬁ@#u ON The net hod for
manuf act uri ng the pal | adi um cont ai ni ng supported 5

catal yst of the present invention conprises the step
oxi de contained in a catalyst

of reduci ng pal |l adi_um

precur sor wher ei EQFE@EQIFI HAEINVENTUON S in a state of
bei ng supported on a carrier. An a,(3-unsaturated

car p‘gsgqrdaagd@ the methes for manufacturing the palladium-containing
supported catalyst of the present invention, the paliadium-containing supported
catalyst which can produce an o,B-unsaturated carboxylic acid in high selectivity
can be produced in the case that the o,p-unsaturated carboxylic acid is
produced from an olefin or an a,B-unsaturated aldehyde.

Besides, according to the palladium-containing supported catalyst of the

present invention, an o,B-unsaturated carboxylic acid can be produced in high

selectivity in the case that the o,B-unsaturated carboxylic acid is produced from
an olefin or an a,B-unsaturated aldehyde.

Further, according to the method for producing an «,p-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an a,B-uhsaturated
éldehyde with molecular oxygen by using the palladium-containing supported

catalyst of the present invention, an «,p-unsaturated carboxylic acid can be
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produced in high selectivity froman olefin or an

a, 0-unsaturated al dehyde by using the

pal | adi um cont ai ni ng catal yst obtai ned by this nethod

for 10 manufacturing the palladi um containing

supported catalyst. As a factor of being able to

produce an a, (3-unsaturated carboxylic acid in high

selectivity, it is presuned that a catal yst conposed
prd?:fuo@ lih & 'ngggg . in highly dispersed state can be

manuf act Ured becalse coagul ati on and particle growth

of palladium netal produced in the reduction step can

be suppressed owing to a stronger i6 interaction

bet ween ' id j t in

the cas ;ﬁéﬁ- %é%@ﬁt&%‘%'b? pi.glf EH&IW facts

t hat_pal | adi um oxi de, i s supported on the c¢arrier and

pal | Foe mathed fe maguUishsing Be Raladie- ORIy sUpRFHed

pal | adi um contai ni ng supported catalyst, and the )
calplypt ot thie prespat investiarheompfisesithepstep o redugiag palladiompexide

measur enent, XPS neasurenent, TEM observation, and the
containad iRer catalyatplezursorwiwreimthef palialiumd ioxideds iinla siate of

pal | adium nmetal can be confirmed by checking three

b rUppoRBalch 4 Bakrier. XER JIBAMSGAITERID cdrbeiic dcid éan b
e@ﬁeckeg) Pal | adi um oxi dgng val ue: 2. 64, ?P.h68, 2. 6r71 e4

pr o ggll‘: Hﬁﬁ@él ivity ¥ @n dlefie ar &n%??-u]'tsg aldehyde by

confalnfng supported catalyst of the present

oo ARE RS BE st bl oy g
e oA S S0 s R, Hior

can support palladiumoxide, In the present e
being\ahie o Rroducramed-unsatrated safhaxyliciacie ig dugh selectivity, it is
supported on a carrier, at first, and then the
prasymad thet acatalystrcarapeses efpalladium atoms in highlydispersed state
preferable as an enbodi nent, as nentioned later, and a
car bemanufattured because coagulation and particle growth of pailadium

metal produced in the reduction step can be suppressed owing to a stronger
interaction between palladium oxide and the carrier than that in the case of a
conventional palladium salt.

The facts that palladium oxide is supported on the carrier and palladium
metal is supported on the finally obtained palladium-containing supported
catalyst, and the physical properties thereof can be confirmed by XRD
measurement, XPS measurement, TEM observation, and the like. For
example, formation of palladium oxide and palladium metal can be confirmed by
checking three strong peaks in the XRD measurement.

(Peaks to be checked) |
Palladium oxide d value: 2.64, 1.68, 2.67



iy

10

15

20

i norgani ¢ oxi de whi ch does not bum or change in
quality by the conditions of the 10 heat treatnent is
preferable. For exanple, silica, alumna
silica-alumna, nmagnesia, calcia, titania, zirconia,
and the like can be listed. Anong them silica,
titania and zirconia are preferable. The carrier can
be used alone or in conbination of two or nore kinds.

PamddilAMmetat PepdILé: 2957 #98, 47392 of the carrier cannot
be absolutely fixed 15 because it is variable

g . : gry . i Lo
depeTHe g bty §idrs ot Bens iBand hatlon s
SuBBaHaF et TRl Ficin G LSR5 ARG Top cBlihi Sre sl ppored on a
caties 4 MeDTaREuEHY LRIPTaRONGMEled yst | n vhi ch ¢ he
effective conponent is supported nore on its. surface
can D& the sauiesdt isamet paoticidanyhémited asflong ea it canesuppost
of the carrier becones |arger, a catalyst in which the

paiiddion oxide.c oimthegresént isventiont adnethod it whictea patiddivedsalt is
A catal yst precursor in which at |east palladi um oxide

supportetbpnatcxiriern at filst, A B@0I the rédultdn catrferis SOBfeefed to heat
The catal yst precursor nay be prepared by a nethod in

trefhért it preféribie & _MB%M%%% ﬁgrﬂi@ngg ?at@hisdgﬁé garrie? of

a solvent, at 5 first, an e sol vent

_ p 4 b y
ISR A BRIRALE nthh e R P4 G0 pR Y8 foritions of the
heé{jtg%}@{egg i B ! ﬁ,wa”dm%,h% ica. %?,ngfr%gtgg,i‘é%faﬁ&%na{, °
agaBR ol i o B Ke bt e
.rethod for supporting the palladiumsalt on the )
siligaytitpaia and zicconisiareopreferakleng Thecamier cam berusedealone or in
pal | adi um sal t -di ssol ved liquid foll owed by

corabinadiontdf byo onenarelkimde. or a net hod of absorbing the
pal | adi um sal t-di ssol ved Iiquid, the amount of which

i s cRreferablenspéaific Serfacaria ofithe cafrierdanmet bé abBeiutely fixed

carrier, into the carrier followed by evaporating the _
beédlseditis vanabRl deperitiid oh lal Kihd 8f carrier, and the like, and in the case
of silica, 50 m%g or more is preferable and 100 m?/g or more is more preferable.
Further, it is preferably 1,500 m*/g or less and more preferably 1,000 m?/g or less.
As the specific surface area of the carrier becomes smalier, a catalyst in which
the effective component is supported more on its surface can be produced, and
as the specific surface area of the carrier becomes larger, a catalyst in which the
effective component is supported more can be produced.

A catalyst precursor in which at least palladium oxide is supported on the

foregoing carrier is prepared. The catalyst precursor may be prepared by a

method in which the carriér and palladium oxide are dispersed in a solvent, at



ir

10

15

20

10 nmethod, is preferable. As the solvent that

di ssolves the palladiumsalt, it is not particularly
limted as long as it can dissolve the palladiumsalt.
At least a part of the palladiumsalt changes into

pal | adi um oxi de through thernmal deconposition by
bei ng subjected to heat treatnent in a state of being
supported on a carrier. It is preferable that the

ﬁrsg,emfl'ﬂaﬁ%;é slvent s Saiordfed. h8HeVEA |t i€ g_réfei'é‘tﬂlé?@hdopt a

econposi tion tenmperature of the palladi umsa or |
methGd i whictf s, Beifaciyh st 8 fieyiadet $uBbied on e Raring tre
t rature tq.the . predeterm ned.teaperature, of the
resyARE b fibiodleas Rst fedtareittey SBhaih Adbcd Sapstaion of
he speed of raisin tenperature is preferably 1 to
pallastiufi afoms 1B fina Qpfgined B@Iadyreﬁoafalwamsa&mm@atalyst
-atonms in the palladi um contai ni ng_ supported catal yst.
The Asitke methodrforsupportingtbepaliadium salhon the casien ameethod
of the heat treatnent is attained is not particularly
of soaking thensarrienin the palladiune salt-glissolvedidipuio tallowetkby
pal | adium salt, however, it is preferably 1 to 12

evépsorating the 56I9ent dra iethdd 6 abéorbimgethel giladium salt-dissolved

preferable that the heat treatnent 6 be carried out
i t b b r f f
ot P 00 oreORRC BB @198 4t ok Solume of e

