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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, p- UNSATURATED CARBOXYLIC 5 ACID TECHN CAL FI ELD
The present invention relates to a nmethod for

produci ng a palladium containing catal yst to produce
an a, p-unsaturated carboxylic acid 10 froman olefin
or -an a, p-unsaturated al dehyde, and a nethod for

produci ng the palladium Lad i catal yst, and a
met hod for producing the gggcﬁ*@g{@%t ed carboxylic
aci'd. BACKGROUND ART 15 There are many industrially
useful materials anong a, p-unsaturated carboxylic

ar L ARIURCORTRINBIG CAPAPEST METHTTD LR ¥ROPRGIING THE

r SAME, ARE ME?HGB%#PR‘OW@% fa% UN%&‘QG??@E@CARBOXYUC

a, p- unsat urated carboxylic acid

| i qui d- phase oxi dation of an mt]gl n or an

a, p-unsaturated al dehyde 20 with nol ecul ar oxygen has
been researched. As a catal yst for producing the

a, p-unsaturated carboxylic acid through Iiquid-phase

oxi dation of the ol efi nTRCHNIGAlRF[ELDsat ur at ed
al dehyde with nol ecul ar oxygen, for exanple, a

pal | adi Tine posent inventiontralagss ta 3 metbod farcprodusiagent
Docunent 1. Further, as the catalyst for producing

t palladiymeeaniaining: catalyst togxrpduge abi wﬁtunsauyat@scarboxyhc acid
l'|quid- hase oxi dation of the olefin with nole

oﬁ(?@eﬁf" 019 INgA an@iboupsaiuiated ﬁl@"'&’gﬁaﬂ%ﬁ ﬂmﬂ@ﬁ' fOf producmg the
~PRlACLT- G ote bt e Bl (anAoRdsing Sipedhunpaturated
P crrent 2. As a palladiumcontainin
c%%f’%%lfcéﬂ??agl e for pr oduci gg benlzyl acet altel, °

BACKGROUND ART

There are many industrially useful materials among o,B-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 method for producing an «,p-unsaturated carboxylic acid, a
method of liquid-phase oxidation of an olefin or an o, f-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 o,B-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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t hough not for producing a carboxylic acid, a catalyst
having an atomic ratio of palladiumbisnuth being -
3/1.4 to 3/0.8 for producing a carboxylic acid ester
is 5 proposed in Patent Docurment 3. A catal yst having
an atomc ratio of palladiunbisnmuth being 2.5 to 3.5
for producing benzyl acetate is proposed in Patent
Docunent 4. Patent Docunent 1: Japanese Patent
éﬁslicat'gn Lai d- Open No. 2004-141, 863 Patent

Sl Japanese Patent Appl i cation Laid Open No.

nopl | o8 BipaiaimysBhfERing BBIENRY syiabisd8r Pr¥flint ety acetate
RLER 'HP‘ g‘l@@ﬁ@@@&%ﬁ@?’%ﬂ %ﬁ?ﬁ@qﬁ% Bt B At of
%t{ﬂﬂnﬁ?&s—'—rjﬁ'ﬁtﬂ %Wﬁgr@l?t! ctg%xy g‘tq Y 'c&i‘f&ﬁi@ dclifester is

t'arget unsa

Cangbgeehapataw inSehtus Wc&ﬁ& ﬁbbngs T dbganb B¢

l'ysts described in Patent cumnen wer e

NE4llaRikir/bidranth B&ifg 2.5 W BFefor %Hl.ﬂ:\lﬁg’fﬁéhzﬂfacblﬁb is proposed in

selectivity has been desi red. Further when t

cRateny Doeurmnt @i bed i n Patent 20 Docunents 3 and 4

were used as a substitute for the catal yst for

piPattnt Dogutrient 1a JapanesealP atent Agplicatioodyaid Open No. 2004-141,863
t hrough |iqui d- phase oxidation of the olefin or the

aPatent Pogument adJatbamml%atmt Appiitationl Laid-€pereNp. She 56-59,722
selectivities to the IgS unsat urated car boxyl I C aC| d

mBat;ent mcnwt@adeeaneﬁﬁ ateghApplicatiosy Laid-Oper:No. Hei

(9-% gﬁggse oxi dations using the foregoi ng catal ysts,
& e amount of carbon di oxi de was fornmed as a

e Dielimene 3 ddeatiespant BPbfA LA DhaT Noc el 107,616

desired because the selectivity to the
a, (3-unsaturated carboxylic acid was Iomered as 2 the

el et L, Lo, oo ROl sl BRcamE Ty Therercre,
gﬁl laagi ﬂnmsggﬁtﬁg ) dm TOBE $SLVHD BY PREINSENTPION oduce
However, selectivities to the target a,B-unsaturated carboxylic acid in a
quutd-phase oxidation using the palladium-containing catalysts 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,p-unsaturated carboxylic acid through liquid-phase oxidation of the olefin or
the a,B-unsaturated aldehyde 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 a,B-unsaturated carboxylic acid was lowered as
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car boxylic acid in hi gh selectivity froman olefin or

" an a, p-unsaturated al dehyde. 5 It is another object of

the present invention to provide a nethod for
producing such a catalyst. It is also another object
of the present invention to provide a nethod for
produci ng an a, p-unsaturated carboxylic acid using
such a catalyst. MEANS FOR SCLVI NG THE PROBLEM 10 One

eéﬁt!?%gﬂt&gﬂt@%;ﬁﬁat Mn“ On\h@‘ produm ng an
Tl P A i
(Pl ﬁ%ﬁﬁﬁ]ﬁ#ﬁ'ﬁﬁ"ﬁ“ eblegid PEGuh Mk fted

C’?é )éfﬁc éé](_il iny ﬂ,dgpse?e%tfg% 2 &%ﬁrﬁe §{ gh L ﬂ@n@ﬁfdrgﬂayaldehyde.
PRI HbIHEY 68 Eci‘bf‘tﬂég predkAt ihekn |6W{dJ€"OW:Ie°é‘H FIbH for producing

el enent whic conposes a rreta [ urium e enment

agichpa eatdyste| @T8also ditheesbjaet OMtheiesntii ﬁ@erﬁﬁj«ﬂoéﬁrbvde
of the for%%m ng (|s)° may further mg?ude 0.001 to 4 dea

niethad fdreroduidingnaal & paurisaturatedoarborylicadit agingsuch a catalyst.
el ement. 20 The pal | adi um contai ning catal yst of the

foregoing (i) can be produced by a nethod conpri sing

the steps of reducin compound cont ai ni ng pal | adi um

el ement in an oMEIAH&f@R@@LWNG THE &RE@BhEMigent ,

and reducing a compound cantaining antinony el ene

| n an ane@ﬁaec%@f;g@ nxpswtanveeﬁm i5 @ Rajadium mtammg catalyst

K PRER G0 iDL Ay ol O ScARH 1O IR0t o
A Sﬁlﬁy%aéﬁ%%vgsw” s66e eBfieciin e Bi iRt i either
J;%’@"é\"h@ B AR RTD o anox i 2o state 3 s
‘F’Jv'r th 2 GralpalgiuReeditainiy td8lst § W}pdrﬂg%gg‘}pﬁg%;oﬁéé Mg of
g?mﬁaﬁﬁbwnaémocww P&l ,enaﬁaﬁt,i sing the step

(i) a palladium-containing catalyst including palladium element which
composes a metal, tellurium element, and bismuth element.

The pailadium-containing catalyst of the foregoing (i) may further
include 0.001 to 0.4'moie of tellurium element to 1 mole of palladium element.
The pailadium-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 réducing agent.

The palladium-containing catalyst of the foregoing (ii) can be produced
by a method comprising the step of reducing a compound containing pailadium

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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carrying out oxidation of an olefin or an

a, p-unsaturated al dehyde with 5 nol ecul ar oxygen in a
| i qui d- phase using the foregoing pall adi um cont ai ni ng
catal yst. EFFECT OF THE | NVENTI ON According to the
present invention, a palladiumcontaining catalyst io
whi ch enabl es to produce an a, p-unsaturated carboxylic
acid in high selectivity froman olefin or an’

a 'thunseilé urat ed al dehyde can be provi ded. Further, the
a,“g- U EEHUHING 8gen rboxyli-c acid can be produced in

caal yot anbl anbper ASheBof (8 préserdielii s 4 et or
CREFRHRG B osRERR B o bR g ep ot
catal ysgg in?'(?)ﬁ,lt (Fgﬁ’o%?i% df;é\‘leéléﬁf? Br tﬁg %@-{dﬁ%&hﬁ'&ted déagﬁ.ﬁgde with

abbrevi ate yst IS a ca or pro

t Afoléclatoa@ien iﬂté?ﬁquiéf)‘ﬂ'ﬁ%éwsiirgq e férééﬁilt‘i’% galzl%dium-containing

| i qui d- phase oxi dation of the efin or
acatalystat ur at ed al dehyde wi th nol ecul ar oxygen
(hereinafter, also abbreviated to "liquid-phase

oxi dation"). (The first enbodi nent of the

pal | adi um cont ai ni ng catal yst) The first enbodi nent of

t he pal | adi um cont aiBRRECTARTHE INENTIONr esent

invention is the one conprising 0.001 to 0.25 nole of

ant i nonf\ceprginghto the presentioventism, gpalladium-containing catalyst

Is, prefer bl? that the catal yst further conprise . o

erakles Lge A foknsateatedsatbaxylio agigl ia high selectivity

| | adi I t.o It | f bl e that | | adj

FoREAh SR 5Tk et B 4 B e, e

I t ' f lle th - .

S Bl R RIBG0 R i i b8 A BIGCE ok Sty oo he
b (il ; 4, 5 t . -

bl SRR ogtilyst 2 Filtiheicn I UER dteBition dlogilelunicn is a

Dfrbtidiaitn AR, conaned [ the catalyst i
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 a,B-unsaturated
carboxylic acid through liquid-phase oxidation of the olefin or the
a,p-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. Itis preferable that the catalyst further comprise
0.001 to 0:4 mole of tellurium element to 1 mole of palladium element.

It is preferable that palladium element contained in the catalyst be in a
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5 val ence state, or in a netallic state of O val ence
state. The catal yst becones capabl e of producing the
a, (3-unsaturated carboxylic acid in high selectivity
fromthe olefin or the a,p-unsaturated al dehyde by
adj usting the nunber of noles of antinmony elenent to 1
nol e of palladiumelenent in the catal yst (nanely,

nol ar ratlo of antlnnny el enent to 10 pal l.adi um

o Be e b Thalsncd e R Pieieele B andmory gemest

p?‘ﬁﬂﬁ'&eﬁdﬁ Pt catalt BRIR Y P&@%@%@%Qﬁ? P4, &rs yalence state, or
[ S i ——

"?érﬁém%ﬁ i %% Eétcay% l‘ﬁil/gaﬁ%tca%gs beRldh ﬁld%ﬁ's‘i‘&b%?‘w or +4

ment int nanel Y, nolar ratio of

t@AlbHES u@téelcﬁﬂﬁratmbﬁaunﬁéth%ibﬁmaie%er&atae/ Pd) to a
predeterm ned range. The Te/Pd is preferably 0.005 to

0. 35 arThereatalysk betemesicapabllofiproluding the ofpuidatursted
Te/ Pd are adjustable by a conpounding ratio of a

pearbasylicnacio ip highdselectivity fiom the olefiparthe caprdinsaturated
tellurium conmpound to be used in the production of

t dldepyde by iadjustingtthe muniber af angles ofiadtimpay etemenkts. 1 mole of
The Sb/Pd can be cal cul ated from nasses and atoni c

v@alﬁxﬁijtyn@iemant inbe catalystdnamel melar eatioueh smtimmu element to
PRl SRMERF ISR dhios BFRdRISEBeR ABEe: 1 BHSBIPY is preferably

F 1B 024 30 o Bratarahlyio/6) o B Rultfies the gatalyst becomes

ﬁé%%%%ébnbweﬁ%“@% Béqn%aﬁ%%q"a%fbmr’c A6 hidy ”stelecuww

raw ma? er |'§r| Irqg]%t p’gqﬂ.'%ﬂ%f%%d kao@ﬁ?ﬁ'@ nibae rof
| RoldiCofrefiiiith ERme RSP indid oPgéﬁa&.@ﬁ. SRR et

cal cul ate roma pa dium content and a conpoun

afiiidly, dholah Patichdf 18U AIMA ledknPR) baradmtévemnﬁsawd) toa
and a antinony content and a conpoundi ng anount of the

r predetdratingd rarige. aMHeTePdtie phefetsbiyl 0.00%to R8Sdndanols
guantitatively determ ned by the sane

preferably 0.01 to 0.3. The Sb/Pd and Te/Pd are adjustable by a compounding
ratio of a patladium 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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5 nethod. As the nethod for quanti-tatively determ ning
the masses of palladium elenent and antinony el enent
in the catalyst by elenental analysis, a method in
which the followng treatment A liquid and treatnment B
liquid are prepared and analyzed can be |listed. Mss
of telluriumelenent can be neasured in the 10 sane
way. Preparation of a treatnment Aliquid: Into a

TefI?

e o S B oo
BN o taa%asﬁagaa'éfm@ga@ago e o
B A o AP A4 o Pl o
i .

