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DESCRI PTI ON  METHOD FOR MANUFACTURI NG

PALLADI UM CONTAI NI NG SUPPCORTED CATALYST 5 TECHN CAL
FI ELD The present invention relates to a nethod for
manufacturing a palladi umcontaining supported

catal yst for producing an a, p-unsaturated carboxylic
acid froman olefin or an a, R unsaturated al dehyde.
Further, the 10 present_jnv [ relates to a nethod
for producing an a, (3- nggﬂg’h—i N car boxylic acid.
BACKGROUND ART As a pal | adi um cont ai ni ng supported
catal yst for producing an 15 a, (3-unsaturated
carboxylic acid through |iquid-phase oxidation of an
MIE EBHOR RORMANUEAGTAIRIDIG déd, LADIEiVCONTANING SURROGRTED
in, for exanple, International Publication No. WO
2002/ 083, 299 Al, a suppoigAsxAlysTRI yst of palladi um
nmetal which is formed by reducing a pall adium salt
with a reducing agent. Further, in Japanese Patent
Application Laid-Open No. 2000-202, 287, a palladium
catal yst 20 for hydrog?@mf&%‘i_? E[gacti on

manuf act ured by supporting a drnitrodi anm ne

pal | a4 olution.on gn alumna,carpier fallowed by

P eauanedfresgntiblefgl bl 18 Btk o amriifo =
PRéJBLEM TO, BE SOLVED BY THE | NVENTI ON 1 However,

paligdium-centaining suppotted catalyst fgppEadusindan asii-wpsatyeated
pal | adi um catal yst for hydrogen addition reaction

cae@ic et framuarpalefineorran efi-unsaturatediaidehyds. d-Fopther, the
No. 2000-202,287 to an oxidation reaction. Further,

presentseventionvietates to a method for producing an a,B-unsaturated

carboxylic acid.

BACKGROUND ART

As a palladium-containing supported catalyst for producing an

‘o, 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 Patent Application Laid-Open No. 2000-202,287, a palladiu-m cétalyst
for hydrogen addition reaction manufactured by supporting a dinitrodiammine

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

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
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to an a, (3-unsaturated carboxylic acid of the catalyst
manuf actured by the 5 nethod described in

I nternational Publication No. WO 2002/083,299 Al is

not sufficient yet and a catalyst for producing an

a, (3-unsaturated carboxylic acid with higher

sel ectivity has been desired. Therefore, it is an

obj ect, of th resent, inveption to provide a .
pal | ddPHRVEL TSR AG dGsGHBIOR AT SUBGrStan etdising haealagium
%n a ¥3-unsaturate.o! 10 carboxylic acid froman olefin
caialyshros hydregamaddition seagtwaissribedrn gapeeese Patant @pplication
It is a further object of the present invention to
Lajdupere No. 26086202,287 to adl oxidajiontreactier. al ther thei selectivity
still another object of the present invention to
torarow fdensaturated edriioxylip beitef the citalgs{ MaHoftwedisthe
carboxylic acid in high selectivity. 15 MEANS FOR

mefflod déschidediRiRemAtMI PUBRERIoN R¥EWO 200RRFIFES0 AR i€ not

met hod for manufacturing a palladi um contalning
o B o A Pt 1o o BTG o Bt bRy g win
g BN PSR o0 Vot pr ecur sor wher ein the 20

Car  G1E1oNcRe; i 52r phiesbpE el eRUnVATIPY & PiARASor
pa?le the one which is prepared by a nethod conprising

Adiump-castaining suppertetl watalystfor pridueingan coprunseturated
carrier; and form ng the catalyst precursor in which

caglboxyigscichfrpar an ofefirher arab) Brdnsatusated aldelpuis indvgloselectivity.
the carrier has been changed into pall adi um oxi de by

It semfurther objgotefitheoprdset raention to pravids a mbthdifor pEbdLiBing
salt had been supported. It is preferable to perform

thé leatdlystegfiis &tild aAbtHer WBjdBROf tie pfdd@nt IeRibn to provide a

deconposition tenperature of the foregoing palladium

mf@éﬁ Jggpﬁﬁﬂga?v gﬁ?-ibﬂg%tgﬁ%%ﬁn%éfﬂfc 48 Fhigh selectivity.
MEANS FOR SOLVING THE PROBLEM

The present invention resides in a method for manufacturing a
palladium-containing supported catalyst for producing an o, B-unsaturated
carboxylic acid from an olefin or an a,B-unsaturated aldehyde, comprising the
step of reducing palladium oxide contained in a éatalyst 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 palladium oxide by heat
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5 supported catal yst manufactured by the foregoing

nmet hod. Further, the present invention resides in a

nmet hod for producing an a, p-unsaturated carboxylic

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

a, p-unsaturated al dehyde wi th nol ecul ar oxygen by

usi ng the foregoing palladium containing supported

catal yst. 10 EFFECT OF THE | NVENTI ON According to the
tfﬂ@mﬁiﬁ of the garrier aptwiich ghe palladivmasalinad beenistippgrted.

supported catal yst of the present invention, the

pal | dilisprefarablei toi peyfamptherforshoingiheat/seatmenttat tlbe thermal

produce an a, p-unsaturated carboxylic acid in high
dectnepdsition jempératas dfeh@fm'égomg palladien cattertHighert he

a, p-unsaturated carboxylic acid is produced from an

ol ef i Bedlesinha ﬁ?&é&iﬂ HventibA%esides iy dallBaRiADntaining
according to the palladi umcontaining supported

,g?oﬂ ty0j ' - unsat ur at ed
s r boxy |t@§§oltf:r? n%%ﬁ] gap?yo@égggq%nﬁh%ﬁ{géﬁﬁo@el ectivity
int e.a. Q- unsat yrated carb lic.,acid
2 pr ufiEdnE sl nle i aRidesh FmeRiod i g an
| dehyde. cJ;urrgher, according to,the nethod for
a-grtﬂlﬁﬁwﬁ& carRoxviicagid dhr liquig-pBage pxidatipn of angrighn or an
| i qui d- phase oxidation of an olefin or an )
a.§-ynsatiyrated aldebydemwitbiimalecularioxygee byl using theytatepging
using the pall adi um containing supported catalyst of
palladiupn-eontaining sappoded catalgstp- unsat ur at ed car boxyl i c
acid can be 3 produced in high selectivity. BEST MODE

FOR CARRYI NG OUT THE | NVENTI ON The nethod for
manuf acturi ng the pal | adi um cont ai ni ng supported 5

catal yst of the PEFFEUT OFVRIEIRVENTIRIN SES the step
of reducing palladi um oxi de

According to the method for manufacturing the palladium-containing
supported catalyst of the present invention, the palladium-containing supported
catalyst which can produce an o,B-unsaturated carboxylic acid in high selectivity
can be produced in the case that the o,B-unsaturated carboxyfic acid is
produced from an olefin or an «,B-unsaturated aldehyde.

Besides, according to the palladium-containing supported catalyst of the
present invéntion, an a,B-unsaturated carboxylic acid can be produced in high
selectivity in the case that the «,B-unsaturated carboxylic acid is produced from
an olefin or an a,p-unsaturated aldehyde.