. o . . | af | .
carr@h inthe i Bl by Bbrliriing sRAM, b8l #B6re-fling

r.e nd ,cansequent di spersibiljty of t .

meBRE IS PIF AL AL S hdt b 3REs Big palladiudl saif R s not

roduce, ap a, p-unsaturated carboxylic acid |n higher
Pa'glspgelvﬁmr@,d 43 iono.ae ibean disselve e Rallgdium sally at ed

al dehyde. In the present invention, it is preferable

t hatAtlegst a part withepalladium salfchanpes into padadivp oxidedhrough

tenperature of 400C or | ower be adopted and supported
thepmahdecompesitioT by beirng subjecteddorheat treatmertina state of béing

the palladiumsalt is 10 nore preferably 300C or | ower
suppaited om a qamriér C it ig preferdtné ehatithy ta¥peratird 6fthe heat

treatment be a thermal decomposition temperature of the palladium salt or

‘higher.  Further, it is preferably 800°C or lower and more preferably 700°C or

lower. The method for raising temperature to the predetermined temperature of
the heat treatment is not particularly limited, however, the speed of raising
temperature is preferably 1 to 10°C/min to obtain a good dispersion of palladium
atoms in the palladium-containing supported catalyst. The holding time after
the predetermined temperature of the heat treatment is attained is not
particularly limited as long as it is enough to decompose the palladium sait,
however, it is preferably 1 to 12 hours. |

Further, in the present invention, it is preferable that the heat treatment
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As the deconposition tenperature of the palladiumsalt
beconmes |l ower, the <calorific value becones smaller.
Therefore, by using the palladiumsalt with the

t hermal deconposition tenperature of 200C or | ower, in
particular, it is possible to nake the calorific
value small to suppress the coagul ation and particle
growth 15 of the palladiumparticles even when a

betc%rﬁwsﬁﬁatoé th%trﬁ?I E(Pmb@é’lﬁ é@r‘éiﬂret mheﬁll gig'thyg&tt or

I S suppor time of t

h%?@%?ﬁ?é%e e BRI Ba%@[b@i'aal#ﬁﬁﬁéﬁé?bwiﬂg 0,

tivity. The nmeri.f in the case of
coRguRion ané particks graw (it RRIEHLA Baricles Gan be SHpPISsAeRcand
manuf act ur ed even when the thickness of the carrjer
consgquently, dispersikiity o thapalladium particles Isimpieved i pbe abie to
a catal yst preparation under the industrial scale
pradure arhe, f-bnsatumsted cartidxylic acidiie higheresejeativity fram adialefin or
salt being supported on the carrier, at the tine of

anid)p-Uneaturhisehaldehyddrccomes | arge owing to the
ation between an anount of the catal yst and a scale

of a|rfiMelprakant iRGentich, i3 Brefél%lé Welt-a pallddfiithsaltiviith the

illustrated as a particularly preferable embodi ment to

thefrifal ﬁeﬁﬁbﬁk%ﬁh SéHt&n%rqf'dg)o“ﬁ'c{}%@ér 6&%&6 cLs@rPorted

um sa suppor carri e

oA tﬂ*é°$rﬁe%23ﬁ§4‘?"§%%@ﬁ%€%r¥%ﬁ@%t#3@? Zﬁ?ﬁ?@bﬁf*‘“’ﬂs

400C or he carrjer and ctin
marg Rreieratiy SORTC PrIPECANd 8 BAicuRrY RTbiaby Ad0IC o lower

t he heat treatnment at a thermal deconposition
Astthaglecamposition tempefaturasef the palladiug sa .bgﬁemewl@wgﬁ dhe

pal ladiumsalt to be used, for exanple, palladiun(ll)
calorifio valire bgadmesisinabierc oﬁpeﬂefore) byt using the paﬂadimam}t with the

pal | adiunm(11) acetate (thermal 10 deconposition

theraiah decbmpesitioR Aéinpepitifecdl 200°0 or lower,dh paftididanritlis possible

deconposition tenperature: 1200,
to hitikeaREEaRAifie!Vahst skl to sippreas thd bagumBlion and particle growth

deconposi tion
of the palladium particles even when a thickness of a carrier layer on which the
paliadium sait is supported is large at the time of the heat treatment.
Consequently, an a,B-unsaturated carboxylic acid can be produced in higher
selectivity. There is a great merit in the case of scaleup that a catalyst with high
selectivity can be manufactured even when the thickness of the carrier layer is
Iérge bécause it is usually inevitable in a catalyst preparation under the industriai
scale that the thickness of the carrier layer, the palladium salt being supported
on the carrier, at the time of the heat treatment beccm.es large owing to the

relation between an amount of the catalyst and a scale of a calcining device, and

the like.
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tenperature: 220C) and
bi s- (acetyl acetonat o) pal I adi un(I1) (thermal
deconposition tenperature: 210C) can be |isted. Anpbng
them palladiun(ll) acetate, palladiun(ll) nitrate,
tetraanm nepal | adiunm(Il) nitrate and 15
bi s-(acetyl acetonato)palladiun(l1) are preferable. The
pal | adium salt can be wused alone or in conbination of
two Kz ' { ; A
t erpSPTiER: &  iRSRraaE gt 2 et rorERERTBREIIRE to use &
withh thernogravi.netry. The t I |1 _
cafblyes el SRUrar nayich at [saef 4 pel i E pellSGEHE R aupihrted on the
tenperature at i,ch 10% of thge ight of 20 the ..
caisiel e AR AnoRl v ORAIBERIT X Bt SHpRAtind 8 Ralpdium satt
of the palladiumsalt froma roomtenperature at a
with4he thermal decompositionitemperature ok4005C erewen gnibe gatrigr and
(trade nane: TGA-50, manufactured by Shimadzu
sulbjecting #ie caryier By which the pajtadignsalits supponechto the heat
catal yst precursor in which at least a 8 part of the
treRfhémcatEmheinhl dedamposition ferhpératre of tie palladiasrsalt or
changed into palladi um oxide by deconposition can be
highef ai ned. Further, in the present invention, the
pal | adi um oxi de included in the catal yst precursor

Conct e Phingdlim Sof €% (e 4 eleiigt Batediini At e

B o BBt oAby Bl v

the carrier of the catalyst precursor, the palladium .,
degamponon fampeeatue: 430TC) PallSdHED MiateheRapdecompositon

pal | adium netal . The reducing agent to be used is not
tempenatusel 4203C), tetraawnmenaliawunﬁﬂbmtratg {thaemaldecomposition

f or mal dehyde, sodi um boron hydri de, hydrogen, formc
temperatureo2201@), andlbis<(abgtytavetonato)palladiam(ll) themmal,

2-butene, isobutylene, 1, 3-butadiene, 1-heptene,

decopBsition terhpbritares 210°Opzambe listed| oerengthem, palladium(li)

al Iyl al cohol, nethallyl alcohol, acrolein, and
aoﬁ@leet&afiarlllaaw"y Aftrdte, tetrabMtnindpalddisHal) Hitra@adid can be
bis-(acetylacetonato)paliadium(li) are preferable. The palladium sait can be
used alone or in combination of two or more kinds.

Now, the thermal decomposition temperature of the pallédiufn salt can
be measured with thermogravimetry. The thermal decomposition temperature
of the palladium salt was defined as a temperature at which 10% of the weight of
the palladium salt was reduced by raising the temperature of the palladium salit
frorh a room temperature at a rate of 5.0°C/min in airflow by using
thermogravimeter (trade name: TGA-50, manufactured by Shimadzu
Corporation).