Uﬁfé{ b§ washing are gathered and filled up to a
ca Bra'tion mark on a neasuring flask to nmake a

treatne
l'iquid: A%éﬁ%\h?#mt)g’rror i%agﬁ?égﬁb dlﬂ%t%f‘mﬁ\ nsoﬁ%%egm‘ palladium

r eRirneret aid éﬁtﬁnémearemﬁt i\t Batiafysh ag elé}ﬁéﬁtag ahhgs&da method

is transferred into a platinumcrucible and is h

airdwhichrthe following ¢eatraent A lighiduma®ésthwra B liquid a8 prepared and
to it and fused with a gas burner. After cool ed

haoatyzed canbedisted. aridass sfitgllurianpelemerit cantbe measured in the
added to the crucible, and after the fused nateri al
i SaQeswaY.ved, the resultant solution is filled up to a

2 callbratlon mark on a measuring flask to nmake a
t PEeparatien pf ﬁltiﬁsﬁt'ﬂen%@ﬁuﬂass of antinony el emant and
pal | adi the treatpent A |

thus. oblf e'@f@rﬂrgﬁiﬁchwg edemen qﬁcamm%tmnst@st bt the
é%?@&&%ﬁé%ré%"?? Uit iebate et SO popoentrated
oL R T‘d@ﬁ%ﬂ‘?ﬁﬁ@? BuBepiR sounkhike e and a

f §1R8bRir feSnent is carried out using a microwave digestion device (MARS5
(trade name) manufactured by CEM Corporation). The resultant sample is
filtrated and a filtrate and waéhing 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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masses of each element in both the liquids. 5 Further,
the catal yst of the present invention nentioned above
may be a nonsupported type, however, it is preferably
a supported type in which palladiumelenment and
antinony el enent, or palladium el enent, antinony

el ement, and telluriumelenent are supported on a
carrier. As the carrier, for exanple, activated

carbon, carbon bl ack, .silica, alum.na, magnesia
c ?f@m,meﬁgqlﬂantm‘@?bwﬁgiIPE’oatpamé gMigsion speeiomalasng

MBS Ayantite st 'rﬂaareeﬂﬁ%ﬁﬁfaisiwe@fr}wctﬁimé EigtnefiafEo., Ltd),
e 0% el of 8ih e Pl inPl Sl Gin e BB Fomc Sum of
Cﬁ.‘%sggs B?Sgchéfé e%,ﬂ i?g’?’?’é%\enﬁ@dé)r nore ki nds of these

carrrers are us ,a mxture such as a
T’ cuercthercdialystyt HTtrBtent invéritiolimafioid b8 may be a

c [ l hi
o /e RSV, R feferaoly £ OpARS] fpaft fcn

apdlladied diementand antimongrdi@hbat, ¢e panadine ernserti Atirabny
carrier and the like. In the case of silica, the
sglementcarsditellariemeelemernt aps slippated oh@ cdttigr. orAg1theccarrier, for
and 20 nore preferably 100 n2/g or nore, and

pexgrapleh Botivated canwiny carboreblacknsilicay ralumipnas eagrigsia, calcia,
1,000 n2/g or less. As the specific surface area of

t ttaniaser zionisean e distadhl 1AMong themasiliea, alumitd, ohagnaesia, calcia,
usef ul cqnpopents (palladium el enent, antinony

clitapiaen zigopiasigipere REfergbie, @nd; silica; titania er gigonia is particularly
DR it e BRSE deorRoS afrioindes mose
ety GATBERRYS  AsiinS s ot fio 8P Riore indi ofihass Stiers are
LisPd, 36r BB Rmidurb Such ' it ollad chiaied oy IRk siica
%ﬁh q nﬁna,rahéawe%&ee%ﬁﬂsﬁ&wa-am ?’éﬂgeﬁ id §2dmplex

e shape or si the carrier I's varla ependi ng
opxiddeaRbeRteéd. Size of a reactor and not

particularly limted, and for exanple, various shapes

A preferable specific 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 cc/g or more and more preferably 0.2 cc/g or more, and
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such as powder, particle, sphere, and pellet can be
listed. Anong them 5 particle and sphere which can be
easily operated in filtration and the |ike are
preferable. In the case that the carrier is powder or
particle, the particle dianmeter (nedian dianeter) is
preferably 0.5 mor nore and nore preferably 1.0 mor
nDre and preferably 200 mor |less and nore preferably

00 m | e the art cle dianeter of the
quﬁ@%%a@owsse qr Mlﬁrp&?fﬁﬁﬁbﬁ 3 ca/g ‘H’d?% yst
d d ier,, and as

Sgrtiac{i shafear e of 156 ier s variabls HEpeIRing G the shape or

psBHrd Baptarard 'ﬁétﬁe?éﬁ@é@@ﬁ’?"tsas%%‘gﬁ'fe{é‘%}#@ge‘l'éf ls‘shapes
R 8 A
ﬁa/ﬂ?&l(e hére which&nBe ggé’ify afe] in' il H‘Fkﬁ{ 8@& the like are

ese e rreﬂts are support re prerera

3pférévatias i BRIPridY i§ powfe! Yabticle
rrgss A |o§3utﬁg%§?utgﬂ?ﬂ the@gge of gbgﬁgg‘ﬁ?gﬁgtype

Cdianhetet (meauahamambtér?ﬁ réferabin0.6hn Rﬁﬁmorefar@#bre Ereferably

el enent obtai ned by the foregoing nethod and the

ahd pmeormacee, @nd greferablyi 200 jun drdess and nforet;ireferablya 00 um or
mass of the carrier can 20 al so be quantitatively

dleser m'Alsdtle iparticie diashéteniofthentaied bedtmes Jargeh separation of a
cataly is transferred.into a platinumcrucible and

f g%f@lysaaﬂdra reggtiomdiquid tbmamas gasierdand as the pagicle diameter of the
resu_ltgnt m xture, distilled water is added to nake a

hEeAGIgE @59@@@@@"9(5*\&53@"5@'% shthe catalyst intherrgagtion W'd
e ic element in the resultant solution is
é??‘?'@g @S& i th 1 CP at om'fc eni ssi on spectromst :ry For
Co quant Pacebeid) S AREBARH Spe SRYEA 49‘?%)4?3%?5 R Of palladium
o TG0 FR T8 PRI Ty s o
t fld Hl‘éb&@f F'{ee@rrﬂlbr bréﬁa g.tﬁegé“SIe ifté aF@EI r Idj'li re U:Fr%\*erably

exanp e, t1 num Ium rut ent um
solsvwao%w mmss Célﬂpﬁfrthe'nﬁéf’e pRIfEFaBhy . otthid%wmaés

mercury can be |1 st

A loading ratio in the case of a supported type catalyst can be calcuiated
from the mass of 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 pailadium element, antimony element, and tellurium element. As
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One kind or two or nore kinds of the other netal

el ements can be included. Fromthe viewpoint of
realizing high catalyst activity, the total amount of
5 pal l adium el ement, antinony elenment, and tellurium
el ement anong the netal elenents contained in the
catal yst is preferably 60% by mass or nore and nore
preferably 80% by nass or nore. The nethod for

RS 5B B S, SARRGRL RS MR, i,
U AR S8 e AT iy, BB Bt
S R 't R38O, 5 Bt
P e ind ATRSUY SR, 0 by B
o s anusy Sk s St g e o

C @ldraenisnntdingd i tHeeRhgEER prefdiabyBPL )bgtmaés bPfhore and more
present invention can be suitably pfoduce by a

mprréfedalilp 80Pgby neadedormdrsi ng step, the Sb reduci ng

step, and a step of adding a conpound contai ni ng

t el | ur i Theenetihodifol pradeicingf thercatallysioofethe pessent imsentiohewill be
addi ng step”). A step of reducing the conpound

c&%P@iMBthg tel l urium 20 el enent may al so be carri ed

out aft the Te addi ng step. As the palladium
conpoun%"'@(ﬁ@i%wﬁiqéhﬁﬁ'r%ﬁm investiensan bmswltablsonrcuifuped by a

st at herei nafter, al.so expressed as "raw Pd"), for .
X% Pé,haa'ngaﬁ pied of reduring corﬁapv%fﬁpemamae,a?laﬁfum element in

P SR B Bl e e SRR LE,

2 educing SeB P &6l bt AR Oty onfilaind Hnifony
pEAASATh RERAGIZEY SR By & rEdficindladiih ((ifeliBter, s pypressed as
pash pelduting Blepry. dan thachsed bﬂﬁ@ﬁﬁi@ ﬁnleo%@%]g?tl‘*gﬂﬁbr containing

nitrate, or 9 tetraanm nepal m

pteifeiuabelemeitt, theaatalysteible pregEH IV ettiBh alafl BWsuitably produced
pal | adium el enent in Its oxidized

by a method having the Pd reducing step, the Sb reducing step, and a step of

adding a compound containing tellurium element (hereinafter, also expressed as
“Te adding step”). A step of reducing the compound containing tellurium
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
chloride, palladium acetate, palladium nitrate, palladium sulfate,
tetraamminepalladium chloride, or palladium bis(acetylacetonate) can be listed,

and among them, palladium chioride, palladium acetate, palladium nitrate, or
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state (hereinafter, also expressed as "raw Shb"), for
exanpl e, an antinony salt, antinony al koxide,
nmet aanti nonic acid or its salt, an organic antinony 5
conmpound, or an antinony oxide can be listed. As the
antimony salt, for exanple, antinony fluoride,
anti nony chloride, antinony brom de, antinony i odide,
anti nony acetate, potassium antinonyl tartrate,
antinopny sul fide can be |isted.

ti dartrate, ,
233'{'%"5%@%&!@!@? L?glﬂr@@ ispefeEblgpl e,  anti nmony .
hoxi de, t. t hoxi de, anti.nony i sopropoxide, .
oS40 AR S0P oSS BRI S s o
| S t t aant J_nond cid salt, for,
3B netelidifer, Alfe aBrEREA PR S, BECkeTRin anafipeny sat
' I Vi : trl nyL.
ey UkoTREMERERRHIUHC a0l RIBTTHIC api drgRgE htimony
t ' t ' { r
o SHTpRihd, BPERBHARY Aa b B3l Bted AShd ifinbilygai, for
t . . . _ _
R BT e, anafon ‘ohlp e RrBRI BB, antmony
atodiderantinmonysatetate, potagsiuf artinbrif tarirates %'nlimoﬁz tartrate, or
telluriumoxide, or the like can be I|isted. As the
t @ntiononyrautfidet carf be listeap As, thibyatiti &lkbkide] ft¢ example,
telluriumtetrachloride, tellurium dichloride,
t @ntimonymetbrxidey antimony ethdxide antirompisoprapoxide, antimony
tel luriumtetrabromde, or 20 telluriumdibromde can
bButgxide; or antimany etbylene glycoxide c@xbngistﬁq .S dks'dthm Arzettaﬁnt:momc
I t t ' tellurate can be |isted. e
t Bk FaTh for PRIS oApMEn TP ANtEIaNAte can be Tisiachs ha the

telluric acid

it ?@%‘E‘i’ %,ﬁ"“f‘gﬁv 3581'9@3 ?@f%%égi enyrantimeny ¢an Iaﬁfl)iéted-

OXi ' , LI ium. el enent .contained, in .
¢ Rt theft, Brfiniintarfie: Sinihiu® SRR d the ke is
SHalfEranid 25 netallic state because reduction of th_e
rgw %I'e I'S not necessarily indispensable. Further, it

52 8 B IR iy ey o

ki nds of pa ny elenme

t aisbusiprer stldeaehwaTe" ! téWuER Mgtk e 'd @liufimisdR telluric acid or its
catal yst, other than the nethod of using the foregoing

csalhdsliuious Geicoreitesalt, o @llusumnitide, 6r the like can be listed. As the

pal | adiumtel | uri um conpl ex
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
teillurate or potassium tellurate can be listed. As the tellurite, for example,
sodium tellurite or potassium tellurite can be listed. Among them, telluric acid
or its salt, tellurous acid or its salt, or a tellurium oxide is preferable. Tellurium
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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PdX'(TeRR )4.,, can be listed. In the PdXn(TeRR )4.n,
Pd represents palladium X represents fl uorine,
chlorine, brome, or iodine, Te represents tellurium
and 5 each of R and R independently represents an

al kyl group, and n represents an integer of 0 to 3.
Further, it is also possible to use a conpound
containing both of palladiumelenent in its oxidized

A A, TR A
S35ApBEnAL, ARl Y Sl HEBEATHEMM I Sampte
"EEXEORSE|L, o 56188201 19 PR FORRA, % 1998saf e
fﬁg@P%ﬁé@l@ﬂﬁéﬁrﬂ,%brﬁ@?b%lﬂb[‘Sr follirel me YabreRleAtEal ur;usm, and

oregoing raw Te is properly selected and use

t 8&ct aPRBHER! mHePéﬁderﬁﬂyO@wéséhté af Myl growp, -anterepresents an
conpoundi ng anount of the raw Te is properly 15

sivitegdresf (sio 3.hafurthdreit lalsopdssiblé ttousenhicomprtmdnadntaining both
predeterm ned val ues. Further, in the case of
pobpaitadiymaelermeat insits oxidized istatg amdoantimomeelemerdlir ite oxidized
ot her than pall adium el enent, antinony el enment, and

t eekeir i um el ement, a compound cont ai ni ng the ot her

netal el enent (hereinafter, also expressed as
" anot hefhe faregaing:iaw Pq apgyrawsSh ars propedy selected and uagd as the

