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DESCRI PTI ON  PALLADI UM CONTAI NI NG CATALYST, METHOD FOR
PRODUCI NG THE SAME, AND METHOD FOR PRODUCI NG

a, (3- UNSATURATED CARBOXYLIC 5 ACID TECHNI CAL FI ELD
The present invention relates to a nethod for

produci ng a palladi umcontaining catalyst to produce
an a, (3-unsaturated carboxylic acid 10 froman olefin
or an a, 13-unsaturated al dehyde, and a method for
produci ng the palladiumc I Dk atal yst, and a
met hod for producing the a@E§MF3ﬁa&ed car boxylic
aci d. BACKGROUND ART 15 There are many industrially
useful materials anong a, R-unsaturated carboxylic

aci | A j . j i

ar o PO MRIBNTING A S T AE TR PEIR Bifodficive The
r egj t ke, Qr [

na P AP NETHOT £ IR FROBLGING Bp- ERSAFURATED carsoxYLIC
| i qui d- phase oxidation of an jn or an

a, (3-unsaturated al dehyde 20 wth nol ecul ar oxygen

has been researched. As a catalyst for producing the
a43-unsaturated carboxylic acid through Iiquid-phase

oxi dation of the ol efin PECHNICAL R Psat ur at ed

al dehyde with nol ecul-ar oxygen, for exanple, a

pal | adi Urhecprésentinvention sdlstes tos methrod fort prodireihg at

Docunent 1. Further, as the catal yst for produclng

t aliadinoncoataining catalystdoxprodecenan o, f-uneatyinated carboxylic acid

I i qui d- phase oxidation of the olefin with nol ecul ar

oyarean clefip r ands, Brinsetitrated aldebydesiand a wetbad for producing the
contaips an internmetal lic conpound between pall adi um
arR@llpdisem-cantaining catalyst andagnetheddor producing thesed-unsaturated
Pat ent Docunment 2. As a pal |l adi um cont ai ni ng

c &4 Ca%Y-abl e for produci ng benzyl acetate,

t hough not for producing a carboxylic acid, a catalyst
having an atomc ratio of

BACKGROUND ART

There are many industrially useful materials among o,p-unsaturated
carboxylic acids. For example, acrylic acid and methacrylic acid are quite
largely used for raw materials of synthetic resins and the like.

As a methoed for producing an a,f-unsaturated carboxylic acid, a
method of liquid-phase oxidation of an olefin or an a,B-unsaturated aldehyde
with molecular oxygen has been researched. As a catalyst for producing the
a,B-unsaturated carboxylic acid through liquid-phase oxidation of the olefin or
the a,B-unsaturated aldehyde with molecular oxygen, for example, a
palladium-containing catalyst is proposed in Patent Document 1. Further, as
the catalyst for producing the a,p-unsaturated carboxylic acid through
liquid-phase oxidation of the olefin with molecular oxygen, a

palladium-containing catalyst which contains an intermetallic compound

between palladium and lead, bismuth, thallium or mercury is proposed in Patent
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pal | adi um bi smuth being 3/1.4 to 3/0.8 for producing a
carboxylic acid ester is s proposed in Patent Docunent
3. A catalyst having an atonic ratio of

pal | adi um bi smuth being 2.5 to 3.5 for producing
benzyl acetate is proposed in Patent Docunent 4.

Pat ent Docunent 1. Japanese Patent Application
Lai d- Open No. 2004- 141,863 Patent Docunent 2:

Jagggﬁé‘%gfgtent Application Laid-Open No. Sho -

10 Patent Docunent 3: Japanese Patent

o A48 SRl B AR e o

e o By A e
t apalRidiembisrattbelng Bl 4380 8Ybi Ercﬂ:ﬁjc%g 8 cﬁrboxghc acid ester is

| i qui d- phase oxidatron using the palladi"um contai ni ng

c aprappsed ird PataritDutunfentBat e0EataneY ﬁawh? ah éﬁﬁh:é r3f6 6f
not sufficient and a further inprovenen

s epalladiunibjsrhath tzing 2080 8 Sdfor produuing bel'nzyl abbtate ts proposed in
catal ysts described in Patent 20 Docunents 3 and

wePatent Bacument dubstitute for the catal yst for

produm ng the a,3-unsaturated carboxylic acid through

| | q@ﬁeat Pnsg@e@mdéapanesefPataat ApplicationrLaid+Qpen No 2004 141,863

3? urat ed_al dehyde wi t h pol ecul ar oxygen,
PPP'@E@"!S Japanese PatantApplication Laid- N@ amas-ss,m

estent Brdiimtot 35Tnarise Aatgt anelicadbnaidioran Noy et
a 102? %@(@?e amount of carbon di oxi de was formed as a
by-p g Consequently, a catalyst which can

S LW’&EE? Bogﬁﬁeﬁ?h ?ﬁ#a‘ﬂe‘é?é&ﬁg@%@ﬂ[&g%ﬁ ?ago%db%% RE8ei 10-7,616

I red ecause e Se
a (3 unsat urated carboxylic acid was |lowered as 2 the
selectivity to carbon di oxi de becane high. Therefore,

it is an object of [CeCRRNERE OPYRVENNCON Provide a
pal | adi um cont ai ni ng catal yst which enables to produce

I0 1T PROBEN BOSOLIED Y THE MUENTION

al dehydélowever, selectivities to the target a,B-unsaturated carboxylic acid in a
quqid-phase oxidation using the palladium-containing catalyéts described in
Patent Documents 1 and 2 were not sufficient and a further improvement of the
selectivity has been desired. Further, when the catalysts described in Patent
Documents 3 and 4 were used as a substitute for the catalyst for producing the
a,B-unsaturated carboxylic acid through liquid-phase oxidation of the olefin or
the a,p-unsaturated aldéhyde with molecular oxygen, the selectivities to the
a,B-unsaturated carboxylic acid were, in many cases, not high.

Further, in the liquid-phase oxidations using the foregoing catalysts, a

large amount of carbon dioxide was formed as a by-product. Consequently, a

catalyst which can suppress the selectivity to carbon dioxide has been desired

because the selectivity to the o, B-unsaturated carboxylic acid was lowered as



51t is another object of the present invention to
provide a nethod for producing such a catalyst. It is
al so anot her object of the present invention to
provide a nethod for producing an a, j3-unsaturated
carboxylic acid using such a catalyst. MEANS FOR
SOLVI NG THE PROBLEM 10 One aspect of the present
invention is a palladiun}contaln|ng catal yst for
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Nos@cDh cadlystl | lllms@Isﬁi@ﬁﬁthbﬂoﬁjeﬁpbﬁh@fprl@@éﬂrtaHVéﬁﬂon to prowde a
el enent. 20 The pal |l adi um cont ai ni ng cat al yst of

f omettubdhipr(prpducing e qpathsaturabed carrekylitdasie rmtngssm a catalyst.
the steps of reducing a conpound containing pall'adium
el emrent in an oxidized state with a reduci ng agent,

and reduci ng a compound__containin nti nony el enent
'n an oxi di zed sMIEANS FARSOLVING T 5 RROBLEM:

pal | adi u contalnln% catal yst of the foregoing (i

can be p Be@éee swrasmttlnwt@@riﬁﬁ @allaalmoataéwngfcatalvst

o b pritdng 80 ErinsSBShfaclraitbeBe:aan Hom & plnLen an
coEaailrBPL A VEECIRuRbEh fre ol R e pina.cateius s eitrer

aﬁ]g%%\gﬂga(ﬂf&gng%lglvﬁﬁ t@not her aspect of the

resent od for producing an

a, (3- Uns(f)télbéﬁé?ﬂutﬁaécgﬂéihl ﬁcc@%t .geggmrgéioﬁq th %25 hidle of

of : carrying out oxidatio

a, é';?m@@aéwrﬂdo Al e/ spatiabiium elememcul ar oxygen in
qui d- phase usi ng the foregoing

pal | adi iy a patladiahirgontaining catalyst including palladium element which
composes a metal, tellurium element, and bismuth element.

The palladium-containing catalyst of the foregoing (i) may further
include 0.001 to 0.4 ‘mole of tellurium element to 1 mole of palladium element.
The palladium-containing catalyst of the foregoing (i) can be produced by a
method comprising the steps of reducing a compound containing palladium
element in an oxidized state with a reducing agent, and reducing a compound
containing antimony element in an oxidized state with a reducing agent.

| The palladium-containing catalyst of the foregoing (ji} can be produced
by a method comprising the step of reducing a compound containing palladium

element in an oxidized state, a compound containing tellurium element in an

oxidized state, and a compound containing bismuth element in an oxidized state
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catal yst. EFFECT OF THE | NVENTI ON According to the
present invention, a palladiumcontaining catal yst 10
whi ch enabl es to produce an a, 3-unsaturated carboxylic
acid in high selectivity froman olefin or an
a, (i -unsaturated al dehyde can be provided. Further,
the a43-unsaturated carboxylic acid can be produced
in high selectivity by using the palladi um containing
ca ; a formation of carbon dioxide which
is@hy%{'/qdpl’rdéﬁoéjggéegn be reduced. 15 BEST MODE FOR
CARRYI NGg MB ' [ B '
catal yst o teﬁ?ﬁglrtesent e%@rbt%i@%g%ﬁgbgﬁa %?é megl?%%for
abpreMiciie dn (op-LrRERIrARdd darbdxicdtid! | '
thg a, (S-Qljnsat'%_rat ed car%oxyf)ﬁc aé@daﬁ?%ﬁg%mé)gféﬁm
I'i qui d- pbagging dd Aicdatiodfoftaheolefiie b An QL plutRatifated aldehyde with
a, (3-unsaturated al dehyde with nol ecul ar oxygen
ifg PBRA&duM-containin
oxidation"). (The first enbodi nent of ?qwbeﬁgp g
patétaliishm cont ai ni ng catal yst) The first enbodi ment of
t he pal | adi um contai ni ng catal yst of the present
invention is the one conprising 0.001 to 0.25 nole of
antinmony elenent to 1 25 nole of palladiumelenent. It
is preferable that tEFRRERCRTHEINVENTEMpri se
0.001 to,0:4 pole of telluriumelenent to 1 nole of

pal | adi URFEIMEingHio thepresendiayantion, a Raladiumrcpataining catalyst -
G bt oo B b o it sty
SO OB Yy PN HURT5A BSpE T A5 bl Figer the
£ nP-hgatiraid cartbac WeCRAELS bibducetiin WP AFLEAR By using the

- SopEllceRaRdMaihihgatals! PR forffatish of tartibrrdioxide which is a
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val ence state, o IC State o
sti-prodilee captbel pesfucBg@cones capabl e of producing the

a, (3-unsat urat ed
BEST MODE FOR CARRYING OUT THE INVENTION

The palladium-containing catalyst of the present invention (hereinafter,
also abbreviated to “catalyst”) is a catalyst for producing the o, B-unsaturated
carboxylic acid through liquid-phase oxidation of the olefin or the
a,B-unsaturated aldehyde with molecular oxygen (hereinafter, also abbreviated
to “liquid-phase oxidation”).

(The first embodiment of the palladium-containing catalyst)

The first embodiment of the palladium-containing catalyst of the present
invention is the one comprising 0.001 to 0.25 mole of antimony element to 1
mole of palladium element. It is preferable that the catalyst further comprise
0.001 to 0:4 moie of tellurium element tp 1 mole of palladium element.

It is preferable that palladium element contained in the catalyst be in a
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carboxylic acid in high selectivity fromthe olefin or
the a, (3-unsaturated al dehyde by adjusting the nunber
of noles of antinony elenment to 1 nole of palladi um
el ement in the catalyst (nanely, nolar ratio of
antinony elenent to 10 palladiumelenent: Sb/Pd) to a
predeterm ned range. The Sb/Pd is preferably 0.005 to
0.25 and nore preferably 0.01 to 0.23. Further, the

i Bl BB YaleRB SR oL P Hint Artimony slomept

o tiRgh e Bafblyst B A Ry s 81,830 i1 S8 Nalence state, or
(R (oo Blaté O HTaRerfciieiote, ™ it RDrEREAbK Shat Bllurium glpment

¢! gotidined 1 il kaalishin BORELREIRASH drPOMGized fﬁg?%%(ﬁ%lor +4

is preferably 0.0 nore prefera

t cvdflerce dats, Fifrd AEGAITSRRE &F Gvakhbsisthtbe by a

conmpounding ratio of a palladi um conpound, an

ant i monyTheoeatalystibeedies eapableWNpre@usiag tide kP-LAsakRated
in the production of the palladi um containing catalyst

aragirb@ylictarid irkkigh Bete@ivitPfrooathebalefinlor thetBluhsatirated
masses and atomi c weights of antinony el enent and
pAldekydeby djusting te nambed of malés ot antirhgsy elefhent to 1 mole of
masses, of antinmony el enent and Eal | adi um el enment

gyl ity ol it part i vl
2PaIRGIum slemiants SUTO) to prueiarmingd sangs.othe SREd 1 preferably
b0 to BEand mire erdtethifd o bp a3, biindr i catalyst becomes
o 2RSS ArBdL oG 5 Dnsafliald oribrlic o i hoPRELetectiity
TS o ching B b S Batet MR A b7 BhitRinG 8 Rllnber of
PahbRdidf RihfiuRfe t t81mBIePK ATRBNrf @8t it ifle Ratalyst

t o r% rﬁ (0] a ﬁ t%%

conpoundi ng anobun the raw materia nti nony

et i TS o A i R 1P b

deredetermitgdtirapgens The TefPd & preférably 0.005 to 0.35 and more
preferably 0.01t0 0.3. The Sb/Pd and Te/Pd are adjustable by a compounding
ratio of a palladium compound, an antimony compound, and tellurium
compound to be used in the production of the palladium-containing catalyst and
the like.

The Sb/Pd can be calculated from masses and atomic weights of
antimony element and palladium element contained in the catalyst. The
masses of antimony element and palladium element contained in the catalyst
can be quantitatively determined by elemental analysis. Further, in the case
that the catalyst is produced by a method like pore-filling method in which
substantially the whole amounts of palladium element and antimony element

contained in raw materials of palladium and antimony are contained in the
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el ement and antinony elenment in the catal yst by

el emrental analysis, a nethod in which the foll ow ng
treatment A liquid and treatnment B liquid are prepared
and analyzed can be listed. Mass of tellurium el ement
can be nmeasured in the 10 same way. Preparation of a
treatnment Aliquid: Into a Teflon (registered
trademar k) deconposition tube, 0.2 g of the catalyst

?Qﬂe%rlbﬁ? drgsses ol helF6e slarmen ar barcalIR BE: o aupaliadiom
¢ BB %Y & e GUrRg ARG O thepavy mﬁ%e%é]*'(ﬂsi‘}%i!%ﬁ@m to be used
?b@%ﬁ%ﬁa #@eﬁﬂiﬁ?% Bl BcEr B e B material of
%ﬁg@é eVL‘%EP °d g‘%jﬂe cﬂ.fag' Et%tﬂve\[(ﬁﬁgfegﬁirgeae by the same

ne,q.@fﬁbdlg flask to make a treatmant A liquid.
Preparation of a treatment B liquid: 20 A filter paper

on whi chag g Iﬁéﬁ%diﬁzlr%Lﬂéﬁﬁtaﬁvél?‘ﬂr]e;r%Hﬁ:nfrf@eMEBSés of palladium

liquid has been gathered is t erre

pl elemutmapidusitibhahyedlgmient ittiecshtanst by Blimémal aﬁé]9§|s a method

and lithiumnetaborate is added t0 it” and fused W t

gain ehich ¢ite foowing treatmhert.A liyuld anlitrsatment Bdi afe prepared and
smal | anmobunt of water are added to the crucib e, and

af arlyzetbcan bedistet erMads oftetlusuml element ban besmeasured in the
solution is filled up to a 25 calibration mark on a
neSANeWRY. f |l ask to nmake a treatnent B |iquid. Each

s of anti ny el enent and pal I adi um el enent
gg'%f%ﬁﬁ@!?ﬂ 3 Heatroenth bawHd: A 1 quid thus obtained and

quant | ¢ AMMGRTsTop (TRIeseaademai Gsrempoption iuberbs o of the

b SHaPLARER RS iRed it E?Ef‘afévi‘e"r&%*art%ieﬁk pEic Apneetrated
t NGt A tark At 8l ) iQ an eS8l and a

eac cI:emerit ?ﬁwb ?91 (fl qu é'g %%‘HMQ ?érﬁﬁ

gZdigéWh Qfeahﬁh‘énf’% typed bﬂv&%g%ﬁawa%gq&%éedm (MARSS

supporte OWev era
S UhdelrinéMA8nifacited by CEM Corporation). The resultant sample is

filtrated and a filtrate and washing water after used in washing are gathered and

filled up to a calibration mark on a measuring flask to make a treatment A liquid.
Preparation of a treatment B liquid:

A filter paper on which the insoluble residue of the treatment A liquid has
been gathered is transferred into a platinum crucible and is heated and burnt to
ashes, and lithium metaborate is added to it and fused with a gas burner. After
cooled, hydrochloric acid and a small amount of water are added to the crucible,
and after the fused material is dissolved, the resultant solution is filled up to a
calibration mark on a measuring flask to make a treatment B liquid.