Further, according to the method for producing an a.,B-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an o,p-unsaturated

aldehyde with molecular oxygen by using the palladium-containing supported

catalyst of the present invention, an «,B-unsaturated carboxylic acid can be
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contained in a catal yst precursor wherein the
pal l adiumoxide is in a state of being supported on a
carrier. An a, (3-unsaturated carboxylic acid can be
produced in high selectivity froman olefin or an
a, (3-unsaturated al dehyde by wusing the
pal | adi um cont ai ni ng catal yst obtained by this nethod
for 10 manufacturing the palladi um contai ni ng

predpped inehighaelestvity. 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
of palladiumatons in highly dispersed state can be

manuf act BEST MORE FORCERRMINGOUTIT BENINVENTIEDOW h
of palladium netal produced in the reduction step can

be s ﬁ}‘éﬂ%’dﬁﬁ"‘nﬁ‘%d cflrih rtﬁﬁgﬁﬁla&@rﬂ-%tﬁ{]agrﬁﬁ% %gPp?ﬁed

betvveen pal | adi um oxi de an carrier

C*ﬂi?f:@ﬁﬁﬁ?%eﬁ?ﬂfﬁﬁ‘?yerbﬁ;@@ﬁ s %d*tﬁw g Bedugind Baliaf Qﬁ" oxide
%@% F%ﬂﬂ%@&”ﬁvgﬁ PRy LR B e RS Al Ey Sxidh 8 ha state of

si cal roRertl es thereof can be confirmed by XRD 20
sUpPReRted 0 mrﬁeasLﬁ\@mnsm@ﬂs@rbwl@rac@ﬁantme
i ke. For exarrpl e, formation of pall adi um oxi de and
praducediinighselactiviy fiom aproiefimedany:, p-cineatiratpdtaidekyde by
strong peaks in the XRD neasurenent. (Peaks to be
using:thecpallaitirnentintainiogi citalystablamed?bp this indBRod 2067 4
Pal | adi um netal d value: 2.25, 1.95, 1.38 The

maalfaatlirngtbe pallbfiuft-confieing %@Pp‘»ahéh Yatalpdt, t bmss PFRIGNGF
invention is a supported catalyst in which elenments

beWJTBBR B%hrbAGcE gh 3l Mﬁ{]nsa &a?éboeé’rrbbgghcﬁgﬂa in ‘F@H %ﬁéctlwty it is

and manufacture ore ol n

pr%%?]ﬁgg glg%t’r% cht%ls}"s%oﬁﬂ)ro%ba l%lf?)rali}!\d fu'nﬂ:{o‘?ﬂs FhighRPdi@Belsed state

can be manufactured because coagulation and particle growth of palladium

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 pafladium 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 o'bservation, 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
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pal | adi um oxide. In the present invention, a nethod in

which a palladiumsalt is supported on a carrier, at

first, and then the resultant carrier is subjected to

heat treatnent is preferable as an enbodi nent, as

mentioned later, and a carrier of inorganic oxide

whi ch does not burn or change in quality by the

gg))@g itions o[ the 10 heat treatnment is preferable. For

fum magtal o d valye; A4, 1.991 1.88- al uni na, magnesi a,

calcia, titania, zirconia, and the |ike can be |isted.

AmongT ienaalladigmteandaining sipperiedcatalysoofi the present invention is a

preferable. The carrier can be used alone or in
suppdiedatdtalysbih which elements dampissing tred eatalyse aspsopparted on a

surface area of the carrier cannot be absolutely fixed

carfieh epdungnifactuied dYyithblisredorRWettbddn a kind of
carrier, and the like, and in the case of silica,

TE1 9 RS UL S TCE ARSI BBl W"‘E‘o%@?é’f‘g
Pl B e TR Ee?ei"? 3?%#'3%%91%3{3?éf?%@?*o%@eﬂé\é'um saltis
s %&&?ﬁ}?@%‘?‘rﬁréﬁhﬁtwﬂ‘bswaég nE Baf5e i, SUBISCiaRufo heat

ag s . the s eC|f| c surface area of the carrier beco

trg Plfé\“s B 139!%/6,% anemppdimenkas @ﬁnﬂeve@&at@bm@@ﬁamr of
IS supported nore can be produced. A catal yst

inprgagif exde whiolhdoas aot beuser ¢harigednuquality bl thesconditions of the
supported on the foregoing carrier is prepared. The

hezd trelajraenis qrefesablema fF ob exampis raflit ) viminap sitiod-alumina,
which the carrier and palladium oxide are dispersed in

magse8iz ectlciaatitanid, izirbniad BAd the lké BEn B! 1588d. | Among them,

evapor ated, however, it is preferable to adopt a

silgat ifhid Bn&’&'ir&?m% é}éldr@faré'mgsa%e'&rﬁéfé{éﬁ’ﬂél%ed alone or in

supported on the carrier the resultant carrier 1s

Oﬁ@%@?@fgn&&} Bleﬁ%lr% ‘é@%?g: o:rg iogt ?ih(re] ?i gglo:jy obt ai ned
et hﬂeﬁé?&gm&&%bﬁ% SRETBaI 136 baires cangal bp @bsolutely fixed

carri a. meth
because lt i$ variable dependlng on a kind of 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 4,000 m?%g or less.

As the specific surface area of the carrier becomes smaller, 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
foregoihg carrier is prepared. The catalyst precursor may be prepared by a

method in which the carrier and palladium oxide are dispersed in a solvent, at
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of soaking the carrier in the palladiumsalt-dissol ved

liquid foll owed by evaporating the solvent or a

nmet hod of absorbing the palladi um salt-dissol ved

l'iquid, the amount of which is equivalent to the

anmount of pore volune of the carrier, into the

carrier followed by evaporating the solvent, nanely a

Joore filling 10 method, is preferable. As the sol vent
firsh a?tndamggéh% églvfeﬁtelswapa@taﬁw Beyveves, it is prefgrable to adopt a

particularly limted as long as it can dissolve the
methadhie which & palladiurh saltts preyiously suppertedibhdbe canierand the

changes into pall adi um oxide through thernal
resaltantpezsTier isrsubjedied tgheatireathreht to obtsih atgemi dispersion of

a state of being supported on a carrier. It is

palizeigh fb@cbrﬂstlﬂi‘ e fi ﬁ@lfﬂﬁﬁéﬁtwﬁdﬁfmkbﬂt&ﬁﬂg sl.@ported catalyst.
‘treatment be a thermal deconposition tenperature of

oot ZRARENBP <phpofingiRE pefldiifeEat oh 3 sppier  method
°#p3%§%‘4%fﬁ%e?fﬁﬁé¢“§35é%&!fé@éﬁ?ﬁtnﬁ%@%%'Wdeté?\?&%ed by
not art gﬁ»ﬁg‘rééét%gmtﬁ d%%(?g Eg&‘gi‘nﬁ&sa%%"\w ﬁa[t(glssolved

obt a| n a good di spersion of palladium?20 atons in
liqyud, | the iamewd if hichis eauiylentle theamgunt ofpose W@llﬂﬂﬂ @f the

time after the predeterm ned tenperature of the heat
carrietintertbe icarrigrtfaiovest by enaporatingtthe wolueny, nametyaal pase-filling
long as it is enough to deconpose the palladiumsalt,

mbthoel & preférable. prAd theaddlyerit that digsbloes she paliadiam salt) it is not
the present invention, it is preferable that the heat

parfi@AbAR Ninited d¥0RGES! |€éar9bltssélve6lhb|1%llﬁéiunﬁ’QQR”DOS' tion
tenperature of the palladiumsalt or higher to change

the palibadhipy lg%\‘ the ﬁ‘él@dﬂﬂh 's?ﬁ éﬁ'ﬁbﬁé& o ﬁlaﬂﬁlnﬁ‘gx »through

coagul atlon particle allTa m par t’i c

m@&ﬂ?ﬁcze%mszmaam%c?uaoﬁaéa {55l FREL e g
M M TPk 7 SR AL
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 hoiding 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 salt,
however, it is preferably 1 to 12 hours.