TR M b A -
FARbRANaE Bl pioherly,siibcion 58 Thal AR shit 8hd Padifd Btiogpecome
Bt Binsl SRR | IR p RS e Bt dbughTE S @R EEHah o tellurium
], R S b o B 4
CRTPréfidéing tHe ca@fisty The BolrpotirlingSsmBuht oftt gré\d@tTﬁ is properly

adding step can be carried out sinultaneous

t Belebbd esithet aoTe/Pd @inddodding raities Becorhe Prédetermmediialues.
or can be carried out in an arbitrary order. Further,

in the Eadkerlin thetdese of pratiativgta catalysi comaininyansther metal
netal el enent other than palladium el enent,
element other than palladium element, antimony element, and tellurium element,
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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antinony elenment, and telluriumelenment is produced
and a step of reducing "another raw material” inits
oxi di zed state with a reducing agent is carried out,
the reducing step can be carried out sinultaneously
with the Pd reduction step, 5 and/or the Sb reduction
step, and/or Te adding step, or can be carried out in
an arbitrary order. In the case of producing a

oHBR B ctR b AR A el et e eRt Al thah peidim slement,

. B?“é@m%% Sf?ﬂ%"% 5@@3?&@’? ;?Eegﬂééf[ igl?\/’@‘ﬁl,‘é%?'% %%teolg of reducing

eXGIRh& ra(fvlpna"[’eriﬁ’t fﬁgpseﬁfld iﬁgﬁ %E%\t?s&igi’(‘% ﬁ%ﬁ&%gg?teisi?med out,

contai ning a netal nen

0 . _ _
tHér‘éd%H?@oértgg S:ggga%):/&%ﬂ!cﬁﬁ .sﬁﬁ@ltiﬂb%ﬂls%\lﬁltﬁ‘mé‘bd redté?twn step,

el enent _ bringing the re tant” carri
| Bh@of tY 8biredliétibristepdHAN/ Y T HRIRNrg $tép, 8r &R Be%_ahﬁed out in an

whi ch a reducing agent is brought into contact with a
satbitrargrorder. 15 slurry which includes a raw materi al
containing a nmetal atomin its oxidized state, while

t he sollntthercase oflprodycing ai supponteddypevcatalyst,dbisrpreferable to
and thereby the netal elenment is, at the sane tine,

r edity: et thedfosegning reduciiontstep inthe preseaceiof 8 camierct Asd

in which the other netal raw material is added after

t methad abredugiion at thextimeaf psoducing thexsupportedstype catalyst, for
Anmong them the reduction nethod (1) is preferable

b B®. 5 catal yst having high dispersion of netal

T TR ipietioh g At Gl Contiialhd 3 Gt Slermant In i oxidized
BRIl 8 dail add i 6 a8, Piert s ifticed by
G ihd R BFLafter ind CRPE W el od Y 2

@& ﬁi@ﬂ'ﬁﬂﬂh whig é:%%%ﬁ\'%at\de{?g s E%@it b cBHEcPRith solution or

subjected to heat treat

nEllRy iveHich inthedeEea Phw Pratdes) cortaininge nidtd dtBAvih i1Q)dxitfised state,
is reduced by bringing the 12 netal” oxi des supported
owhiléathecaslutien or slupnycierit aohtact ivitha ¢fler iand thersbly the metal
element is, 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 Sb, a raw Te, and “another raw material” (hereinafter, collectively also
expressed as “metal raw materials”) are dissolved 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
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preferable. Further, in this nmethod, it is also
possible to separately provide a step in which the
netal raw materials are supported on the carrier by
evaporating the solvent previous to the heat
treatnment. 5 In the nethod of producing the catalyst
by i npregnating the solution to the carrier, a nethod
in which the solvent is evaporated after the carrier
ution or,_a nethod, wha

c et s RarteabofSie b er itohoblact Wb 2 fklucind saentis
BRI Pl i RidRiod 1 b 4iso Phsbipi8o BBliaiERefiRrovice =
-8t iiwhich B hidhaltafi maldiate ol Bhndined i e ikl b

t E@aﬁiﬁ%ﬁh? gll?éé"so%ﬁﬁﬁe%%setﬁsthé %a?ﬁbﬁﬁﬁléntf or the netal

raw mat er for exa wat er; a organi c

car boxyln theafibthodUsTpradudifg the ca@iyit By iMﬁl‘éﬁﬂa‘iing%é solution to
an inorganic acid such as nitric "acid or hydroChloric

athedcaraier, & metidd mushicashesbent is vaporatat @iter the carrier is
2-propanol, n-butanol or t-butanol; a ketone such as

asealetkbintorthensdiutidipt a ethet owhat isealigd posshilling Imethod, in which
ket one or cycl ohexanone; a hydrocarbon such as

hthet soieentrie exaporated attevar amount of theesdliutior equivalent to the pore
sol vent can be used alone  or in conbination of a

pveikae efthgrcarmierds absprhes i thasarrias isprefesble. wathe sevent of the

the .organic carboxylic acid is preferable fromthe
vEtien n%tfp%rBF‘éfBﬁ%; limjtegras lepg As: ihean digholygithe imetal raw

et SRS S RAS oo B Pt Sy e, vater;
2B bR ks At SR BC TR 5 el scc
it B8 ek SEMIGTRLEE i, RSl s o5 b,  roparcl

0b.prbpEsol U itigarbi Wb%'lé]ﬁdr Pkelon® stehdd é&b’i?né,flpléitﬁ?i ethyl

case of carryl ng out the operations In a plura

t kehe, AREN MEUAIIketores of SRIIGHEINORE; Qfl'lv&foc{cah%r%uch as

first one may be carried out after any one o

elaptane| hexany ot tlcimaxapetcanissiistetlr eThe®divenotan be used alone
reduction of the preceding operation. The order of

sapincsambigatiore of anpiuralityl afithese solvenist  Pparthe sohant,ywater or the

l[imted. 13 A tenperature of the heat treatnent is

pPigasicearporylitcacid is praferable from the viewpoint of solubility of the metal
raw materials and the reducing agent or dispersibility of the carrier.

As an operation of impregnation of the solution to the carrier, itis
possibie 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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tenperature at which the netal raw material s change
into nmetal oxides or above. A tenperature of the heat
treatment nmay be the time which is sufficient for at
| east one part of the netal raw materials to change
into netal oxides and is 5 preferably 1 to 12 hours.
As the reduction nethod (2), for exanple, a nethod in
whi ch one kind or two or nore kinds of the netal raw

"o coaB G 5 el b2 AL addieion

"R I o8l PlstasShaRalaralh Sherds B Bl oWillestor above
B Roraia o il hEA Akl eSS RN A B et for
WMddit o8 daitf SARETHe P Hﬂ}r] efblstb %gﬁgé"m B%étggogg%s and is

; t
carrier i's dispersed 1 e sol utl or slhurr

I b%ﬁﬁaqu t8r20mseuat i on of bringing the reducing agent
into contact wth the systemto be reduced, it is

possi bl astthe eadustionuhethdd (2P abpéxafipleNhinathed in'wWhith one kind or
15 the solution containing all the netal raw

mwe or aore Kindesfthe métal sava hsateials Sird reduceddsy Isninging a reducing
the operations in a plurality of tinmes using a

plageat inty cofitachwith al salutiorsor slurrytimwhictstheahetairaw inmaterials are
out the operations in a plurality of tines, in each _

r digsoived orrdisparsed: while the solution peslutyds impregoated tora carrier, or
subj ected to the reducing treatnment in the preceding )

r adnetheg inwhiehiha metal jawdnaterfiaisaresiedyeed by psingingghe reducing

t RGeREtR epBAch iR AL fosplonarsdibionsics iy e Farer s

- Blsbbuded e BBl iy ban edRE or © di spersed i n

1 urry Bt eyafion Bl Bripyio e Tadding HGedfint cHip@with the

[ SHERT14 Rodiad, RO BhRIRIE oy olife BhefHERERF ofbe using

S fRe/SblotioR coflaifiihy all #he hfetaldfmatéals, Howevee itk M Epossible to

however, various organic solvents as nmentioned above
Mg ot feslopératiofs M 8 PRy oftived@sing deslurilie} of thetslutions.

the addition 14 of the other nmetal raw material.
In the case of carrying out the operations in a plurality 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
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 dissoived 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
presence of the carrier is preferable. As the soivent for the soclution 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
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In the case of carrying out the reducing treatnents in
a plurality of times, a kind of a reducing agent, a
reduci ng tenperature and reducing tinme, or a kind of -
solvent in the case of carrying out the reducing
treatnments in a liquid phase 5 can be properly set: at
each tinme independently. In the present invention, it
|s preferable to reduce the raw Pd at first by

duci n into contact wth a solution

ﬁ% ntﬂgwqgg 'g'a? sol ution of the raw Pd and
nt act

e Co e B8 AR5 e ARG e Uy s
g oA B Xk BT S o . o atin

?gfv??(l?ﬁﬁgghgg gﬁggﬁ%%h I:'ﬂ%'ré’duélrﬁtrgéf%eﬁﬁ(lﬁaqlth?phase
" esivBEToBsRN Lol & SAEHISAE [hdeddngentluct | on i o no

particularly imted, and for exa hydr azi ne,

f or mal dehtheepresent iHGRHD i Etﬁéraﬁﬁdt’é Pétfite the rhR'Pa 6t first by

acid, a formc acid salt, ethylene, propylene,

1bhug|aga refugingeagent unmcctmltadtwm a solttiontofthe reww Pd while the

1- hept ene, 1-hexene, 2-hexene, cycl ohexene, allyl

abolation of the rave Pyl ard thehcarrienasedhnaiontact witheedchcothergiand then to
can be listed. Anong them hydrazine, fornal dehyde,

hodd &g the ressitantsystem a selution i whichdbe dawSh (and the raw Te) is
preferable. Further, two or nore of these reducin

aS@ﬁP%’eédﬂ water ed sty Ip yhis the paw ﬁbe(aad the rawT8) iscdispersed

el S0oh S el b 1 R B8 e nen i

gﬁﬁéﬁ%ﬁ an organic soI vent |ike an aI cohol such as

1- propanol, 2-propanol, n-butanol, or

et 332”"*’6{%&%3@ oY P86, W ity i
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R e e R
hforaie acial acwﬁhiewgsn Qﬂﬁy!@ﬁe Lﬁr@ﬂyle@bo %u@éné 2-butene,
combi nation of a plurality of the nds. is a

ggb?\?g{;jtlésné d,3detRliedd, ThEp@neo Hixenef Z%B(Qﬁe asyéichexefe, allyt
alcohol, methacryl alcohol, acrolein, or methacrolein can be listed. Among
them, hydrazine, formaldehyde, hydrogen, formic acid, or a formic acid salt is
preferable. Further, fwo 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
preferabie, however, depending on dispersibility of a carrier, an organic solvent
like an alcohol such as ethanol, 1-propanol, 2-propanol, n-butanol, or t-butanol;
a ketone such as acetone, methyl ethyl ketone, methyl isobutyl 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
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In the case that the reducing agent is gas, it is
preferable to carry out reduction in a pressure
devi ce such as an autoclave so as to increase the
solubility of the gas into a solution. On this
occasion, it is preferable to 5 pressurize the inside
of the pressure device with the reducing agent. The
pressure is preferably 0.1 to | MPa (gauge pressure;
after sur bei ng. e essed i n gauge

Bﬁﬁ’g@ﬂ?‘é‘)@"&%ﬁﬁ ?"ﬁﬁh??%sgigg'é&: hat the reducing

£9ent |y ot P e MR AR AT Sy oo
6y el T S IR e v
) o o a4 sy > s oS i

| presuHge Teslinsicd 6f thélftesAHE devitie WRNBRY Riddkh aﬁwt.heThe

reduction tinme are vari able depending on net

nptessurd & wrefarablyl 0. 9xd dadPalipaligée predshife; Mairginkftef, réssure
15 reduced, reducing agents, and the |like, however,

t beingexupcesset ingraugegiressuriey, preferably -5 to 150C
and nore preferably 15 to 80C. The reduction tinme is
pr ef er abugher, in the casedhatthemeducipgsigentiis g liquit Stheve iSno
hours, and furthernore preferably 0.5 to 2 hours. Wen ‘
airsitalien tea deyise foncanrying out redustion and tbe mgduetian cambe carried
materials. 20 to which reduction is not needed, the .
neYhy ?Qa}"sﬁhﬁ reducngAgeplint,p Seiutien. ofhetameountaf the reducing
i.ch the f ' t] has b . i ed out.
rposiy i§ Aot BAesPlerbdnihd SEHE irBe. hiiyercAipialerahit o 100
t ' Lent , g Li ke. Through the
VBl R el By et Bold ™ o 0o 1
. i Ta o : S
et ori lge radRdeBpersi S fle Rl fieyd B2
. il . I i . t d
FASHENIAG PRIACRI Pl LIRS or RG] RAE: WRIHEER! the ety to be

Weselliced, ReduicintPagding tArd dher IIké, hbwelEd the MRIEAGN térhpbfature is
preferable to carry out the washing fo the 16 extent

L Eﬁi’?‘e?”’. imtim;nsz?g%cg ﬁg’gﬁ prefefdblg i 86 BpeC enoved

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.