By the foregoing heat treatment, a catalyst précursor in which at least a
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ethylane, propyiene. cibuieneng

conbi nation of two or nore kinds. In the case of

gas- phase reduction, hydrogen is preferable as the
reduci ng agent. Further, in the case of 15

| i qui d- phase reaction, hydrazine, formal dehyde, formc
acid, and formate are preferable as the reducing
agent. As the solvent to be used at the tine of
reduction in a liquid phase, water is preferable,

oYt SR S il S
o554 oA 0e R < S, B Bt

. organic aC|ds such as a ic acid, n-valeric

invention, theinalladium ongaﬂ@@uﬁ%é;ﬁsﬁ@mw prﬁeﬁnsaﬁegtame? B the
hexane, and cycl ohexane can be used alone or in

foregoing heat treatshentis reducedor Eavicretelydthealiadiyno exide supported
di spersibility of the carrier. A mxed solvent of

on tie sarriends wedueeddyra rédutirigpagerstdo obtain paliadicesmetdiat When
the reducing agent is a gas, it is preferable to carry

a ;fauaduuhhealt BRBEXINS ohthé o@hﬁé?r%ﬂ’tl@e datalye pretiits @S tipalladium
autocl ave to increase solubility of the gas to the

salf@ kb Poduddl dtthe saRtefiieto g{}félﬁ%u}?ﬁ metg). Pressure
t he reducl

device I's pressurized by t ng agent Thi s

pre I g
br oS LH? Ee&tﬁcgﬁ’éeﬁéééﬁg de @?%@31% PR kG For exampe.
ssu that the r n
rodls5e. Fhip RS Sl b e Biprey ﬁ»m S formate,
oxi de |s not partlcula limted and the reduction
baéwh dsebutdanei he {» iene, T heptene,
solution. In this case, the amount of use of t he
2-heptens, ighexane, 2-kexene, pyciohexens, ajlylaloshok methalid\aigohol,
it is preferably 1 10 to 100 noles to |I nole of _
acroldih cahdmethacteleirlban bedistedg Thevedueingragent dantbe used in
reducing tine are variable depending on the reducing
corfBiation U7 tRE O méreskinidsl udhnbe case of ?asugha'se red@dtionabl y

-5 to 150C and nore preferably 15 0C. The
hydr3geh id'Bréferibié as Mé ety aferkt. t Fufther, in the case of
liquid-phase reaction, hydrazine, formaldehyde, formic acid, and formate are
preferable as the reducing agent.

As the solvent to be used at the time of reduction in a liquid phase, water
is preferable, however, an organic solvent like alcohols such as ethanol,
1-propanol, 2-propanol, n-butanol and t-butanol; ketones such as acetone,
methyl ethyl ketone. methyl isobutyl ketone and cyciohexanone; organic acids
such as acetic acid, n-valeric acid and isovaleric acid; hydrocarbons such as
heptane, hexane, and cyclohexane can be used alone or in combination of two

or more kinds depending on dispersibility of the carrier. A mixed solvent of

these and water can also be used.
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hours, nore preferably 0.25 to 3 hours, and further
preferably 0.5 to 2 hours. 15 After the reduction, a
pal | adi um cont ai ni ng supported catal yst in which

pal | adi um netal is supported on the carrier is
separated. The nethod for separating this catalyst is
not particularly limted, however, for exanple,
filtration and centrifugation can be used. The

CepalhiniRe bRl ferRott RBoeRh S b Els pibfélaply topary out
o S enb S Aol S e s o

of the present invention can contain netal conponents .
the gas to theasolgtion.adDo this accasiennthednside st toe errssuiR deyice is

than pal |l adium for exanple, ruthenium rhodium
pressurized bydheireducing adentn ThHispressure isqréferably i to 1.0 MPa

antinony, tellurium I|ead, and bisnmuth 10 can be

(gdt Fﬁésshie;ihérﬂhé‘ft@t 9Eés%ufél%te)tﬂifesswlihggﬂug§ presslr@)i um
net a

anong the netals contained in the

Pal | Bidsiigs A8l sBhSUAB Bl GEING HgBhY la iquiE Pdtaice for

mass or mofe Tromthe viewpoint~of realizing a high
. . : - |

reddid paliadfir i s fiobpariEliads iiled Sithe Sduciprain 66
obt ai ned by .supporting netal c¢o nds . '

oot ey ading BrechePB ARt n 5 RIS K e ZeSo ] qppount
carrier and subjecting the resultant system taq th

of ise &% thentedusingagent is et particyiBay @)mﬂﬁﬂﬂ haweven &Js prefgrably 1
met hod for supporting the metal conpounds is not

to J@pmeles de Ifymolefipsliadivmn exidebe t he same as that in
the case of supporting a palladiumsalt. Further, the
met aTheaerocing demperaiareland thepeducingitinhe ace vadable depending
pal l adium salt is supported, after the palladiumsalt

oni the redaging lagent howevieh ahé regudingrterhpeviatireds paéfiecably »b to
salt is supported. The loading ratio of the netal

15%?%%@\?!21@[359_‘ %féiér‘éﬁi\/‘% Rﬁéé“@!i Urhd fhg irABi& Brefbfably 0.1 to 4

to 40% by nmass to the Carrier before

f
ho&l_ﬁg rﬁ@?e?%{(%‘%r?ﬂﬁgggg 5&? 3H é:?,%‘bofu?ﬁl@r pFatefably 8/5ic?® hdurs.
After the reduction, a palladium-containing supported catalyst in which

paliadium metal is supported on the carrier is separated. The method for
Separating this catalyst is not particularly Iim'rted, however, for example, filtration
and centrifugation can be used. The palladium-containing supported catalyst
thus separated is properly dried. The method for drying is not particularly
limited and various methods can be used.

Now, the palladium-containing supported catalyst of the present
invention can contain metal components other than palladium. As the metal
components other than palladium, for example, ruthenium, rhodium, silver,

osmium, iridium, platinum, gold, copper, antimony, tellurium, lead, and bismuth
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15 preferably I to 20% by mass. Next, a nethod for
produci ng an a, (i -unsaturated carboxylic acid through
| i qui d- phase oxidation of an olefin or an

a, p-unsaturated al dehyde with nol ecul ar oxygen by
usi ng the pall adi um contai ni ng supported catal yst of
the present invention will be explained. 20 As the
olefin which is the raw material of the reaction, for

caff b8 IIsbIeiEBle ¢t R F Aol FfalGRHoNG the
meﬁ@anésan ks R S5 o s

f 3- neth acrﬁlel and ci npanmal deh

GSTBAR tomdhe vewRdint of7eRignaa ik catalystactvite (Tha
the raw material is an olefin, the a, (3-unsaturated

paliadiumxgantaining suppories gatalysteantaining-thesa metal components can

sanme carbon skeleton as the raw olefin has. In the

be ohtainedhby supporting metal compoundasueh @8-metahsaltsand oxides
al dehyde, the a, p-unsaturated carboxylic acid to be

conpespbiring tethese merly on e edrrier ki sabjeeting' m@féﬁmaﬁf system
the a, 13-unsaturated al dehyde has changed into th

to tP@ffBﬂ%@dmg? FédLRtion# n%é{ﬁ%\?% ol tﬁfso%%t‘é {He Méthod for support:ng

3-Unsat urat ed carbo presen
thép@é@lkg dg?ndgﬁ IgﬁP}@u&ﬁ%ﬂQ@W eﬂ'gf’%%? bg ?ﬁ%ggﬁ'}eoéb f¥at in
the %ﬂ“s%ogfrﬁ&vﬁg&r&x% PRl Sail° drifies B rhevel EompouRas odn be
suet oAl 5 St B S s RS s
sat ur at ed hydrocar bons and | ower saturated al dehydes -

supppried o atithe sameimedhatbealiagiuse saltis supppsted.o be
used in the liquid-phase oxidation 15 is preferably

ai r e lnasing tatiosofdhe neetabedmpoments including paliadigemtoothe
car?iems)(:rife%z;ly 0.1 to 40% by mass to the carrier before the metal
components are suppo&ed , more preferébly 0.5 to 30% by mass, furtﬁer
preferably 1 to 20% by mass.

Next, a method for producing an o, B-unsaturated carboxylic acid through
liquid-phase oxidation of an olefin or an a,p-unsaturated aldehyde with
molecular oxygen by using the palladium-containing suppo_rted catalyst of the
present invention will be explained.