Each mass of antimony element and palladium element contained in the

treatment A liquid thus obtained and the treatment B liquid thus obtained is
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pal | adi um el ement and anti nony el enent, or pall adi um
el emrent, antinony elenent, and telluriumelenent are
supported on a carrier. As the carrier, for exanple,
activated carbon, carbon black, silica, alumna, ‘
magnesi a, calcia, 10 titania or zirconia can be
listed. Anong them silica, alumna, magnesia, calcia,
titania or zirconia is nore preferable, and silica,

titania.ar, zir ia,is. icularly. preferable., The

c APfingg, Alribaivdn. i Ck ol ihisdipE SR dtrerer

t el '

PR ARl 08 e ibouRulB s ertlo Elhdiial cg. L)
ma?ﬁdJﬂ'Fe @HQ? 8?§F6h @éi'ﬁgnﬂg'tﬁg cgfnétlpfét%%ﬂ K olialfldd¥irom a sum of
siTica 15 and alum na, and a conpl ex oxl de such as

Sifal ] i o giy“a oxi de can be
|ii’?_§§§%@%’?@%ﬁ'@%@@] IC su?jdr%_face area of the

carri er mafHe!theecARGS oFitRE pregdrtinvatlionshantdhdd abéve may be a
vari abl e depending on a kind of carrier and the |ike.

| morisupperted tgie, Howesr, it Repreferablyi £ sepdrisbtypeda wiiich
prefé?ggly 55ﬂﬁ2/g or nnreqznd Zownnrgmzrefe?gbly 100
nYalladiumeteamerstahgaefimonp lejement) 6r palladiom ¢lesrentmhtimony
nore preferably 1,000 n2/g or less. As the specific

s element, anshteldriumesiennent are stppatassos aaidrder.  As the carrier, for
catal yst in which its useful conponents (palladium i

el example, aclivates aarbgine sarhon kiaek, siljgss elusaingo magresia, salcia,
surface can be produced, and as  the specific, surface | .
aﬁsamafortq?r@oe@r%rbhe @*@éneémmgtmmras!@% eﬁl%t"% magnesia, calcia,

\/\gich. its.25 useful conpongnts gr . supported nore can_ .

patSIa RGOS i PetRTaRlS. Bnd slica. HANALP FLqria 1 particularly
Pt HbR, ; fis Rl ca] PATEBH 10, b8 e PE 8 Rinkis oringse
chﬁrﬁél%rc?@sﬁsfe_ asr%% c gﬁg tRE chSS of WPFBLO% RirfdsS5raRbYe Laffiers are

g or ape or size o e carrirer IS

et SeFRsE, s bt il Sidecled Bty i

s hRP&lunfitg, aritba ROMEx ofideisuehas SilkELaRIMIAE IHISH Ised complex
can be listed. Anong them 5 particle and sphere which

caxidecaabelligteperated in filtration and the like are

preferable. In the case that the carrier is powler or

parti cl & ptefierapbe spedific surface area of the carrier cannot be absolutely
affirmed because it is variable depending on a kind of carrier and the like. In
the case of silica, the specific surface area is preferably 50 m?/g or more and
more preferably 100 m%g or more, and preferably 1,500 m%g or less and more
preferably 1,000 m?/g or less. As the specific surface area of the carrier
becomes smaller, a catalyst in which its useful components (palladium element,
antimony element) are supported more on its surface can be produced, and as
the specific surface area of the carrier becomes larger, a catalyst in which its
useful components are supported more can be produced.

The pore volume of the carrier is not particularly limited, however, it is

preferably 0.1 ¢c/g or more and more preferably 0.2 cc/g or more, and



di aneter (nedian dianmeter) is preferably 0.5 mor nore
and nore preferably 1.0 mor nore, and preferably. 200
mor |ess and nore preferably 100 mor |ess. As the
particle dianeter of the carrier becones |arger,
separation of a 10 catalyst and a reaction |iquid
becones easier, and as the particle dianeter of the
carrier becones smaller, dispersibility of the

I [ h ti liquid .b better. |
{ neretkiblyd.d Sdgsrees ane matesptargl 15 o6 o lssadi ng
carrier THEsnaPeEhisis? 6 cotign Barabklahendiad phdhd shape or

SuaRelra ikt hetiafb ety 18Red. S8 Ko, xarious shapes

r ap PO ER PR JoGUER. Kot ofe Sl YarBaTstet | Hafibg shem.
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can 20 al so be quantitatively determ ned Dy t

fotjiam&teg(maﬂhﬂcuiamm?)’s teferabiye0. 3 M tor infore b rfiré peferabl
into a platinumcrucible Fajmd fugg% al%f?er sodi um P y
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distilled water is added to make a honbgeneous

solessi oAsghe partigie didmeter oé thiecarrier bacomes ddrger, separation of a
speci fic el ement in the.resultant solution is carrjed
outat@lshand g reastier ligwid decomesrasieroand ag the-partizie diameter of the
exampl e, in the ca} e of silica carrier, Si elenment is |
qUERITEY BerQmes smeallerdineersibiii of e catalyst by therreaction fiquid

prﬁéent |ﬁv ntion may contain another netal el enent
FOPRS eﬁﬁf‘l adi um el enent, antinony el enent, and

el R o e B b f e
Si EéRient S %%%beﬂ&i@gﬁﬁé@gﬁe@m& o 4 EB ﬁﬁ%d%y mass to

nmercury can WO Or -~ nor

f i t
of tHelfiagé asfher@érfﬂer Séfra?ﬁ %%eggtag@é% agcglﬂgﬁnygfmége gt&ferably

vi ewpoi nt of realizing

t 00 3l toB0% by rahsS, 4 JuRAEHTLR! SraReYablya T DIt BYFHEE. .

and telluriumelenment anong the netal” elenents
cont ai nedljoading eativdih dhy shseé of asapporéd Wpetdatalyshessbetalculated

m{rgmatﬂg mngsrseof each element obtained by the foregoing method and the like
and the mass of the carrier to be used. Further, the mass of the carrier can
also be quantitatively determined by the following method. Namely, the
catalyst is transferred into a platinum crucible and fused after sodium carbonate
is added. To the resultant mixture, distilled water is added to make a
homogeneous solution and a quantitative determination of a specific element in
the resultant solution is carried out with ICP atomic emission spectrometry. For
example, in the case of silica carrier, Si element is quantitatively determined.
The catalyst of the present invention may contain another metal element

other than palladium element, antimony element, and tellurium element. As



preferably 80% by nmass or nore. The nethod for
produci ng the catal yst of the present invention wl|
be explained. 10 The catal yst of the present

i nvention can be suitably produced by a nethod having
a step of reducing a conpound containing pall adi um
elenment in its oxidized state by a reduci ng agent
(hereinafter, also expressed as "Pd reducing step")

o o Sy A R, Y o
(i oS0 RSBy, Y508 v e

o Rind%r thvd! dr%bﬁé‘ki@&&%ﬂﬂe Hh%? gf%éﬁééé@bngé; céﬁﬁe included.

present 1 nvention can be suita

netragh tlhéWié\apéineoﬂéaﬁg@g%@g chtafRt a‘ﬁﬂﬁggﬂ'lé RANCARGuNt of

step, and a step of adding” a conpou ntal ni ng

51 elpalladium eleeva! antirhosy BRIN&Ht, afd $ILPRIAY 8RAREhtamongl the metal
addi ng step”). A step of reducing the conpound .
colemeantsgantdihed initheatalystisireferablg60% by néass deshore and more
out after the Te adding step. As the palladi um
coppefenably 88%abymasspar hads.um el ement in its oxidized
state (hereinafter, also expressed as "raw Pd", for
exanpl e, Thepagthadifonprogiucingdhenatalysti of the present invemtion will be
pal | adi um oxi de alloy can be |isted, and anong them
t h&XPRiNe%hdi um salt is preferable. As the palladium

salt, for ,exampl e, .palladium 25 chloride, palladium
acet at e, %Bﬁlqa%ﬁ?rﬂf 1¢ pEgsent Hﬁﬂelngﬂﬂ GANLE suitably produced by a

bi DA VRERE A, A4 6l ot affiaiife gelariym element n
1 SR taf b Bre R hd ok b Pefien Ate. it tted as -po

DT Steperard's shé) brRACHP R8AROBAR oBRAg spimony
al slerRiitlif #S Atidifed §RYE @é)redﬁ@ih?{@%ﬁﬂﬁere ﬂéﬁtdll.J{BSDQXpressed as

salt, antinony al koxi de, netaan acird o
15 sal'$b redudinigstepd). amh t®bisS ofPrtIRLing, thecatdlystThitiB dontaining
oxi de can be listed. As the antinony salt, tor
extetipriem eletriembrthe icatalystdf thepresent jnvehntion icda be suitably produced
anti nony brom de, anti nony
by a method having the Pd reducing step, the Sb reducing step, and a step of

10

adding a compound containing tellurium element (hereinafter, also expressed as
“Te adding step”). A step of reducing the compound containing tellurium

20 element may also be carried out after the Te adding step.

As the palladium compound containing palladium element in its oxidized

state (hereinafter, also expressed as “raw Pd”), for example, a palladium salt, a
palladium oxide, or a palladium oxide alloy can be listed, and among them, the
palladium salt is preferable. As the palladium salt, for example, palladium

25  chloride, palladium acetate, palladium nitrate, palladium sulfate,
tetraamminepalladium chloride, or palladium bis(acetylacetonate) can be listed,

and among them, palladium chloride, palladium acetate, palladium nitrate, or
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i odi de, antinony acetate, potassium anti nonyl

tartrate, antinony tartrate, or antinony sulfide can
be listed. As the antinony al koxi de, for exanple,

anti nony nethoxi de, antinony ethoxi de, antinony

i sopropoxi de, antinony 10 butoxi de, or antinony

et hyl ene gl ycoxi de can be listed. As the netaantinonic
acid salt, for exanple, anmonium netaantinonate can be
listed. As the _.organic ,antinmgn onpound, for

ex @Wﬁp&ﬁ@ﬂvﬂgﬁﬁpf‘%ﬁ?pgﬁéﬁe-l i sted. Among
them an m et a

the || cohpdRe bptifonk HoRio QR PR Hemaatihdts oxidized

OB Nl 4 ST b P S8 sy B prony s
> Ahmbfly Bt St 350 r sS4 g iy
PR, B SO HB e B S8,

di eRArppied @ntifnk ot NaxEhbAY thifidet shiiMbhg 'Ek?mide, antimony
tetraiodide, telluriumtetrabromde, or 20 tellurium

di ipdide, datinmmydtate! potaséint Bati@nyHadtiste, Affimony tartrate, or
exanpl e, sodium tellurate or potassiumt el lurate can

beahtirabeyl sulfidetdaa beelisted] t As theantirmyl skoxide,dotexample,
tellurite or potassiumtellurite can be listed. Anmong

t hamtimony mathexide; antinony ethoxide, antinidnyrisopropokidepantimony

its salt, or a telluriumoxide is preferable. _ o
Tebutoxideaor antineny ethiiens glyeoxidetcan belisted. mAy the metaantimonic
its . Xsiggi ed state, reduced state, or 25 netallic

st 88 SBllchr examin. AMBNHM MeiaaRtimesascanbe isted.  As the

<SR ESRBALAR fo" exerBle. b beml Adgfapy can be fated

o1 ARG e, SPltony Yl g sne@Ripenate, of Be ice s
t haned be et hod of using the foregoing conpounds.
Co@lcér et el y, for exanple, a palladiumtellurium conplex

PdX~( TeRkg } Itﬁﬁuhicﬁrﬁfbudd“céﬁ@irﬁrﬁﬁe@lﬁﬁ% é'@'é’h"g fereinatfter,

represents palladi um represents uori ne,

br 8188 expfedsedidReraW Ter L BIRFRA Met8ll h4eNuHIm 381 tBIGRCACd or its
of R and R independently represents an al kyl group,

anshif) telkpoes acidordts salt)aaekurivrh dide of thelikd ban beilistdds As the

al so possible to use a conpound contai ni ng both
tellurium salt, for example, hydrogen telluride, tellurium tetrachloride, tellurium
dichloride, tellurium hexafluoride, tellurium tetraiodide, tellurium tetrabromide, or
tellurium dibromide can be listed. As the tellurate, for example, sodium
tellurate or potassium tellurate can be listed. As the tellurite, for example,
sodium tellurite or potassium teliurite can be listed. Among them, telluric acid
or its salt, tellurous acid or its salt, or a tellurium oxide is preferable. Teflurium
element contained in the raw Te may be in its oxidized state, reduced state, or
metallic state because reduction of the raw Te is not necessarily indispensable.

Further, it is possible to use a compound containing two or more kinds

of palladium element, antimony element, and tellurium element as a raw

10
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of palladiumelenent in its oxidized state and
antinony elenent in its oxidized state. The foregoing
raw Pd and raw Sb are property selected and used as
the 10 raw materials for producing the catal yst. The
conpoundi ng anobunts of these conpounds are properly
sel ected so that an Sb/Pd and | oading rati os becone
predeterm ned values. In the case of producing a

o 94 B S i W S a0
T bl PR KOAER 3 Al RSO TS S,
TSP AR A ehd " BEARTBRISURRELT A eb AU palledium

CoﬂtréE{Es%ﬂ@ﬂ\%ﬁP%’, cﬁ?ﬁr@% b?&rﬁ@’eé\‘if)ﬁh'é?“l’etr@ s@ﬁts' t@ﬁﬂéﬁ{%, and

el ene anti nony ‘e and tellTurium el enent,

COSREN BERGHY Ri iRbBPehdenty lepredEita bnAIRMBRdup, and n represents an

(hereinafter, also expressed as "another raw

neihtegerlcf D toed,  Rurthanit isoalee pokyiblsriuse’d coripoundicontathing both
20 material", for exanple, a netal, a netal oxide, a
metfgpallzdium efementih itsmddized staid and antinednyoeieansnt in its oxidized
salt, which contains the other netal elenment, can be

|igtated. A Pd reduction step and an Sb reduction step

may be carried out sinultaneously or separately. \Wen
t he respEt fafegeipguawiRehasd spw S @recpropety selegtéd and used as the

separately, the order of the Pd reduction step and the
%mﬁg%rﬁlaiﬁtf%&@'sduemséha.catquséf y The gompounging amaunts of these

S ol s S o e
R 000, B el el SRR
E @En‘%nl? %g!féfl%tgo T @R@%Réﬁﬁé@% 1[18 'uggg Ys RE RS material

han pal’ladi um“e nt, a
{ . : _ ; ——
| o o) Stab, MY Esfoaliho SRS LRI T9sprovery

r asBle¢ted sadnhat a Te/Rdahd ¢shding ratidsBedonil pHetibtéinfiRed 9Blues.

be carried out simultaneously with the Pd reduction
step, 5 FantHerrintthe cabe fof grsduciny & icaalystiodhtdinihg sxdthérdnetal

step, or can be carried out in an arbitrary order.
element other than palladium element, antimony element, and tellurium eie_ment,
a compound containing the other metal element (hereinafter, also expressed as
“another raw material”) may be simultaneously used. As “another raw
material", for example, a metal, a metal oxide, a metal salt, a metal oxoacid, and
a metal oxoacid salt, which contains the other metal element, can be listed.