Itis 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 materiais 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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that sonme inpurities may i npede the |iquid-phase

oxi dation reaction. The catalyst washed may be
directly used to the reaction after recovered by
filtration, centrifugation, or the like. Further, in
the case that a Pd reduction step and an 5 Sb
reduction step are carried out in separate steps, it
is also preferable to carry out washing between the

kI NN N I —
U5t pe e Wb b (ke B SRR ooty e

SR RS A 86k MO 8B Ll b vt
e ghC VUG FLr n 8 B step anc a

08b reb8cticH SleySdreicarféd bUER stparatBdeps? it'is Ad Préferable to camry

at nosphere of hydrogen flow can be |isted. According

t out Washingtepdeen thelstdpayer on the surface of

pal | adium el enment or antinony elenment and inpurities

t hat haBurtieér, Heerecoveredchtalystimaydehdniegl. c aFhebdrying method is not
renoved. (The second enbodi nent of the

ppattictlaryimited ihoweyet ttis pyafeyabléto dry the recovered catalyst in air or
pal | adi um contai ni ng catal yst of the present invention .
i i1 iNBE oasdIsin@Apiersi Wis aspipogsibia to aotivate theidried catalyst before it
con‘posei?I tﬁﬁm?t al, tellurjum e| ems\r_ijé_'zﬁt and Dbismuth

elSeiiad In the depeiana when it Sritegdedn g Themetind dagdivation is not
cERa gt NP of Prdinpianagneitod §wtich, Reat rediment of

it SO s Cefind BT DT okl o¥pdebfef bbb low can be

~ gF%tlaé.di %ﬁg@ﬂﬁgg{ﬂh@n&%ﬁ %%fdeﬁl%ﬂ?{)&ﬁ fhe g%%dém%'aﬁﬂfﬂ"

nment -t nposes a neta e neasure

%Wﬁ@%iﬁ@@nﬂgﬁ@?ﬁﬂgmﬁpﬁﬁ P £ ha®hot been removed in

spectroscopy measur enent, there

ewaBhmg ek rémbreégpondi ng to (111) face of pall adi um
nmetal at about 40 degrees of X-ray diffraction angle

(e e s Stagn onapiigsanid 12179

degr eesTha 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 a,-unsaturated carboxylic acid in high selectivity from an olefin or
an a,pB-unsaturated aldehyde by causing the catalyst to have such a
composition. |

The fact that the palladium-containing catalyst comprises palladium

element that composes a metal can be measured with XRD measurement, XPS
(X ray photoelectron spectroscopy), and the like. In XRD measurement, there
exists a peak corresponding to (111) face of palladium metal at about 40

degrees of X-ray diffraction angle (20) in an X-ray powder diffraction pattern
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may shift toward | ower angle by form ng an alloy or an
internmetallic conpound between palladiumelenent in
its netallic state and tellurium el ement and/or

bi smuth elenment. In the present invention, it is
defined that the catal yst 5 conprises palladi um

el ement which conposes a netal when a peak is observed
at 39.0 degrees or above and 40 11 degrees or bel ow as
an X-ray diffraction angle ( Is preferable

t Hamgtfﬁ'é-ﬁsallm%d. This eﬂe@héﬁusv@IIy&bsﬁmfbgteéOa1 mg@@es thowever, it

t B1a e it BT analecy TmERe, an aUPKPEAD BRI sRmPoLNd
Bﬁ%ﬁ %ﬁ&%fﬂﬁn&éﬁg fer Ilii P &?ée"éf,ﬁ}naepémen]t and/or

Fh[s%l@_ﬁfé'é‘ﬁeﬁﬁg"ﬁééé%%ﬁ‘%tﬁsﬁt@ﬂ ?Lseﬁéfr%atﬂ%&% catalyst
R i S o

:Bng(‘o:lgeﬁ@éé"oY§bo@%B b eé%gl%@h RIS tanrﬁ-\féﬁ‘llﬁractlon

diffraction egr ees’ or

bahgw (209 TibR prefarablethaPtHef pdiRdlusm elmehtalnRiBh cofposes a metal
pal 'adi um el ement (Te/Pd) in the palladi um containing

c bedbyming rErealioyt or aximevhdlallie edmpound witrefetiugbmyelen@E and/or
or nore, and nore preferably 0.003 or nore, and the

Thishuuth el@neﬁteaszmqntmned above| arebit mm:braprefemb& thathhg catalyst

0.25 or less. The Te/Pd can be adjusted by a

c eapprisgipaljadium elesierd dr@mngalhea&mf dla‘ractlbnmglacﬁa) raf 39 2

el ement and tel lurium 20 el ene which is used in th

pAgaiaes ypbove; hE uﬁaer,ahlsmﬁef@@ahlﬁﬂmtrtbe@ataiw@wse pa"adlum

tglqmﬁ.qtm%geﬁagﬁg rgbplﬁ{;p The C e o 40 8 deg?ees or below, and

R PR A o o g v o
I toi

oHlfadih ik T2on LT seated ssé*;tte! ecause the

el ectr ofhg n3diat fat fofﬁéglrﬁ.@lm rﬂ%{ﬂallﬁ@i’uﬁheieﬁ%ﬁﬁ@ﬁ’d) in the

a metal 1's nore change ur

pbﬁﬂﬁiléﬁ#&ﬁ@ﬂn é&b g hé!éﬂsefoeé%bd@ d‘n@rlegﬂ'efH?aBMO?UOZ or

or an |ntermeta @orrpound wth 18 pal
ehwrénénd)ﬁﬁﬂdfiﬁeﬁrdiﬁl? 0003 emefe, RiNd thei TevP@ i prRfdrabh @ 30 or

el ectronic
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 palladium 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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state of which has drastically changed, becones hi gh
by being adjacent to telluriumelenent. The nol ar

~ratio of bismuth elenent to palladium el ement (BUPd)

in the 5 palladiumcontaining catalyst 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

ES%&F*@&SE'E?%%?&&%%%?%% Rgﬁlgfguﬁgﬁilp%lsééﬁ. tgge@lpctronic
U Shigh e #3hcBly HBnaRa BRBomBe Tuah B7Belho agjacent to

p ' aining catalyst as will be nentioned
fatteid

e€m cal state of bisnmuth el enent contai ned

in the tharhad ﬁﬁ;@ﬁ%@i\%ﬂ%@e@@r@ﬁEéiléoﬁulﬂ%l?@ieplt (BifPd) in the

particul arly er a nme

S ball&dig-cshtaimirdy éﬁﬂwgf ﬁéf‘ciis {20NR4RH. 0, kanaﬁvfsfmrg#&as&to.ooz or

is preferably in a tallic state because t
ehrie! afd Motk Prefepdblp 8LATbuRoR, & the \BI/FdVis freferably 0.26 or

conposes a netal is nore changed. Further, it is nore

pleskenming eréferdbip Dmﬁesalmmrtib@laﬂ? préfecatdy 0408 ovless. The
or an internmetallic conmpound with palladium elenment

b By¥Rdsandbepadjpsted mna ebmpaiihdihigunatie lof each raw meaterial of palladium
el ectronic state of which has drastically changed,

belesnesy andgpismytinelementdivhichris used in theupreductiemofthe 20

The sum of the Te/Pd and the Bi/Pd (i.e. (Te + Bi)/Pd)

i Rakadiumeantaining.catalyshaswilbpe mentipsed Jatelis t o exceed

0 30 SRR s Sren PRI, oo

< BRUAER NG odiraradyet & Bk pafibiart RG24 Fiavis gither a
a5t fle SBAE of BB iyl « B BichielRh intin SRR o pretgrebly in 2
o et b afe HeBsl e eipBithic S8 of pfadlliyoiBinent phicn
eb@rﬁﬁ?ﬁbes agRéRI Refotd 'chdyelal IFrsinercs %é&iefﬂr%fgbrﬁglg -that bismuth

catal yst which has been prepared. The L_
Otleptentad formiiccam Blloy b€ iHtbtnetallieronipoutiddwith pElAdIuUM

eielzrrrne:r:t 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-containing catalyst which has been prepared. The
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contai ned in the palladi umcontaining catal yst can be
neasured by the followng nethod. Preparation of a
treatment Aliquid: 5 1In the case that the carrier
contains silica, the palladiumcontaining catalyst,
concentrated nitric acid, and 48% by mass fluoric acid
are introduced into a Teflon (registered trademarKk)
deconp03|tion tube, and a dissolving treatnent is

carried. usi ng a mcrowaye di gestjion devic In the
c HASSPH H@@U@a@lemnt de '%@'%Bﬂ%?ﬁ ismuth element

paI @gﬁqﬁegﬁgbghm N _g‘?a’%}g{r%n% taR!S onc trat edecqltrthe following

ﬁﬁfﬁé&j aqueous sol ution are |ntroduced |nto a
‘(registered trademark) deconposition tube, and

palith Bla eBFHERNA thigsar 1 ed out using

The resultant sanple is

f I trat [

in msh?ﬂtgéa”‘%s@g@?‘n@%?@‘? S PrADE gia, R GAI i ediing
MBatalya édnkentrRReHitritdadid add IQ%VWJ‘ﬁa%stmeﬁb Ry az/é tntroduced
liqui'd. Preparation of a treatment B liquid: In th

Chie® at'Mlbnt(I‘é@’ stetet] irad@naid) decoripdertiontub8eand EQﬁsScn\ﬂng
treat ment, filter paper on which the i nsol ubl e

r ’ereatﬂnmﬂ"iasahmmga:slm adnicrovwanvendiestiotidevite. i the case that
pl ati num crucible and is heated and burnt to ashes,
athe tanrier doesroobhtantainesilica, fte paliagiumecortaiaing ¢atalyst,
wth a gas burner. After cool ed, hydrochloric acid and
acorerNtratedpitrie asid, mmcéenteat@d sulfiic a¢id; aed bvdmwneperomde
and after the fused nmateri is  dissalved, th
r 83ueeusBolytion areinticduped e afefion (Geaisterast kredemanen «

a_.treat ment

2defomEastion tbe. pudawSo NG ircatinerf i cairied ouhlsin a microwave

e R0 T B35 P L A o washing

gﬁ%ﬂ%ﬁ éeffétrn%l\séghg Wgtg@#g%?eﬁéea‘?ﬁ%@d%ﬂdsﬁleﬁrhpsfbeﬁ ‘chRbrati6h mark on a

gg*é,aﬁﬂhHﬁ‘ﬂSQR‘i@h@kBga r8hithertiA Ifgiid e obtained froma
Preparation of a treatment B liquid:

In the case that there is insoluble residue in the foregoing treatment, a
filter paper on which the insoluble residue has been gathered is transferred into
a platinum crucible and is heated and bumnt 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 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, and the mass

of each element in the palladium-containing catalyst can be obtained from a
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sum of masses of each element in both the |iquids. The
pal | adi um cont ai ni ng catal yst of the present invention
may contain another nmetal element. For exanple, a
nobl e netal elenent such as platinum rhodi um
ruthenium iridium gold, silver, or osmum and a
base netal elenent 5 such as antinony, thallium or

| ead can be listed. Two or nore kinds of the other

met al el enents, can al so be j ncl uded.. From t he
UPUTLRS massss oheadh slament inpothhaliquidsact | vity, the

;ﬁglalbi S %ﬁgg‘f’)@Hﬁﬁ{:‘l’ d]: u.m i?f{l}g[{leﬁgtpgﬁﬁegérlgﬁérhq%gvgﬁnrgﬁgg(?contain
oG ar Rita RlpHERED"Edh ShfhECh b, mela HidThEACRISh 47 Platinum,

OFhmPFﬁﬁgﬁhn*i ri\’i’cﬁﬂﬁ']i Qﬁlﬂﬁv&eo@o?@@ﬁw& tb%\%ﬁﬁ%fﬁt%i element

however, S preterably’a suppor ype 'n

glgbéraﬂé ARtifloPYEMalliuht ! driéad Bas baNRRd. Asaﬂ?% Bt 1816 Rinds of the

enent are Supported on a carrier. e carrier,

f gthe Xietal Sleniitd ¥ah Qo PRludedd FPombthadiewSoiht 6Prealizing
al um na, nmagnesia, calcia, titania or zirconia can be

| higheshtal iviththe total asunt.of palizaitirh elsment, tsliuiriim element,
preferable. A preferable specific surface area of the

cand bsmuthasiemenbamabgdhe netsl elefentedoftaiedsia the i s

vari abl e depending on a kind of carrier and the |iKke.

| palladiumecantaining c¢atalyst is psetepakly 5086 by nhasscoramote.i s
preferably 50 n2/g or nore and nore preferably 100

n2/ g or1hepalladiim-gentaisingratalystobtherpregentinventionanay be a
nore preferably 1,000 n2/g or |ess. As the, specific
sOPnsuRposiscvRs, kiweves. it is pretarablyca suepasiad VBe in whisk
aboyve.range, a alyst . in ich its useful

c SRR s, AR sleiet 258 bisrnth Flsmebhars sunparted on a
bj h . r ' "
ML pEYBTEAer TP oRirRR! bEflATRY Bafll bUBHEEK sica

t BRinfiR4 rﬂn?ﬁngﬁ?gﬁﬁ?l ﬁfaﬂa ﬂ'll Arddifa @99!5% Ifs?ébge’Atﬁgpg them, silica,

cat al yst §Use conponent’s ‘are supp

"Bl S ziRdnkS %%fé‘*a?l@ rbflﬁaﬁ?iss?ég%ﬁcgsa ag%&ﬁ &f the carrier

type catal yst, a tota foalngra_ um
etanmdtibe AlfddiuteiylarmghedBataus# idVaBEIé depending d X kind of
e

preferably 0.1% by nmass or nore to the nmass of t

cearrieeant¢helike.t hipsthe tass®fisical thesseeifict tfaceirea 74 preferably
50 m?/g or more and more preferably 100 m?/g or more, and preferably 1,500
m?2/g or less and more preferably 1,000 mélg or less. As the specific surface
area of the carrier becomes smaller in the above range, a catalyst in which its
useful components (palladium element, 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.