Further, in the present invention, it is preferable that the heat treatment
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an a, (3-unsaturated al dehyde. In the present

invention, it is preferable that a palladiumsalt with
the thermal deconposition tenperature of 400C or

| oner be adopted and supported on a carrier. The
thermal deconposition tenperature of the palladi um
salt is 1o nore preferably 300C or | ower and it IS

gart [ cul arl y Preferabl y 200C or | ower.
sapiashRitatehtheamakdegairrogition tamparatwe er%hgmlad'um salt or

beconmes |l ower, the <calorific value becones smaller.
higher tst ehangentpepaliagiun sal intb pilladiusabxidei t Bytdaing so,
t hermal deconposition tenperature of 200C or |ower, in
cqagutlation and pattide grsethidf lpalladiarmmpérticiesecarabe Isi.ibpressed, and
vaI ue small to suppress the coagul ation and particle
wngnﬂﬁ diépérbmllﬁ?bf ﬂf‘é‘ pHN=RRirh 'p‘é'rtﬁﬁe@iéﬁmp’rﬁeéd ?o be able to

ness of a carrier ayer on whi ch the | adi um

pl%ﬂlut:e a2t é dtGdtd$ c%r%'bgﬁhcaécaﬁ I"@ hﬁﬂgf s%iectt ggy fB/ an olefin or

treatnent nsequen

r be produced in hlgher
a@e [?Bﬁél:uf?}gﬁ.@ﬂ%@d  a great nmerit in the case of
scal that a catalyst. w th_hi | ectjvity can he
ranunibie Pieeat SVERIER. it Hpreip ettt arialiadiunt satoyith the
layer is 20 large because it is usually inevitable in
thgrraat %ﬁwp?ﬁimmwﬁmmé “0PRE or lewiett be adoptedang supported
that the thickness of the carrier |ayer, the palladium
o gloartigsi nd hgdbptmaIedecampamrcmlvexaturetoftthe pailadiuof salt is
the heat treatnent becones |large owing to the

moeg pteferabhed0ew onlowaramit it Bf partieulasy z’]drs'&talﬁ?\dZOWSQﬂI lewer.
of a calcining device, and the |ike. 7 Nane

As tﬂe@émﬁsssnﬂén ferApéfadtdre! éffthé pra:nga iﬁh@bhl@ b@ﬁ@%ﬂ@ﬁér ttﬁ’e

use a catalyst precursor l east a part of
célc&gfnoé@biéﬁtbgmg%?:%iﬁﬂpgiﬁgféf@fé Bg%sw&f‘fﬁé gﬁétlé&%ﬁp@%ﬁ%th the
O ool L T o

oma rq]ﬁ?( Salorific vglutehs(?nﬁﬂol saudplpllj'g]ssS e coagu aP d)r? rahg partlcle growth
of the palladium particles even when a thickness of a carrier layer on which the
palladium salt is supported is large at the time of the heat treatment.
Consequently, an «,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
large because it is usually inevitable in a catalyst preparation under the industrial
scale that the thickness of the carrier layer, the palladium salt being supported
on the carrier, at the time of the heat treatment becomes 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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treatnment at a thermal deconposition tenperature of
the palladiumsalt or higher. As the palladium salt
to be used, for exanple, palladiun(ll) chloride
(thermal deconposition tenperature: 6500,
pal |l adiunm(11) acetate (thermal 10 deconposition
tenperature: 230C), palladiunm(ll) nitrate (thernal
deconposition tenperature: 120C), _
t et r diamehe ds ilstrated ag aparticularly piedenable embodiment to use a
deconposition tenperature: 220C) and
cdialyst prssuysarde wiiich af) leakt agadndfithe paliddiunesalt supported on the
deconposition tenperature: 210C) can be |isted. Anpng
carfiena® bebadhanged intodrathaiuen oﬁiﬂb'b@déuivgd'ﬂir)g gigdilaéiem salt

tetraamm nepal l adiun(I'l) nitrate and

W T A RO RBE AR ST OV ACHFE, N BT BA g califor and

g 8t PR SR P
Sk B TR il LA SE MBS ot

tenperature at which 10% of the weight of 20 the
highel. adi um salt was reduced by raising the tenperature
of the Pal ladiumsalt froma roomtenperature at a

r at e A% e padfadiumisaltdo ibie used forutample: paliadigné) chiokde
(trade nane: TGA-50, manufactured by Shi madzu

(thzrmal decomppsition tehnpelatueg@50ICH gpdlladienfilyeitetate (thermal
catal yst precursor in which at least a 8 part of the

dedrmBshitioA %@hﬁer&ﬂﬁé%fs@‘t)?ﬁaﬂitﬁt;ﬁgl)rﬁiﬁété@%m rdieco:};nepc\siticm

changed into palladi um oxi de b econposi tion can

teﬁﬁ:{eﬁ%@?&- 113“’.62 h@imahﬂg@%ﬁaﬁ’étﬁﬁﬁﬂﬂ) nigrﬁyf{lﬁ%&qal dé¥dmposition

I um oxi de I nc I'n the cat recursor

S

deeringatinn apmsaratyion1 0°C) can bé Hsid” "amdng Hietn, battadium

e

acetate, palladium(ll) nitrate, tetraamminepalladium(l1) nitrate and
bis-(acetylacetonato)palladium(ll} are preferable. The palladium salt can be
used alone or in combination of two or more kinds.

Now, the thermal decomposition temperature of the palladium 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 salt
fronﬁ 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 precursor in which at least a
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a palladiumsalt also exists on the carrier of the

catal yst precursor, the palladium salt is also

reduced at the same tine to becone pall adi um netal .

The reducing agent to be used is not particularly

limted. For exanple, hydrazine, formnal dehyde, sodi um

boron hydri de, hydrogen, formc acid, formate, 10

et hyl ene, propyl ene, 1-butene, 2-butene, isobutylene,
part of the: pallashium salttsspperted cmtnetnaem has beereokanged into

2- hexene, cycl ohexene, allyl al cohol, nethallyl
paalladdumquidaby deeomposition roaint s obtairied. c #Further,| inthe gresent

The reduci ng agent can be used in conbination of two

iNQ&ntiaH, Qhé'pﬁﬂédlulrﬂoilbé ifclede®in BRAAPSEreedIST ioBthined by the
ydrogen I's preferable as the reduci ng agent. Further

fotétp&nh?&@ﬁ?ﬁe%?érﬁ i téﬁﬂcggphi”ﬁﬁlc &8 {h%rbalt&ﬁﬂfrﬁ ypported

yde, formc aci and e are pre era

o fod CreF 5 Fecliad BV ftﬁ@%ﬁd"%%ﬁ %ﬁ&eé%a@gt@ﬁtﬂtei‘é' When

rabl however ni soI ve t I i ke al cghol s
aga@ }]glﬁgpx: %05%6% &?er 03 t t Precussea paiiadium
and t - but anol ; ketones such as acetone 20 net hyl
salf igyalsq eadiiced gtdhe pamestipaty begemerpaligdium metal.
cycl ohexanone; organic acids such as acetic acid,
n- val B reducing agehtite dealsed is red ipdrtidwaryolimitéed.n sFeuexample,
as heptane, hexane, and cycl ohexane can be used al one

hyarazine clommaldehyde, ebditnbboren higeiridek hpdiogeapfordiivgeidnformate,
di spersibility of the carrier. A m xed sol vent of

ethEtéﬁ@ BitpylEHeSH s@tBna! 2Dubshd!Sssbutfleh8, 1 Behkadenkhdtheptene,
e reduci ng agent is a gas, it is preferable to carry

2-Rdptene9-ASERE! bdbXeRelc ulgﬁt?*gr?e %ﬁylbﬁﬁhﬁp‘?ﬂeﬁénf\hrhécohol,

aut ocl'ave to 1 hcrease %0 e das t

w3l mgﬂta&i]é'%m"@%ﬁ%&gteﬁ‘eh?ftw%ﬁﬂ'g'@gaéé’ﬁ S

oohigEativeof fub Bf i dindsp; da die Gasa oL dpr-beta Prcidye
hydrrt()egesr%J |sergreferable as the reducing agent. Further, 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 cyclohexanone; 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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Besides, in the case that the reducing agent is a
l'iquid, a device for reducing palladium oxide is not
particularly Iimted and the reduction can be carried
out by adding a reducing agent in the solution. In
this case, the anmount of use of the reducing agent is
not particularly limted, however, it is preferably 1
10 to 100 noles to | nol e of palladlun1OX|de The
r educimifjeteasedhat hesedudinglagent ifuz gas, it Isereferable to carry out
vari abl e depending on the reducing agent, however,
thehveduetior img presquee aevice suchpasehe aattcyavestot mcreh&@@oamlhty of
nore preferably 15 to 80C. The reducing tine is
ther gdsetoathleysdlutiort. 0 Gn tﬁ]@%&asﬁﬁflﬂenﬁﬁﬂéw%éf pﬂes%'faré Ee\?nce is
hours, and further preferably 0.5 to hours.