A Pd reduction step and an Sb reduction step may be carried out
simultaneously or separately. When the respective reduction steps are carried
out separately, the order of the Pd reduction step and the Sb reduction step is
arbitrary. In the case that a Te adding step is carried out, the Te adding step
can be carried out simultaneously with the Pd reduction step and/or the Sb

reduction step, or can be carried out in an arbitrary order. Further, in the case

11
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In the case of producing a supported type catalyst, it
is preferable to carry out the foregoing reduction
step in the presence of a carrier. As a nethod of

‘reduction at the tine of producing the supported type

catalyst, for 10 exanple, (1) a method in which a raw
material containing a netal elenent in its oxidized
state is first supported on a carrier and thenthe

Teiat araA e edelhHe ot el metd) dlemaR bRy iHeRtpaidum element

conifioneltthert, Bt TRl AP <t i Prop it ind A bfap et regucing

R LA -
Wi thi redGéihg! Pep rcgg el %rl‘@g)bui Qﬁl{l{é@%bgﬁ@{vﬁffﬁ% b& rediiction step,

t he sane tine, uced and suppo e carrier;

anghd/d? the SBtrB&dctioh %h?’é‘nd/ﬁ?T@bﬂ@fng@_éﬂ,‘ or éiM BEESHied out in an
is added after the nmethod (2) is carried out; 20 can

beamitergdrdénong them the reduction nethod (1) is
pref erabl e because a catalyst having high dispersion

of et allndhemwase of psodiaing @ suppertedbype catalyst)dt is preferable to
reduction nmethod (1), a nethod in which firstly a
caarneeut the foragoing raduttion tsteminsthe rresendenofdn catieoneAs a
kKind or two or nore kinds of a raw Pd, a raw Sh, a
r wethed efifedugtien atthe time wf peaduging thessuppesieddype catalyst, for
col |l ectively also 25 expressed as "netal raw

Ps") are dissolved in a solvent, and secondly

et

T s
e € S I Pt 4 e o
g Y SRaB0S0He! o BOFEEL GRS relbhilont L1

St@pal reiMdidGA Wiiéh g%ahcihﬁ‘éégt@ﬁi Psrﬁrl@bghﬁhfo SOMBEY g a¥dlution or

the' carrier by evaporati e sol vént previous to

t huriig @thidH PeiutRRta rdv hintéhd Joptdififlg & metap dtsrh MWité BRidized state,
catal yst by inpregnating the solution to the carrier,

a wikilenthe solutidn ohsluhg is 0l genthct witleuaperiat and téreby the metal
Caéltrarlnee;lt Ilss at the same time, reduced and supported on the carrier; and
(3) a method in which the other metal raw material is added after the method (2)
is carried out;
can be listed. Among them, the reduction method (1) is preferable because a
catalyst having high dispersion of metal elements is easily obtainable.
As thé reduction method (1), a method in which firstly a carrier is
impregnated with a solution in which one kind or two or more kinds of a raw Pd,
a raw 8b, a raw Te, and “another raw material” (hereinafter, collectively also
expressed as “metal raw materials™) are dissoived in a solvent, and secondly the
resultant system is subjected to heat treatment to change the metal raw

materials into metal oxides, and then the metal oxides is reduced by bringing the

12



soaked into the solution or a nethod, what is called
pore-filling nethod, in which the solvent is
evaporated after an anount of the solution equival ent
to the pore t volune of the carrier is absorbed in
the carrier is preferable. The solvent of the 10
solution is not particularly limted as long as it can
di ssolve the netal raw materials. As the solvent for
t he tal. . raw nat

or R M SigftrEd. B e fieE LG RoRtac Hifa eflpinasngent s
nyhfelefbis | F Bk i meBitE) 165 AR b0GIRE S s8barately provide a
ccPisARIHlich e ReR3AR malkrilt 8Pouorled i Btbarly by,

I sg dfhtiﬁg&l?ﬂ%l@énf:ﬂwﬁ)ﬁr’cﬁa PeabtrBYfh&par bon such

as epta exane or cycl ohexane can be |isted. The

5 sol vent ﬁﬁhebﬁe%ﬁ%f%r@ﬂ@cin@'ﬂk% B?%Wﬁbbpﬁhb%gr@ting the solution to

plurality of these solvents. e solvent,” watér or

t hthe edrgenizomettidebinywhich dlse doivenbisedvapakated faftertiehearrier is

vi ewpoi nt of solubility of the netal raw materials

ansoaked intxithe sglutkgreot a omettlod pwhat isicalleéy pofe-filing method, in which
carrier. 20 As an operation of inpregnation of the

sothgt $alventds enaperated after an amount of thebsalution equivalentito the pore
the operation only once usi.n% the sol utiaon containin

al Yolure ofitbe garieris akeeried ip the sarigsis preferables) skhe solvent of the
possi hl e, to carry .out the operations in a luralit

. ) ! { y
10 of s@lpHen iq RetRArtCYady imited asrlopg @sdbean disagive the mytal raw

(| ELSalg A% e seent to Ere il Batehieu ot e, Rater an
o BEPR! SarBiy R ae s fanidbetB e of lefE e gp imorganic acid
"oyt BORIAL ARSI, BB 3h' ol B8cPESRindol, 1-propanol,

suppor tT ng el enen parti cular

i g1 ¢ : |
or SPEERNGl T OYLAERSF EbMIaoh'a KETBnPARon SR, ety ethy

15 Mekétoné ety iﬁd&&\ﬁ kefsHosr ¢yticheinehe 04 h{8ocarbdPavsh as

20

25

A tenperature of the heat treatnment may be the tine
whheptahe, beitdriecorsyicidhaxant candsslistede Phe isolvent 82#n be used alone

nmetal raw materials to change into netal oxides and is
5 oriafcomalbihgtidn oba pluratityrof these solvents. As the solvent, water or the
| organic carboxylic acid is preferable from the viewpoint of solubility of the metal
raw materiais and the reducing agent or dispersibility of the carrier.

As an operation of impregnation of the solution to the carrier, it is
possible to carry out the operation only once using the solution containing all the
metal raw materials, however, it is also possible to carry out the operations in a
plurality of times using a plurality of the solutions. In the case of carrying out
the operations in a plurality of times, each operation of impregnation after the
first one may be carried out after any one of evaporation of the solvent, heat
treatment, or reduction of the preceding operation. The order of supporting the

metal elements is not particularly limited.
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As the reduction method (2), for exanple, a nethod in
whi ch one kind or two or nore kinds of the netal raw
materials are reduced by bringing a reducing agent
into contact with a solution or slurry in which the
metal raw materials are dissolved or dispersed, while
the solution or slurry is inpregnated to a carrier, or
10 a nethod in which the netal raw materials are

W th the @B&%ﬂhﬁ%&ﬂ%ﬁ hest G athert i Pratermbly  decomposition

car, { di he solutlon or slurr CI

T ioimReratire. & %ﬁ*&biﬁ hat i Fatstale Pndtosinti Madkits or above.
polSrefEragire i b%?t vEEE A B ol fitheShuich b pigorent or at
1548 qﬁ%‘ﬁ% Bf‘th%orﬂé Pé\)?gn lahafsr}s cﬂgf'ngle 1ﬁt8%e%0)88?s and is

mat eri a owever, possi

5t NRréraparY 1198512 ﬁblﬂ'spl ural i ty of times using a
plurality of the solutions. In the case of carrying

out the ppaharé@ustionmathdUyRy! fol Bxathple), Eﬁﬁethba i &Hich one kind or
reducing treatnment after the first one,

catwo er sndreddiidiof thetrhetal el enaterials ené i’@dliceldrby ﬁh@gmg a reducing
precedi ng reducing treatment is used. The order of

supgent intgy coMtactwithla salGticri enslutry in svhich theambtat vdvamhaterials are

limted. As the reduction nethod (3), for exanple, a

mediss@ived andisperaed.ovbile the sajutien or slyrryns umpregnated to a carrier, or

other netal raw material is separately dissolved or
10 g 3gaethed inwhick the,metal sawrmateriala ane reduged by bripgingethe reducing

I ti th t al
mmegerEints sonapbut e fresSnadaldionen sy uhie E‘%Ve eagier is
f bl As t

sop%gﬁfs?c&n tﬁﬁéo 'Iotﬂj?ta"{rrﬁlﬁrb’ Icép?pfeﬁ ?? ge addede wat er

i f

ment1 onca® AERR Aty BF rinhh e Py ReSRHR %a%,m the

d t

e etom i ?44%9112%0 BOERI0R8 catd, &l theiBoplaSh i e using

16 t r g S80fiSn tontRirhg! éﬂ"tﬁé dhetdl ralvRateriafs, 'ﬁ'oWév@F |ﬁs a!so possible to

reduci ng agent, a Teducing tenperature and

ti ﬁarn(] out thekbpstatiohs FPh bﬁﬁhhtyrbfttihfes?@éi§ ﬁfpll‘}@llf éfﬁﬁe solutions.
out e reducing treatments in a |iquid phase 5 can be

pr kel gaseadf carryirgcoutthewperatizpsid @npllsality of times, in each reducing
treatment after the first one, the carrier subjected to the reducing treatment in
the preceding reducing treatment is used. The order of supporting the metal
20 elements is not particularly limited.

As the reduction method (3), for example, a method in which a solution
or slurry in which the other metal raw material is separately dissolved or
dispersed in a solvent such as water is added to the solution or slurry existing
after the metal raw materials are reduced with the reducing agent in the

25  presence of the carrier is preferable. As the solvent for the solution or slurry to
be added, water is preferable, however, various organic solvents as mentioned

above may be used. A reducing agent may be added again after the addition

14



In the present invention, it is preferable to reduce
the raw Pd at first by bringing a reducing agent into
contact with a solution of the raw Pd while the
solution of the raw Pd and the carrier are in contact
with each other, and then to add to the resultant
systema solution in which the raw Sb (and the raw Te)
is to dissolved in mater or a slurry in which the raw

SUBEQ&%%r 919??\,\‘%‘%% %5‘—" ?g(negs;ege Ir gw\/\@ré;er can be

r educed, en |t nee

used i n B A earig Sihng aveite ineﬁ Sii810 apluraliy of times,
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521} solfblh 8 ca8k SPLURIRY 4 G s BUAG in @ i phase
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al cohol ,” acral ein, or nethacr n be listed.

Among  t fheie dwglémah%ucfno B pATEYfe t&gefmagﬂe r%\?}rp'ﬂ &t first by

acid, or a formc acid salt 1s prefera

t woringinger edatinghsgent intd Wonkibt 3084 8okt n P ths Rlv PR while the
together. As the solvent to be used in the reduction

| nsalutionof theptaws Pd amd thie dasriemarefinicohtazt witbveast other, and then to
dependi ng on dispersibility of a carrier, an organic

sofge in the rgsultant systerha salution uswbbhahelrawlsb)(a:mhel raw Te) is
2-propanol, n-butanol, or t-butanol; a ketone such as
acdissplved iwaler erianglurydn avhich the raw Sbdend thye raweTehis dispersed

25 cycl ghexanone; an organic acid such as acetic
g::'i"d"atﬁ}’/ &?ﬁ%q%aﬂu theraw &Mﬁf@rﬂl@ rawcie) capbesreduced, when it is
ﬁ bon such as heptane, hexane, or cycl ohexane
?ﬁ?&med al one or in conbination of a plurality of

cotvent e taseiade e B8 e B e redifadn & Bafied ey imited,
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t Ngnd 1f‘c551 %Eé%&rai@egt%?ma'l&eHg\E/epéc?cflﬁﬁﬁ%r?hg@ric?earh%rogen,

out uction ressure te suc

au«micad@d S@fctnit acid%nfg @g@g%@f gﬁéﬂh?ﬁ 5 4. bﬁtep{ 18RS,

|ntoasolut|on I's preterable to
5 ipolbstylenez g, 3—b@ta’dﬂ§1éﬂ€| -IféptEhe, thegens, 2-Aexere dptiohexene, ally!

t he reduci ng agent.
alcohol, methacryl alcohol, acrolem, or methacrolein can be listed. Among
them, hydrazine, formaldehyde, hydrogen, formic acid, or a formic acid salt is
preferable. Further, two or more of these reducing agents can be used
together.

As the solvent to be used in the reduction in a liquid phase, water is
preferable, however, depending on dispersibility of a carrier, an organic solvent
like an alcohol such as ethanol, 1-propanol, 2-propanol, n-butano), or t-butanol;
a ketone such as acetone, methyl ethyl ketone, methyl isobuty! ketone, or
cyclohexanone; an organic acid such as acetic acid, n-valeric acid, or isovaleric

acid; or a hydrocarbon such as heptane, hexane, or cyclohexane can be used

alone or in combination of a plurality of these kinds. It is also possible to use a

15



pressure is preferably 0.1 to 1 MPa (gauge pressure;
hereinafter, pressure being expressed in gauge
pressure). Further, in the case that the reducing
agent is aliquid, thereis no limtation to a device
for carrying out reduction and the reduction can be
carried 10 out by adding the reducing agent into a
sol ution. The anount of the reducing agent is not

tinme, however, it is
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ddent> The
hours, and furthernore preferabyOSto %? %

a prezRard rRoprefarablyal. &ty ItMPA (94958 pRAsUF: %r@iﬁhﬂér bi’é!%sure
materials 20 to which reduction is not needed, th

mebaingrexpressss) ingjaugegyrebsurelpport ed on the carri er

on which the foregoing reduction has-been carried out.

It is predhebiretheccasadhat the reducihg agentistaliquid, therd is no

wat er, an organjc solvent, or the |ike. Through the
walymtafgcht ﬂ deaicerfor earrying gut tediction and the reduction ¢an be carrled

uriti i ginated fromnetal raw materials such as .
c$ 5 ing @g sequaing ggentintan seltien.gr Hhe amount of the reducing

: e%%& ok Ba0eu R Gl i e iovRMRdl cetaraBl bio 100
or Pl ol Bt BRI b S a4, e 76 ext ent
LZi‘zuézer'ééTéﬁdgésﬁz geftreiatid *@o@@h%ﬁ%@g vagigble
el b Aekallrehi Ao B BF ) s ioh aFddhe objects to be
af feduce® CRMBERY égerﬁs | dridathb ke, hEGQEdr! Hueflon mp&ture is

like. Further, in the case that a Pd reduction step
angtefarablySh tbemecnam mb@f)wf@'ahﬁ}f 15 e5lsong. i n separate

steps, it is also preferable to carry

The reduction time is preferably 0.1 to 4 hours, more preferably 0.25 to
3 hours, and furthermore preferably 0.5 to 2 hours.

When a supported type catalyst is produced using metal raw materials
to which reduction is not needed, the metal raw materials may be supported on
the carrier on which the foregoing reduction has been carried out.

It is preferable to wash the resultant catalyst with water, an organic
solvent, or the like. Through the washing with water, an organic solvent, or the
like, impurities originated from metal raw materials such as chlorides, acetate
group, nitrate group, or sulfate group, or those originated from reducing agents
are removed. The washing method and the number of times of washing are

not particularly limited, however, it is preferable to carry out the washing to the
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out washi ng between the steps. Further, the recovered
catal yst may be dried. The drying nethod is not
particularly limted, however, it is preferable to dry
the recovered catalyst in air or t in inert gas using
dryer. It is also possible to activate the dried
catalyst before it 10 is used in the reaction, when

i s needed. The nmethod of activation is not

éﬁé’ﬁf‘ﬂb‘%ﬁ e I ¥ $GiisnBl Spupa Pocdufs ltimpprenendes
g Ofte e oty FodB34 1 ot SREBupnT8RERR. The
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pagh agd uetiorstbpidib Rarrad @uMﬁ tsephrdté %téﬁseﬁqQ:éls'ofbi%fEth% to carry

is the one conprising palladi um el enent

c ooptosashing betwéen tid i;tupsum el enent, and bisnmuth
el enent . a%e pal | adi um cont ai ni ng cat al yst becones

capabl e fairti#0, iheaecovergdaratalysiumapberdrised dTheldrying method is not
acid in high selectivity froman olefin or an
adpartinglariyfi ?au@d howeligkié ibprefenabienty driydhe secdvesed tatalyst in air or
have such a conposition. The fact that the
painligeft gas ssingdiveng ltistalsg posyblertoiachvatedhe aiiiedpatalyst before it
I t .t hat tal can be neasured with XRD
¢ erren Ehe r%@gg;yf\g; nﬁgy%ggggom Thempethod of activation is not
pe S the Like. In XRD ure t, there
xﬁifi'gﬁaﬁqsﬁéﬁfez?oﬁpwsﬁ% Riele a methad i c?svaneraaarq@mnent of
X-ray dif ract an
(38 caﬁé'gﬁqiﬁégfﬁ%p%\?ﬁﬂo%ﬁr%ﬁgswso%ﬁmapﬁw et fiow can be
li S
dastRL Aord ol mefot iR Yo Rt HERfack b baiipgium
f f|8iien hﬁ} [YspeTalytg) Wﬁm%
pg'lﬂl adi ltjraﬁpgﬁiéﬁr'r‘gﬁ %?%rﬁla?ﬂsénrf‘ea rFicegst’t:raat e and tellurium
el\eashihg ead/berrentdveit h el enent. In the present
invention, it is defined that the catal yst
(The second embodiment of the palladium-containing catalyst)

The palladium-containing catalyst of the present invention is the one
comprising palladium element which composes a metal, tellurium element, and
bismuth element. The palladium-containing catalyst becomes capable of
producing an o,B-unsaturated carboxylic acid in high selectivity from an olefin or
an o.B-unsaturated aldehyde by causing the catalyst to have such a
composition.