As the olefin which is the raw material of the reaction, for exampie,
propylene, isobutylene and 2-butene caﬁ be listed. Further, as the
a,f-unsaturated aldehyde which is the raw material of the reaction, for example,

acrolein, methacrolein, crotonaldehyde (B-methylacroiein) and cinnamaldehyde

(B-phenylacrolein) can be listed.

11
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of pure oxygen and air can also be used, and if
necessary, a diluted mxed gas in which air or pure
oxygen is diluted with nitrogen, carbon dioxide or

wat er vapor can also be used. The solvent to be used
in the |iquid-phase oxidation is not particularly 20
limted. For exanple, water; alcohols such as tertiary
but anol and cyclohexanol ket ones such as acetone,

met Ny 11y @dé idl¥s ah g%ﬂﬁt e ah?hﬁéﬁulaated

organl C aCI SUC as ac (i C acl fO I ont c acl

caftRyi abf @ %?amd@%% lﬁ "%ﬁéﬁpg S GuBGh dgon =s

acet a nate rqQcar bons such as

%mebefni'? Sﬁngﬁﬁfg Hhatdhe Gaw Artetatis o @ Snsatyraing

them organic acids having 2 to 6 carbon atons,
aldebwedgether Brynsaturated cathospic acid e bapioduged is the one in which

but anol are preferable. These solvents can be used
theaaldebyde group ofithiena fi-unsatiratedbakiehyde bas khardged into the
Further, in the case of using at |east one kind

caixgtgriipt rom t he group 5 consisting of al cohol s
ket ones, organic acids and organic acid esters, 'S

pref ?hébﬁ&hb@ féﬁﬁrd@cﬁ‘rg &h {%’?ﬁﬁﬁsa?ﬁ}é@&‘bam Ilt‘."?éiﬁrof thé

this case, the anpunt ter 1's not part arly

e e e
o BSHEER Y Bub H Bion B P Bl Yobrmeron o

so be used 10 in a heterogeneous state. The

mqqﬁ%ﬂ‘il!ﬁ ﬁgse oxi dati on may be carried out by any one

of a_ continuous t operation and a batch t

oper Abe Qlefineribee, -Lm amqghydeywa:thgma@rmmtenal

industrially preferable in consideration of the
mayreantaini alittle amountofad leash bneof saturated hydedcarbons and lower

a, (3-unsaturated al dehyde which is 15 the raw
sahrmtedi&ldetqfd&fas impuritiésphase oxi dation is preferably

0.1 to 20 parts by mass to 100 parts by mass of the

sol VEné salftedf rhokichiz?'oxhhen B Be UBed th BRI dui®phase oxidation
is preferably air because it is economical, however, pure oxygen or a mixed gas
of pure oxygen and air can also be used, and if necessary, a diluted mixed gas in
which air or pure oxygen is diluted with nitrogen, carbon dioxide or water vapor
can also be used.

The solvent to be uéed in the liquid-phase oxidation is not particularly
limited. For example, water; alcohols such as tertiary butanol and
cyclohexanol; ketones such as acetone, methyl ethyl ketone and methyi isobutyl ,
ketone; organic acids such as acetic acid, propionic acid, n-butyric acid,

isobutyric acid, n-valeric acid and isovaleric acid; organic acid esters such as

ethyl acetate and methyl pfopionate; hydrocarbons such as hexane,

12
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mass. The anount of use of the nol ecul ar oxygen is
preferably 0.1 to 30 noles to 1 nole of the olefin or
the a, a-unsaturated al dehyde which is the raw
material, 20 nore preferably 0.3 to 25 noles and
particularly preferably 0.5 to 20 noles. Usually, the
foregoing catalyst is used in a suspended state in the
reaction liquid in which the |iquid- phase oxidation is

cyéléhékéi% and tolﬂ@ﬂ@ h be' d é\rﬁ&ﬁ@gm e a{h&qg h¥ffg 2 to

e anount O use

6 i btih %f%%%é@p@? t%fﬁ W?ﬁ@?tﬁﬁ%@%@ fre
prefgraie.” LRGeS B eats Cake 1sed pope 1Y combinatan of toias more
parts by mass. The reaction tenperature and the

k‘"éz%acf#ﬂhebﬂ%&fﬁﬁ@%?feuiiﬂﬁEélqaﬁt oge kinst selected sram the geoup
the solvent and the raw material for the reaction to

comsisting:of alcohoiscketones, erganicranids:and organipacitesiéisy it 39
to 200C and nore preferably 50 to 150C. The reaction

preferabiaitceuse it rsed Ay yollentwitth watémo fipthis casa)thé amount of
(0O MPa) to 10 MPa and nore preferably 2 to 7 Mra.

waterAd/RbESartit0idnig it heweven i® bﬁﬁsf&bw 2Ye vnway mdsls based

be more concretely explained by way of exanples and

on WIS 1 AR Sfen 0 e TSSO K460 T

I's not term

solEnf R Breff %@%@d @ erfopeious S G, EHAT L8 g used

%b gycts yses of raw materials and products
in g aeteroge ?% €.with gas chronatography. The
con ‘Ersu on, of an ol efin or an a, p-unsaturated

e

al d liquid:phasegxidation mayte eamied putiby anyioaesf a

aldehyde to be produced and the selectivity to an
continyousdype opetationzarsha piatah type opecation, powever@ condinuous
defined as follows:
type operation is industrially preferable in consideration of the productivity.

The amount of use of the olefin or the «,B-unsaturated aldehyde which is
the raw material of the liquid-phase oxidation 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.

The amount of use of the molecular oxygen is preferably 0.1 to 30 moles
to 1 moie of the olefin or the «,3-unsaturated aldehyde which is the raw material,
more preferably 0.3 to 25 moles and particularly preferably 0.5 to 20 moles.

Usuaily, the foregoing catalyst is used in a suspended state in the
reaction liquid in which the liquid-phase oxidation is carried out, however, it may

also be used in a fixed bed. The amount of use of the foregoing catalyst is

preferably 0.1 to 30 parts by mass as the catalyst existihg in the reactor to 100

13
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Conversion of an olefin or an a, p-unsaturated al dehyde
(B/A) x 100 20 Selectivity to an a, p-unsaturated

al dehyde (%9 = (O B) x 100 Selectivity to an

a, p-unsaturated carboxylic acid (DB) x 100 1In these
formul ae, A represents nole nunber of an olefin or an
a, p-unsat ur ated al dehyde supplied, B represents nole
nunber of an olefin or an a, p-unsaturated al dehyde

parte bytmass 6 thesohstion existngeinthehesctof, morelteferably 0.5 to 20
a, p-unsat urat ed al dehyde produced and D represents

' i acid

Pafty b ARG fartRiar preRIBBl Y &) RS paRs B KIS ot i on

of a = '

7ol | o réaclonTeioBratiessHe e TeacioR arsnglre MY preiy,

5 reactions of .producin thacryljc.acid from.
selBelsfiAdroliiia W lp solveniith Biedau alerialfir tae Pt o be used.

nunber of isobutylene sg@l{iied, B represents nple
The feastiondempesalee is prefer QR ip 2¢07C pnd seerepratarably 50 to

nunber of nethacrol ein produced and D represents nole
150G eThe readtion pressure is preferabiyi fromithemtmaspbetic peessure (0

(Catal yst preparation) In 20.0 parts of acetic acid,
MPa) 20 d8rMPacindmableapiefesably 2 40 #tMPa. ( manuf act ured by

N. E. Chentat Corporation, thermal deconposition

tenperature: 230C) was dissolved to prepare an acetic

acid solution. To 20.0 parts of a silica carrier

(specific surface area: g4AMPREY: pore vol une: 0.68
cc/g), 15 the foregoing acetic acid solution was added

L it RO R S RSB
wa B Hebb ) hBachfe e it B Bty o
ol e Sl ST ol Sipios and
corlmi:;tt'altisre be%lcalni;}l;sl, Sne%rf;g psal?'t?ls()egy mass. '

(Analyses of raw materials and products)