pl‘é%@uh?éﬂ*ﬁ? Hid mﬁeﬁ%oﬂ‘?ﬁpé@?htuw Fbgls Eﬂa%%agrg) 1 to 1 0 MPa

cat al yst adi um ppor

9%%9 S Qr t
catal ys lllch ﬁg 1%@%{5515%%%%3@1 'ﬁ%%i{gg é'%g%lﬁ'%
exa e f||trt|on entri.fu atlonc
The%ﬁ' ab B o S ippusind 40enls e Gauid ngce for
arate"d IS properly dried. The nethod for dry
'",sa?% a@mmrquiloez@ qt Retiviamdiroted and the redkliondarbe
used Now, the pall adi um contai ni ng supported catal yst
cajried it by sdsling aireduging ageotin thesoditionne dathis asenthet amount
ot her than palladium As the netal conponents ot her

oftusenofithklraducing agent Bxeotyaeticulaty dmited) howeven! ihis preferably 1
silver, osmum iridium platinum gold, copper,

toat 00 mtestdehiolébﬂpauécﬁaﬁh oxdél bi smuth 10 can be
listed. It is preferable that the content of palladium

et al TR teniBaratute %‘Plﬂttﬂ Eﬂiuél hfebar%ﬁg /l%bie depending

pal | adi um cont™al ni'ng support e cat a

°€§%§ﬂeﬁéﬁ@£€9éﬁti’§%§efv*%v‘%%@ﬁhs&ee{ﬂ%?é%% ﬁ%p@eﬁ%ﬂf o
R EaE i PLSTRAY 1RO BTGl JhRTeAHGGO St SaRreferaRly 0.1 to 4
hosuzil'lstr%oleen grec%é}ably 0.25 to 3 hours, and further preferably 0.5 to 2 hours.

After the reduction, a palladium-containing supported catalyst in which
palladium metal is supported on the carrier is separated. The method for
separating this catalyst is not particularly limited, 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

compenents other than palladium, for example, ruthenium, rhodium, silver,

osmium, iridium, platinum, goid, copper, antimony, tellurium, lead, and bismuth

10
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corresponding to these netals on the carrier and
subjecting the resultant system to the foregoing
reduction, if necessary. In this case, the method for
supporting the metal conpounds is not particularly
limted and can be the sane as that in the case of
supporting a palladiumsalt. Further, the netal
ds can be 10 supported before the palladi um
C%gg?ﬁ{jeds Eb'érnr%@rafaﬁttgat thpecoptent of pahadiym metal among the
upported or at the same tinme that the palladium salt
mﬁ!af% Gpplainastin thrgalladisinmgontaining stippordedreatalyst be 50% by
components including palladiumto the carrier is
mpse be nadre frdin the vied@diltyofrasakizing atHigh catalyst actietyor he
the netal conponents are supported, nore preferably

péllaﬂudrﬁ-o&ﬂ%nhhg'ﬁ@‘boﬂéufdaltmyst]cﬁ)rﬁmﬁfngftﬂbéé methPcatApoRents can

mass. Next, a nethod for producing an a, (3-unsaturated

be& abtafhed by s@ﬁg@?lhﬂrrﬁé'&i‘ co nghg? gﬂﬂi gs %éﬁﬂéél@? u u?i’ﬂl es

olefin or 37unsat ur a

odEpPaY P pRe “E)bﬁa'é%iéd 8 AHECEAS slbi e Td R fesitant system

the ol efi 'stherwmater
tofhe rebineristucliatt 66cessanhy 1o b q%sbﬁ@m@ﬁwfgﬁa supporting
2- butﬁne can be_ listed. Further,
thg metalcemppynds issnetnartieulary imited acnﬁiecarhne ke samg asthat in
the reaction, for exanple, acrolein, methacrolein,
thecese rﬁ&ﬁﬁ@ﬁ?d@g(ﬁpmmymre&aﬁol i uw&eartbecmellabnumwyde can be
((3-phenyl acrolein) can be listed. 11 In the case that

suppertedbeiarecthiegialladivan salt & suppdrted], after thes phlisditedsalt is
carboxylic acid to be produced is the one having the

SUpPORed AT thS kahR! thfe 3Bat thaebarnamm 84t & &@sporled. t he
case that the raw material is an a, p unsat ur at ed

) e Hontig Ui R S R Ao e
carfiét i@ pRefePaal . ftS 909 By s tgqﬁe %Q%‘%%defb%tt% ‘R&tal
components are supported, more preferably 0.5 to 30% by mass, further
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 «,B-unsaturated aldehyde with
molecular oxygen by using the palladium-containing supported catalyst of the
present invention will be explained.

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

(B-phenylacroiein) can be listed.

11
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car boxyl group. The nethod for producing an

a, p-unsaturated carboxylic acid of the present

invention is suitable for a |liquid-phase oxidation of

propyl ene or acrolein to acrylic acid, or a

| i qui d- phase oxi dati on of isobutylene or nethacrolein

to 10 nethacrylic acid. The olefin or the

a, p-unsat urated al dehyde which is the raw nmateri al

may dothaicase thatthegawrmateriabis an olefnstheon8-wisaturated

saturated hydrocarbons and | ower saturated al dehydes
carbokyliouadid te be produsax isctbe anentmdving ither samg garbdroskedeton as

used in the liquid-phase oxidation 15 is preferably

theirawhsiefiniasi t In theeCaOMat e raiPRSTal iPHA 1, BUMSaTUrated
a m xed gas of pure oxygen and air can al so be used,

aldeklydd, the %@ﬁ-%&étﬂréte@i bELYIE atiProse pHBL%:\@Bi i€ the?bhe H which

|
pur'e oxygen is uted W tHh nitrogen, carbon di oxide

08Pl B o 4% 4P RS AL ¥SBed R

limted. For exanple, water; alcohols such as
ca?g? '%}Uﬁfmt anol and cycl ohexanol; ketones such as
acetqne, nethyl ethyl ketone and nethyl isobutyl .
ket on ,emegwg rerpducisg @R af-unsatyratectearbopylishagidiaf the
acid, n-butyric acid, isobutyric acid, n-valeric acid
pragent isugnatian issuilable fo ragliqwd:péesei oxiclatips of peopyene or acrolein
et hyl acetate and nethyl propionate; hydrocarbons such
to asrflicacid, orl2 ligyidHpieseamddatiah tisokutylenarorraethaedolein to
Anmong them organic acids having 2 to 6 carbon atons,

méthendis dtidi ng 3 to 6 carbon atons and tertiary
but anol are preferable. These solvents can be used

al oneryy olefin o ik Haﬁ-hﬂgaﬁfratb%lﬁ’él?m Wwhick i@ fife raw material

Further, 1n the caSe of using at l'east one kin
S A PP eRaF 495 B 4l kFARbrg ang over
saturated aldehydes as impurities.

The source of molecular oxygen to be used in the liquid-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 soivent to be used 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 methyt 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 propionate; hydrocarbons such as hexane,

12
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preferable to use it as a m xed solvent with water. In
this case, the anmount of water is not particularly
limted, however, it is preferably 2 to 70% by mass
based on the mass of the m xed sol vent and nore
preferably 5 to 50% by mass. The solvent is
preferably used in a honbgeneous state, however, it

al so be, used 10 [n a heterogeneous state. The .
oy EXANG ANELIENR: G he wepdp c Aaand e roahic Acdaving 2 to
of @ continuous type operation and a batch type
6 gpeion atems, ketanesrhaving rteiGhearben atgme apgdediary hutanol are
i ndustrially preferable in consideration of the
prefayabiet i Vilhese stiheerdscantbeaisatsaloné or irecomnbinationrof the or more
a, (3-unsaturated al dehyde which is 15 the raw

kindg.erFathef irf the ddseusflisitipacieast 6iad kinl detfedled Fintle/group
0.1 to 20 parts by mass to 100 parts by mass of the

coreltinBlofAMLHBIE &atb i€ @Béﬂic%cﬁ:lst éhdlggp%‘ié Scil¥estdRS R is

The anmount of use of fLe nol ecul ar oxygen IS
| . | . lLefi
rEfages et oo e RAR U el PP O e Sl o
[ al .2 €. bly. 0.3t I d
walBh & ifinarriclaPehEvBH hSuuen s iraerebl, 2 014 mass based
fore oin% catalyst is used in a suspended state in the
on thecfipss of theumixked solMertandimoare grrfarabin§do L% Ryiraass.s The
carried out, however, it may also be used in a fixed
sobwedt isTReefeiablinvsed ina bostogeneots stade, hayvexerdt sty also be used
preferably 0.1 to 30 parts by nass as the catal yst

in axieteroggneousistateeact or to 100 13 parts by nmass of the
solution existing in the reactor, nore preferably 0.5

to 20 heplrjuid-phussvxiiztiof raay bewdridd ¥uPbEhRy abkYofh t O
15 parts by nass. The reaction tenperature and the

cohﬁﬁ&éihé’fyg%r &erdfiSn aha é’Bé‘lEﬁﬁWg Pﬁg}a‘fﬁheﬂoﬂéﬁé’rr 4l Ahtihous

the sol vent "and the raw mate or the reaction to
tyéégo%%%ogni iﬁ}fséﬁ%ﬁﬁﬂg?%gb%?ﬁo%lﬁe?afﬁn Bf 38l ¥iviR.