The fact that the palladium-containing catalyst comprises paliadium
element that composes a metal can be measured with XRD measurement, XPS
(X ray photoelectron spectroscopy), and the like. 1nh XRD measurement, there
exists a peak corresponding to (111) face of palladium metal at about 40

degrees of X-ray diffraction angle (26) in an X-ray powder diffraction pattern
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5 conprises palladium el enent which conposes a neta
when a peak is observed at 39.0 degrees or above and
40.11 degrees or below as an X-ray diffraction angle
(29). It is preferable that the palladi um el ement

whi ch conposes a netal be forming an alloy or an
internetal lic conpound with tellurium elenment and/ or
bi smut h el enent as nentloned above, and it is nore

> RISl R TR D15 rovre
t hﬁ%%ﬁ@@@’egf %ﬁr’%ﬁ%ﬁx fasiing an b af ﬁ&c‘?{eﬁ%%%%c dompound
b AT b AR BN o
(2B RLEBRE 1 10 phékd? Sl i & desrRed haf  elyst

t ebb gn%é Bhits0in di8ment Lvﬂ?@h%ﬁlﬁﬁéc‘ﬁg?ﬁ n{e-{é’lé \«ﬁgérbé ‘behg‘?s observed

pa adi um cont ai ni ng catal yst needs to exc

I t at 3gmr &dfreadby aBo¥ana MO P0A&Egreas ér Bl BS %ﬁﬁ(-@@} Yiffraction
0. or nore, and the Te/Pd is preferably 0.3

I eaaglee(lzd) mit i precdrablethyt ihe%ﬁllﬂﬂ:dn@éfémé’ﬁtewﬁ@h Bdmb@%es a metal

be adjusted by a conpounding ratio of each raw

nabe foming fanpealldyasti aminég revetaitic sochpoahd withaell@fum element and/or
el enent, which is used in the production of the

pablsamth eleroentasimeptioned bbeve,zand ihis mobes prefetablmtivht the catalyst
| ater. The chem cal state of ‘tellurium el enent

c oROEPHES paHale@ eipman&aawngdbﬁeéam diﬂraf;apalaﬁgle (26) 0§39.2

parti cul ar ither a

st dpgress ogahoy Pdl %eahgﬁ étt'% Pf@@mmhatttm paﬁ'xﬁpem%ﬁtpalladlum
o el Evina e Xré diffadion andie. i o 40 Aaiedt s hetow, and

o Hox8 bror@rati 9 ?E%lx%@éﬁ@%ﬁpaﬂa@af%{eﬁmmaamgove X-ray

glrgi?f@an‘%tb ﬁﬁégﬁé&'cgr%%'? on o b%? gdloﬁlml Zijiegnrennt t he

el ectronyie nﬁﬂé\rtr%t;efof\eéuéfﬁnnhéfén@rﬂ% f?éduMmCél@ sTe/Pd) in the

becomes hi gh by being adjacent to rrume
Thﬁafiﬁﬁn@h-do%ﬁé@tr@ﬁ%lﬁéﬁﬁébd%‘ torgxeked @, BAH i ipréferably 0.002 or

element (Bi/Pd) in the
more, and more preferably 0.003 or more, and the Te/Pd is preferably 0.30 or
less, and more preferably 0.25 or less. The Te/Pd can be adjusted by a
compounding ratio of each raw material of palladium element and tellurium
element, which is used in the production of the palladium-containing catalyst as
will be mentioned later.

The chemical state of tellurium element contained in the
palladium-containing catalyst is not particularly limited and may be either a
metallic state or an oxidized state, however, tellurium element is preferably in a
metallic state because the electronic state of pailadium element which
composes a metal is more changed. Further, it is more preferable that

tellurium element be forming an alloy or an intermetallic compound with
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5 pal | adi um cont ai ni ng catal yst needs to exceed 0, and
it is preferably 0.002 or nore, and nore preferably
0.003 or nore, and the Bi/Pd is preferably 0.26 or

| ess, nore preferably 0.10 or |less, and particularly
preferably 0.06 or Iess. The Bi/Pd can be adjusted by
a conpoundi ng ratio of each raw material of palladi um
el ement and blsnuth elenent which is used in the

g PREAL B Bt s AR AP 0 S8R, T Foptronic
?%‘@et AR BBl B3 E i ) oacipesnt o

E’ﬁH%l‘én‘% te or an oxidi zed state, however,
bsrru enent is preferably in a netallic state

b ' iPd) i
i ch 15 RERAEE LIS HCoImRFl] BN RN (BIPa) in the

' Spﬁﬂﬁcﬁumtﬁrﬂémmgecétﬁ%t ﬁ’ééd?"lb"lexc%bﬁ@%hdqﬁsfﬁ?éférﬂﬂly@OOZ or

oy. or an intermetallic conpound with pal |l adi um

el a15Pe} afP Afote PréfePilshp 0I00I6Y Mbrd) Andafie BITFR] BFréferablp®.26 or
el ectronic state of which has drasticall y changed,

belesspmane prefeyabiie 0 ardgss; eamid partibulary plefesdbdy©/06 ord8ss. The
The sum of the Te/Pd and the Bi/Pd (i.e. (Te + Bi)/Pd)

| nBi/Rd capdié adjusteddnyna aompogndingahtis of seehi saw matedakaf palladium
0, and it is preferably 0.004 or nore, and nore

pr eleaeniapddbismetivelemant, whish ip usee nmmqpmducmn pithe,

and nore preferably 0.3 or _less to nore raise the
sepel&adlwwcgmt@nm %ataluﬁfs%ﬁ wilkhe mentianed Jater. c aC| d and

tTﬁem%éf RS BRemic siale prBRi )%)nﬁsﬁf'aéf?wﬁ@ne i ed25
{ PHAEh e%@i@maé%ﬂ'ag%'mﬁwﬂpﬁﬁ@%{&ﬂ e 400, a4 hither a

L I A ——
t eHeﬁll ?‘ngf‘% BEBAse MatbIaktrdRit Pta?é Eﬁgﬁﬁabdu‘}lﬂ@lé’mﬁﬁgwglbh

he pa m cont al ni ng cata yst C e neasur ed
t h@oﬁwpbé@% MetalBtrie®d cHimeadr aFuftRePfit ia n’idr@fﬁréﬁﬁébié that bismuth

: gllcjelment be forming an alloy or an intermetallic compound with palladium
element because a proportion of palladium element, the electronic state of
which has drastically changed, becomes high by being adjacent to bismuth
element.

The sum of the Te/Pd and the Bi/Pd (i.e. (Te + Bi)/Pd) in the
palladium-containing catalyst needs to exceed 0, and it is preferably 0.004 or
more, and more preferably 0.006 or more, and preferably 0.4 or less, and more
preferably 0.3 or less to more raise the selectivity to an a,p-unsaturated
carboxylic acid and to more reduce the by-production of carbon dioxide.

The Te/Pd, Bi/Pd, and (Te + Bi)/Pd can be calculated from masses and
atomic weights of palladium element, tellurium element, and bismuth element

contained in the palladium-¢ontaining catalyst which has been prepared. The
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5 1In the case that the carrier contains silica, the
pal | adi um contai ning catalyst, concentrated nitric
acid, and 48% by mass fluoric acid are introduced

into a Teflon (registered tradenmark) deconposition
tube, and a dissolving treatnment is carried out using
a mcrowave digestion device. In the case that the
carrier does not contain silica, the

R s B Rl 8l @i ol Gdom Pl RRE R e elemént
e PR BB RS RS cHBRSHEER hREuRd by.thg following

a figtpgyVving treatnment is carried out using a
m crowave digestion device. The resultant sanple is

_fiP‘réﬁ’érﬁﬁoﬁ%ﬂa%rédtr‘nbhﬁﬁ%gﬂ@:‘?fWaShi ng water after used

i n washi ng are gathere illed up to a calibration

mark on fh the dEveHat he ddraskedraiBleica !Héeﬁélmﬁmécontaining
liquid. Preparation of a treatment B (iquid: In the

casatalysd! cdriventrate’l mitriodcid) nd 48%demiaRsifi@rit dickbaieibitroduced
treatment, a filter paper on which the insoluble

r ebitd acleilas (registepsd trademarlg decampositiondtube) and a dissolving
pl ati num cruci ble and is heated and burnt to ashes,
antieaimentuscatiedhoutaising 8 nicravakeddigestian devicéus brthe case that
with a gas burner. After cool ed,aahafdrochl oric acid and

i

a thenearmriepdpes nobeontainggilieg, dhe paladivm-cantaiping:catalyst,
oSt 35, TS0 Bed S SSH 55 bomeroite
EnefudREEsgblich ate, Bidat Bed iR o TeroR RO BTt UmdemaERy

"t fMpagon ke Ahasodb8n0RE it I EhoT Bt fsing & microwave
SURERASH G810 L QI [ 54 HRPS U s washing

Do s} o e AT 4 o markon

Thenelting flask fomiaRe " éatfdm MRjuif the present
invention may contain another netal elenment. For

exBraparation obdtreatméat B digeident such as pl ati num

rhodi um ruthenium iridium gold, silver, or osm um

and a bakthewase tlatdhers is insolubie residue in the foregoing treatment, a
fiiter paper on which the insoluble residue has been gathered is transferred into
a platinum crucible and is heated and burnt to ashes, and lithium metaborate is
added to it and fused with a gas burner. After cooled, hydrochioric acid and a
small amount of water are added to the crucible, and after the fused material is
dissoived, the resul_tant solution is filled up to a calibration mark on a measuring
flask to make a treatment B liquid.
| Each mass of palladium element, tellurium element and bismuth
element contained in the treatment A liquid and the treatment B liquid is
determined quantitatively with ICP atomic emission spectrometer, andthe mass

of each element in the palladium-containing catalyst can be obtained from a
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5 such as antinony, thallium or lead can be |isted.
Two or nore kinds of the other netal. elenents can

al so be included. Fromthe viewpoint of realizing

hi gh catal yst activity, the total anmount of pall adi um
element, telluriumelenent, and bisnmuth el enent anong
the netal elenents contained in the

pal | adi um cont ai ni ng catal yst is preferably 50% by

A L
hoveYCr ol S50 g FURATEE B s ByEHlF may oo
e 8 HaPBFRC F e8! e el iy s pitum,

al pddiam, ﬁﬁﬁ@ﬁﬁhﬂ’iri&ﬁw 'beld,fs'y_gé}ﬂ:;@oeﬁ\i%f&?d]b%a‘éa%eﬁu element

listed. Anong them silica, tania or zirconra Is

5 Pr ehet adladitimdng! Blafiik| & 168 ehh be IRtEd aCRvGbRPE KR of the
carrier cannot be absolutely affirmed because it Is

vaotheh insetdbplentiints can asddber thehidedc aFrosT thandewpeint bkealizing
In the case of silica, the speck surface area is

pr bigdyrcathlyst adiivity,/ the dotahemeuat df paltzalipnaeflemeht, Yelkum element,
n2/g or nore, and preferably 1,500 nR2/g or |ess and
nmofad pissmghasiement aoengithg netal elements contairsddnithée
surface 20 area of the carrier becones smaller in the
abB?ladigmgrontaining: cataiyst is profierably 508 by seass or more.,
| 1. adi ] enent, telluriumelenment, and
105 Dot o SR S ol e oo Wemasdna be
b d d . | fi , f
o RCHR e B85 5 K SR  B
[ ' ' f c nent re s orted
oy Bietfimisleahf telbliins Benienr: SRR BRTAR dbGeRt B wipported on a
t eat ; LN j a ' -
o SRHUER e odrieh i exeffiblel o Bited Rl oafi ek siica,
pr &LRTIAR) andsia bd’al&ﬁ,sﬁtaﬁfa ol Bf@nicar be TREY. %ﬁ@@@q them, silica,

carrier before these elenentis are support ed,

15 prithaizad 2ircb¥icois prefesalsle. MAmrefdrablbpetics upfeb &rdé® by the carrier
2% by mass or nore, and particularly preferably 4% by

mesannot betatsoltely affiehed botaustOtisbyariabis depending antekind of
the mass of the carrier before these elenments are

sugardet and thelike. gndhecabé pf Siliea therspesificrsurfass area is preferably
f u5rCtJ pr??gnga[ r%o?er 21;13 rn?grleyprggggl){f 1%%Sri|zlgrorl rﬁgfg, and preferably 1,500
m?/g or less and more preferably 1,000 m%g or less. As the specific surface
20 area of the carrier becomes smaller in the above range, a catalyst in which its
useful components (palladium é!ement, tellurium element, and bismuth
element) are supported more on its surface can be produced, and as the
specific surface area of the carrier becomes larger in the above range, a
catalyst in which its useful components are supported more can be produced.
25 In the case of a supported type catalyst, a total ioading ratio of palladium
element, tellurium element, and bismuth element is preferably 0.1% by mass or

more to the mass of the carrier before these elements are supported, more
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5 and particularly preferably 15% by mass or |ess. The
pal | adi um cont ai ni ng catal yst of the present invention
can be produced using each nmetal of pall adi um
element, telluriumelenent, and bisnuth el enent, an
all oy of these elenents, or a conpound contai ni ng
these elenments as a raw material. Anong them the
compound cont ai ni ng these 10 el enents is preferable as

b BeBBNT e YaomBeR o8 Faster el it ﬁ@ﬁ:@éﬁy Hiass or more,
paf 19 Q?ﬁ@na%’&e%ﬁfé??@ AR SRREE of didFe Y PRLGbR #0% by mass or
A 1 ot LR i SO v
paﬂ)ﬂeﬂ-’f?l"aHW ﬁﬂ’ olby Fabé %f s%bhﬁthe'ﬁ%l ?éflelaa‘ii e){‘ﬁ'?‘?aw mds8'or less,

exanpl e ium chl ori de um ac

paérhcaaam&mawrpaéﬁ.—amﬁl 584l lbyfi‘haé#bif |ets§
t etraamm nepal' | adi um chl oride, or palladiumbis

(acetyl akiwg palkidi)masontaibing def4loeh oftRé pré®dt idvilion can be

pal | adi um chl ori de, palladi um acetate, palladi um

ni produeed usingedachanetah ep palladiimreleinent, itdkurivim element, and
preferable, and palladiumnitrate is 20 particul ar| y
priismutibelemerttean alloyraf thesalelements) boaicompdundecuntaiaing these
not particularly limted and telluriumnetal, a

t Blementsas auaw malerial.i Ameng them the eempeune cootainieg these
acid or its sia a telluriumoxide, or the |like can
beFleMmenisyis pieferakieas a (aw lﬁmﬁtgaaltbeqayﬁe@daaﬁfa@twtty catalyst in

t el tetra hl ori de, tel urlu

hyd [ | d

NGB LRghi collponents tsy gl Bisnaseedan A eAiFiar Fanbe sasly
%gﬁ&? de, telluriumtetrabronide, or tellurium

di € can be listed. As the tellurate, for

o TR R B AR W ot e anc

t edduualmﬁ n%taﬂa p%%&ﬁ:ﬁﬁ thtaebéﬂ&dudirﬁ d%@db gtrr thé ﬁﬁééan be Jisted,

Anmong t hem tell'urrc aci or Its salt, ['ur ous

orhdweves adrhongthein | & balkadium et Efbréféré’ﬁiéf einaty Pauamﬂn salt, for
raw material of bisnuth el enent i's not particul arly

| i exanesle Aalladiirs ehidnider palladiamtacstatehpakddiumatitrated palladium

bi smut h conpound, a bi snuth oxi de,
sulfate, tetraamminepalladium chloride, or palladium bis (acetylacetonate) can
be listed, and among them, palladium chloride, palladium acetate, palladium
nitrate, or tetraamminepalladium chloride is preferable, and palladium nitrate is
particularly preferable. |

The raw material of tellurium element is not particularly limited and

tellurium metal, a tellurium salt, telluric acid or its salt, tellurous acid or its salt, a
tellurium oxide, or the like can be listed. As the tellurium salt, for example,
hydrogen telluride, tellurium tetrachloride, tellurium dichloride, tellurium
hexafluoride, tellurium tetraiodide, tellurium tetrabromide, or tellurium dibromide
can be listed. As the tellurate, for example, sodium tellurate or potassium

tellurate can be listed. As the tellurite, for example, sodium tellurite or
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5 or the like can be listed. As the bisnuth salt, for
exanple, bismuth(lll) acetate, bisnmuth(l1l) acetate
oxi de, bismuth(lI11) brom de, basic bisnuth(ll1l)
carbonate, Dbismuth(l11) chloride, bismuth(lIl)
fluoride, bismuth(lll) iodide, basic bismuth(lll)
nitrate, bismuth(l1l) nitrate, bismuth(lIl1)

oxychi ori de, blsrruth(lll) phosphate or blsrruth(lll)

Su' f%aﬁw%?%{ﬂnﬁc Eﬁﬁ:p@% Mﬂg&@}e% i pﬁ aggnorblg salt, tellurous
?#@ddg MR of BTdRurlIR cRIGRTE PrefBan, 2., mii't rial's of

pal | adi Whglrmte ibFoA didh {HSIE s no S4Bl Y Sith ited and
Pl tﬁ Fed as erﬁg itn

el enent are properly se e ra

usSerflRﬁ m&HP AUGERGHH BRt, R Hﬁu‘tﬁ‘ba uhat é"bYs?ﬁuth oxide,
3 k] *"S’?

he conpoundi'ng ratios of t conpounds “are

5 ngpwe' keSErfIé fistedO h‘%ﬁthe‘b?é?ﬁutﬁ'i&a@tr fdraé)td?nﬂé blsmuth(lll) acetate,

pal | adi um el enent, telluriumelement and bi snut

el bigatuth{im é@aﬁ&b){l@é“bismgﬂﬂtl ibRbMAHe; @a%!dﬁibmdﬂﬁ?(ﬂgfm'bonate
an objective value. It is preferable to produce the

pabisalithifii cehibrdei bismatit i) Yisbride, ismethi(lidodides basiowismuth(lll)
contai ni ng pal |l adium el enment in an oxidized state, a
coniprate) bigouthihil) aitrategbiseiuth(li) oxyehtaride; bismuth(lll) phosphate, or
oxi di zed state, and a conpound containing bisnmuth
el bisamth(lth) suifage can bedista te%&er@r@anmlysm&compound for
pal | adi um el ement tellurium el enent and bi snmu
10 eI example, friphiesyt bismujh can bedisigd g Ameng taemp, th%aﬁmuﬂg oxide or

ulta t . mxture with a reducing agent. Further,
g'(s %&gg ﬁﬂsﬁﬁﬁr@g’ﬁg a support ed type catal yst, it