Analyses of raw materials and products were carried out with gas
chromatography. The conversion of an olefin or an a,B-unsaturated aldehyde,
the selectivity to an a,B-unsaﬁrated aldehyde to be produced and the selectivity
to an a,B-unsaturated carboxylic acid to be produced are defined as follows:
Conversion of an olefin or an o,p-unsaturated aldehyde (%) = (B/A) x 100
Selectivity to an a,B-unsaturated aldehyde (%) | | | =(C/B) x 100
Selectivity to an ao,p-unsaturated czrboxyiic acid (%) = (D/B) x 100

In these formulae, A represents mole number of an olefin or an

a,ﬁ-unsatqrated aldehyde supplied, B represents mole number of an olefin or an

a,B-unsaturated aldehyde reacted, C represents mole number of an

14
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20 while these operations were repeated and finally,
evaporation of the systemwas carried out to obtain
the silica carrier on which palladiumll) acetate was
supported. Thereafter, the silica carrier on which

pal l adiunm(l1) acetate was supported was honogeneously
spread in a stainless steel vat (15 cmx 20 cm to a
thin layer, and was subjected to a heat treatnent of

o, fairsatgatetcaltiehyde ptoduced arid Direprasents molemurnber 6f 4rp
450C in air at a rate of 2.50C/ mn, keeping the

o, BaiARatsH: ﬂﬁ &JH&'&V S NoW! ih WEEasHof &?oxldatlon
the r 00

enperature to tenperature. XRD neasurement

regétlérh&f d&?{&aﬂ Mﬁggtﬁ@?wﬂ&%{hﬁ@&’@% i ned was car ried

um oxi e was confirnmed. 5

bar « MY hE% Wﬁﬁgééwéﬁniéﬁm Sy eindies dBabitn
fe%%mst %qupéaéﬁf? e fsteagﬁ fngmty'eg&ugte% ngt?@%a@es A

and filtrated V\,hlle washed with 1,000 parts of pure
repeesents mole Pember atispbutylenersupplied: Brrepresents maleamumber of

100C for 2 hours under nitrogen flow to obtain 21
isqhutylene reacted, Gabpresents mole pimbenobmethacraldingeroduged and D

(loading ratio of palladiumnetal: 5.0% by mass). XRD

representsomelie nurhbehef metielcyyic adid preduiceidned was car ed
out and it was confirned that the XRD peaks

Examgéenating from pal | adi um oxi de di sappeared and
pal | adi um netal was fornmed. (Evaluation of reaction)

unt of the catal yst obtained by the
(C%%r"g%&;r%%aﬁg od was filtrated while washed with 75%

obt a2 U8 a2 2 Balts' balaEm ERGIAE, L colc
(m gﬁ%ﬁwﬁagﬁaaﬁct |cgg sol ventwav%re |Géroduced (Iannto
Subsequent | arts of isobutyl ene was |ntroduced

tempeatyre: 2§H%C)zwas solvad torpyepare ap acetic avidelutiss:  dp 20.0

revolutions: 1,000 rpm was started and t he
parts of a silica carrier (specific surface area: 450 m#/g; pore volume: 0.68 cc/g),

the foregoing acetic acid solution was added little by little and shaken while
these operations were repeated. When once the amount of the acetic acid
solution equivalent to the total pore volume of the silica carrier was added,
evaporation of the system was carried out. The remainder of the acetic acid
solution was treated in the same way, namely, added little by little and shaken
while these operations were repeated and finally, evaporation of the system wae

carried out to obtain the silica carrier on which palladium(ll) acetate was

rs_upported. Thereafter, the silica carrier on which palladium(ll) acetate was

supported was homogeneously spread in a stainless stesl vat (15 ¢cm x 20 cm)

to a thin layer, and was subjected to a heat treatment of raising the temperature

15




10

15

20

system was heated to 90C. After the heating was
finished, nitrogen was introduced into the autoclave
to the internal pressure of 2.4 MPa and then
conpressed air was introduced into it to the interna
pressure of 4.8 MPa. Wen the internal pressure
dropped by 0.1 MPa (the internal pressure: 4.7 MPa)
16 during the reaction, oxygen was introduced into it

frofmya Godm N@mpeeatdre to 4507Cinadir aba rateofie2S5G an, KEeping the
internal pressure right after the oxygen introduction

ten\iﬁé?ra&lré at WBQ°C Foe3 hoard and IoVasrirg theBATbepature fifHaSroom

after the start of the reaction.” After 'the reaction
IS t
tertftralird SXFD picturbbhtotthe cIfaifid cAELAE: 1 AGBE was
as outl et
caf&EQ %@%ﬁ@kﬁaﬁéﬂ%Qﬁ@aﬁrﬁg&@%eswaﬁ@eﬁﬁﬁ%@t od whi | ¢
the _jinter re re of the react rel e .

The Thetsaulant PaERat bierlisar wes added o S50 ety Gside b
fromthe autoclave and the catal yst was separated w_th
mags fefimaldehyde agueous scp#ut!%ac'fwh%w systemwas heatedded9°C,
The recovered reaction 10 liquid and the coll ected gas

kepteat &086 40y 2 dxburs whilg stirrets fiitratenbungenredaced pressure and

conversion and selectivity were cal cul ated. Exanple 2

filtr&teak whijes washed avitht 1,00D pBnis cfpuwe watercd Furthes, the resultant
Exanple 1 was carried out except that a heat 15

systérﬁr%zi@ﬂﬁe@&t H00T Rt 2 RGursURRY Altkigen flow &PSbiain 241 bﬁh& ofa
mn and Kkeeping the tenperature at 300

Pa“?a’t ‘%P‘%ﬁ'eéﬁé@gﬁ‘*ﬁ.?;&'&a'i?%ﬁ RSt HemaBitim § é%'h?’ 0%
by %Fﬁdi%@%hﬁiv%ﬁ%&%%w tf&#s ?é?@we?rﬁé% Eaef i onc
twia 35Tef fhatiog X1HL el SHalbaiaaifeor PAURRIM 558  om
dishispearad and paliadium mota was formed. pa' adium metal was
(Evaluation of reaction)

Half the amount of the catalyst obtained by the foregoing method was
filtrated while washed with 75% by mass t-butanci aqueous solution. The
catalyst thus obtained and 75 parts of 75% by mass t-butanol aqueous solution
as a reaction solvent were introduced into an autoclave and the autoclave was
shut tight. Subsequently, 2.0 parts of isobutylene was intrbduced into it, and
the stirring of the system (number of revolutions: 1,000 rpm) was started and the
system was 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 it to the internal pressure of 4.8 MPa.

When the internal pressure dropped by 0.1 MPa (the internal pressure: 4.7 MPa)
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(Eval uation of reaction) The sane procedure as in
Exanple 1 was carried out. Exanple 3 17 (Catal yst
preparation) The sanme procedure as in Exanple | was
carried out except that a heat treatnment of raising
the tenperature to 600C at a rate of 2.5C | mn and
keeping the tenperature at 600C for 3 hours was
carried out. Now, XRD 5 neasurenent of the catal yst
duningethe reakction soxygeniwak introdaoed irto ey ©1 MPa, @ad thigioperation
oxi de was confirnmed. Further, in the _
w g i ian ; | ity ‘
a??%%ﬁ*ﬁg rg?igc; of é]p%rl adigmﬁgﬂr;gtaai: 5. Ogosbgm#ass),@ih?%"'a
MPYS THePfEcHiBR isﬁwaéﬁgnﬂﬁgka?te?%@gﬁﬂ 6ﬂﬂgfrFQE?ion.
an palla al’ "was

pal | 'adi um oxI de di sappear e um nme

as. (Aten e spBYAr s HjsReg, Fibia o g p e R 4 P by

ice B ?lﬁ’,f‘ :r Hag%lgpg@gl A 'Znggqu%;at%a%{@fjtﬁutgé ;glg)ﬁ orlriiltgi gf the autociave

Corporation, a solution containing 10% by nmass of
angthe gas outiet was ppened and the emesgingegas was coliected while the
aqueous sol ution, thermal deconposition tenperature of
internal préisau@ of) theireactoe wasael@ased0. Thpaeastiont liquid icbntaining
carrier (specific surface area: 450 nR/g; pore

catslystiwas tékdrBoarfrgn the autscikvsiand thé batalyss wasaeipasatetiasith
was evaporated to obtain the silica carrier on which

mehibraAé :ﬁ!té( hhd tihe Péé&i@nmﬁidzﬂﬁ rédfvePéd reaction

- the silica carrier on ich pall adi yn('il) nitrate was
R BRA'thE Collicted HERIRIR izt e Erforha@afay. and the
mﬁ%gﬁ%réﬁe&“ﬂ%%rgr&?&ma of ra_i sing the

Example 2

(Catalyst preparation)

The same procedure as in Example 1 was carried out except that a heat
treatment of raising the temperature to 300°C at a rate of 2.5°C / min and
keeping the temperature at 300°C for 3 hours was carried out. Now, XRD
measurement of the catalyst precursor was carried out and formation of -
pailadium oxide was confirmed. Further, in the palladium-containing supported
catalyst thus obtained (loading ratio of palladium metal: 5.0% by mass), it was
confirmed that the XRD peaks originating from palladium oxide disappearedl and
palladium metal was formed.