In the case of a supported type catalyst, a total loading 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

21



10

15

20

25

preferably 1% by mass or nore, furthernore preferably
2% by mass or nore, and particularly preferably 4% by
mass or nore, and preferably 40% by mass or less to
the mass of the carrier before these elenents are
supported, nore preferably 30% by mass or |ess,
furthernore preferably 20% by mass or |ess, 5 and
particularly preferably 15% by nass or |ess. The

pal | adi fm cont ai ni ng catalyst of the #gr esent invention

careferably,} G e@ss 4 iorea fiithesmare grefeeably 4 hy mass or more,
TR L B R A A by mass o
R8T 107 EERE.F 1% Rl Bt thp s, aleBnd ke SHbpirtee, mere
BRI S5d6ky MBSR UrTodk, RtHkrre ot 0¥ hy ibss or less,
o8 Pttty BreRAably s cyRfiasS o |8, T MRS g

pal | adi fia BSHéHiumacd?ﬂbihﬁ\? émg\@@{hbf the eg}gkéﬂdhb@ﬂrﬁgh&&'abe

or the i ke can be listed, owev anong t

ppiddadied tshiy éadmetdl fof palhdiumislemdnt! teRdrivu elémbnt, faid
exanpl e, palladiumchloride, palladium acetate,

phishrauth eteméent; ah allop af tireteLgtem@nlts, 2 @ compound containing these
t et raamm nepal | adi um chl ori de, or palladiumbis

(elemertsastaonawt mpterial.  Amdnigtheth, then doapongd tdoataining these
pal | adi um chl ori de, palladi um acetate, palladium
nelemands isopreferable-ama nawanatedalbecausera tigh-activity catalyst in
preferable, and palladiumnitrate is 20 particularly
pPeichrygefid components aa highly dispersed an a gatrier &aprhe easily
not particularly limted and telluriumnetal, a

t BiSP#ff4m salt, telluric acid or its salt, tellurous

acid or

2 00 b PS5 i anc

CYRIRATR o6 s DAL, ¢ P,

L6 ong! b i 81 Aol 9 b sat. o

CEFATL, PO Ao, s USES ik ot i

t slilfate, tera@mmiidepalladium 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 materiél 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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potassiumtellurite can be listed. Anong them
telluric acid or its salt, tellurous acid or its
salt, or a telluriumoxide is preferable. The raw
material of bisnmuth element is not particularly.
limted and bisnuth netal, a bisnuth salt, an organic
bi smut h conpound, a bisnuth oxide, 5 or the |ike can
be listed. As the bismuth salt, for exanple,

Ebéﬁ%&ﬂ 1 I!I;.mg et aég li @gsf%f éé&h{q@f * I?Fié g?:@iog{gtses’alt, tellurous
E%@Ht‘%rﬁ%la‘%@ of et ot BpiisraRies 1) it ace,

o1 st {14 13w Mt aCor b mIH cebriant ¥R BEiBly imited and
B o R , SUA OISl oo
TEPtHé‘ ikE84dh P& 1isRdO" Asltha 'i5‘|§rﬁ ﬂa?@r é)éhﬁ’;?l@f Srsﬁﬁhﬁ(lu) acetate,

eforegomgrawmaterlaso adi um el enent
t BisiiithyIm &tER bxide aﬁiﬁnbtrﬁrmtdaomhmzoabuenﬁmngrdarbonate
sel ected as the raw material $ and used for produci ng
t bismah{lRYchiorde,Bismathill) flabate shismUtielitdogidenBasie bismuth(lll)
rati os of these 15 conpounds are properly selected so
t hittates dismoth(HD) niteate pbismutiadlillaakyehi crideqrbismuth(ld) posphate, or
el ement and bismuth element in the
phism;.dhum suifataican b listed| yAS theo@r@amﬁsbiamm jcenpiound, for

val ue. Is preferable to produce
paxaraaleu mmmhbﬁmh canhe/istedy éﬁloé‘Gtthﬁ@ the bismpih exide or
contal paII adi um el enment in an oxidized state, a

CBWHH'G ed“bﬁf e@ARy telluriumel ement in an
Sféﬁéﬁ?‘?m@tﬁsewﬁﬁgw@ag 2 St AiaRenf 8 HHuMh element,

e L éf%'PéH{ﬁ sHBcford ¥ ﬂi%f‘“‘gﬂﬁﬂtgﬁ%% i yped for
t Eﬁ?{]&ﬁﬁa Il%?htrﬁ' Bniififg RatdhieC! ‘? %nari-{g%qibs of these

produci ng a”suppo ort ed ype ca

c t f
26m Surla@ a?&El'd?J\éﬁg ps%]ér}c,géadl 86 featiden AbRe %itgof ﬁdﬂadlum element,

mat e s to be su on a carrier. anmount
t RSlufiai éleedn aRd bisrdth SleMicPPRT the ;Sd?laﬂﬁ.trﬁ-‘éoﬁfalﬁﬁgtdatalyst

obtain a catalyst having an objective |oading ratio.
2Becomes 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
containing tellurium element in an oxidized state, and a compound containing
bismuth element in an oxidized state as raw materials 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
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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" The nethod for supporting the raw materials on a

carrier is not particularly limted and, for exanple,
a precipitation nethod, an ion-exchange nmethod, an

i mpregnation nmethod, or a sedinentation nethod can be
listed. In the case of the inpregnation nmethod, the

raw materials of palladiumelenent, 5 tellurium

el enent, and bisnuth el ement nmay be sinultaneously

i npregnated and supported, or any of the raw

T e e

G B i anch Tor exaapiens AR PRAIPTORENTa. @ lon-exchange
CBRR T o PRl SrLatiacE of arveciBREIARCR, el fanche listed. In
fhe et the ihplebeliER the ik, 68 el nal ety Bt palgiidibment,
el ! Fermiht, 4 Bipinttn BRnctt ARy Bo YhEfafidbsly impregnated

A58 BErted: 3 anf)of M0 VA niat8figlsthay be Apregnaleahi supported,
Pafd tHerPhe rastofiR8 Fawthaltfia®ia§ U&ﬁﬁﬂf@éﬁé@ﬂfﬂﬂcps:&p-a@ted.

time of the heat treatnent is not particularly

| i m t edFurtssei aiay bé cagiedr afteafdr supporingtHeaw magsrials of
from1l to 12 hours. Subsequently, the

ppéllaidim relernentiitellunignt aleaterd and bisnuth cdement on adzasrieny to

pal | adi um el enment in its oxidized state, tellurium
esubject:the mesultant garrier 4o hest tieatmentdo ishenge it intothearrier on
its oxidized state, which are supported on the
cwhicheralladiunh oxidectelibrivg @géﬁtamg smidh oxidecaresupporied. As
to be used is not particularly limged, and for
herdamperaiyis mteb! ihe et Healaent, 208G e BBPUR juprederable and
23@@%5&%@5\% ig]tgﬁ?r%gfe!gﬁlg: ahd 80p%; bﬂp@fggﬁg SrearaBleand 700°C
1, 3- hut adi , en - - . .

20 B S T BimaR it e B gt AR (5 ot particuiarly
ay I L t.as ' ' TWo

ol oyl s hreRiraliuiRih e ehdeP oy 14 7 RBurel )

t oget heg, i hiStai ' |

phase, TaFobentfng padioomairiiy LaBHlsEW picdugedy
Fréidu@Rig palleidfiim elmémtdn atsicxitizéd §8td, itelfirium elémént in its oxidized

i qui d phase, hydrazine, formaldehyde, 24
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 limited, 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, methallyl 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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formic acid, or a formic acid salt is preferable as a
reduci ng agent. As the solvent to be used in the
reduction in a liquid phase, water is preferable, _
however, depending on dispersibility of a carrier in
the case of a supported type catalyst, an organic

sol vent |ike an al cohol such as ethanol, 5 1-propanol,
2- propanol, n-butanol, or t-butanol; a ketone such as

o A e A B b i

fyar ocaPEINE ShRREL be Dol 1T BB i a iGlicChnasg, water i
BRI Ao ATl bt o Bl oot
> SLised bypuaiditily &) olahi2 Sehverlikg Bhialcdtibl sien EB%hanol,

that t ~agent~is a gas, I's prefera
CQI;MSFQMGI, 2R6p8 8| OR-biuflardl PEEEBUtRR0E 8 \eténd §Géh 88 acetone,
autocl ave so as to increase the solubility of the gas

| niethyl etloyiidetene, nidthiyhisebaiyt Retone, ot Hrcloligiahene! ah keganic acid
pressure device is pressurized wth the reducing

agach as abetipaeisls nraleric acidf er isbvaiefic helP@r arhylfrocarben such as
and | MPa or |less. Further, in the case that the

r Beptaneghaxane, orcyslohexanel can therusedsalone or imcombinationcof

a device for carrying out reduction and the reduction

c Bivralty of thesedkingst Iggs algaipegsible-to vsriaimiyed golvent nf water and
a,solution. On this occasion, the anount of the

r theseiselveii®nt to be used is not particularly |inited,
however

ol o5 o e ceSe IhafUygirEhTind Aaeii<Caen, ¥ cprefaratiestapary out
¢ TlByod Y e BTG Rliel s Gl e solubiiy
OBy PR ion Orf B GoceBlor P Kokl S e iggeure device s
apressurizétwihahe rélaind agd il C THe PrlsSiitelbhraRidoly 0.1 MPa or

preferably 80C or on ti
PhrRreanll yMPalotiegs, or nore, nore preferably 0.25 hour

or nore, and furthernore preferably 0.5 hour or nore,

and pr efFgrtizdr in thelvageshat theaeducing'zyedbis a liquid, there is no
limitation to 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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preferably 3 hours or less, and furthernore preferably
2 hours or less. It is preferable to wash the

pal | adi um cont ai ni ng catal yst prepared by the
reduction with water, a solvent, or the |like. Through
the washing wwth water, a solvent, or the I|ike,
inpurities originated fromraw materials such as
chlorides, 5 acetate group, nitrate group, or sulfate

CeialGant 3haSicerlend 451 RitneRirs istatabbe? B0 prBety,
or of or o RbreRetaE igh e Mallpeliyh ot AR atyatroBared by

tbﬁ%t reﬁnalémﬂﬁ I\AHtSIS dé)rﬁ ?ﬁ{r{e Iﬁéeem'flh% \ée\faashmg with water,
Beanse 11 S YEhR! én SOfMe np es Ry
i 5 4 e AN P 1 s chrs

V\Béélﬂfé Ylgyﬁi%a?é gRsig, )brlé&ﬂﬂtetg}ohbeof ﬂ\%%é'd?l@lrﬁhfté@from reducmg

recovered filtration, centrifugation, or the lik

Fagédte are réhoved.0VERe Wa?smr@i methaeand thelhimber dhiimes of
drying nethod is not particularly limted, however,

uwashing aréeot particaizety lmaited, \nowever,dt lsqﬂefenabierto @amymut the

an 15. - inert gas using dryer. It is also possible to
awashing do the exteint that e i puritiesf carebe suﬁmiarﬂlqdenwved decause it
| i qui d- phase oxi dation reaction, when it is needed.
TiscappRiehendast tha&aemeammwtleg iy ineade the I&Ultirphaﬁ p¥igation
however, for exa a met hod in which

t fRastiae of agiefimear %P’a@%ﬁat%at@grqm%'%y%t m?matalast washed may

WX iy RERE Rabinaitersaleveiasdy BRSuel capitigation, o the

fg{ef ace of palladiumelenment and inpurities that has
not”'renoved in washing can be renoved. The physi cal

proper EFTlﬁ'ﬁué’rf thg\%cml ﬁrc%‘i’alﬁ ng%% dridld. bﬁ'he%n'grrﬁsﬂmd is not

with B peti 11 ¢ sur ace asur ement
ggﬁ@ﬁ?lg Whltegcgoﬂnéggl‘a Pgﬁélﬁitﬁb' r@ﬁcﬁ%&ﬂ %@tﬁ(ﬁ'}é dried in air or in an
PertaftisUBiRg dhjeve! ft ieRbldssibtd traétivatd thedrict\catalyst before it is

oxi dation catal yst, however, it is not sufficient fo
t bsedhitt theiliquidophadeoxidatitn aéamibnpménqt i8heeded. The method of

a, 13-unsat urat ed carboxylic acid through oxi dation of
aactiationis not parti2élarly 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 catalyst,
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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a, p-unsaturated al dehyde and a | arge quantity of
carbon dioxide as a by-product is forned. On the

ot her hand, when bisnmuth el ement having a different
el ectronegativity fromthat of palladiumelenent is
present, an electronic state of palladi um el enent
changes through the function of bisnmuth 5 el enent.
Further, when telluriumelenment having a different