ﬁgtn ort a1 T BTBUSEG TpE maGHRI'S @@Pf h E16thi. kelblm glement,
%& ﬁfsgﬁ §th é%lé’rpgﬁ% é%?jrohérlgﬁgﬁ ?;ﬂeeeﬁv‘\? &aﬁ%’néﬁ\% taha used for
Ca?%%cmattheg;aﬁlaaluﬁv-ee Qg c%ﬁrfx 42UTRBSEA PO B of these

rrer s n particu

15 & @érﬁpbﬁhd@hr@ﬁoﬁeﬁb@,élecﬁéu $@tha2 6abAMESlar Fﬁld“@ﬁballéﬂlum element,
i mpregnati on net or a sedinentation nmethod can be

| i telleduml élemiené and bismdthtdiemenpinabagialladiumecoatinihd eatalyst
raw materials of palladi um el enent,
becomes an objective value.
it is preferable to produce the palladium-containing catalyst by selecting
a compound containing palladium element in an oxidized state, a compound
20 containing tellurium element in an oxidized state, and a compound containing
bismuth element in an oxidized state as raw materiais of palladium element,
tellurium element and bismuth element, respectively, and mixing them, and
reducing the resultant mixture with a reducing agent.
Further, in the case of producing a supported type catalyst, it can be
26  achieved by causing the foregoing raw materials to be supported on a carrier.
The amount of the carrier to be used is properly selected so as to obtain a

catalyst having an objective loading ratio.
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5 telluriumel enent, and bisnuth el ement may be

si mul taneously i npregnated and supported, or any of
the raw naterials may be i npregnated and supported,
and then the rest of the raw naterials may be

i npregnated and supported. Further, it nmay be carried
out, after supporting the raw materials of palladium
element, telluriumelenment, and bisnuth el ement on a

T TR et AR R
|l adi d LI d th
A TS 4R ol B s

ISR O R Sl o s

L L T
' 't@ll&r‘ﬁ.ﬂn JISNBHE and BisthBtrPeiB i Rhay P# El?htﬁltéﬁé%u%?fiﬂfpregnated

from1lto 12 hours. SubsequentnI% _
PadhRelipBrice!) oraRy 9 teFl Wfdtelhéls PRAFDE %Pkéqnaﬁ@di HAd Rapported,

pal l adiumelenent”in its oxidized state urium

el amethieni the irgst shthe raw dnatetialsanapbe impiegidted addasiipported.
its oxidized state, which are supported on the

carri er ,Funihieh, lhmaqmeccargedgmb,taﬂemuﬁpertrr@dhel ray ragterials of
to be used is not particularly limted, and for

expatiadium element tedalunﬂmr elamentyahel bisouith elidentyrdaicagier, to
hydrogen, form c acid a formc acid salt, ethylene,

pravbject tke rqsmﬁgnbwlegtq)be@td@eammbm 9h@ng,e it into the carrier on

but adi , hept ene, e te
2 %I@%@@ﬁa@ym %@aet%hummcw Qnamuth@mmarmsupported. As
tﬁohol rol ein

| | d
R IPmpsBilu Brbe s el fert Eedmants2ane S abSiss puglitable and

phasebe%"f&’\ég’ggﬁbie SieEEaIE, 200 b Blioft pidiefatfi8ana 700°c
F%rtdbjéw is WiyP8 RHJ‘Ser?Q u CT & ﬂniels%flﬂé Hege! H’%Hﬁ'g 2t i not particularly

phase razi ne, orrm

ornnﬁtéoommvepms%feram W’tﬁfr? r%%ﬁgé?ro?‘n U2 R,

agent. As the sol vent to be use n“the reduction in a
i quid mase queadyethe pallddi@hadoraifing MBSt is Pre0eesl by
on di sper si b|||ty of a carrier in the caSe of a
supdocihg patlagianceleaient in itsoxidizedstates tellueiam élekndin its oxidized
al cohol such as ethanol,
state, and bismuth element in its oxidized state, which are supported on the

carrier, with a reducing agent.

The reducing agent to be used is not particularly |imite\d, and for
example, hydrazine, formaldehyde, sodium borohydride, hydrogen, formic acid,
a formic acid salt, ethylene, propylene, 1-butene, 2-butene, isobutylene,
1.3-butadiene, 1-heptene, 2-heptene, 1-hexene, 2-hexene, cyclohexene, allyl
alcohol, methallyt alcohol, acrolein, or methacrolein can be listed. Two or more
of these reducing agents can also be used together. When the reduction is
carried out in a gas phase, hydrogen is preferable as a reducing agent. Further,

when the reduction is carried out in a liquid phase, hydrazine, formaldehyde,
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5 1-propanol, 2-propanol, n-butanol, or t-butanol; a
ket one such as acetone, nethyl ethyl ketone, nethyl

i sobutyl ketone, or cycl ohexanone; an organic acid
such as acetic acid, n-valeric acid, or isovaleric
acid; or a hydrocarbon such as heptane, hexane, or
cycl ohexane can be used al one or in conbinati on of
plurality of these kinds. It is also possible to use a

T S o Rl S0 B S8R sl
P! o SOAE O uod T BB TGl hase, watr
ocpiegsrable nolevel At dn SISRrHbIR/S et n the case of
ST ol oo BB oNRAP i BSIGHFE 305k ihanc

Fuq andl 2-pPspaidt h-blfind) e tLRANSOINE Kty ?ﬂnéh &s acetone,

liquid, there is no |imtation to a device for

c ameshyh ethiliketor@y pidthyl isstsuityNicetorg Ut dyelbhexBnbBe; an organic acid
carried out by adding the reducing agent into a

sosuch amacelic adid sn-wvalsaici avid, drisowaterimacidpbr & iydrocarbon such as
reduci ng agent to be used is not particularly limted,
holgptang, haxane, pocyslehexarts gan benised @ommorinagambiagtion of
moles or less to 1 nole of palladiumin its oxidized

st pluealityrakthese kindson 1t isalee Rossibledadiserm mixer solvent of water and

ti are variable depending on reducing agents and
tﬁggﬁ?ﬁgweﬂghever, the reduction tenperature is

hove. - dnihe Bang el e SadiindBentisiaga s, ¥ mirerable to carmy out
D SHGH €5 ok RS S b ot st
1o ps 4 4IAGE! O BIESSHEN bty didBi oot
r%§s@"izé_daﬁﬂw the Ui &g Smt e@%?r@éﬁmﬂs preétetibly 61 MPa or

ess. It is preferable™ o wash

pahbrbandM daPhdrnegyy catal yst prepared by the
reduction with water, a solvent, or the |like. Through

the waslfiurtheniihfthevaase thatahe cbdegihg agent ise IicLLH@,, there is no
iﬂrurltles originated fromraw materials such as
C

mitativadp a device for carrying out reduction and the reduction can be carried
out by adding the reducing agent into a solution. On this occasion, the amount
of the reducing agent to be used is not particularly limited, however, it is
preferably 1 mole or more and 100 moles or less to 1 mole of palladium in its
oxidized state.

The reduction temperature and the reduction time are variable
depending on reducing agents and the like, however, the reduction temperature
is preferably -5°C or above and more preferably 15°C or above, and preferably
150°C or below and more preferably 80°C or below. The reduction time is
preferably 0.1 hour or more, more preferably 0:25 hour or more, and

furthermore preferably 0.5 hour or more, and preferably 4 hours or less, more
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5 acetate group, nitrate group, or sulfate group, or
those originated fromreducing agents are renoved.
The washi ng net hod and t he nunber of tines of washing
are not particularly Iimted, however, it is
preferable to carry out the washing to the extent
that the inpurities can be sufficiently renoved
because it is apprehended that sonme inpurities may

ol Bieterabia ol 8¢ GRS ey Hrtfrnbie Ryeferatine Tous oflgss.

o TR AIEE ek e 15 TR bl pepar o
SRS P LU T, g g Bing i wetr
ok 9048 ikl Bt B s

a%éé_‘taiee%rbﬂﬁ, Atiae! ??G'“Unl:ﬁ'df%hlf;ﬁ@c &rofip! br fh%sﬁﬁﬁ%éﬂdg%% h%m reducing

| i qui d- phase oxi dafi on reacti on, en it is e

Thagent 206 r@hoved! | Yhé waihiry methdtPahd the Aimbel bMimed of
however, for exanple, a nmethod in which heat

t r washingtarehot perticatalyiited; hoaveviee dt islprefardisle te carry out the
reduci ng- at nosphere of hydrogen flow can be |i sted.
Acwashingdo the ekient thettlibel jmpuiities ¢arybe safficidntly2@moved because it

surface of palladiumelenment and inpurities that has

nois ammufadwthaasnmedmmﬁes enayeimpasie theHigujdhpbasabxidation
properties of the prepared catal yst can be_ confirned

wi fgactien of gaiefin er an o5 Rrbiasatusatedaidehydes ntThegatalyst washed may
nmeasur enent , ul se, adsgr pti on netho TEM . .

reB BB sed R s aCichater resaveeRdY Hirauom. senifugstion, or the
p adium by itself exhibits an activity as an

oxl'dati on catal yst, however, it is not sufficient for

2t el B9 R RS, M dipo s s o
of i . - - PR
eTo Sl e, S5y 008 eSSBS i 1 i orin

f oiheRGasQind'@ryat.n e idase posbble 1 Sctivale Mlecdid cdidiysiBefore it is

a different” el'ectronegativity fromthat of palladium
el gggzhin the liguiiseindse exidatidr® rddctibh Cwhbalitts fleedad! aWhé fethod of

el ement changes through the function of bisnuth

activation is not particularly limited, however, for example, a method in which
heat treatment of the catalyst is carried out under a reducing atmosphere of
hydrogen flow can be listed. According to this method, oxide layer on the
surface of palladium element and impurities that has not removed in washing
can be removed. The physical properties of the prepared catalyst can be
confirmed with BET specific surface area measurement, XRD measurement,
CO pulse adsorption method, TEM measurement, XPS measurement, and the
like.

Metal palladium by itself exhibits an activity as an oxidation catélyst,
however, it is not sufficient for the activity of the reaction of producing an

a,B-unsaturated carboxylic acid through oxidation of an olefin or an
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5 element. Further, when telluriumelenent having a
different electronegativity fromboth of palladi um

el ement and bisnmuth elenent is present, an electronic
state of palladiumelenent further changes through the
function of tellurium elenent. As a result, the
activity of the main reaction in which an olefin or an
a (3-unsaturated aldehyde is oxidized to produce an

unsaf ur at.e car lic 10 acid is raised while a
&&H@ééf‘-\ rated; pr@igeuBntie of garbgpdiexide as a

resaP% 'ﬁ&‘? tthd({’ réh%g dug\@%eev%&% 3%'??5 aéléFnaetn?t%avinga
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raw nateri al dr exanpl e propy ene, i

2- %hﬁﬁ&hcéfrbéﬂadidﬁb%‘i‘nelﬂ%cﬁﬁﬁﬁﬂjtﬁ B el rlQ?Yés%?ﬁ slectronic

i sobutyl ene is suitable. Two or nore can a

bestatedf palirtitrelerhbnt ﬂ@tl'!é'r %ﬁbﬁgé@lrﬁhugﬁ tife futitition é)f tellurlum
material may contain a small anmbunt of a saturate

hy dlenwentb o Asar resultptiver activity b&th@lnﬁimi rnctionan wiidHaRfolefin or an
themas inpurities. The a,(3-unsaturated carboxylic

ac{uP-tinsaturated dldahyderie oxidizedlogiroduce ahhepamsahaatetbcarboxylic
the sane carbon skeleton as the ol efin has.

10 coneidds Eaised whilelgeside geactidnin which carbaoradioxidel is farmed is
propyl ene, acrylic acid is produced, and in the case
255‘95¥FHP5§% raw material is isobutylene, methacrylic

il St el

ik ikttt I

o9 hah B o B Pl Bng3E B od vy
1o S dENTer TRIPIFSNG D pAIRRAA Aol st of thp resent

exipgehtion wﬂpﬁ@bﬁp]gmeﬁet hacrol ei n, crotonal dehyde

(p- et hyl acrol ein), or C|nnanaldehyde

As the olefin which is a raw material, for example, propylene,
isobutylene, or 2-butene can be listed, and among them, propylene or
isobutylene is suitable. Two or more olefins can also be used together. The

20  olefin which is a raw material may contain a small amount of a saturated
hydrocarbon or a lower saturated aldehyde or both of them as impurities.

The a,p-unsaturated carboxylic acid to be produced from the olefin is
the one having the same carbon skeleton as the olefin has. Concretely, in the
case that the raw material is propylene, acrylic acid is produced, and in the case

25 that the raw material is isobutylene, methacrylic acid is produced. Further,

usually, an «,B-unsaturated aldehydeis simultaneously obtained from the olefin.

The a,p-unsaturated aldehyde has the same carbon skeleton as the bleﬁn has.
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5 (13-phenyl acrol ein) can be Iisted. Anong them
acrolein or nethacrolein is suitable. Two or nore
a43-unsat urated al dehydes can al so be used together.
The a, (3-unsaturated al dehyde which is a raw nateri al
may contain a small anmount of a saturated hydrocarbon
or a |lower saturated al dehyde or both of them as
inmpurities. 10 The a, (3-unsaturated carboxylic acid to

gﬁ ng ﬁgﬁﬁ fuf ﬁg %]s%ewgbﬂfeu %@ﬁr&%iﬂ?’}aﬁ ?%S}odp%l‘ %? aE?oléiH?s obtained,
o P e A g 1€ ERBR AR BieltBropeinig gprained
e cocS ERIPRRSRY AL AdehyRE hih £ 2 BN fol Beample

MehBafdi! etRdrdleirs .c%bﬁéﬂﬁﬂgrl:l%ﬁ%ﬁ?etﬁylgle?é&fl&ﬁﬁ,edric‘i’rlnné?ﬁaldehyde

the |iqui d-phase oxidation, r an I'n"or an

a, gﬁighéﬁﬂée%ﬁiﬁ}jcéﬁ e @Rl O'ArAor] Heth CadtbldiP bP nidfthadt8IBin is

ma e used. The |i qui d-phase oxidation reaction nay

besgitablé.e dTwotor biyorei ¢, painsaturatd! aldehyded yae alseiatiséd together.
or a batch type operation, however, the continuous

t ypbe eppruasatunaies aldetwsde whichyis prraivernalterizl niay contain a small
consi deration of the productivity. 20 The source of
moamountof a saturatadohysisocarbanion atlbwer sgtiratedraldehyde or both of
oxidation reaction is preferably air because it is
ectiepmRE dNpuriliRlever, pure oxygen or a nixed gas of

pur e oxy_ﬁgn and air can and i f necessary, a

(i1 ot o0 Tna eq-Upsatursiedisatorals 26 1.r-PBRYGER Hof the
B 6 SR S e
cuppr HagHty e BTG e Bl 93408 S8 500t Snoretely, i
I S e RO b e

eXagad that te o gragér%!?@h;ktﬁ&raléﬁw,%edh%?}uc%gq R SitAned.

solvent selected fromt group 'consi st ng

t - but anohs aGu mBR¥RNGT thedkRid pRasdBkidutiof ! ditHer &t &18F or an
met hyl isobutyl ketone, acetic acid, propionic acid,

n- & -ymsatuated aldebgle oy @i hixtredf both vhthem emachel used.

isovaleric acid, ethyl acetate, and nethyl propionate.

Anong  The liquid-phase oxidation reaction may be carried out by either a
continuous type operation or a batch type operation, however, the continuous
type operation is industrially preferable in consideration of the productivity.

The source of molecular oxygen to be used in the liquid-phase oxidation
reaction is preferably air because it is economical, however, pure oxygen or a
mixed gas of pure oxygen and air can be used, and if necessary, a diluted mixed
gas in which air or pure oxygen is diluted with nitrogen, carbon dioxide or water
vapor can also be used. It is preferable that such a molecular
oxygen-containing gas be ordinarily supplied into a reaction vessel such as an
autoclave under the pressurized state.

As the solvent to be used in the liquid phase oxidation reaction, for
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5 them at |east one organic solvent selected fromthe
group consisting of t-butanol, nethyl isobutyl

ket one, acetic acid, propionic acid, n-butyric acid,

i sobutyric acid, n-valeric acid, and isovaleric acid
Is nore preferable. Further, it 1is preferable to
cause water to coexist with the solvent to produce an
a, 13-unsaturated carboxylic acid in higher

sel ectivit anount of water to lo coexist is

paPYABBIea b5 prelaratie to 4@ at{ieast opparganie spivent sgieﬁga%tsfrom the
a0y o isiG otk Fenglogveidaexaiol pebone, anpinyl Sthil ketone,
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glofg%ﬁg}tcﬁé ?ééﬁ :b(:n%f%rpgﬁiccgo?@éd} s%ﬂ%té&‘?rp@ @é'%éﬁtc%@fsﬂﬂg of

€ the raw nmateri a

| GblitenB) Aeth Pk Sistity Oketb R Chdetic éﬁd.ﬂi@%ﬁ?\ﬁi"%ﬁg , Rolityfic acid,

| .
by mass or nore totYhe solvent existin

r eigebotyric agill, Movaleid A&l aRH Ysovaldro 40id Bpdrpre®rable. Further, it
and preferably 30% by nmass or |ess, and nore

prisfprefesalyle 20 Yabye weater 1o cdendst wittOthésd i to produdeldn
nol ecul ar oxygen to be used is preferably 0.1 nole or

o, 8-wisaturabed cafboxiplic aciddh higheriseledtieity. n Ehvelatioant of water to
a, (3-unsaturated al dehyde which are the raw materials
ofcaaxistiis got paninuledy dnitest, aod itris acelesably 264 by mass or more to the
preferably 0.2 nole or nore, and furthernore
prfeﬁi magsofithe sehiest gndwater, asddanors preferably,5%dynmass or more,
or_| ess e f er abl 5 noles or |ess,. and
£ AndBraterEBly %@%S?kfmﬁa@rfb% 2hd iraarepreferably §0% by mass or less.
ref . the tal yst be used.i suspended .
VB ES TS oL SThsolFt o o 8F it id Sy T TR ovent i
OX LA, t ed 29 in a
f @%ﬁér%@@_hdﬁi@f%rﬁéo% St B§$ ﬁ?’?@ %%[’lg@éggfeoo e used is
refera 9 Pre[tr
i st ng o CoRkentBiion Of G} and B b b aturated aldenyde
OrwiiBh @re 8! rdw! 1B ABIT ths ﬁ&ﬁ&%ﬂaﬁe%d&tioﬁ%?gﬁﬁn is preferably

nore, and preferably 30% by mass or |ess, no

pré:l % phass @rroretothe 8blviesexistiiylinf MEtrBaEHR dhd more preferably
0.5% by mass or more, and preferably 30% by mass or less, and more
preferably 20% by mass or less.