(Evaluation of reaction)
The same procedure as in Example 1 was carried out.

Example 3
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froma roomtenperature to 450C in air at a rate of
2.5C/ mn, keeping the tenperature at 450C for 3
hours and |l owering the tenperature to the room 18
tenperature. XRD neasurenent of the catal yst precursor
t hus obtained was carried out and formation of

pal | adi um oxi de was confirmed. The resultant catal yst
precursor was added to 50.0 parts of 37% by nmass

(Cétatysh predardioriqueous sol ution. Then the system was
heated to 70C, 5 kept at 70C for 2 hours while

SUi 1 TRE safrid pioRbathe 6! EXANBIEY WAisXETHEQ oBflBxcept that a heat

filtrated while washed wt 000 parts of pure water.

, ' o . 2

trep R railtl eSS T BOG1 BT g Pate S 25°C Vi aRe

al | adi um cont ai ni opted catalyst (loading ratio
ke§fing 3e taheerandiet BOTEIBP B s Bps 56 N KRS

t he cat al th obt ai ned was carried o and 10 it
meRSUreIRR: 91 1be CAIRYSHRRECHRDY W@gl&?f@d gvheﬁ ffgrn@'erh&f

al | adi um oxi de di sappeared and pal | adi um netal was
palagiwmpxideewas conficneds Fudber, imthepaliadium-gontaining seipported

in Exanple 1 was carried out. Exanple 5 15 (Catal yst
catalysp thust ohiainedr(lob@lingy ratic of pelladiune nvetak 5,0% by mass)s itavas

tetraamm nepal l adiun(l1) nitrate (manufactured by N

mﬁnrﬁd&ﬁaﬂth@R@p@éRﬁﬂgihé&iqTﬁmeﬁ iokidédisappeared and
ved to

tenperature: 220C) was di sso prepare an aqueous

palfelilnirRétal Was48mRed.parts of a silica carrier (specific
surface area: 450 nR/g; pore volune: 0.68 cc/g), 20

‘fﬁnﬁ ' gueous solution was added little by
E |l tfog{ anghéﬁ%{ﬁen whil e these operations were
rep and thereafter, evaporation of,the system
et The Bard BroneSl s, PExARR L e darid POE, U whi ch
Ex%ﬁtgfé\gmn nepal l adium(ll) nitrate was support ed.

fter, the silica carrier on which

t et raanm nepal | adi un(11)
(Catalyst preparation)

In 22.0 g of palladium(ll) nitrate sblution (manufactured by Sigma-Aldrich
Corporation, a solution containing 10% by mass of palladium{ll) nitrate in 10%
by mass nitric acid aqueous solution, thermal decomposition temperature of
palladium(ll) nitrate: 120°C), 20.0 parts of a silica carrier (specific surface area:
450 m?/g; pore volume: 0.68 cc/g) was soaked and the resultant system was
evaporated to obtain the silica carrier on which palladium(ll} nitrate was
supported. Thereatfter, the silica carrier on which palladium(ll) nitrate was
supported was homogeneously spfead in a stainless steel vat (15 cm x 20 cm)
to a thin layer, and was subjected to a heat treatment of raising the temperature
from a room temperature to 450°C in air at a rate of 2.5°C / min, keeping the

temperature at 450°C for 3 hours and lowering the temperature to the room
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nitrate was supported was honogeneously spread in a
stainless steel vat (15 cm 19 x 20 cm) to a thin

| ayer, and was subjected to a heat treatnent of
raising the tenperature froma roomtenperature to
450C in air at a rate of 2.5C/ mn, Kkeeping the
tenperature at 450C for 3 hours and | owering the
tenperature to the roomtenperature. XRD neasurenent

temperatuze c aXRIY mieagurerernstosf thblcat#ysl cuvedr s ohlsinkd dvas
out and formation of palladi um oxi was confi rned.

carfibg outapt faimiaticl &f pdifad rﬁ%*idaom.%é fied 1o 50.0

parts of 37% by mass fornmal dehyde aqueous sol uti on.
nour & ASACaARS: AREorder dided (P80 OTiar 0142k b8
oo i S ek
sl e 5 s A ot
pal ladiumnetal : 5.0% by mass). XRD neasurenent of

f“"ﬂ@é whileywasked wits L0002 pads of pure watere d Furthen tbe resultant
confirmed that the XRD peaks originating from

systarh lwat driecdat 1600 fox2okoursdirded nitrdgendiiownterebtdin aas
formed. 15 (Evaluation of reaction) The sane

paliadme-gtontairning isappaast catdlystdading rarie dﬂﬁailadﬁl‘rﬁm%ltﬁ §.0%
(Cat al yst preparation) In 140 parts of benzene

by astp RDirfeddyiehisnteri\aiaheiratbih )Wa%&meﬁ:l out and

(manuf actured by Sigma-Aldric Corporatlon

WS CARTSGA it ne m&f&%m ol e i
disetrtd B D3GR i) wés Breieil) Cie! ' 0. 66 60/ g) was
S aﬁed nd the resultant system was evaporated to

(EVB@'F ﬁ%a%w)ca carrier on which

bi s-(acetyl acet onat o) pal | adi un(l 1) was
e same procedure as in Example 1 was carried out.

Example 5
(Catalyst preparation)

In 13.6 parts of pure water, 2.8 parts of tetraamminepalladium(ll) nitrate
(manufactured by N. E. Chemcat Corporation, thermal decomposition
temperature: 220°C) was dissolved to prepare an aqueous solution. To 20.0
parts of a silica carrier (specific surface area: 450 m?%/g; pore volume: 0.68 cc/g),
the foregoing aqueous solution was added little by little and shaken while these
operations were repeated, and thereafter, evaporation of the system was carried
out to obtain the silica carrier on which tetraamminepaliadium(li) nitrate was
supported. Thereafter, the silica carrier on which tetraamminepailladium(ll)

nitrate was supported was homogeneously spread in a stainless steel vat (15 cm
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20 supported. Thereafter, the silica carrier on which
bi s- (acetyl acetonat o) pal l adiun(I1) was supported was
honogeneously spread in a stainless steel vat (15 cm
x 20 cm to a thin |layer, and was subjected to a heat
treatment of raising the tenperature froma room
tenperature to 450C in air at a 5 rate of 2.5C/ mn,
keepi ng the tenperature at 450C for 3 hours and

x RO\oen)i to@ thirh fayles IR whs k@bjected 1@ & Reat traatRfIn of Fisingthe
measur enent of the catal yst _precursor thus obtaine

teWiiBrafrs frofh 8YbomMNEmperaid R4S/ Aird H%@%@sé@? min,
ant I de

confirmed. The resu cat al yst precursor was a
eeRP e RiFctatie A4S0 ot Lo s RS tRe WiERHIre o
tnd Foatbuibelfitis, | RROfmRsniertenol iia BBt Bisfasaranie
o o S ol iy i o werspmec.

obtai_n a pall adi um cont ai ni ng SUJ)JJort ed catal yst

(1 oadingfeptitans catalyst prequrser wasaddesl tocb016 pants i 339 by

XRD neasurenent of the catal yst thus obtained was
mass foredideiyderajueicus satutionnf Themdhé systenh wa¥fieated ks 70°C,
originating from pal I'adi um oxi de di sappeared and

keptibt 20HCIforrehadrswatsile’ stirrgl] filttdtea under AsdRed a8 ureind
The sane procedure as in Exanple 1 was carried out.