The amount of use of the olefin or the o,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 mole of the olefin or the o,B-unsaturated aldehyde which is the raw material,
more preferably 0.3 to 25 moles and particularly preferably 0.5 to 20 moles.

Usually, 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 existing in the reactor to 100

13
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150C. The reaction pressure is preferably fromthe

at nospheric pressure (0 MPa) to 10 MPa and nore
preferably 2 to 7 MPa. EXAMPLES 10 Hereinafter, the
present invention will be nore concretely explai ned by
way of exanpl es and conparative exanpl es, however, the
present inventionis not limted to these exanples.

P%Eﬁ%ﬁ%ﬁi@éé%%@%%%ﬁﬁ BenB el Ixrﬁ‘r%”%'ﬁ%f{%ﬁﬁmégo 20
it B PAE SiiPRRHIRCYPTRITabRA 10 LPALY BiuASyne.

chromat ogr aphy. The conversion of an olefin or an

a, p- usifepddice dempgeatyte and the reagtiostnressyretase aoperly

a, p-unsaturated al dehyde to be produced and the :
selettedtgocording tothersalyentiarshtherratvadatesiab forthe ceaatiod to e used.

be produced are defined as follows: Conversion of an

Tl edadtionrteAiperatirel RSpricferabfi3@tei2hyds ah&‘/nﬁ‘dré‘pré%i‘a%? B%O to

Selectivity to an a, p-unsaturated al dehyde (% _ (

150°600 T ibH | '
O (IR pe A o s dridhent sz 0
bp or an a,
M%?E‘ﬁig%?%{@gquﬁﬁ%%ﬂ}ggF?Zﬁ‘,"p "represents nol e
nunber of an olefin or an a, p-unsaturated al dehyde
reacted, C represents nole nunber of an 14

a, G3- unsat ur at ed al dehyd roduced and D represents
nol e nunber of an a, (B-EMﬁkéged carboxylic acid
produced. Now, in the case of an oxidation reaction
of arfereinafigrdhe prasent invertioruwill kg mare concrately explained by
foll owi ng exanpl es and conparati ve exanpl es deal wth
way pbexamples arid goroparstive exsiniples yhowe\aar] thef present invention is
i sobutyl ene, and in these cases, A represents nole
natdintited tofthesoexayiptsse  SThptdredpaR($)2 v grciollswiriy €xamples and

nunber of
comparative examples means part(s) by 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 o,B-unsaturated aldehyde,

the selectivity to an «,p-unsaturated aldehyde to be produced and the selectivity

to an o, B-unsaturated carboxylic acid to be produced are defined as follows:

Conversion of an olefin or an «,B-unsaturated aldehyde (%) = (B/A) x 100
Selectivity to an a,p-unsaturated aldehyde (%) = (C/B) x 100
Selectivity to an o,p-unsaturated carboxylic acid (%) = (D/B) x 100

in these formulae, A represents mole number of an olefin or an
o,B-unsaturated aldehyde supplied, B represents mole number of an olefin or an

a,B-unsaturated aldehyde reacted, C represents mole number of an
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i sobutyl ene reacted, C represents nole nunber of

nmet hacr ol ein produced and D represents nole nunber of
net hacrylic acid produced. Exanple 1 10 (Catal yst
preparation) In 20.0 parts of acetic acid, 2.2 parts
of palladium(ll) acetate (manufactured by N. E
Chencat Corporation, thermal deconposition

er at was di ssolved to prepare an acetic
S%F%?S&ﬁgrw@)% cgucempand [bfeFHe§$'Pt§é‘ﬁ°'6MQﬁ“ ofan
(s eC|f|c surface area: 450 nR/g; pore volune: 0.68
ocd?cug;atumeﬂ sarbaxyig acisupreduced. ablow, inthe: case aian exidation
little by little and shaken while these operations
regstion rof @oad, felinsatenaterhaldehpde a8MRIE 0.0f the acetic acid
solution equivalent to the total pore volunme of the

si | i clowathe fllowirsy ectinples eidhohpaliative Exahipfes deilanith
was carried out. The remai nder of the acetic acid

reftiohs ©f p Y‘&ﬁ.ldiﬁg?ﬁ{e@l‘ﬂadrghé A&dSARSR |§bﬂ3&t¥léﬁ€1‘%l¥d irAMd8E cases, A
little by little and aken 20 whi | hese operati ons

P [
e el Bidl Threet &g aY*ﬁ"? NERBIPh 8 Palfesks 'ﬁﬁﬁvﬁ%ﬁerc’f
etate S ote erefter
'S§3HYE'E§* Bactdd, W fertheel o B RRRhe  mafepiinioald and 0
orted vvasnElPﬁ ene usly spread |n a stainless

esPtr ntg fpole 1w XOTSeetbapylic Ack Praducelyer, and was

subJ ected to a heat treatnent of raising the

Example 4t ure 15 froma roomtenperature to 450C in air

at a rate of 2.5C/ mn, keeping the tenperature at

(Cetolgst preparation)s and | ower | ng the tenperature to the
room tenperature. XRD neasurenent of the catalyst

pr ecuns2.Otpaus ofkicetio adid\as2 péﬂsrdfgdllédltlrrﬂm)jaéeléf@t I on
of pall adi um oxi de was confirnmed The resul tant

e Rt i B e e
tefRerif AL e8304T) (04% dissolved to prepare an acetic acid solution. To 20.0
parts of a silica carrier (specific surface area: 450 m?/g; pore volume: 0.68 cclg),
the foregoing acetic acid solution was added littie 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 was
carried out to obtain the silica carrier on which palladium(il) acetate was
supported. Thereafter, the silica carrier on which palladium(ll) acetate was

supported was homogeneously 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 temperature
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kept at 70C for 2 hours while stirred, filtrated under
reduced pressure and filtrated while washed with
1,000 parts of pure water. Further, the resultant
systemwas dried at 100C for 2 hours under nitrogen
flow to obtain 21 parts of a 10 pal |l adi um cont ai ni ng
supported catal yst (loading ratio of palladiumnetal:

5o BBl TR TR AP i 05 0 o e

he XRD p JAriginating from palladi um oxide
larabre 4506 hEb Ry Ansose aa i srRataturs to the room
E@/al atiop, of reaction) 15 Half the anount of the
tefmRerAiide. oBRD massyyempet pbtheatalystrrenyesondius obtained was

filtrated while washed with 75% by mass t-butanol
cafgd s and|farnation ohpallagivml gdéde was<oolitraeded and 75
parts of 75% by mass t-butanol aqueous solution as a

r eact Thenresailtantitatatyse predureciugas atae ta 80 paed oF S7THBY
t he autoclave was shut tight. Subsequently, 2.0 parts

maés feraidehaitcad@Soud $SI0ME .S dTh%‘r? the Eyﬁtéﬁldwgg hb??egot(? 70°C,

stirring of the system (nunber revol uti ons:

ké,&??ér ; f6F 8Hokits @&gg’ Lspﬁﬁldzﬁtgr%ﬁéﬂ Hﬁ&e%ﬁhgggﬁ’esgs%?e and

e heati ng , NIrtroge
14 i ' he clave to the interpal pressute
fit Ao hiEE S HES i S M B G ana oo FidhRs e das ltan
into it to the internal pressure of 4.8 MPa. Wen _t he
sy T8 s cipd a€ 100 Gl opBingyiinsler niragen fraw f pBIBE1 parts of a
ressure: 4.7 MPa) 16 during the reaction, oxygen was
rellaginsoatainiAg uppoRsdatalvstjoating raticsotpalladiuro metalis.0%
repeated. The internal pressure right after the oxygen

byi masekufRBrmeasurengnt bthe Tatalyst thuts abtaives was cafmed out and
30 mnutes after the start of the reaction. After the

it was confirmedhdtithée R pelake orighidingdforh [palladiuas bride was
cooled by 5 ice bath. A gas-collecting bag was

disstppedied ahd panadias nfsthl Whs #mide autoclave and the
gas outl et was opened and the energi ng gas was