ST A SRl S o'

OB, SO EHEARRL O WP b b Sl b
ERRR AL L FR B Shrsiprcan. o

SeRicHORE ol GrRARHRIS Kld fior(orifridbs tird hABE ik & bismutn
S HiphétS € frurthiE vARh {eﬂﬁrilﬁ’rhcéwﬁe'ﬁg haling rfag?lﬁg?{l %ﬂé&t%egativity

carboxylic acid) In the next ace, a

PiroftSbthbtiifladiubn BRFEN SIS A ,@P@n‘ﬁéxﬁtish gﬁééénft,fﬁri)é%tronic

| i qui d- phase oxi dation of the olefin or

asmelbﬁﬁéﬂﬁcﬁﬁm@mﬂrﬂﬁhm&bﬁan@é@thl‘@hgﬁlthéifunwm@ﬂteliurium
usi ng the palladi umcontaining catal yst of the present

i eleemgnton Asid tedult, thepdctivitg of the nidire redotibnrin whiicthah olefin or an
raw material, for exanple, propylene, isobutylene, or
2atfirtinsatucated ddehydeds oxidizedtooprgdiibe an qpamsaturatest carboxylic
i sobutyl ene is suitable. Two or nore olefins can al so
bacidds faised shilera siggdeactian isrwhichisaspon dioxideds formed is

mat erial nay contain a snmall anmount of a saturated
h§ePRIE€RE®Sn or a | ower saturated al dehyde or both of

B2 BEBELAE R e AL e YT ABBnG havi ng
Concr ot 01 18 e pRES. &30 107 ipflPing by B napatugated carborytc
2BEPA Tl 1A phisd biidaticn Of 85 G1Efn oF e B AkBtGERGu aidenyde
A8 SJeBRF SKigen Ly 185 palladdin optBiry PASF o1 fiésent

Thwention WilbBé &xplafteda! dehyde has the same carbon
skel eton as the olefin has. 27

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
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,B-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 propyle'ne, acrylic acid is produced, and in the case
that the raw material is isobutylene, methacrylic acid is produced. Further,
usually, an c,B-unsaturated aldehyde’is simultanecusly obtained from the olefin.

The a,f-unsaturated aldehyde has the same carbon skeleton as the olefin has.
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For exanple, in the case that the raw material is
propyl ene, acrolein is obtained, and in the case that
the raw material is isobutylene, nethacroleinis
obtai ned. As the a, p-unsaturated al dehyde which is a
raw material, for exanple, acrolein, nethacrolein
crot onal dehyde (p-nethyl acrolein), or cinnanal dehyde
5 (p- phenyl acrol ei n) can be I|sted Anmong t hem

S Sui WO, Ofr

FhPRiARo i B Sidathatibe Bl el fuohiiete, JRidiein is obtained,

lﬁﬁd T it 48 b e, e i B nnd, DRMATRYED S pptained.
or a 1o Agghé%i"lixﬂﬁé’ﬂrﬁbg%%'ﬁpg{ vfjhils 'rawlMEMHRE for example,

I mpuritie -unsa car boxyl'1'c aci

gﬁgrﬁ::i(ﬂﬁ m?ghéérﬂglﬁa :&g%}ﬁ%ﬁeH?&é‘gﬂih?étﬁﬂlaﬁdi&H)’ &t dirndrhSidehyde

a{RpHesphtroldifcan Be l¥fe. hFmehq e, adtoRein B?m‘e'tﬁétsrmém is

group. Concretely, in the case that the raw materi al

| suitable! eTwo crengrel &, famisatiraterbaidenpdes oan alsd bdased together.
case that the raw naterial is met hacr ol ei n,

nEheacpynsatunated aldelojdeawhizth. is h&amsmtemumrm} eontain asmall
the |iqui d-phase oxidation, either an olefin or an
aamount of asaturgted Imhsmfbon of anfowen satwatesoaltiebyde oeboth of
may be used. The |iquid-phase oxidation reaction may

bihesa apiimautities. by either a continuous type operation

e
CEELSAR0 ilebe R RSHES W A 00 e
TR A A tﬁé;ca“’ﬁs?%é?ﬂ%os Goncrste, i

pff{ee?é%yt%[‘ﬂ%nr%vf‘hfqté?él :Qﬁﬁﬂé?éiﬁ a&Qﬁ’c hEldqgﬁﬁﬁﬁﬁéd arfd in the

m xe pure oxy
d
4 s s s e s o

ol ecul Ag aZawormatstial 6P tHeAlidiidphese oxRidtiof Sittidr ah olefin or an
supplied into a reaction vessel such as an autocl ave

uagBunsdtaratee sidetydedrsd mixtureAsf bdik of theramhay be ugedsed
in the liquid phase oxidation reaction, for 28
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 soivent to be used in the liquid phase oxidation reaction, for
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exanple, it is preferable to use at | east one organic
sol vent selected fromthe group consisting of

t-but anol, cycl ohexanol, acetone, nethyl ethyl ketone,
met hyl isobutyl ketone, acetic acid, propionic acid,
n-butyric acid, isobutyric acid, n-valeric acid, _
isovaleric acid, ethyl acetate, and nethyl propionate.
Among 5 them at | east one organic solvent selected

Té&%{: Y it&Ir ogéjfglgaobgég’ L:?g %@fq];ast tgpg létrs,qrx}ﬁlg sg(ypat Zlelected from the
G s FLRARAL K. Stk s it e,
Y R SR R L ﬁuf&e? a%‘ffn S8Butyric acia
h@_@%o rlc;%@ﬁ%eyéa{éﬁc aﬁﬁe e?rg}? léE%{tr?ag ‘:’pﬁ( @EHMP ey I y 2 /A mong
\j\l‘gxtegfsa‘i |84 t%go angblﬁﬁﬁrﬁts%!?cg@@ﬁggﬂ’ithgﬁﬁg c\ﬁﬁgfétlgﬁ &f
plf-Butﬁhap |n¥etﬁ?9f$8bfut?ﬁﬁétoﬁé b@e&ﬁ;« acid proBichida&d eﬁ-@ﬂl’@hc acid,

% by nmass or less. In the case of a m xed sol vent
Oi%obMeroraciﬂJrrﬁvéqeﬂdamdt aadisowieritcacie ¥ mbﬁe feféribiad| YFurther, it
honogeneous, but it nmay be heterogeneous. The total

cispreferabilei tocanke wateotcedoexistrwith the snh(e’mw@pmducm anl

al dehyde which are the raw materials of the

| & fotinsgiuzaied carhtxylio aciddadigher seleqiivity.er'Eing amotint ofwater to
by mass or nore to the solvent existing in the

r eepxtiglris nahpartisularly lisitechaing it is. refasgbineds bymags er more to the
and prefergbly 30% by mass or | ess, and nore

iotaldrass 9 )‘E@%%‘iﬁw water.and mgoe praieabiyate by "‘ﬁﬁ?é or more,
BB Y 850} S QI8 el bk 3o T e or less.
w(*ﬁﬁé%%%qqi hePLHSNR i e o indd g OB 5L R

pr e?er aB) Worgoéeﬁ'&#lgs g{ut @%}' bg %téﬂdpéﬁgéﬁ%l y 20 nol es
or | essyhdTpsts|

e réﬁbtg oi%f&&%ﬁﬁ and th@%:sﬁ-uﬁgﬁturated aldehyde

furthernore gpre#era es or
pWﬁfcﬁfaﬂE'tﬁetrﬁwtméﬁﬁal“saéﬁhé%u@ph&s%doilﬂatﬂ:rﬁ#é%%ﬁﬁﬁ@preferably

state in the reaction liquid of the |iquid-phase

031198 by prrass OVRBAS to theasohair lexisting iy tHeereast, amtPmore 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 o,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 liguid-phase oxidation, however, the catalyst may be used
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in a fixed bed. The anmount of the catal yst to be used
is preferably 0.1% by nmass or nore to the liquid
existing in the reactor, nore preferably 0.5% by mass
or nore, and furthernore preferably 1 % by mass or
nore, and preferably 30% by nmass or |less, nore
preferably 20% by nass or less, and furthernore 5
preferably 15% by mass or | ess. The reaction
tenperature and the reaction pressure are proper|

TR T i 0 s
5185, OT 50 iR KRR UG PRy SBer. JPOTa et QNS 5% by mass
PBE biord oanla firhhe Orwﬁi?ésﬁva?bvﬁéﬁeﬁ@rﬁ?'f%@i\%o Tefiably 30%
oPUFIASIER BeBppalbisretpbl 20 by piHsdr 4B, oY fipeqpore

Il_é&cferaw%qo npgs%f&rggéy 5 MPa or |ess. EXAVPLES

rerna e present ‘invention will be nore

concr et $hy rgXticH dhiturd andthe e adtiH Bres8ud dre properly
es, R

Conpar at I ve Exanp owever, the present Inventio

| geleRted aé&drﬁi@hgtt@ thé%%ﬁ:eﬁl@ﬁﬂ'ﬂ@é raw FndtBfallteldeoiserl The
Exan'pl es and Conparative Exanples, "part(s)" neans

" peddtion)teimpenatuise is ﬁr%abmmm}e et maaes preferatily 50°C or
was perfornmed with RU 200A (trade nanme) 20
menarépand prafetablR2GAYD oftesgsoand invore preferablysiG0°Goor less.
conditions are: X-ray, Cu-Ka/ 40kV/ 100mA, Scan
sfpudber, Aherreactmrmegsmrg isprefevabhnatmospheriqpredsunes(0 MPa) or
and by-products int roducti on of an
an(qreua%mfatpéafe«sablu&(gMFaa gEMere.;Tand preferabhs 10 MRPagr less,

rials, produc and by-products in the 25

pPBElEE?rieo?fe raBly E&F? Bh?égur ated carboxylic acid was

carried out using gas chr hy. Now, conversion
of an olefin, selectivity W‘g{'gg(?, unsat ur at ed

al dehydﬁgt@ggﬁ%p Q%dﬂlcees%nt RYeRtioh Wil Ke hfor8koncretely explained by

a, p-unsa
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 “pari(s) by mass”.
(XRD measurement)

The measurement was performed with RU-200A (trade name)
manufactured by Rigaku Corporation. The measuring conditions are: X-ray,
Cu-Ka/ 40kV/ 100mA, Scan speed; 4°/min.

(Analysis of raw materials, products, and by-products in the production of an
a,p-unsaturated carboxylic acid) |

The analysis of raw materials, products, and by-products in the
production of an o,p-unsaturated carboxylic acid was carried out using gas
chromatography. Now, conversion of an olefin, selectivity to an

o,-unsaturated aldehyde to be produced, selectivity to an a,p-unsaturated
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carboxylic acid to be produced and selectivity to

carbon dioxide to be produced as a by-product are
defined in the foll ow ng. Conversion of an olefin

(B/A) x 100 Selectivity to an a, 43-unsaturated

al dehyde (% = (C/B) x 100 5 Selectivity to an

a, p-unsaturated carboxylic acid (%9 = (DB) x 100

Selectivity to carbon dioxide (%9 = (E/B) x 100 In

BB A b T SR o S g rouc
ohehstair o AR ATSRRMRRS 5 1o 0%
ol T4 (%r—éﬁaféggn@?ﬁﬂhﬁéfdo?aﬁﬁféi' E
CQE%‘&HV&W&Q&@DRQ&QF&PG%I Ft‘@ A ra na mber of

erial (4

pelet PR REaPhg- %@%@Y%%E%t%@?ﬁ?!ﬁ A5, o "
dSé@éz&MN‘ﬁ: &r@@n%ﬁd@(%§ar(%)£199' d in 2.3 parts of
pure water, 0.05 part of antinony oxide was di spersed

and thejn théwfdrmaénmeﬁresdm neiriber of niokes af)amrblufh@.upphed B
at 60C. To the resultant honogeneous solution, 3.3

prepireserits pahibetiof males ohan ofefiry reacted, € mﬂreselua number of moles
(manuf actured by Tanaka Ki ki nzoku I nternational K K.,

pef amdifrunsaturated akdehyde produced . (b sepresentasuimbersof moles of an
added, and to the resultant aqueous solution, pure
wafleunsaturated caehoxulic agidiprodueed.and b represents. (glumhqu)f moles
of the resultant solution., This soluti onsgas added to

19f earpap dioxide prosiiiced A%a §threféuq!bf E"M‘Fb? rpoR atoms in an
8 cc/g,

e Avhiet s gaw Sraigdate iy Re case of iibuRlensIland The

\r@g@[@gﬁ m xture was shaken while these operations
epeated until the whole anount of the

iﬁiﬂéﬁh%ﬂa&éggﬁ# The carrier on vv_hi ch the solution

npregnat e h such a pore-filling nethod as

gﬁzc (r: ;Fyﬁggﬁﬂﬁoﬁggﬁﬁhﬂ ?@Raiﬁga by disstiVing ¥ 263pHR ¥ tartaric acid
in 2.3 parts of pure water, 0.05 part of antimony oxide was dispersed and the
resultant 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 resuitant agueous solution,
pure water was further added to obtain, in ail, 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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air for 3 hours to obtain a silica carrier on which
pal | adi um el enent and antinony el enent were ,
supported. The silica carrier thus obtained was added
to 40.0 parts of 37% by mass formal dehyde aqueous '
solution. Then a reduction treatnment was carried out 5
by heating the systemto 70C and keeping it at 70C for
2 hours while stirring. Then the systemwas filtrated