The amount of the molecular oxygen to be used is preferably 0.1 mole
or more to 1 mole of the total of the olefin and the a,B-unsaturated aldehyde
which are the raw materials of the liquid-phase oxidation reaction, more
preferably 0.2 mole or more, and furthermore preferably 0.3 mole or more, and
preferably 20 moles or less, more preferably 15 moles or less, and furthermore
preferably 10 moles or less.

It is preferable that the catalyst be used in a suspended state in the

reaction liquid of the liquid-phase oxidation, however, the catalyst may be used
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5 preferably 15% by mass or |ess. The reaction
tenperature and the reaction pressure are properly

sel ected according to the solvent and the raw materi al
to be used. The reaction tenperature is preferably
30C or nore, and nore preferably 50C or nore, and
preferably 200C or less, and nore preferably 150C or

| ess. 10 Further, the reaction pressure is preferably
at mnsg_herlc pr ssure and

e P Tt b e iyt e o Sfasably 0. 1% by
L.Z?i#%ﬁ?rﬂpre {8 AL ﬁms\ymﬁ@%a%o? [T okS PrSHrably 0.5% by mass
Egﬁ‘ébfé{?: dof Eﬁh?ﬁ}s”ed Befsiahiy % i Rl o1 ik prsferably 30%
82&“%% & 558 s AfEE: ﬁé?@%ﬁ*ﬁwa@s gt legss préflfiermore
R i T A I et
E“E', EET T ohe dedutio) @Rferaifie 3hA'thSReackith drRssufe dI8 properly
spseroted a&dbrdhértaltué isslveht éﬁavmaaiaew hittsrialth @&UGded. The

and by-products’in the production of an

a, fshationdéemparatdre b referably 30°Coor rhbee, il msreﬁptb‘fesfa@w 50°C or
materials, products, and by-products in the 25

pr ovhwef anch prferably2000 salesspand mare poaferatsly 4S06Cwadess.
carried out using gas chronmatography. Now, conversion

10 of Further, the reactionqressureyis pcefarabl;aa'(r@ospimcmreswe (0 MPa) or
al dehyde to be produced, selectivity t
a, Baiesand mare preferakly O MRaoumior .taﬂdorére!ﬁrablyc‘em Mpajor less,

by 2H RATE(PTaledab MR 9Tiehe ol | ow ng.  Conver si on of
2 (3- unsat urat ed al dehyde (SRAMTEEE) X 100°
Hereinafter, the present invention will be more concretely explained by
15  way of Examples and Comparative Examples, however, the present invention is
not limited to these Examples. In the following Examples and Comparative
Examples, “part(s)” means “part(s) by mass”.
(XRD measurement)
The measurement was performed with RU-200A (trade name)
20 manufactured by Rigaku Corporation. The measuring conditions are: X-ray;
Cu-Ko/ 40kV/ 100mA, Scan speed; 4°/min.
(Analysis of raw materials, products, and by-products in the production of an
o,B-unsaturated carboxylic acid)
The analysis of raw materials, products, and by-products in the
25  production of an a,B-unsaturated carboxylic acid was carried out using gas
chromatography. Now, conversion of an olefin, selectivity to an

a,p-unsaturated aldehyde to be produced, Se!ectivity to an a,p-unsaturated
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5 Selectivity to an a, (3-unsaturated carboxylic acid
(%9 = (DB) x 100 Selectivity to carbon dioxide (% =
(E/B) x 100 In these formul ae, A represents nunber of
nol es of an olefin supplied, B represents nunber of
nol es of an olefin reacted, C represents nunber of

nol es of an a, Qunsaturated al dehyde. produced, D
represents nunber of noles of an 10 a43-unsaturated
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solution, 3.3 parts of palladi nitra rtrirc acid

s i eflbionty tb%ﬁb&ﬁr@@td)kidﬁjf%)’_: (Bmka180ki nzoku

International K K., palladiumelenent 20 content:

22. 65% Uy thessformataer ddegresents hombbe of ®olds éfdn olefin supplied, B
aqueous solution, pure water was further added to

olrepresentsinamber 6Ddlgmof an ofefinlreactedy Ctreptessnits humibber of moles
This solution was added to 15.0 parts of a particle
sigfiaruofaunsaturated eldetwdespu@du@? Darepriessgnts Bomir of moles of an
pore volunme of 0.68 cc/qg, nedian dianeter of 53.

58
| i%.Brunsayrated carboxylic a¢id predugedaand & mme@ménwa%ﬁf moles
whi l e these operations were 25 repeated until the .
WHRSICErton, dloxider ProduCeE a3 B PiRdUckedmbeR ot SaFRanAtog)s in an
whj t he ,sol ution s i npregnated with such,a
Dt WS e Biptiar A B Base ot S0 BRENE o a
1Q$£¥h@eq r for 3 hours, and cal cined at 450C in 31
ai of 3 hours to obtain a silica carrier on which

qu"%"éﬁ?’ﬂﬁﬁgg‘%ﬁ@nd antinony el ement were

supp I‘ca carrier thus obtained was added

L0 i S oSN B SN 28430481 i s
in 2.3 parts of pure water, 0.05 part of antimony oxide was dispersed and the
resuitant mixture was stirred for 30 minutes at 60°C. To the resultant
homogeneous solution, 3.3 parts of palladium nitrate nitric acid solution
(manufactured by Tanaka Kikinzoku International K.K., palladium element
content: 22.65% by mass) was added, and to the resultant aqueous solution,
pure water was further added to obtain, in all, 10.2 parts of the resultant solution.
This solution was added to 15.0 parts of a particle silica carrier (specific surface
area of 450 m?/g, pore volume of 0.68 cc/g, median diameter of 53.58 um) little
by little and the resultant mixture was shaken while these operations were
repeated until the whole amount of the solution was added. The carrier on

which the solution was impregnated with such a pore-filling method as

described above was held at 100°C in air for 3 hours, and calcined at 450°C in
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5 by heating the systemto 70C and keeping it at 70C
for 2 hours while stirring. Then the system was ‘
filtrated under reduced pressure and filtrated while
washed with 1,000 parts of hot water. Thereafter, the
resultant systemwas dried at 100C for 2 hours under
nitrogen flow to obtain a supported
palladlun}contain|ng catal yst in which reduced

AR L b B R

cat al. 5 The Io ng ratio of palladium

el 8 '396)6"8 FRRRO egnd the |l oading ratio of

i‘.Q? 'J"”ﬁﬁ%%ﬂ% ceiﬁ?rgﬂnégﬁla?%eﬁ%%dé@tdﬁoé&@ 1Y B1,97% by mass
e urﬁ/ ofl’ustloggt Jh%‘té Fbci’uci@b%%a@lﬂfgl Qakrried out

5 debfﬁbﬁgn%o QH'I 1%97 anpl eﬁ%@plﬂgglrﬁeﬁ %5 ?ﬁ‘?dg}?ls Sehil stirring.

to 4 an atlve SSes o

el PRBAthe Qj?étbm)\mis ﬁlt@isahnda%dﬁbgrém 'a?faaﬁlfrated while

whi ch were” used in calculating Sb/

| owrdlshed withi R000 pafelof tloe wardr, wneaeaﬁércmbarbedltarftrssymem was
pal | adi um el enent content and a conpoundl ng anount

t heriechat 2001G\fard hbumsfunder inittbgen fiow be obest a mported

anti nony el enent content and a conpoundi ng anount of

t hpallzdiumezantainingodatalysi inowlyich ceducaspalladium element and reduced
tel lurium el enent content and a conpoundi ng anount of

10 ¢ hentimenyralesmert wesie supportediamthewsilica carder. The §b4d if the

the carrier jn the catalyst was quantitatively

de?@?ﬁ\shwasz%% ol Tioadifg fatiosef, pqﬂnél%ﬁéﬁwﬂt wWRs; 5.0% by mass

into,a platinum used

SR Brglsiagod Lt ciament wes ¢ AEk aLiReR ths catalyst
L"Jﬁ%t#e ot e odiies f%f?c’saﬁ%ﬁ?eﬁdﬁ%? Fehaifuent tne e of a
PRGBS B D BRrR B8 A s Pk v
15 cata 5%?])% t a?ﬂg %ts@oééﬁ’ﬁ%%r\%gsﬁeﬁ?r gﬁegf mtathﬁod and
75 part InGExafdfeb) teaFand ComtpHrative E4ariple 2, masses of palladium
element, antimony element, and tellurium element, which were used in
calculating Sb/Pd, Te/Pd, and a loading ratio of each element, were calculated
from a palladium element content and a compounding amount of the raw
20 material of palladium to be used, an antimony element content and a
compounding amount of the raw material of antimony to be used, and a
tellurium element content and a compounding amount of the raw material of
tellurium to be used. The mass of the carrier in the catalyst was quantitatively
determined as fdltows. At first, the catalyst was introduced into a platinum
25  crucible and fused after sodium carbonate was added. Then, to the resultant

mixture, distilled water was added to make a homogeneous solution and a

quantitative determination of Si atom in the sample solution was carried out with
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5 solution as a reaction solvent were introduced and

t he autocl ave was shut tight. Subsequently, 2.0 parts
of isobutylene was introduced into it, and the system
was stirred (nunmber of revolutions: 1,000 rpm and
heated to 90C. After ‘the heating was finished,
nitrogen was introduced into the autoclave to the
internal pressure of 2.4 MPa and then air was

introduced into it to the internal pressure 10 of 4.8
NF'Q%F\’EP“E"E@W@&'@WW%@@W&Hed Each tine when the

pr su dropped by 0.15 MPa the interna
@ggﬂﬁﬁ %5 oxygen was introduced into it by
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opera I on was

[

RSO 1 OOl Yo GLEALER KU e e
t hﬁaé efebd Qhumber bf u@v&nﬂi@&nst 1900HY %nmi@ertealté geﬁct hafter the
autocl ave were cooled by putting the autoclave into

arhdatigheas finidhgdsnitrageh wes introduesd inld tivd hawlekaettd the internal
the gas outlet of the autoclave and the gas outlet was

orprassureaf 2.4 MRaandithgn girasvamintroduted indd ittoithe inteenal pressure

internal pressure of the reactor was released. The

r ﬁe& B MPa andithie reactionwasystaned! yEachditne when the intemalpressure
aut ocl ave and the catal yst was separated by

néif@paﬂ@ byiQ.12 MPZathe inéetnabitessure: HiGfMPalagxygen was introduced

£ EhY s Mpa s Jaﬁﬁi?ﬂyrzﬁf%%él?nrﬁel SUR AR hessipatier,
and conv |on and s tivi wer e | cul %.ed. The
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FEBRRIR A B sk e e of e
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fourth introduction of oxygen, when the internal pressure dropped to 4.85 MPa,
the reaction was finished.

After the reaction was finished, the inside materials of the autoclave
were cooled by putting the autoclave into an ice bath. A-gas-sampling bag was
attached to the gas outlet of the autoclave and the gas outlet was opened and
the emerging gas was collected while the internal pressure of the reactor was
released. The reaction liquid containing catalyst was taken out from the
autoclave and the catalyst was separated by membrane filter and the reaction
liquid was recovered. The recovered reaction liguid and the sampled gas were
analyzed with gas chromatography and conversion and selectivity were
calculated. The results are shown in Table 1.

Example 2
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5 mass), pure water was further added to obtain, in
all, 10.2 parts of the resultant aqueous sol ution.
Thi s aqueous sol ution was added to 15.0 parts of a
particle silica carrier, which is the sane as that
used in Exanple 1, little by little and the resultant
m xture was shaken while these operations were
repeated until the whole anount of the solution was
added. The carrier on which the solution 10 was
id%?%@ﬂﬁmea‘gﬁﬁgﬁﬂﬂ)a pore-filling method as descri bed
aggve s calcined at 450C in air for 3 hours to

&P,

0 ‘a silica carrier on which palladium oxide was
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the resultant m xture was s

ORSNcR E&fidr Walieh PR Afle WBlthat (Rl Wk pIROL Nittlcoby lifle and the
solution was added. A 20 silica carrier containing

pakesaltantmitreBms shakermwvhi®thesel sperationewerdtepgated until the
by inmpregnating the solution by such a pore-filling

mewhale amouitsafithe sdludionwas added. si The eari@r ohevhich dise solution
obt ai ned was added to 40.0 parts of 37% by nmass

f ovam rapiepnatediby such aqareifiling mathod-as deseribedrabove was
treatment was carried out by heating the systemto .
7algined et 4B0tHg in airfer ¥ beursle cbtap g siligh ceaiesan whigh. palladium
25 Then the systemwas filtrated under reduced

pr WaSHHPPOIPHr at ed whil e washed with 1,000 parts

of ,hot, wat er. Thereafter, the resultant system was

dr‘?’tsﬂ t 100C for 2 hours under nitrogen flow to

oDt 2 1 SRRt oAb M B2 oAl A
SiTRHed . 20 PapR ANty S B e igkliaRt he suitant mixture
Pl TP of 4 TR pogn g o) kv
cai4é Hddled to the silica carrier obtained in the step 1, on which palladium oxide
was supported, little by little and the resultant mixture was shaken while these
operations were repeated until the whole amount of the solution was added. A
silica carrier containing palladium element and antimony element was obtained
by impregnating the solution by such a pore-filling method as described above.
The silica carrier thus obtained was added to 40.0 parts of 37% by mass
formaldehyde aqueous solution. Then a reduction treatment was carried out
by heating the system to 70°C and keeping it at 70°C for 2 hours while stirring.
Then the system was filtrated under reduced pressure and filtrated while
washed with 1,000 parts of hot water. Thereafter, the resultant system was

dried at 100°C for 2 hours under nitrogen flow to obtain a supported
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5 1n the XRD neasurenent of this catalyst, a peak was
detected at around 29 of 39.700 degrees. (Evaluation
of reaction) The sanme procedure of eval uation of
reaction as in Exanple 1 was carried out except that’
10.6 parts of the catal yst obtained by the 10
above-nmentioned nethod was used. The tinme taken from
the start of the reaction to the first oxygen

i on operatlon was 3 mnutes, The results

SnBARdTGANEINTD Gt @ hichreure pelRdmCSlemPRb and reduced
éie%tﬂ%oﬁﬁ%%rﬁ%@‘: VeIRFIRDS sée%aq%xﬁmﬁc%sza“%érﬁ?tée %%4»93 in the
g%{g&gts\tu%ﬁc%é@dpfﬁ 5:% et[ agfnrﬂpr]l[gdlum e'ie%te%{ was %Cd"? by mass
| néé@@ﬁ@@?gﬁ'@sﬁklm%ﬁ%ﬂyﬁén}e&@a%gj sg% ma@% ||§ % %atalyst.
o 58 R oy 55 BB BB g 20 o

cagglmgtde kéed he XRD measurenent of this catalyst, a
peak was get ected at around 20 of 39. 600 degrees.

( BEVallfdtioAbfkabiAgt i on) The same procedure of
eval uation of reaction as in Exanple 1 was carried

out usi rMthe Samegirotadiiredftevahediohof rBgctidra€ imERAMPREY was

nmet hod. The 25 tine taken fromthe start of the

r ecartied out excépt that 4.6 peyisest the catalysttabdained dryahéon

was 6 mnutes. The results are shown in Table I.
B@bmdeem&nﬂeanMNasrusa‘d c dthel tiroe taRen from: therstart of the
pure water in_which 0.30 part of tartaric acid was

di '936tig tp the first wgerwﬂtraﬁucﬂmgp@rattae Wass3 anipgiess e he results
and t he res% nt m xture was stirred for 30 m nutes

at AGFRBOWR,! dsul tant honogeneous sol ution, 4.5

Example 3
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that the
amount of antimony oxide used was changed to 0.15 part and the amount of
tartaric acid used was changed to 0.78 part and a palladium-containing catalyst
was obtained. The Sb/Pd in the catalyst was 0.15. The loading ratio of
palladium element was 5.0% by mass and the loading ratio of antimony element
was 0.79% by mass in this catalyst. In the XRD measurement of this catalyst,
a peak was detected at around 26 of 39.600 degrees.