(E¢RIULAGH F rékitlom) t he

Half the amount of the catalyst obtained by the foregoing method was
filtrated while washed with 75% by mass t-butanol 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 introduced into it, and
the stirring of thg 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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internal pressure of the reactor was rel eased. The
reaction liquid containing catalyst was taken out
fromthe autoclave and the catal yst was separated with
menbrane filter and the reaction liquid was recovered.
The recovered reaction 10 liquid and the collected gas
wer e anal yzed with gas chromat ography, and the

version.and sel ectivi wer e. gal.cul at Exanmpl.e 2 .
o e e B e Ger e tntbaliBRd i b dMee S RIS operation
Exanpl e carrred out except that a heat 1 .
wes @?%?éﬁ% : Yﬁﬁe anternal pressure ﬁlssf aﬁ@rr@etq%vggn@tang't&:t\oat\@as 4.8
of 2.5C/ mn and keeping the tenperature at 300C for
MBahoUhe rrastienwasdinishad S&ovmubeataﬂemh@ stashefthegeactien.
catal yst precursor was carried out and formati on of

pal | diftarthe xeadetiomawas finishedethe iRsidelrofithe aotddeve was cooled by
pal | adi um cont ai ni ng supported catalyst thus obtained

icé batdi g géﬁiddlle@ﬁngﬁﬂéé s BMed to the O¥sDUtIEREFthe aditoclave

was 20 confirmed that the XRD peaks originating from

arRPiheasHs gt viss Sbéﬁégfﬁﬁﬁﬁe.@ it rgql%' JRAHE BT Abd Watile the

formed. (Eval uation reactio € same procedure as
P ' . arpl T -
nicP 7SR, GelotiiE rEaHbt P Rilasestac TPy Tedildn hadh Ftitlinig
rrjed t excebt that eat reatnment of raisin .
el S Bikerto & FemdpBevlclavs and b catabiet as spraraied with
keEFi ng_the tenperature at 600C for 3 hours was .
memprang;fiker andiig reaction lighisswas fesavesed.+ hEhe secvesed reaction
. precursor was carried out and formation of palladium
liqgid ard #ees colledted ged wareranadyzed with igas chromatography, and the
pal | adi um cont ai ni ng support ed
conversion and selectivity were calculated.
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
palladium 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 disappeared and
palladium metal was formed.

(Evaluation of reaction)

The same procedure as in Example 1 was carried out.

Example 3

17
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catal yst thus obtained (loading ratio of palladium
nmetal: 5.0% by nass), it was confirned that the XRD
peaks originating from pall adi um oxi de di sappeared and
pal | adium netal was forned. 10 (Eval uation of
reacti on) The sane procedure as in Exanple | was
carried out. Exanple 4 (Catalyst preparation) In 22.0
| adi,untl!) nitrate solution (manufactured by
(%tg&g?&}e&?%?%f?%ls Cor poration, a solution containing
10%%@33 of palladiunmll) nitrate in 10% by nass
ni t ri CN&EAHeRIT ey i Amplentwag carded pgbexeant that a heat
tenperature of palladiun(ll) nitrate: 120C), 20.0
treatment of raisiogithe demperature (sGRQIG ata satefef@5%C émin and0
n2/g; pore volune: 0.68 cc/g) was soaked and the
keaping thentenmerature st $00eQ dp03 doees was @ardédiouhie Ndw,i XRD
carrier on which palladiun(li) nitrate was 20
measpenierd of The caalyist bredlrSosivhl Garfed! blitandfonMatieh of
pal ladium(ll) nitrate was supported was honogeneously
SR j | st ( .
pd ,Elﬁ.ihld oxliedwas BbRfiPSEd. Iet?rlthélﬁfn %%@%Fﬂﬁ%oﬁ%wpb%@poﬁed

in layer, and was subjected to a rea

h
AR s SRR EEIBAAIN o r 8RB AP MEERTG il b, it was
o BB S4B AR BRR St oo e Sappeared an
t of th tal yst th bt ai ned
pafadiir Fieipkwasiamani 1 or mat i on of pal | adi um oxi de was
confirmed. The resultant catal yst precursor was added
(Evalustiop op seaction) 37% by nass for mal dehyde aqueous
solution. Then the systemwas heated to 70C, 5 kept

at 70def same phocedurefas|in Exampled, was lcardgddutunder
reduced pressure and filtrated while washed with 1, 000

Example 4f pure water. Further, the resultant
(Catalyst preparation)

tn 22.0 g of palladium(il} nitrate solution (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*qg; 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. Thereafter, the silica carrier on which palladium(ll) nitrate was
supported was homogeneously 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 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

18



10

15

20

systemwas dried at 100C for 2 hours under nitrogen
flowto obtain a palladi umcontaining supported
catal yst (loading ratio of palladiumnetal: 5.0% by
mass). XRD neasurenent of the catal yst thus obtained
was carried out and 10 it was confirnmed that the XRD
peaks originating from palladi um oxi de di sappeared

adi netal was f d.,(Eval uati on.of .

teffechftes XKD Rl Bint B8 setd R utfiyed yRin. eotained was

carried oyt. Exanple 5 15 (Catal yst preparation) In
cafreq Oygﬁﬂa f%fmqim@gmllé\d!um.%lqﬁwag cgnfirmed.

tetraanm nepal | adiun(l1) nitrate (manufactured by N

E. Chéwmeasuttanteatalysbprecursommuss dddedta 5010 parts of 37% by

tenperature: 220C) was di ssolved to prepare an aqueous
mass drraidefyale2dqueousasdlstiant. daTlséen thrasystemi vas hearditbi70°C,

surface area: 450 nR/g; pore volume: 0.68 cc/g), 20

keptet 70PCd6n 2 toaswRlS stirbd! filftataPondétdadubéd ptésshye and
little and shaken while these operations were

filrSREa4ISE washkd Wik eﬁé%tt? Eﬁr@ﬁ@%@b}a‘f@n °fFJrf?1%r,St}‘i§tr§§]5‘lJlgahnt

was carried out to o Il'ica carrier on

Iy j I j t S ted..
SVoferh ST B 108 T2 ks, I iRRger B %6 LBt -
t,r aanmm nepal | adi un( | | nitrate was. s rted was

el B BEEhBNFo siPoaRts et ddhding Plice lauRim Batal 5.0%

19 x 20 to a thin layer, and was subjected to a
byages). r E%mawremné Phipe satalyst Hs-ehtainedrwanarried st and
_tenperature to 450C in air at a rate of 2.5C/ mn,
it wae gpAtmped thad the XKD peaks odigdatingrfr@n ipalladiuemdxide

| owering the tenperature to the roomtenperature. XRD

disapprearedrand pallativen nwtal was femesdir sor t hus 5 obt ai ned
was carried out and formation of pall adi um oxi de was

(Evalﬂlé'tibﬁ@ﬁrea&bﬁ? resul tant catal yst precursor was added
to 50.0 parts of 37% by