B0 bt US4 RGeS o R e ABSHES: an

resul tant system was dr'?ﬁ at 100C for 2 hours under

nPFff@gex elobRnt wels suppereet uppor t od

ol 1 aai e SMEREAPhE NS cBiatite Was HdER I8 B pf 20%.by mass
an . / : _

SHPERIAGRGEL S 42T o TG b B s

b Rl Syl TR { OO APl g

HERen the sgstdhidas #trtedRmaer feddledprebsre @ibfilfthteRPWhile
elenment to a mass of a carrier in a catalyst. In the

Xnashed witheie00 pairtstdfirt agitér Y Therdaffepthewesultant system was
detected at around 29 of 39.880 degrees. In Exanples 1

t dridd abd 0GR or 22hous Underpliteoden fiow e ©btdin esuppdiriech
el enent, antinony elenent, and tellurium el enent,
whakadiuweeeonigiping catalyst inwbich rgdstedPpallatiumelement and reduced
| oading ratio of each elenent, were calculated froma
pantireny elemenbwerecsuppaitedenithe sitiea sarierngTheStrird i the
h 20 Lal of || adi b d,
eehlaa CBbct o ek BS s of Pl A on ey mass
th i gl ti to,b d e
| 850 58 Rl Lot D 28 B s oot
t ' I ' d
 REre 1o 196 T ER it 436 gt 188 mdts of
Fre. ¥ o8R0 tetoBoans & ol
d i [ ' I
| RSN EReRy e, 11 XD fnsShreroll, R oeRIEa peak wes
Sﬁé’té&‘é&éfW@PQ@@%@éé@ﬁeg%gédt0 the resul tant

m xture, disti Iegl wat er wa ( to_makea _ _
homogenppEgampldst1 &4 and @omﬁamwet@zanv;ﬁeczeheéﬁea&if!paﬂadium

of Si atomin the sanple solution was carried out w't

3élement, 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
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 materiai of
tellurium to be used. The mass of the carrier in the catalyst was quantitatively
determined as fbllows. At first, the catalyst was introduced into a platinum
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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| CP atom c em ssion spectronmetry. (Evaluation of
reaction) Into an autoclave, 10.5 parts of the

catal yst obtained by the above-nentioned nethod and
75 parts of 75% by mass t-butanol aqueous 5 sol ution
as a reaction solvent were introduced and the

aut ocl ave was shut tight. Subsequently, 2.0 parts of
i sobutyl ene was introduced into it, and the system
was stirred (nunber of revolutions: 1,000 rpm and
£41 atprnig esnigsioprspectiometyheat i ng was fi ni shed,

njtr n i ntrqoduced into the autoclave to the
id#‘@?‘%i‘"n\:%fr@é‘gﬂﬂ of 2.4 MPa andl_t hen air was .

i i i i 1 4.

vPa andnihan Aufheiavs, A Baitd pF I callyRt Shlainethf e
Sadlerentfiad Higinod SPR0A A Or 1Ky telifidi Bauggus
?.#Iéti% Q? re@etio bolvBAt igagﬁefn%klu%@ and'the Faﬁ{c?clg\/ $ shut tight.

erelrnarter, expresse SO as "oxygen introducti

OB@hSequkihtly, 2.8 Hars bfSs i8he Wag'trodUEEE HE &, An itﬁ@f.%ystem

during the'reaction. The {ine taken fromthe start o

twas shrreg JAtmder bPreévtutionsst ,OQ@M'EQD anil ewted td @0°C.  After the
operation was 4 mnutes. After the fourth

| meatirdiwhs finished onifrogen wadscintrbdecedinto tisd aptoeteserte the internal
dropped to 4.65 MPa, the reaction was finished. After
t pressearecof 24 MBa ahiditheh ail, wasintiodsiced intatitto thesnternalipressure
autocl ave were cooled by putting the autoclave into
0f 4.8 MBa@nd the geactionriwas aigrisdg h tirge wheadhe intemal pressure
the gas outl et of the autoclave and the gas outlet was
oWenead Hyd.1 A MBathe irtgmghpressyre: 4.6% MRa), arygen was introduced
i.nt ernal ure of e reactor was .re d., The
ket b3.0-F5 Biratadiust e natte drostinado 4 §RE%S traremasier
the autoc|lave and the . catal.yst was. separated b .
st AlsB s Avelt et EhBUYS opefatiohT AhLER dPeration was
r . The r . 2act4 L QU e
CERSHELS IR REENE BRGHER el Bofh blkstar of the
: co L
RACPRRYS I 8 AP alihion b e, "htr the
fourth introduction of oxygen, when the internal pressure dropped to 4.65 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 outiet 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 liquid and the sampled gas were
analyzed with gas chromatography and conversion and selectivity were
calculated. The results are shown in Tabie 1.

Example 2
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(Preparation of catalyst) Step 1: To 3.3 parts of
palladiumnitrate nitric acid solution (mnufactured
by Tanaka Ki ki nzoku I nternational K K., palladium
el ement content: 22.65% by 5 nass), pure water was
further added to obtain, in all, 10.2 parts of the
resul t ant aqueous sol ution. This aqueous sol ution was
added to 15.0 parts of a particle silica carrier,
whi ch is, the sane as that used in Exanple 1, I|ttIe by
| {Rreparation efiratalygBul t ant mi xture was shaken whil e
tquFse operations were repeated until the whole anount
L solution was added. The carri er on whi ch the

f’rS't hou e 3887 pERAEHATh Htede ftferadiy §8lfoh ymanifactred by
v Sk SO, B S 755%

1@@%3% ?qﬁgg?ten‘ ﬂf%@ﬁ%&t@%ﬁf&%@b Lrﬁéﬂd Zfo‘ 5 gﬁﬁé &f Y5 resultant
dh §REs S Eblatish.t Wh:é%ﬂﬁbbﬂ@%olﬂﬂéh%é% a 5.035&&@& a particle

30 mnutes at 60C. The hom)geneous solution

okjlied aamervwmcadsimb sameh it LS&d MEXampleoD! IS BY littie and the
the step 1, on whi ch pal | adi um oxi de was supported

retsultanbmmutet was shdkémwhile théseaoperaitishs wergaepedted amtil the
while these operations were repeated until the whole

awbalet ambunhef thel soution was addedd. The 2armieri dncwhichrtheesolution

cont ai ni ng pal |l adium el enent and anti nony el enent was

otyaaiimpreanated bysagha perg-filing methad as dsycmadwahove was
pore-filling nethod as described above. The sili

cealpmed atr@"suﬂ A for 3heurs iriebtaina silicg q%wsmbwhpmalladlum

béﬂgass f or mal dehyde aqueous sol ution. Then a
EYHHSYR nt was carried out by heating the

S$F eénto 70C and keeping it at 70C for 2 hours while
n 25 Then the systemwas filtrated under

e Ao 1 1 G52 M B 0
glaﬂéﬂ eg Jg rPa"r? @tﬁ'ﬁoﬁy BRUESNAY'@i8pe il AR the  reSUitAMR mixture
was stirred for 30 minutes at 60°C. The homogeneous solution thus obtained
was added 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 agueous 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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pal | adi um cont ai ni ng catal yst in which reduced

pal | adi um el enent and reduced antinony el enent were
supported on the silica carrier. The Sb/Pd in the

catal yst was 0.10. The loading ratio of palladium

el ement was 5.0% by mass and the |oading ratio of

anti nony el enent was 0.53% by mass in this catalyst. 5

In the XRD neasurenent of this catal yst, a peak was
detected at around 20 of 39.700 degrees. (Evaluation
oPalagism-eentaining calalysp rrbwamjhrrsdaeegpalle@urrbﬁlement and reduced
reacgtion

SRR D b T e S 5 S TSI e
G 755, TRl el s e 408 by s
 APTLEn BA SLRT br 0 N8 AL o oy

é )ﬁ& ygx%egﬁg&%ﬁt%ﬁﬁisi&tﬁﬁggl@a& edg@&f%% Qidund 26 of

anmount” of "a use
changridddtels 15 part and the anount of - tartaric acid
used was dghanged to 0.78 part and a

PREVAdatich ePrdagtiohng cat al yst was obtained. The Sb/Pd
in the catal yst was 0.15. The |oading ratio of

pal | adi The safvepiocedardolévdlyations of wadtioh aslin Ekantple 1 was
ratio of antinony elenment 20 was 0.79% by nass in this

c aamlegsout excephthakRD.Gparisiobthentatalyst bbtaineatlay thet, a
peak was detected at around 26 of 39. 600 degrees.

( Bbavermentionet methodi wag used sHne tipreotaken frorothe start of the
eval uation of reaction as in Exanple 1 was carried
otftadlion g the drst x¥oe8 intmstustias @peyationewas /einuies.i obhkeiresults
met hod. The ﬁS time taken fromthe start of the

r 8k BhewndR Takle % r st oxygen introduction operation

GPZi utes. The results are shown in Table 1.
€% 35

(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 0.78% 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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(Preparation of catalyst) To 2.3 parts of pure water
in which 0.30 part of tartaric acid was dissol ved,

0.07 part of antinony oxide was dispersed and the
resultant mxture was stirred for 30 mnutes at 60C
To the resultant honogeneous solution, 4.5 5 parts of
palladiumnitrate nitric acid solution (mnufactured
by Tanaka Ki ki nzoku Kogyo K. K., palladi um el enent

content:. 22.65% by mass) was added. The resultant
a%‘&?ﬂat{ﬂﬂ% ‘Faﬁﬁlygﬁs added to 5.0 parts of a particle

L A S B A e s

IPlwolyebi B park bk By pYBeORES pisars<el i i tfRient mixture
o WasiSHited BERURintHes'atB03E, , Tole YRR Remogéfifous spiution, 4.5
2RSS palddilih Ll s d SERMOAT AN IR Fafdibf Ridnzoku

ORoghd KK P PlladiureRhfer tontsit: m.BS%Bg_n%s%WHs é{atgf R, The

supported. 'The silica carrier thus obtained’ was

t restitapbagsedis Solltidly wae srideliTtof50 pakd o vdsarfidleefita carrier
solution. Then a reduction treatnment was carried out

byspeeifid swfdcearey of 450 ne?/J (orevdlume pf 068 do/gt mdd@nfdiameter of
2 hours while stirring. Then the systemwas filtrated
ufd&s po)litledylitts anddhe nesiiitant mixtace waisishaken widle these
with 1,000 parts of hot water. After the washing, a
s Ppetatiopa were repeatedniniihtheawhelg amouniefshe sahdion was added.

. . . 20
o2 he ST i g o S347% o motros
A e SEr el abavd kRs S st S50 Inlr BisiEhonda B pbtain a siica
dj ' . 0. { telluric acid. in 5 0 parts of
iR dfhioh paied it efBing i and apficihielamers nelé slBpSied.
th 0 i . Mol '
neat i ng! Thnca cBft tfius BEBITEL el BTl b AN oF Y7o by mass
h . y> Then .
TRy R ideols 3RS | THER, # RiCTbf Relfiheh! ak Safifod out

ib? PeatiAg tite §fstémito\Ta-Er andﬂi‘éé;ﬁﬁ% §tedt 70°0oF 2HdureWhile stirring.

ystemwas dried at 100C for 2 hours under nitrogen

f Thian tiee epdtaimnwas fillizited LAdepridueed Pressure Andifilgatéd while
washed with 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
soiution 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




catal yst in which reduced palladium el enment, reduced
anti nony el enent, and reduced telluriumelenent were
supported on the silica carrier. The Sb/Pd was 0.05
and Te/Pd was 0.05 in the catalyst. The |oading ratio
of palladium elenment was 20.0% by mass, the | oading
rati o of antinony elenent was 1.14%5 by mass, and the
Ioadlng ratio of telluriumelenent was 1.20% by nass

catalyst. In the XRD neasurenment of this
y%itm “ﬁ'"%éﬁﬂ'\dlmg Rellediura ¢! %ﬁentarmdmtwomgebmnt and

SR it SR el S9HS. Fh s s
t %%fsﬁ@ ol s 0831 i Garditel 2 Vi B T Al eNagi
‘ %%@%ﬂ@ﬁ?f P00 35 b B Fad B3 SR e bttbrv elesamntaes 1.14%
s 20 O o ST o s v
e, ShrLie %5?“@?2?%%%5@2?3?@%?3%%“ ae%%d at
t aeoursd 26 R 39ISTHOY gg into it to the internal

pressure of 4.8 a and the reaction was started.
E4Ebaluation ohesadtibn) i nt ernal pressure dropped by 0. 10
MPa (the internal pressure: 4.70 MPa), oxygen was

i nt r odutrdd ani autoclavep§.0parts dfithe tcatalggticittained byrther nal
pressure to 4.8 MPa (hereinafter, also expressed as

" glpyermentionedsethed a7 5 pads of 75% by nhass blpmtaaoi aqueous

eated 20 8 tines during the reaction.

t é%‘:‘i‘ggr%ﬁﬁ feRctionsalvest werfe "ﬁ@d:ltqe@rﬂﬂ%ﬂﬁ@wﬁ'ﬁv@ 1was shut tight.

e%#ﬁqhaéﬁvo% aigs of [sobityens was Zm?%%ﬁﬁm%%rme system
P WERSHIo (e dt evaidfiod 3 Qéa@e )AL biatad 1 9956 g difer the

e, Ces%ﬁﬁaa&fg%aa@ @%a%%@“@@smmav

SR of 24 OF L85 ) Wi PSRRI B ¥l pressur

ﬁgi h@\}#ﬁé aMdl 1@ reBetiomivas srdd. e SaHtiRk wikh fhedfRiethal pressure
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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rel eased. The reaction liquid containing catal yst was
taken out fromthe autoclave and the catal yst was
separated by nmenbrane filter and the reaction |iquid
was recovered. The recovered reaction liquid and the
sanpl ed gas were analyzed with gas chronmat ography and
conversion and selectivity were 5 calculated. The
results are shown in Table 1. Conparative Exanple |
(Preparation of catalyst) To 2.16 parts of palladium
n released solhe r&actipndlqufda@@niamgngatalysmasctam aut from the
oration: nitric acid aqueous acidic solutio

C é averand thepoatalyst was ﬁ&?éfﬁﬁﬁﬂ Ibéldﬂﬁmbfﬁ'ﬂﬂ ﬂtqg')anqogheereactlon

oAV EaOvaRRd. s SR FesRvera ipactpn Ik ansing Aaupled gas were
i AaEad Wioes chBmagEPhY N GuNERoR ey Sty ere

'mh%#k%*ﬁi Tho beu@ate BEE TR 0 Unti 1 The whol ¢

W;Barg{lvé Eﬁ?ﬁ\yi jion was added. The solution was 15

S|rrpregna othe carrier with such a

Pétlddﬂ%ﬁélﬂ&? as descri bed above, and

evap ratlon o e'resultant carrier was carried out.