(Evaluation of reaction)

The same procedure of evaluation of reaction as in Example 1 was
carried out using the catalyst obtained by the above-mentioned method. The
time taken from the start of the reaction to the first oxygen introduction operation
was 6 minutes. The results are shown in Table 1.

Example 4
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5 parts of palladiumnitrate nitric acid solution
(manuf actured by Tanaka Ki ki nzoku Kogyo K. K.,

pal | adi um el enent content: 22.65% by nmass) was added.
The resultant aqueous solution was added to 5.0 parts
of a particle silica carrier (specific surface area
of 450 n2/g, pore volune of 0.68 cc/g, nedian dianeter
of 53.58 m little by little and the resultant ‘
m e ? ajn whil e these 10 operations were
re@éﬁ?@@t'eﬂtq cat

)/\lnol e armunt of the solution was

added car e, solutiaon
[ rrpr egna"f;’eg Lgeﬁ{ﬁ gr i WF {3{@ Btdaf tgianc acid was
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15
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26

R DA i Bt B e

e"??%f?f T8 ol e B 67 TEER %%@@é’%tcr'%%‘)%%ﬁ%wwon 45
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treat was carri e

q< 7 é}rﬁ%@&ﬂbﬂgcéﬁmﬁf fzg%?sr%qr %as é@aé& The

stl rTing. hen the system was er reduced

pPrresakdt syuidolis Isohaiondvadali€ed Y615 W)eﬁarﬁ b\ha &aﬂ% Bifié4 Earrier

of hot water. After the washing, a silica carrier on

whspécifie Lifdte areal oS50 mikyl pard volame of (268 BL/gS witidian 8fmeter of
to reducing treatnent 20 were supported was obtai ned.

Fub3. 58 pm)titiles by ilittlecand: ter nesultanﬁnnktwpemwshakerﬁﬂhﬂb these
parts of pure water, and a telluric acid aqueous
saperationsowers repeatad untidbe wheje aciaust phthe swiuticn Wasradded
acid in 5.0 parts of pure water was drogped to th

di dieesardgr og earhrf-h the solutionywasiimergnated nsual@atneémﬂlhng method

SR bt afn% SRR SO bt is
25 TR AL B S5 BESRR e pporea

I e 2afh‘gﬁregarén%s%rrﬁértr%%&térégw«z%% P
ke 300 T 4 e camid o

i
car rier. _?_chlg %ﬁ% %mgg@gnggre%ﬁg@v?fp ng/\t/a it C? fgtgur? #Jhl‘;eastrrrmg.

oy oo Mo o ke ki

wareashetidwith 1,000 parts of hot water.  After the washing, a silica carrier on
which palladium element and antimony element subjected to reducing treatment
were supported was obtained. Further, this silica carrier was dispersed in 50.0
parts of pure water, and a telluric acid aqueous solution obtained by dissolving
0.06 part of telluric acid in 5.0 parts of pure water was dropped to this dispersed
solution thus obtained. Then a treatment was carried out by heating the
system to 70°C and keeping it at 70°C for 2 hours while stirring. Then the
system was filtrated under reduced pressure and filtrated while washed with
1,000 parts of hot water. Thereafter, the resuitant system was dried at 100°C

for 2 hours under nitrogen flow to obtain a supported palladium-containing
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5 by mass, and the loading ratio of tellurium el enent
was 1.20% by mass in this catalyst. In the XRD
nmeasurenent of this catalyst, a peak was detected at
around 28 of 39.870 degrees. (Evaluation of reaction)
Into an autoclave, 3.0 parts of the catal yst obtained
by the 10 above-nenti oned nethod and 75 parts of 75%
by mass t- butanol aqueous solution as a reactlon

sol ve |ntroduged and the autocl ave was sh

ti aﬂapvtst B ihyeAurgd palizdipar elemant; iegbged ARy slement, and

' ”féﬁ%@‘&ﬁél@rﬂ%&eﬁmgﬂ@déﬁ“e 3 &W%ﬁ%@%& GATep oe Sb/Pd was
LS ARSI PENAE RIS Belet, Tk BHfeiEo ptpalladium

S e F0 S 508, rfgﬁé@wb‘réwéée“@n?waﬂ

|
S, 15 LD 8 108y s i
4. d&talyRe) | InGK¥ JERD WREad b rRAYBEEhis bﬁl‘aﬁ/s't ta B¥ak whd d\ﬁé‘cted at

to adjust the intemal pressure to

(h@rroellndega@frag QVere Pgy essed as oxygen |ntroduct| on
operation"), and th| s operation was repeated 20 8

t | (Fvalvhtionngf rehetiordacti on. The tine taken fromthe

start of the reaction to the first oxygen

i nt r oducinteman apmdave)rﬁ Oparts ofithaicatalyshbbtainedby theyht h

i ntroduction of oxy g when the internal pressure

dr ahpaimentianed method and Fepaits oh7 5%y massgmmanokfameous

the reaction was finjshed, the inside materials of

ausQUElion 8s ageaetien éelafpebwspe wpduﬁgd ene tamaytqqi@@ wms@hut tight.

an.ice bat

oS Uhd Bintly, 2. 0TI o JeonutileRR dva trgducad mta . and e system

p@@ﬁﬂﬁ%#@@@@?ﬁ%@fﬂ_@mﬂg LD BAY e icasplse BgCTatter the
reﬁéétlng\g #ﬁHfsﬂeﬁoﬂlgr%gE gfaﬁc hﬁééd 'yice] tﬁ@?ﬁ@)cgd've tb" 8 internal

ave and was Separate

Meppak gl & d & %Pé%dtthéna %Wéé Ritrodukay '|@0"iﬁ§ the internal pressure

recovered. The recovered reaction |iqui
S ahy. SCMBél%nWQhé redtRINASSstartel. JEach inteahed the ihte @ pressure

conversion and selectivity were
dropped by 0.10 MPa (the internal pressure: 4.70 MPa), oxygen was introduced
into it by 0.10 MPa to adjust the internal pressure to 4.8 MPa (hereinafter, also
expressed as “oxygen introduction operation”), and this operation was repeated
8 times during the reaction. The time taken from the start of the reaction to the
first oxygen introduction operation was 2 minutes. After the eighth introduction
of oxygen, when the internal pressure dropped to 4.70 MPa, the reaction was
finished.

After the reaction was finished, the inside materials of the autoclave

were cooled by putting the autoclave into an ice bath. A gas-sampling bag was

attached to the gas outlet of the autoclave and the gas outlet was opened and

the emerging gas was collected while the internal pressure of the reactor was
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5 calcul ated. The results are shown in Table 1.
Conparative Exanple 1 (Preparation of catalyst) To

2.16 parts of palladiumnitrate. solution (nmanufactured

by N. E. Chentat Corporation: nitric acid aqueous

acidic solution containing 23.2% by 10 mass pal | adi um
nitrate), pure water was further added to obtain, in

all, 6.8 parts of the resultant solution. This

solution was added to 10.0 parts of a particle silica
cafeleaseq.s pkhe feactionrinyickcentaining catalystivag, taken out from the
volupe of 0.68 cc/qg) little by little and the ‘ _
r e@HiqCiAe #Ad e eatalyst wasiseraiHed byimesdransfiten andthe reaction

B s T ) ASEHCE i B8 sl o wer

ot e e B R o
o PR oY R shprc R OB 450 i n'ai ror
h _ .

tocaRarele BReARIT), s *For mml denyde aqueous
SOtP’f%Eﬁthio-ﬁlﬁrbattélgsﬁyStem was heated to 70C, kept at

20°70C for 2 hours while stirred, filtrated under

reduced T esmIparopdliddivatrittate oo \@siamfa¥furéd by N. E.
1,000 parts of hot water to obtain a silica supporteéed

paCherhoatiCoppdrationnitricedcid eglueolid acldivdolotion ebhtaitihg 23.2% by
pal | adi um el ement was 5.0% by mass in this catal yst.

10 Hemass palladitimgitrade), pureewateravasifurtheofaddedds ebtdin, inaalh 6.8 parts
element to a mass of a carrier in a catalyst. In the
XReS theaeaultantrsoldion2s This solutionMastaddediea10.Oparts of a particle
detected at 29 of 39,48 degrees angd it was confir med ]
t heitica parres{spaaiiic swiaca area AT ignperevelimenpf @88 cclg) little

o B e o (g Beiart e vamshaibipvels s peratpnavere
caferspLin 8 e alund of tnst Faidih B e o The salfion wes
15 ¢ P pre et & e GeF i SR8 PhaBAng T a5 described
tmé‘?l?%\ﬁaf lﬁdﬂd%ﬁtﬁon;mhgﬁﬁﬁﬁarﬂfca%rlm HIRiBH YR Subsequently,
calcination of the resultant carrier was carried out at 450°C in air for 3 hours.
The catalyst precursor thus obtained was added to 20 parts of 37% by mass
formaldehyde aqueous solution. Then the system was heated to 70°C, kept at
20  70°C for 2 hours while stirred, filtrated under reduced pressure and filirated
while washed with 1,000 parts of hot water to obtain a silica supported
palladium-containing cataiyst. The loading ratio of palladium element was
5.0% by mass in this catalyst. Here, a loading ratio means a ratio of a mass of
each element to a mass of a carrier in a catalyst. in the XRD measurement of
25  this catalyst, a peak was detected at 20 of 39.48 degrees and it was confirmed

that the catalyst contained palladium element which composed a metal.

In Examples 5 to 8, Comparative Example 1, and Comparative

38



5 bisnuth el enment contained in the catal yst were
neasured by the followng nethod. Preparation of a
treatnment liquid: Into a Teflon (registered trademark)
deconposition tube, 1 part of the catalyst, 50 parts
of 62% by mass nitric acid aqueous solution, and 50
parts of 10 48% by mass hydrofl uoric aci d aqueous
solution were introduced and a dissol ving treat nent
was_ carried out u5|ng n1cromave di gesti on device

( Mp@BRies dde Sndestld bading ratim afeeshrelement were

Each ss al I adi um eI ement telluriumel enent, an

oi SRRt ?f@ﬁgmasnﬁeﬁﬁadr?é@@%wem@tmeﬁayha%wsel@aeut o urium

| Chlerient ahd bistidr e E&&@r@p 84&3@ VAhafie) reparation, and a
Lt h’%ds% S Emen %&éh“ﬁ%%gsﬁwip i SoTERL tBliwtify plement, and

s Sl oo SRS LB R e B S

foh.ié{ At first, the catalyst was introduced into a
pl ati num cruci bl e and fused after sodi um carbonate was

20 paeisirgtior] BEA tr eta‘PmbHEhdLﬁ&U' tant mxture, distilled

wat er was adde to make a honbgeneous sol ution and a
quant i t ajnty @ Téflba [(Fegisterettradeniarid de®ohipdsitRn t8BEP! Part of the

solution was carrie out with ICP atom ¢ em ssi on
s pegtalystE30 parts 6E8296Uy iniss Mitric @eiki agueoulsolitidreland 50 parts of

amount of the catalyst (0.5 part as palladi um el enent)
10 2548% by massthydréfluaicaacid agueousisolutien mede introdiicedaridsa
of 75% by mass t-butanol aqueous solution as a
r edissplyingiepatmeant wasccarried eut usingianmicrawave gigastian device
8 éhe aut ocl ave was shut ti %Ht Subsequently, 2.0
il %(rﬁeummaaﬁﬁa%w G BN cetparation)i t, and
thesst was Sstirr revol yti on ,.Q00
rpm 3 E Feh s, paliedit) PerarceHusNm ewggf an]d bismuth
S oo BB oo e b b el Gerominea
15 Co érﬂﬁﬁﬁ@?&ﬁtg"i@?’ 4BHiQ LHi&Hon Eﬁgct}éméfér (I’Fﬁs' AbHae (trade

ssure
name) manufactured by Thermo Elemental Co., Ltd.), and each mass was

estimated as the mass of each element in the catalyst. The mass of the carrier
in the catalyst was quantitatively determined as follows. At first, the catalyst
was introduced into a platinum crucible and fused after sodium carbonate was
20 added. Then, to the resultant mixture, distilled water was added to make a
homogeneous solution and a quantitative determination of Si atom in the
sample solution was carried out with ICP atomic emission spectrometry.
(Evaluation of reaction)
The total amount of the catalyst (0.5 part as palladium element)
25 obtained by the above-mentioned method 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
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5 MPa. Wien the internal pressure dropped by 0.15 MPa
(the internal pressure: 4.65 MPa), oxygen was

i ntroduced into it by 0.15 MPa, and this operati on was
repeated during the reaction. The reaction was
finished when the reaction tine was 60 mnutes. After
the reaction was finished, the inside of the autoclave
was cooled 10 by an ice bath. A gas-sanpling bag was

a5 3B bR wes eRERuEPL i thend e sfafhmoues Sdsd (uber of
ke EiEhe: 180T Eahd bERER QT . e tod HEaliAq g fnishea
SR IBER Ay Itk el e b iRl RE BB Bt 3 2.4 e

WaSnH /E&QY Séﬁnggesé'—éé‘a éi?mfa%“iﬂt‘f&‘(iﬁ%c{ ﬁ?&é@;& E}&ér]frngér’;‘bglc)@‘éggﬁv of 4.8

t he sanpl e wer e anal'yze

5 ANRIFLNRIHeh e MR P éi.dfétd)‘oé}%d?bg@lﬁ' e iMémal pressure:

results are shovvnl_nTa e 1 and Taple 2. arative
Exa188 MFa), d:fgenawad imbdeiced attalivsy D. AOMPac afidiKis or[])etration was

procedure as in Exanple 1 was carried out except tha

t hespemted during tintdantion. oThdeeactkth was finkkhed dthenth8 rdaction time
part and the anount of tartaric acid used was changed

t owhs® minutesind a pal | adi um cont ai ni ng catal yst was
obtai ned. The Sb/Pd in the catal yst was 0.30. The '
| oadi ng After theoeaction wagifinishede tue insidesofthe autgclaves was cooled
and the |l oading ratio of antinony elenent 25 was 1.62%

10 pybyragdee Rathi A pas-sappling|bag was atiacheditnthergas outtet of the

SonSiOG YA Eb e Gad Glatirar0RRnea0d IimsTeioing gas as collected
D GRS b BRSBTSt i
2kl B ek o EHS LA BFE AR ot v

: ggé%%gt]éa;@@ E\%ﬁ%ntggﬂtgg BRd!thE PEAonRiqiRPWaSs réCoviréd. The

15  recovered reaction liquid and the sampled gas were analyzed with gas
chromatography and conversion and selectivity were calculated. The results
are shown in Table 1 and Table 2.

Comparative Example 2
(Preparation of catalyst)

20 The same procedure as in Example 1 was carried out except that the
amount of antimony oxide used was changed to 0.31 part and the amount of
tartaric acid used was changed to 1.55 part and a palladium-containing catalyst
was obtained. The Sb/Pd in the catalyst was 0.30. The loading ratio of
palladium element was 5.0% by mass and the loading ratio of antimony element

26 was 1.62% by mass in this catalyst. In the XRD measurement of this catalyst,

a peak was detected at around 20 of 39.500 degrees.

(Evaluation of reaction)
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15

5 nore precise, the tinme taken fromthe start of the
reaction to the first oxygen introduction operation
was 45 m nutes. Consequently, the reaction was

fini shed when 60 m nutes had passed fromthe start of
the reaction (oxygen introduction operation being
only once), because it was understood that the

catal yst had a lower activity than that of Exanple 1.

The results are sho in_ 10 Taple 1. Table 1 Reaction
Conver si sem@o@mgﬁweséﬂ eu@lyationof regrtien asExample,1 was

o b Pl g 5,

0 850 - Fiobinds Moo sk | Yodolbrotod oB frbed sted
15 R Sl o oA A o e
R B IR S Seadlop8 1 rycen

c i ioR" i ti i
(SRS opORIGAARCRS QN | SnedBuEAYTBIC chction was

ni firighed WhBh®W/ehirites haf paisEBs fiohetHEStart ¥t the fedUitidAbRygen
nitrate pentahydrate of 62% by nmass nitric acid

adntrodactior! operationdeingonlg drice), tEcause littwag enddrdtood that the
solution. To this solution, 0.151 part of telluric

catalyst had a lower activity than that of Example 1. The results are shown in

Table 1.
Table 1
. |Conversion| Selectivity Selectivity
sb/Pd | TelPd Rﬁg"" of to to
{molar ratio){(molar ratio) (min) Isobutylene | methacrolein |methacrylic acid
(%) (%) (%)
Ex. 1 0.05 0 74 67.0 17.3 43.3
Ex. 2 0.1 0 90 56.5 14.8 57.4
Ex. 3 0.15 0 120 60.5 18.8 50.1
Ex. 4 0.05 0.05 50 814 18.0 47.4
Comp.
omeL g 0 80 52.8 15.7 33.8
Ex. 1
Comp.
Ex 2 0.3 0 60 22 12.7 1.7

As illustrated above, an o,B-unsaturated carboxylic acid can be
produced in higher selectivity by using the palladium-containing catalyst of the
present invention.