The 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 tetraamminepalladium(ll) nitrate was

supported. Thereafter, the silica carrier on which tetraamminepalladium(ll)

nitrate was supported was homogeneously spread in a stainless steel vat (15 cm
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mass formal dehyde aqueous sol ution. Then the system
was heated to 70C, kept at 70C for 2 hours while
stirred, filtrated under reduced pressure and
filtrated while washed with 1,000 parts of pure water.
Further, the resultant 10 systemwas dried at 100C for
2 hours under nitrogen flow to obtain a

umcotalnln rted catal yst (loading ratio
<30 G A iRaderpnd siasbhuiscing §6 p hdakisemiment ehaaing fhe
t he catalyst thus obtained was carried out and it was
%ﬂ?"%ﬂﬁé"d rQm 4 racne tompeistunesto AS0§Crintainat 4 ratmof 2.5°C / min,
pal | adi um oxi de di sappeared and pal | adi um netal was
keeping dhe tarspe@arieuatt4 )t Cofior Berenntrs anyl IGverisg tise temperature to
procedure as in Exanple 1 was carried out. Exanple 6

theCaoah ferhperatpre; aM{RD méasutdéMentof meoéatéhystzsfe%urébr&h us
parts of bis-(acetyl acetonato)palladiun(ll)

obtained was ¢antedyuSa I TorNatibh O gﬁﬂé@iﬁhﬁbklﬁa wéé‘@éﬁfﬂ’hed

deconposition tenperature: was di ssol ved

prepayge ?eﬁﬂiagﬁ b%iys't g{é&ﬁséﬂﬁlﬁg QHBE t@ %PZ(? Bérts of 37% by

SOl Utl on art’s | cCa Car
@%éﬁ@ﬁ%ﬁéﬁﬁ%éﬁﬂﬁﬂﬁ ® %ﬂlyt@@éf Eﬁs“? eﬁsﬁf\g%%&%)@@% 70°C,
it Zhebr 2 i ueddied ynderresiyosd psessusa and

Thereafter, the silica carrier on which

filgpied Woile yasbed avit HPPAIRatsi ofpurewates dupther the reaultant
honogeneously spread in a stainless steel vat (15 cm

systern wag diied at 1 B0TC fay2 hpusnahdermitabee Aoedotabtainteat
treatnment of raising the tenperature froma room

palkeciiemaiontaining stippGrted citalyst (Isading sdtio of pAldfurh mefal: 5.0%
keepi ng the tenperature at 450C for 3 hours and

by miseE). NAXRDhfieh SRt T thd Bafalidt HANTSLRIMREY Whe carrigdblt and
nmeasur enent of the catal yst
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 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

obtain the silica carrier on which bis-(acetylacetonato)palladium(ll) was
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precursor thus obtained was carried out and formation
of palladium oxide was confirmed. The resultant

catal yst precursor was added to 50.0 parts of 37% by
10 mass fornal dehyde aqueous sol ution. Then the system
was heated to 70C, kept at 70C for 2 hours while
stirred, filtrated under reduced pressure and

SIS et P OaBR 501, P oL
n d [ f bt ai
o R KBl b i homoganagtsyspoead

of .palladium nmetal : 5.0% 15 by mass). XRD neasur enent
a gtainlgss staed vabi15 e 2Bcm)rted thitslayer, dndowasisubjedted to a heat
was confirmed that the XRD peaks originating from
treatmend iofi raisingdie tefnperates fesmancbopatdrapé ratumetoad508asin air at a
formed. (Evaluation of reaction) The sane procedure as

ratenoE2 390 famih, kBSpiRgIthe e8mpetature?ft 480MPIR IhéGrdtad/Blvering
preparation) In 13.6 parts of 1N hydrochloric acid,

thﬁ-t@r@npﬁf’émﬁe & theabbafltembé ratureh! ‘XrFi'[@' eéé”ﬂ?@h‘tfe?\fbfjfh%dcﬁ?élyst

E. Chentat Corporation, therna econposi tion

b . i r . .

PrESTRS! Tl QhrafpihatiBaridch R S chteRERRE bBdgium oxide was
yfic surface area: 450 nR/g; pore volune: 0.68

°°c(§‘?§‘ﬁ§§%" the foregoing solution was added little by

little and ﬁha¢<en whj | e these operations were 0
r epedtEdreSHRAN, Gty Sk Rrecursar yas adderhta b0 Oparts af 37% by
was carried out to obtain the silica carrier on which
magss fosenaldghyde aduesussolvlion. s uthesr thedsysterfitveas héated, to 70°C,
the silica carrier on which palladiumll) chloride was
keptiph601@ fonv boutsombitee stiroes filtratedaattiérmedusédprasasse and
_steel vat (15 cmx 20 cm) to a thin layer,
fitrated 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 palladium 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 7
(Catalyst preparation)
In 13.6 parts of 1N hydrochloric acid, 1.66 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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and was subjected to a heat treatnent of raising the
tenperature froma room tenperature to 700C in air at
arate of 2.5C/ mn, keeping the tenperature at 700C
for 3 hours and lowering the tenperature to the room
tenperature. XRD 10 neasurenent of the catal yst
precursor thus obtained was carried out and fornmation

- | um.oxi de was confirnmpd. The resul t
sifica BRy6 Gl S{adEdreat Ao 70100 Yrve: biotoseighhe
foBSS f or mal dehyde aqueous sol ution. -Then the system
ARROING sPrtionvay addeq lifle by litile @ndhakenowhile these @perations
stirred, filtrated under reduced pressure and 15
weig fepgated . \and thereaftesdevapdration obthessysterafwasicarriedt aut. to
Further, the resultant systemwas dried at 100C for 2
oltaimr thesiliber carrier ogavhith palladiuatiiiptiiofide was supported.

pal | adi um cont ai ni ng supported catalyst (loading ratio
Thdrepfibd, dsk siicaeanier dn Wichyal PRI 1) ERITRARHE %nﬁpbn&ﬁ was
the catal yst thus obtained was carri'ed out and was
. i pati .
nERARERAY Sifes ) SFRIIER ol W AT A4 P a v

pal Tadi um di sappear €
; [ Cld The sane ocedur e
AR Sybic Rt 2By Byl G Btingl e PRl S Fiaf) &y room
reparatjo . The sane, procedure as in Exanple 1 was
te@’&’Pﬁ?‘Eae tﬁj?e’%‘ﬁf%ﬁ'fﬁiaﬂaﬁe? 5@ i/ daine KpepiBg tha temperature at
alladiun(ll) acetate was supported was introduced
7qb3C 5053 Howrs apd dewering the tesnrenaturetto the sovrodemperature.  XRD
treatnent@}the hei ght of the silica carrier |ayer at

meagurement of theneatalyst preausonthus obtained Sva® caryied Dut and
(Eval uati on of reaction) The sane procedure as in

forbvatinn ef dallseiumarxideswras Wonfimed.

The resultant 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
pailadium-containing supported catalyst (loading ratio of palladium 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

(Catalyst preparation)
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Exanple 9 (Catal yst preparation) The sane procedure as
in Exanple 4 was carried out except that the 10
silica carrier on which palladiun(ll) nitrate 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

treat ; . .~(Eval uati on of reaction) .Ih
sane. Do canfatbedutt &k Erapld Eladatieh SBf pxSefatne
. arative Exanple 1 tal yst preparatiaon) The sane
5'@‘?%@%&5{?{8%@*"93 P@Jaﬁyni( agalate was Sugpotied ipfrodyged into a
heat treatnment of raising the tenperature to 400C
tallbeakengnd stbeciad fo therheatdreatmept (the heightefthe alioa earrier
at 400C for 3 hours was carried out. Now, XRD 20

layenalthertine obthe heatdreatment: aivad &rGom)was carried out
and it was found that palladi um oxi de was not forned.

(Bvatugtion, ofireattfivn)pal | adi um cont ai ni ng supported
catal yst thus obtained (loading ratio of palladium

et alThseProbBdsre ad in E?aﬁnpf‘eom\)a‘sr&‘i'riérg‘éht.pal | adi um

nmetal was forned. (Evaluation of reaction) 23 The samne

Ex4ReRMIre as in Exanple 1 was carried out.
Con%ar ative Exanple 2 (Catal yst preparation) The sane

g‘ﬂHr -1n Exanple 1 was carried out except that
(Ogﬁ‘ﬂga ega%ﬁ"?g?ment of raising the tenperature to 100C

at ayate of 2.5C / mn, keeping the tenperature at
00¢ T SayRh siipcedire Rsin RABIS WA GaTeBoHLaxeRn foakthe

silica carrier on which palladium(ll) nitrate was supported was introduced into a
tall beaker and subjected to the heat treatment (the height of the silica carrier
layer at the 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 palladium-containing supported
catalyst thus obtained (loading ratio of palladium metal: 5.0% by mass), it was
confirmed that palladium metal was formed.