I I '
e a0 P90 sl P B b

o¥S{8 st e BOAUCRE! 3 D pEE By B0 4
pafladittl-Y&talring 5GRGSTedc38lydl 188ding %260 of pRisdiSmhefi- 0%

by mass). XRD measurement of the catalyst thus obtained was carried out and
it was confirmed that the XRD peaks originating from paitadium oxide
disappeared and pailadium metal was formed.
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.
Example 6
(Catalyst preparation)

In 140 parts of benzene, 2.8 parts of bis-(acetylacetonato)palladium(ll)
(manufactured by Sigma-Aldrich Corporation, thermal decomposition
temperature: 210°C) was dissolved to prepare a solution. In the foregoing
benzene solution, 20.0 parts of a silica carrier (specific surface area: 450 m?/g;
pore volume: 0.68 cc/g) was soaked and the resultant system was evaporated to

qbtain the silica carrier on which bis-(acetylacetonato)palladium(il) was
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silica carrier (specific surface area: 450 nR/g; pore
volunme: 0.68 cc/g), the foregoing solution was added
little by little and shaken while these operations
were repeated, and thereafter, evaporation of the
systemwas carried out to obtain the silica carrier
on which palladiun(ll) chloride was supported. 5
Thereafter, the silica carrier on which palladiunm(ll)
supptied.deThereafiep tie silida cariertomwhieheously spread in a
stainless steel vat (15 cmx 20_.cm to a thin |ayer

biss(atetypacestohatehiaiddium@l) W suppRMedtwas ﬁbnfogeﬁbbgsly%r?ad in

tamaaﬂueﬂﬂma}omnt@maauueto7OC|naH a
2 faihitss sbelrat K19 o £ 20 kAP i ool e Wl st (et
t f the catal ot s
trep At opifia Be Seteli e BB CE loctu erdfeldi® it g ingir ot o
o Gl ERoReatts SO 5 hbfnd er
mass for mal dehyde aqueous sol ution. Then the system
the jemparatuse te theytrom teraperature; o XRIS mqawamm¥m catalyst
stirred, filtrated under reduced pressure and 15

precursardhusg obtained wasioagried out and tmadionof plallpdiuen oxiderwas
Further, the resultant systemwas dried at 1000C for

corffirtmead. s under nitrogen flow to obtain a
pal | adi um cont ai ni ng supported catalyst (loading ratio

of phhé pekuMEntBARlyst ?ré&ﬁm&waaaaaed Y50 TEpans 8NST9% 1Y

the catal yst thus obtained was carried out and 1t was

e d e ELATLTAR B 0 4 et 7000
e BTG fof EYBIE A8 o AR ol 3B BREESY
fitrBE R bdshed duth T NG ParB ot Bire Wand? 'FlrfRer, e resutit
system was dried at 100°C for 2 hdurs under nitrogen flow to obtain a
palladium-containing supported catalyst (loading ratio of pauadi_um metal: 5.0%
by mass). XRD measurement of the catalyst thus obtained was carried out and
it was confirmed that the XRD peaks originating from palladium oxide
disappeared and palladium metal was formed.
(Evaluatfon of reaction)

The same procedure as in Example 1 was carried out.
Example 7
(Catalyst preparation)

In 13.6 parts of 1N hydrochloric acid, 1.68 parts of palladium(ll) chloride
(manufactured by N. E. Chemcat Corporation, thermal decomposition

temperature: 650°C) was dissolved to prepare a solution. To 20.0 parts of a
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silica carrier on which palladiun(ll) acetate was
supported was introduced into a tall beaker and
subjected to the heat treatnment (the height of the
silica carrier layer at the tinme of the heat
treatnment: about 5.0 cm. 5 (Evaluation of reaction)
The sanme procedure as in Exanple 1 was carried out.
Exanple 9 (Catalyst preparation) The same procedure as
silica @criep(spetificcsurfaverdred: 450 né¥g,; eivre WbRimé:I268 te/g), the
silica carrier on which palladiun(li) nitrate was

foragoiry $6I0tivA wasaddudRee by itk 3 ?ﬁgkeﬂb%g? rt%?&'&tjﬂaeerations

subj ected to the heat treatnent el g
el hank A tmert
WeFe [EpSate, BnfineredgF. s¥pblifioh fing sy a8 camisd ot
i 1. le | casyried out. 5
otfafing s esbfariin bhicr BB Tl vet agbrorted e
r dure as in Exanple 7 was carrjed out except that
T’%’%@@ﬁﬁ he & ebgﬁr"ﬂ?'gli‘ R@ﬁ@@eﬂw}wpa@@ wasisipponied was
at a rate of 2.5C/ mn and keeping the tenperature
homogenecusly spread in 3 sirinlesa steal vab (115 cmon20 XAl taa thin layer,
nmeasur enent of the catal yst precursor was carried out

angrwis subjesteddoralheatdreatpwnt afi raising thel temperature fromrecbom
Further, in the palladi umcontaining supported

temperstyret tot 7009 Coitait lesl rdte Q.57 / Aiin, kebirpihed)
netal: 5.0% by nmass), it was confi rneéd*t'f%t pamﬂfélatl?nrwe at

700°C %br INBUFPEAE fbwering b irpRratlnd f7ge BB inpelanii8 ™ XRD

procedure as in Exa carried out.

méeRlgmaht YEthe GRSt grecursor thus obtained was carried out and

formation of palladium oxide was confirmed.
The resuttant catalyst precursor was added to 50.0 parts of 37% by

mass formaldehyde aqueous solution. Then the system was heated to 70°C,

| kept at 70°C for 2 hours while stirred, filtrated under reduced pressure and -

filtrated while washed with 1,000 parts of pure water. Further, the resultant
system was dried at 100°C for 2 hours under nitrogen flow to obtain a
palladium-containing supported catalyst (loading ratio of paliadium metal: 5.0%
by mass). XRD measurement of the catalyst thus obtained was carried out and
it was confirmed that the XRD peaks originating from palladium oxide |
disappeared and palladium metal was formed. |
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.
Example 8
(Cafalyst preparation)
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(Catal yst preparation) The sane procedure as in

Exanple 1 was carried out except that a heat 5
treatment of raising the tenperature to 100C at a rate
of 2.5C/ mn, keeping the tenperature at 100C for 3
hours was carried out. Now, XRD neasurenent of the
solid obtained by the heat treatnent was carried out
and it was found that palladi um oxi de was not forned.
Fur t ibe same plocedatd aslinExampleal wasocarried aut except that the
catal yst thus obtained (loading ratio of palladium

silio® icarrierforOWhien ﬂﬁl&&ium(fl) ab@&té WeQifppored Wdintroduced into a

pal | adi um et al f or med (Eval uati on of reaction)

tali Bea ke FRdRY 'ii‘tf’dﬂ?ieﬁ
Conpar ati ve anpl e 3 ?%ta yst pgtepar a@ﬁonﬁgm#%%r
c ous sol ution,
lay%grﬁt m%@m@éﬁt!ﬁ’%ﬁ?ﬁfﬁ%@@féﬂt a%‘i‘%ﬁg’@; ved while heat ed
ntyroduced into an autocl ave together
(E‘zﬁ?'l‘ %eﬁgt' of a silica carrier (specific surface
area,l_ 450 nm2/ g; pore volume: 0,68 cc/g) and the
aut o h%eammgroeﬁdwqa@m Examples1 was; eagnied out.he syst em
at 500 rpmwas started, and nitrogen gas was
Example8uced into it to 0.8 20 MPa and this operation

was repeated 3 tines to replace the inside of the

(Catalystpreparation)i t r ogen. Thereafter, propyl ene was
introduced into it fromthe atnospheric pressure to

0. 6 Thigsanm procedire &Mn'EraMpR £Waaffiéd altlek&pt thatithe

the sane tenperature for 1 hour. After the system was

SIS S g FRIBRARL e Vil B s o
oL B4 A o e

Iay@fag{'ﬁ‘% time of the heat treatment: about 5.0 cm).
(Evaluation of reaction)

The same procedure as in Example 1 was carried out.
Comparative Example 1
(Catalyst preparation)

The same procedure as in Example 7 was carried out except that a heat
treatment of raising the temperature to 400°C at a rate of 2.5°C / min and
keeping the temperature at 400°C for 3 hours was carried out. Now, XRD
measurement of the catalyst precursor was carried out and it was found that
palladium oxide was not formed. Further, in the paliadium-coniaining supported
catalyst thus obtained (loading ratio of palladium metal: 5.0% by mass), it was
confirmed that palladium metal was formed.