Example 5
(Preparation of catalyst)

To 0.0228 part of bismuth nitrate pentahydrate, 10 times the mass of
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acid and 10 tinmes the mass of telluric acid of
distilled water were added to nake a honbgeneous
solution. To this solution, 2.16 parts of palladi um
nitrate 5 solution (manufactured by N. E. Chentat
Corporation: nitric acid agqueous acidic solution
containing 23.2% by mass palladiumnitrate) was added
and pure water was further added to obtain, in all

6.8 parts of the resultant solution. This solution was
adRigguthnitkgte peatahydiate of §27% by ineass nitriceacid aaueeus solution was

b & oimake i iamadereous saldiama oIS satiend 15 part of telluric
ey BT S RSB el B e o e
i i { { . .
13336k N WNRel R Sk A vt
Ao O CHencie il T bid ieous
R0 SR RN 23 6) B BRIBH ) i add and ure
aqgeer was40rther Added to3dBtalty inaR s B YRl dehy ?@suﬂ{ggfegltﬁtion.

solution. Then the systemwas heated to 70C

70®is solufiohrtissaddid & $0.01paetd of o particrt siba ealfier (si:eciﬁc surface
reduced pressure and filtrated while washed with 1, 000

parea ob#50mt/ gygiore volurnd ofDi68ccs! §) lits by iftie ardithe resultant
pal | adi um cont ai ni ng catal yst. The Te/Pd was 0.14 and
Bimigty ramaﬁfmkenwh%thﬁemwaﬁonﬁwermmﬁeged antil dhewhole

pal | adi um 20 el enent was 5% b_%/ mass, the |oading ratio
ofameunt of theseluling wasgdder. s 4bhesolution wasthds impregnated to the

| AL by G/ Poreming mtborasdineciend aBpve, an evaparation of the
CTARUAE, P s Ao BBy bt St RSutant
RS R S DS ART5ES . e Byt procursr s
¢ BLPANES o AR Sy SEE gy Bl soutn.
L 9l NS 10T gt 8109 42120 Gl st
Wiiftrat6d untie g RiducBdpressndtdng fil#atddiahileswashed with 1,000 parts of
hot water to obtain a silica supported palladium-containing catalyst. The Te/Pd
was 0.14 and Bi/Pd was 0.01 in the catalyst. The loading ratio of palladium
element was 5% by mass, the loading ratio of tellurium element was 0.84% by
mass, and the loading ratio of bismuth element was 0.1% by mass in this
catalyst. In the XRD measurement of this catalyst, a peak was detected at 20
of 39.66 degrees and it was confirmed that the catalyét contained palladium
element which composed a metal.
(Evaluation of reaction)

The total amount of the catalyst (0.5 part as palladium element)

obtained by the above-mentioned method and 75 parts of 75% by mass
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I sobutyl ene was introduced into it, and the system was
stirred (nunber of revolutions: 1,000 rpn) and heated
to 90C. After the heating was finished, 5 nitrogen was
i ntroduced into the autoclave to the internal pressure
of 2.4 MPa and then conpressed air was introduced
into it to the internal pressure of 4,8 MPa. \Wen the
i nt ernal pressure dropped by 0.15 MPa (the interna
en was introduced, i

DB HPS! aqHepUR e e R TeRcHts ol V@@@g@r@dnaaﬁ : 3@5 ¥ i

[ AbbBle ahdinh Fhidev WaR anut bighe ” SiHEBayfR, 26 batt of
E@‘i@@%&e Vs iidiEed it a§§g}ﬂ§é§¥§ﬂ?’§%ﬁé§9€§%@f’er of

g%ngﬁl fE: ﬂqob Wﬁr&) ANHIEAYF t508°¢. heAﬁ?Pth@%éﬁhg% finished,

opened and I’ ng gas was coal l'ec

8 TR £ BTG RS2
f raHa tHep cimmesaed aftgad iMrodatal b iv@he %ﬁ@ﬁ’{aﬁ‘bﬁé&s‘%‘e of 4.8
menbrane filter and the reaction [iquid was recovered

ThePal ey thé internhl presbureudroppad biy® 15 M4 @tﬁegm&mal pressure:
were anal yzed with gas chromatography and conversi on

ardi6s dllita), ioxygen wasdnirad ucddintalit bye15 dRa,tand thiscoperation was
shown in Table 2. 20 Exanple 6 (Preparation of
c depegted)during theeagtiar: e dihecreaction waedinishediwhers the reaction time
carried out except that the anount of bisnmuth nitrate
pe¥@sf) dnipttesused was changed to 0. 0570 part and t he
amount of telluric, acid ysed was changed to 135 part
and a 28\igAtt %%msﬂoem%ﬁwﬁh@dctaﬁawge s%tpslavedvas cooled
T e Te/P s Q.125 and.Bi n the :
oy e bafe. AskiasMPIRY BAGWaSAtARNeR o the AR ouligtof the
50/
lﬂéc@{%%‘ 2y th%?eg‘@ﬂép?’ﬁé%i?sﬂﬁﬁs&%ﬁbé%ﬁé@ﬁse%%e\ghae:ﬂ"ected

X neas ﬁ@%ﬁ@%’fpﬁ e/%a{rﬁ@ﬁ ({'/t@lt Wag ?%Igéﬁé \ fﬁ%[’ ect'oa liquid
atcoffaifingXhtalfstwas B8&n out from the autoclave and the catalyst was
separated by membrane filter and the reaction liquid was recovered. The
recovered reaction liquid and the sampled gas were analyzed with gas
chromatography and conversion and selectivity were calculated. The results
are shown in Table 2.
Example 6
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the
amount of bismuth nitrate pentahydrate used was changed to 0.0570 part and
the amount of telluric acid used was changed to 0.135 part and a
palladium-containing catalyst was obtained. The Te/Pd was 0.125 and Bi/Pd
was 0.025 in the catalyst. The loading ratio of palladium element was 5% by

mass, the loading ratio of tellurium element was 0.75% by mass, and the
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and it was confirnmed that the catal yst contai ned

pal | adi um el enent which conposed a netal. 5

(Eval uati on of reaction) The sane procedure of

eval uation of reaction as in Exanple 5 was carried

out using the catal yst obtai ned by the above-nenti oned

nmet hod. The results are shown in Table 2. Exanple 7

10 (Preparation of catalyst) The sane procedure as in
ed out exciﬁt t hat the_  anount

b OREIG TR R bl dlR et wes, b 2ath mcmans i BUS catalyst. In the
2&?2%@2‘3@%%%{'@%%@ C& gﬁ‘ﬁ%%t- g&a@@taﬁ%%&@gﬁd%turﬁs%e% 35.30 degrees
Cob e S8 e iy R R B e
DY S ot wae O 66% by mass, and the

¢ REvalibtioR dftedetidths U P remour ement of this oo

cat al ystj:heasé}ﬁg!ﬁrﬂéédtﬂ%to?%{vﬁma?ibné? ré‘écti%ﬂ-%ﬁpf@@n?ﬁé 5 was

and it was confirmed that e catal yst con

patdraed it aéiﬁgﬁﬁé cﬁféi?é’t)o%@aiﬁéﬂlb?%ﬁé’ aﬁovs-&ﬁéntiofned method. The

(Eval uation of reaction) The safme procedure o

evebults arnsledwi anTabler2.as in Exanple 5 was carried
out using the catal yst obtained by the above-nentioned

nmdtxavdpleThe results are shown in Table 2. 25 Exanple

8 (Preparation of catalyst) The sane procedure as in
EXBneparatonef catalystled out except that the 44 anount

of bismuth nitrate pentahydrate used was changed to

0. 114 pdhe sarme precedine @stin &xample Grwas eaimried s exaspt that the

Clla%]gt%jt otf%ie?m&t 8niPrg{e} pgr?tgh?drate used was changed to 0.0912 part and
the amount of telluric acid used was changed to 0.119 part and a
palladium-containing catalyst was obtained. The Te/Pd was 0.11 and Bi/Pd
was 0.04 in the catalyst. " The loading ratio of paliadium element was 5% by
mass, the loading ratio of tellurium element was 0.66% by mass, and the
loading ratio of bismuth element was 0.39% by mass in this catalyst. in the
XRD measurement of this catalyst, a peak was detected at 20 of 39.54 degrees
and it was confirmed that the catalyst contained palladium element which
composed a metal,

(Evaluation of reaction)

The same procedure of evaluation of reaction as in Example 5 was
carried out using the catalyst obtained by the above-mentioned method. The
results are shown in Table 2.

Example 8
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the

44
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pal | adi um cont ai ni ng catal yst was obtai ned. The Te/Pd
was 0.10 and Bi/Pd was 0.05 in the catalyst. The

| oading ratio of palladiumelenment was 5% by 5 nass,
the loading ratio of telluriumelenment was 0.6% by
mass, and the loading ratio of bisnuth el enment was
0.49% by mass in this catalyst. In the XRD
nmeasurenent of this catalyst, a peak was detected at

oo BB B oA s g e
bt of AR 535S KBRS o

R ity e aling Gardet s BBjahert P8 JoRREWRY o/ Fand Bipd
T8 o5 FEARALLIAE. SHRIREA] ob o BYTRALALAGR M was 5% by

C%bkg,dthe%a&ﬁgggﬁo bhﬁéuHHUﬁ eoféﬁioé‘hg&vla%‘;o.gigf?}'gﬁr’]aﬁ bh'tfe loading

pent ahydrate u was change

-t elakiBrof bigtauth Yamen® wasSBdo% b\ nasBah ad icﬂ!&l;gﬁiﬂt fH tHe™RD

catal yst was obtained. The 81/Pd in the catal yst was

0. BBasUizenéntaditing catdlyst, 8 peaR WaiatBrRdeTon of $548 de§fbes and it
by mass and the | oading ratio of bisnmuth el enent was

0. was/confinmexct that thércatalyshtahtairted palladiven ¥Rnent which composed a
neasur enent of this catalyst, a peak was detected at
20metsfl. 39. 70 degrees and it was confirmed that the
catal yst contai ned palladium elenment which conposed a
eFypluatiopafdeectian)of reaction) 25 The sanme procedure
out i rihe FAE rarSHire SR xR NaHOR ff reRetep AR NI
%Eﬁg%pm ﬁsiﬁbjﬁ% :ctgf’aﬁsft%bfalﬂgt\aﬂg biy rt]hg %Bln:\?e—%herfft%ned method. The
resuits are shown in Table 2.
Comparative Example 3
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the
amount of bismuth nitrate pentahydrate used was changed to 0.114 part and
telluric acid was not used, and a palladium-containing catalyst was obtained.
The Bi/Pd in the catalyst was 0.05. The loading ratio of palladium element was
5% by mass and the loading ratio of bismuth element was 0.49% by mass in this
catalyst. In the XRD measurement of this catalyst, a peak was detected at 26
of 39.70 degrees and it was confirmed that the catalyst contained pafladium
element which composed a metal.

(Evaluation of reaction)

The same procedure of evaluation of reaction as in Example 5 was

carried out using the catalyst obtained by the above-mentioned method. The

results are shown in Table 2.
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(Preparation of catalyst) The same procedure as in
Exanple 5 was carried out except that, to 0.752 part
of bismuth nitrate pentahydrate, 4 tinmes the nass of
bi smuth nitrate 5 pentahydrate of 62% by mass nitric
aci d aqueous sol ution was added to make a honbgeneous
solution, and further, telluric acid was not used, and
a pal | adi um contai ni ng catal yst was obtai ned. The
BI/Pd in the catal yst was 0.33. The |oading ratio of
péé‘?'HB?[?fWSIFé?mle\ﬂas 5% by mass and the loading ratio
of bisrryth | emrent was 3.24% by mass in this

c APERRArAtion gt cata 10 measurement of this catalyst,

cont 1 r e et TEIVS PacecireiaIf ExaRinie oty sairied G except that, to
il @ﬁ%ﬁ%’ﬁ@@ﬁ%ﬁ%@%@%&?ﬁé@ i, St bismuth nitrate
AR A AT A R i LA o e
aAhBnfdHuNBoLS s |(§>ng gpggggiwe};]?éume AEItAWRS HoPused, and a

(Preparation o € Sale procedure as

Epanaaianﬁcwﬁ@irﬁ@g chefyst Was%iﬁﬁgg.t ng e /P ﬁl'fHUbat?lyst was 0.33.

nitrate pentahydrate was not us e anount o

t FheUdadingaitio of pdlladiem slmeae Wak®% blirhagskhd thé thadling ratio of
pal | adi um cont ai ni ng catal yst was obtained. The Te/P

| bisrhethczlement vased:24% 18y mase in thisicatalysat | i the XRD

pal | adi um el ement was 5% by nass and the | oadi ng

r measusement dlthiacatalystrapeakawad detectsd ab2a of 89.00idegrees and it
catalyst. In the XRD neasurenent of this catalyst, a

puas coimped dbatdhe satalpstapntaingd patiadivgy elementvhich cemposed a
conf,i ered that the catal yst contai ned pal |l adi um

eM&tght which conposed a netal. (Evaluation of

ﬁlbgﬁg%équ;%EQﬁanFepgoaggur e of eval uation of

The same procedure of evaluation of reaction as in Example 5 was
carried out using the catalyst obtained by the above-mentioned method. The
results are shown in Table 2. |
Comparative Example 5
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that
bismuth nitrate pentahydrate was not used and the amount of telluric acid used
was changed to 0.162 part, and a palladium-containing catalyst was obtained.
The Te/Pd in the catalyst was 0.15. The loading ratio of palladium element was
5% by mass and the loading ratio of tellurium element was 0.9% by mass in this
catalyst. In the XRD measurement of this catalyst, a peak was detected at 20
of 39.20 degrees and it was confirmed that the catalyst contained paliadium
element which composed a metal.

(Evaluation of reaction)



carried out using the catal yst obtained by the
above-nenti oned nethod. The results are shown in

Table 2. Table 2 Conversion Selectivity Selectivity
Selectivity le/Pd Bi/Pd of to to to (nolar ratio)

(rmolar ratio) isobutylene nmethacrolein nmethacrylic

acid carbon dioxide (%9 (%9 (% (%9 Ex.5 0.14 0.01

68.0 21.6 46.1 2.8 Ex.6 0.125 0.025 77.1 19.8 51.8

2.4 Ex.£ 0.11 0.04 68.9 29.2 45.3 2.9 Ex.8 0.10 0.05
72. 1 25. '@ gamepraceqyyspf evalyiation of geadtion asindEx@mpie 5 was

?%%ﬁég%yt y3ihg 1S pasaiget cbiaiped b e pboweremomedmathod. The
d
cBaufly Pl SOMRM TRBR 2" S caa™ W aner ael ectivity

anﬂame rmll anmount of carbon dioxide was forned as a

by—product—by—using the palladium cont ai ning catal yst
off thel present] i nventCowersbhi| \Getectivity c| Seleatidity S| Seledivity
pal | adi ulie/dntai BV gat adfyst | f orpr oduci nge &, to
13- Unsﬁﬁdﬁr&ét@)ﬂtmdl‘a?rrﬁi@? MbHufyIeRE | ket dcRiRid F?\efﬁlra ] récﬂ cafbdn dioxide
a,| (3-junsaturated al de y% cpnpr,} ?I ng pa
) (% (%)
Ex. 5 0.14 0.01 68.0 21.6 46.1 - 2.8
Ex. 6 0.125 0.025 771 19.8 51.8 2.4
Ex.7 0.11 0.04 68.9 292 45.3 29
Ex. 8 0.10 0.05 72.1 25.0 46.3 3.8
Comp. 0 0
Ex. 1 52.8 15,7 33.8 6.0
Comp. 4 0.05
Ex 3 ' 56.8 215 39.3 4.6
Comp., 4 0.33 |
Ex. 4 . 201 17.2 06 4.3
Comp.
Ex. 5 0.15 0 67.8 17.3 44.5 556

As illustrated above, an o,B-unsaturated carboxylic acid can be
produced in higher selectivity and a small amount of carbon dioxide was formed
as a by-product by using the palladium-containing catalyst of the present

invention.
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el ement which conposes a netal, telluriumelenent, and
bi smuth elenment. 2. A nethod for producing the

pal | adi um cont ai ni ng catal yst of claim1, conprising

the step of: reducing a conpound contai ning palladi um

el ement in an oxidi sq& te.. npound cont ai ni ng
telluriumelenment in 1'11%&% g'%&'(? ate, and a conpound
containing bisnmuth in an oxidised state with a

reduci ng agent. 3. A nethod for reducing an a,
R-unsat urated carboxylic acid, conprising the step

(3t unado rRiadtin SR, taifd Jof dodical %, Biunsaturated
carbbiyligi atich ramean Tiehkn dbhean pel-asatorated biiehyde, canpligimy palladium

of claim1. 48 \ .
element which composes a metal, tellurium element, and bismuth element.

2. A method for producing the palladium-containing catalyst of claim 1,
comprising the step of:

reducing a compound containing palladium element in an oxidised state, a
compound containing tellurium element in an oxidised state, and a compound
containing bismuth in an oxidised state with a reducing agent.

3. A method for reducing an a, B-unsaturated carboxylic acid, comprising
the step of:

carrying out oxidation of an olefin or an «, B-unsaturated aldehyde with
molecular oxygen in a liquid-phase using the palladium-containing catalyst of claim 1.
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