(Evaluation of reaction)

23



10

15

20

of the solid obtained by the heat treatnent was
carried out and it was found that palladi um oxi de was
not forned. Further, in the palladi umcontaining
supported catalyst thus obtained (loading ratio of

pal | adium netal : 5.0% by mass), it was 10 confirned
that palladiumnetal was forned. (Evaluation of

reactH The sa rocedure as in Exanple 1 was

carr it@g%afn.e pr@&%ﬂfeaﬁ Weg’@@ﬁ% J‘e“@s(‘@ga‘égyé*

reparatign) 15 I n 120 parts of 85% by mass acetic
Cgmp@r%tth‘{?eglﬁ%mé’lﬁ 4tion, 2.2 parts ofo pal | adi um acet at e

was di ssolved while heated to 80C, and introduced into

(Gatalystp@pasation)oget her with 20.0 parts of a silica
carrier (specific surface area: 450 nR/g; pore

vol uriehe safi@e mrotedurenas InfExamplect wag osted but ekéafitithat a heat
The stirring of the systemat 500 rpmwas started,

treattheit lof PAISIMGAAE timpet RUFOHIFEEPC BE 8 rife 6f°2.§°(§( %Qn,'\’fﬁeeping

and this operation was repeated 3 tines to replace t

thbﬁéh@?rélﬁré 5E160°¢ fRIP3 %Ajrg 4 &%ﬁga out! eNSﬁQ(E{)DS BeasuLement

propyl ene was 1 ntroduced Into I romtEe (
to 70C
ofihE SpHg Potalndl By i nBAF kel hafieg Gian0 thfvegund that
PR BHEES pECBIREdor FLRbeELD bit Boladium-santainingssupported

%i%d ttple chl ave was opened. The resultant system

cejglyst thus obtained leadinc@tiosd palladivim metaki 51Q%hyameaas), it was
while washed wth 1,000 parts of pure water. The

configped dhat palladium mastatiwasdomned.00C for 2  hours under
nitrogen flow to obtain a palladi um contai ni ng

(Evalpptioned reattnyst 5 (1 oading rati o of palladi um
nmetal : 5.0% by nass). XRD neasurenent of the catalyst

t hus Tolet $are proesduiads! if Exaithplantwhk céfded .| r med
t hat pal | adi um net al

Comparative Example 3

(Catalyst 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 autociave 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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was fornmed. (Evaluation of reaction) The sanme
procedure as in Exanple 1 was carried out. 10 Table 1
Pd Salts Heat Conversion Selectivity Selectivity
Thermal treatnment of to to Kind deconposition tenp.

i sobutyl ene nethacrolein nethacrylic acid tenp. (O

(O (9 (9 (9 Ex. 1 Palladiun(ll) acetate 230 450

Pfipsiref heBlioial wet ifhacily at‘rﬁ i ﬁtﬂg%e?ts?%azsﬁ%%g’@%ﬂ) The

{wl 42.6 42 .4 | 1 adi nitrate 120
regditgntgtemavas flbtedunder Bk ppsastse @uﬁ(efltﬁteﬁlwmﬁ washed
220 450 41.3 43.6 42.4 EX. 6
W@'@ QQQ pays Qf puEshwaterpalhadesuiant system w6 driedatyt0eC for 2
42.9 Ex. 7 Palladiurn(ll) chloride 650 700 41.0 54.7
h@gssindex niteoges flew ite obtdin aqadiadium-28ataitiog28ippoiedatalyst
26.5 Ex. 9 Palladium(ll) nitrate 120 450 45.3 45.1
(letiig ré&diopf pAlEdiwei rmetal:9.0% b riade). 65ﬂR@ﬁ1eb§u%rﬁ’§n'§of the
10.4 Ex. 1 Conp. Palladium([ |I) acetate 230 100 24.

caﬁ&LyEt ﬂ@sbbtﬂﬁed&:é@@neﬁ%dt%’dqff@b& koRfifthéll that Ilﬁﬂium metal

75.0 . . 3 treatnment As nentioned above, It
Wﬁ@% d that an a, p-unsaturated carboxylic acid can
be produced in higher selectivity according to the

(ERBRRARK drLaBidm-

The same procedure as in Example 1 was carried out.

Table 1
Pd Saits Heat |Conversion| Selectivity Selectivity
Thermal [|treatment of to to
Kind decomposition| temp. |isobutylene methacrolein|methacrylic acid
temp. (°C) [ (°C) (%) (%) (%)
Ex. 1 Palladium(ll) acetate 230 450 41.5 421 40.9
Ex. 2 Palladium(ll) acetate 230 300 42.1 388 3786
Ex 3 Palladium(ll) acetate 230 600 KYA | 426 424
Ex. 4 Palladium(ll) nitrate 120 450 43.0 43.9 406
Ex. 5 | Tetraamminepailadium(ll) nitrate 220 450 413 436 42.4
Ex. 6 |Bis-(acetylacetonato)palladium(l) 210 450 42.3 40.5 429
Ex. 7 Palladium(ll) chioride 650 700 41.0 54.7 305
Ex. 8 ' Palladium(ll) acetate 230 450 286 £§9.3 26.5
Ex. 9 Palladium(ll) nitrate 120 450 45.3 45,1 40.7
Comp. , .
Ex 1 Palladium{ll} chlcride 650 400 11.2 75.8 10.4
%‘;’""?’ ' Palladium(ll) acetate 230 100 24.6 68.5 20.7
%‘;mg ' Palladium(ll) acetate 230 trea':;en | 154 75.0 11.4

As mentioned above, it was found that an «,B-unsaturated carboxylic

acid can be produced in higher selectivity according to the present invention.
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25 What is clainmed is: 1. A nethod for manufacturing a
pal | adi um cont ai ni ng supported catal yst for producing
nmet hacrylic acid through |iquid-phase oxidation of

i sobutylene or 5 nethacrolein with nol ecul ar oxygen,
conprising the steps of: supporting a palladium salt
on a carrier; formng a catalyst precursor in which at
| east a part of the palladiumsalt supported on the
carrier has been changed into pall adi um oxi de by heat
treatnent of the carriVdhatds cldimed is:he pal | adi um sal t
had been supported; and 10 reducing the pall adi um

oxi de contained in the catal yst precursor wherein the

pal | adaunemwidder in%n'ufaotu ﬁaﬂédlmﬁimtanmwﬁp@@ﬂed catalyst
arrier. 2. The neth f or manufacturln It

h
f%aqerpéwnwaqmaarym ﬁeldstnwsht'w' -pAasq 9@9%9" el igphytylene or
m&tﬁa&bré.ﬁ uﬁmhﬁéabc&la?e&g@;ﬁ cotprRiny e sPlis

enper ature of deconposition o the
pal | supRoitinglat palladhingiselt on3 caxnpal | adi um cont ai ni ng

{
o1 o it 3RS preRISbEROAEE 2P)edshE nATERNES plliagium.sat
sapp«‘hémo?mcbmﬁ hds lrbbea l@hange@l ito @all@drums@bdle Pl heat or
acralein with nol ecul ar
UEEITath Ghibe GAT I D S PR R Saoha et ubRarted: pd
reducing the palladium oxide contained in the catalyst precursor wherein

the palladium oxide is in a state of being supported on the carrier.

2. The method for manufacturing the palladium-containing supported
catalyst of claim 1, wherein the heat treatment is carried out at a temperature of
thermal decomposition of the palladium salt or higher.

3. A palladium-containing supported catalyst manufactured by the
method of claim 1 or 2.

4. A method for producing methacrylic acid through liquid-phase

oxidation of isobutylene or methacrolein with molecular oxygen by using the
palladium-containing supported catalyst of claim 3.
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