(Evaiuation of reaction)
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with 1,000 parts of pure water. The resultant system
was dried at 100C for 2 hours under nitrogen flow to
obtain a pall adi um cont ai ni ng supported catalyst 5
(loading ratio of palladiumnetal: 5.0% by mass). XRD
measur enent of the. catalyst thus obtained was carried
out and it was confirmed that palladiumnetal was
formed. (Evaluation of reaction) The sane procedure as
i n BEiserpémelproesduraras indExample 11Was calnied ofd Sal ts
Heat Conversion Selectivity Selectivity Thermal

Coinpapiti@Exarhple2 t o Kind deconposition tenp.
i sobutyl ene rret hacrol ein nmethacrylic add tenp. (O (O

( a(tﬁﬁjst(%pgﬂat'g,(ﬁx 1 Palladium(li) acetate 230 450 41.5

2 Palladium(ll) acetate 230 300 42.1

12, o T sametoost st almnio Teh %%%*e%é%uté%e%t%t a heat
T 22
treajg'@n,i g%algrlggéhqiemstegﬁpm " &%C a da|| lrJ:at f)2 Ep r%‘ir? kee%mg
Bi s- (acetyl-ecetonato) pal | adi um(li) 210 450 42.3 40.5
the femperature at 10°Cofor 3rhaurs wasi aaried ogbo Now, XRDomeasgrement
30.5 Ex. 8 Palladlum(ll) acetate 230 450 28.6 59.3
of the splid phtained by thel hea treatment wasccedrried 4t and iBwas faund that
40.7 Conp Ex. i Palladlum(ll) chloride 650 400 11.2
paliadiutn dbRidé wadnpt foRmaetadFurther, in thegpalladiutd Cohtdining. supported
68.5 20.7 Ex. 2 C |
catalyst thus obtained (loading ratio of palladium metal: 5.0% by mass), it was
confirmed that palladium metal was fonnéd.
(Evaluation of reaction)
The same procedure as in Example 1 was carried out.
Comparative Example 3
(Cataiyst preparation)

In 120 parts of 85% by mass acetic acid aqueous solution, 2.2 parts of
palladium acetate was dissolved while heated to 80°C, and introduced into an
autoclave together with 20.0 parts of a silica carrier (specific surface area: 450
m?g; pore volume: 0.68 cc/g) and the autoclave was shut tight.  The stirring of
the system at 500 rpm was started, and nitrogen gas was introduced into it to 0.8
MPa and this operation was repeated 3 times to replace the inside of the system
with nitrogen. Thereafter, propylene was introduced into it from the
atmospheric pressure to 0.6 MPa and the system was heated to 70°C and kept
at the same temperature for 1 hour.

After the system was cooled to a room temperature, the internal
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Ex. onp. Palladiun(ll) acetate 230 treatnent 15.4 75.0

11.4 As nentioned above, it was found that an

a, p-unsaturated carboxylic acid can be produced in

hi gher selectivity according to the present invention.

25 f What is clainmed is: 1. A nethod for manufacturing

a pal | adi um cont ai ni ng supported catalyst for

produci ng an a, (3-unsaturated carboxylic acid from an
pressefe of the autoclavewss-released anddhe Autatiave wasapenedi ndhe

the step of reducing palladi umoxide contained in a

restiRaAl ysternvese ilfrated drideriradided prskark and fitiated whilerwashed
state 'of being supported on a carrier. 2. The nethod

with 970 QH&%P? E?Wa .emEﬁé'réﬁi Q%}Eﬁ'i Wa8 YrisdrRov00eg for 2

cat al ySt aim erein the catal yst precursor is

nodts e Hitiach i 15 Bpfih &HERGURH SohBihifg SERaGited catalyst

farm ng the catalyst, pr rsor. in, whi
(oagipg rafo pf.galftiim el S0tk B tnase)- 1 R0 AbandiBHiertof the

" has been changed i nto pal |l adi,ym oxi de_by heat .
catalysh s RbtBINSdvas.garied,ous andit W Pﬂaﬁ@‘éw’ hat palladium metal

had been supported. 15 3. The nmethod for manufacturing
was fiermped.| adi um cont ai ni ng supported catalyst of claim

2, wherein the heat treatnent is carried out at a
(Evaturatioresofueactidn) t her mal deconposi tion of the palladi um

salt or higher. 4. A palladium containing supported

cat af g bafRprogedureads INVExdmpleneivaetapfiediout.one of
clains 1 to 3. 20 5. A nethod for produci ng an

Talﬂe(13' unsat urated carboxylic acid through [Iiquid-phase

oxidation of an olefin or an i -unsaturated al dehyde
Wi fh nol ecul @dSaisygen by usi NOHEdIE [Conversion| Selectivity |  Selectivity
pal Tadi um cont ai ni Ng Fupphd €dweamisat YSiof Of | Cl aom to
Kind decomposition| temp. |iscbutylene|methacrolein methacrylic acid
temp. (°C) | (°C) (%) (%) (%)
Ex. 1 Palladium(ll) acetate 230 450 415 | 421 40.9
Ex. 2 Palladium(ll) acetate 230 300 42.1 38.8 37.6
Ex. 3 Palladium(l!) acetate 230 600 YA 428 42.4
Ex. 4 Palladium(ll) nitrate 120 450 43.0 43.9 40.6
Ex. 5 | Tetraamminepalladium(ll) nitrate 220 450 413 438 424
Ex. 6 |Bis-(acetylacetonato)palladium(il) 210 450 423 405 | 429
Ex. 7 Palladium(}!) chioride 850 700 410 | 547 30,5
Ex. 8 * Palladium(li) acetate 230 450 286 | 593 26.5
Ex. ¢ Palladium(ll) nitrate 120 450 45.3 45.1 40.7
c&mf: Palladium(ll) chioride 650 400 1.2 75.8 10.4
c;("'g' Palladium(ll) acetate 230 100 248 8.5 207
Comp. no 114
Ex 3 Palladium(ll) acetate 230 weatment| 14 75.0 .

As mentioned above, it was found that an a,p-unsaturated carboxylic

acid can be produced in higher selectivity according to the present invention.
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What is claimed is:

1. Amethod for manufacturing a palladium-containing supported
catalyst for producing an a,ﬂ-unsaturated carboxylic acid from an olefin or an
a,B-unsaturated aldehyde, comprising the step of reducing palladium oxide
contained in a catalyst precursor wherein the palladium oxide is in a state of
being supported on a carrier.

2. The method for manufacturing the palladium-containing supportéd
catalyét of claim 1, wherein the catalyst precursor is prepared by a method
comprising the steps of:

supporting a palladium salt on the carrier; and

forming the catalyst precursor in which at least a part of the paliadium
salt supported on the carrier has been changed into paliadium oxide by heat
treatment of the carrier on which thé palladium sait had been supported.

3. The method for manufacturing the palladium-containing supported
catalyst of claim 2, wherein the heat treatment is carried out at a temperature of
thermal decomposition of the palladium salt or higher. |

4. A palladium-containing supported catalyst manufactured by the
method of any one of claims 1 to 3.

5. A method for producing an a,B-unsatLirated carboxylic acid through
liquid-phase oxidation of an olefin or an a,B-unsaturated aldehyde with
molecular oxygen by using the palladium-containing supported catalyst of claim
4.
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