Subsequgnpl 1 aﬁé‘bﬂbéllﬁduﬂﬁ rﬁﬁatb%lutﬁﬁﬂ{rﬁéﬁﬂfaéﬂ?édl By N. E.
was carried out at 450C in air for 3 hours.

c @hemcst Qorperations nitrivacid Ricaieoas aditiic soittion bon&ihmgrzasz% by
of 37% by mass formal dehyde aqueous sol ution. Then

t hassypalladiuna gitiede), pdre waldrQyak aptheatad2led 10 Gbtain, in all, 6.8 parls
hours while stirred, filtrated under reduced pressure

antithe nesuliantcsolutitn. e Wi Belution wasladuesl 10a1Q.6 partsiafta particle
water to obtain_a silica supporte

p&l"P%@ﬁUiﬁfc('éﬂ@%lf hEwdaes e eh 450rme/a, Hame Koume piL0. @B cc/g) little

By @ﬁ%aé*&ﬁme%ﬂ&m%awﬁ% W Sronbie Inase aperalions iare
el enent .to

Sierted bRuDaRMIRIS SatouitoF i splituch S8 hdded, . The doiution was

dﬁ{@oﬁ’g&@@?‘éﬂﬁ ine Saifir ﬁ@@‘r $15Eh & BBt Bl e Ftoribed
£ arrg? %\75?&9%10 orl 8f fREIERI ﬁ%’g%a?ﬁeﬁuagegﬁﬁﬁa&dty © Subsequently,

npar ati ve
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
70°C for 2 hours while stirred, filtrated under reduced pressure and filtrated
while washed with 1,000 parts of hot water to obtain a silica supported
paliadium-containing catalyst. 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
this catalyst, a peak was detected at 26 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
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Exanples 3 to 5, Te/Pd, Bi/Pd, and a |oading ratio of
each elenment were calculated frommasses and atom c
wei ghts of palladiumelenent, tellurium elenent, and
bi smuth el enent contained in the catalyst after
preparation, and a nmass of a carrier. The masses of
pal | adi um el enent, telluriumelenment, and 5 bisnuth
elenent contalned in the catal yst were nmeasured by the
al | owi ng Preparation of a treatnent |iquid:
| E@(anwla?esﬂ@ﬁ @'e/&gi 8Hiide @ndranlgadingaationf @acb slement were
the catalyst, 50 parts of 62% by mass

tnpgk%u@t%@ ?an'a%@éga% agsm@mwemﬁ gbpeibadﬂ@wemeot fejirium
" Birasit. 8 §°f'€tﬂzélé@%%bpﬂ§t%?e°“s HiR catanst alfer & PRpaggion. and s
ﬁé&?ﬁéﬂ%ﬂ@%ﬁ?@bgh@”“ SEpRIAIGH %J%w el Sepent, and
2Bl SR BBk 454 A e ol B o

Oméi d was determned 15 quantitatively with ICP
atom c ‘emi ssion spectroneter (IRl S-Advantage (trade

nﬁ’?@barﬁﬁ&%ﬁﬁ&#&aﬁﬁeﬂlldﬁ]&fm El enental Co., Ltd.), and
each nmass was estimated as the mass of each el enent

in the Faé alTedibn (H&g&st%tr&ﬂeﬁbm)wmosatm mbe 1part of the
catal yst was quantitatively determ ned as fol

f catatyst,tS(kpards of §2% bywnmssniitricdciidquedus QOIDtIGﬂ lamso parts of
cruci bl e and fused after sodi um carbonate was 20

ad8%dby mass, hydeoflucsicr acid lagaeocusrsaiution wete dntrodusedvaricea

was added to nake a honpgeneous solution and a
thsﬁmwrmre@tnmt &as ealripdPUbusiBg amicnowavertigestionysiayice

ion was carried out with I CP. atom c em ssi on
< AR < rade. namel, menatactiregiby CEM Pormoratienk ot o
anount

o i e b SV
°blefrefs BoofFiiee in (o8 HthRee Atk BckPinich, fls Bhififed wandetermined
SQQ? 1 oy@éfg gﬂhal(:?’ Ufnic BhisdibA YpectrdrRbst AR Xavantdge (trade

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
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)
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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I sobutyl ene was introduced into it, and the system was
stirred (nunber of revolutions: 1,000 rpm and heated
to 90C. After the heating was finished, 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 5 MPa. Wen
the internal pressure dropped by 0.15 MPa (the

re: gen was introduced

g i Ao N AL el
t revaldtions: 4,005 Paﬁg Ii]’ee o w&@?: erlreatleaa\rasofmtshed

1 Bhedell g el e ZuhEng %Bﬂbe rrigma el Breshuie 412.4 MPa
&%@dgﬁ nSiieihs o AR Sime I EReT R t oy e Sy Bjsisure of 4.8
¢ M. HER BRI brBLe B b6REd B 0\FE MFSH (A8 fftprml ressure:
f u0gB MP) agRfdrNEs "i’rﬂﬂae&d?:%d‘iﬁfoaﬂ }S?‘o 1’§‘§IPaS SR this Hiftion was

menbrane ‘frlter and t reaction fiquid was recov

Thepddted @Qﬁhg 1186l réRABNI OThel redbbridds fiRfshed 'Wl*lé?ijtrﬁ%actron time

were anal yzed with gas chromatography and conversion
amaisB0 admutest y were cal cul ated. The results  are
shown in Table 1 and Table 2. Conparative Exanple 2

( Pr epar Afteotheofeaction wes fjniglted! ke $eside pf thecalitoclane was cooled
Exanple 1 was carried out except that the anount of
abyiandag bath.d oA gaecsamplingrag eastattashed tothe gasidutiétof the
armunt of tartaric acid used was changed to 1.55 part
aftosiave ?%FW%QF@@W@@ opaned and theemesgingigasavas hellected

Sh/, Pd nthe at al yst 0. 30. Theloadrngratroo
p&rh"aérem &f mssrrreo 19669 IGraS EaleRsart | ChaRedgtion liquid

oyt S o s i aEE e i
?E@éﬁ%%ﬁ gﬁ%&E%&%ﬁlgek%%%hggeg&lo%ghqqu wik9egSvsred. 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 1 and Table 2.
Comparative Example 2
(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that the
amount of antimony oxide used was changed to 0.31 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
paliadium element was 5.0% by mass and the loading ratio of antimony element
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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9 a The .sane procedure of evaluation of

reacti on as

in Exanple 1 was carried out except that 10.7 parts of

the catal yst obtained by the
was used. However, »
took a longer tinme for the internal
to reach 4.65 Mra,

to be 5 nore precise,

above-nenti oned net hod
after the reaction was started,

it

pressure to drop

the time

taken fromthe start of the reaction to the first

oxygen

i ntroduction operation vvas 45 m nut es,
ConsequEhe spme pecedure pmval!a%twn ohvieaption @ dm Eaemple 1 was

tion

m nut es

:
(W@@'rpu ﬁa‘&EBﬁ@@? 1Bi7 Bt 8t PR OBAINGAdNLP,
" SRRV Tl B RERAHER 96% BB aﬁ%éﬁ%f&@ﬁﬁ% wasstarted,

E‘?é@f FV?QQ}@' '@@? i the AR mto TSR T} BB tosBaffid 45 MPa. tobe

A 4 B P iy s g
Oln?fbd%tlgn% efatibh \ﬁasﬁs mifufbsl Q:o?%e'é@eﬁtl%‘fh@ rexdct n was
. 0. 15 120 60. 18.8 50.1 Ex 5 0.05

8ﬁméhé@ veheh’6@ mikoeB- ha@ ;Shs%@dff?arﬁ tﬁéstérﬁé'f tRe rEéictloh (oxygen
Comp. 0.3 0 60 2.2 12.7 1.7 . | lustrated

alproeiuction aparatmﬂsein?bﬁﬁ; wdc),ow&auseatwds whdekstood that the

produced in higher selectivity by using the

pedtahydt bad colowair sictigity thianl that ofdExarhple fr eBlentesults are shown in

i nventi on.

Table 1.
Table 1
. |Conversion| Selectivity Selectivity
SbiPd | TelPd Retiariim of to to
(molar ratio)i(molar ratio) (min) isobutylene | methacrolein jmethacrylic acid
(%) (%) (%)
Ex. 1 0.05 0 74 67.0 17.3 433
Ex. 2 0.1 0 90 56.5 148 57.4
Ex. 3 0.15 0 120 60.5 18.8 50.1
Ex. 4 0.05 0.05 50 81.4 19.0 47.4
Comp.
0 0 60 52.8 15.7 33.8
Ex. 1
Comyp.
0.3 0 60 22 12.7 1.7
Ex. 2

As illustrated above, an o,p-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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15 Exanple 5 (Preparation of catalyst) To 0.0228 part
of bismuth nitrate pentahydrate, 10 tinmes the nass of
41 a bisnuth nitrate pentahydrate of 62% by nass
nitric acid aqueous solution was added to nmake a
honogeneous solution. To this solution, 0.151 part of
telluric acid and 10 tines the mass of telluric acid
of distilled water were added to nmake a honpgeneous
solution, To this solution, 2.16 parts of, palladium

nPisruita niratg nentahvdrate efi@de bydnasy nitic acidgaueeys solution was
cBed i ke s homogeRots SAAGAT G B salBpn.pu 3] prctof telluric
Sagatir 10 e ot Fhay oLsmfilnChciosieelnh Belly whrelandato make
(BEHddredy R, TR 246 bafls SEPBRum nipate
Ensglgti&‘? ('4"3%”41&5‘&’%#60%] e! ?hhﬁ!c%f‘@o?éﬁfraﬁ&&%ifrﬁ.“ﬁci&gqueous

Xture was s e ese oper I ons were

r Sﬂﬁﬁtﬁﬂul‘iﬁﬁ Ednthiithg'R9 e, RS%&%‘ pdlfadilts gﬁfﬁg&t \ﬁgé‘ a¥d8&d and pure

added. The solution was thus | npregnate

Cwatdravadiurtiiés dded 26 obtdih)| ihndl, 6 pads 8ftheéassuitam Solution.
above, and evaporation of the resultant carrier was

Ca@hisi soiution waS@dded de Ol pags bt a paticke silita icamier (specific surface
resultant carrier was carried out at 450C in air for

3atemof450Té / gapateyedluprecafud. 88 cct/ ky) dittietbyolittie iand themesultant
added to 20 parts of 37% by nass fornmal dehyde aqueous
salbdureowas shaken whiedhese oparations avard repeated untibihe whole
70C for 2 hours while stirred, filtrated under
r adnesBtiobthessalutiomyas mddedat dhegelution was thusimpregnated to the
parts of hot water . to obtajn si L.i ca supported _
D EATi20BY SHER A AT TR LA Sestribed wipvenrgad evarormtion of the
Bi /| P s 0.01 in the catalyst. The.loading. ratd.p of
ot ia el des ettt Sof dRpennetty. caleian otghe Sesyant
0 i um. ss
oo s PG BIEBLAATT. By K4 nles TR 88 prequror thus
t . . 1 -
b E{nckhiva Kalted 0 20 1R 736 B W Yormalgtiude agueous solution.
Sgﬁ?g griwéafréh&téﬁﬂ&hé mRdtdd 'R 7490E kept &l YGIC o 2L KA While stirred,
filtrated under reduced pressure and filtrated while washed 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 catalyst 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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el ement which conposed a netal. 25 (Eval uation of
reaction) The total anmount of the catalyst (0.5 part
as pal |l adium el enent) obtai ned by the above-nenti oned
met hod and 75 parts of 75% by mass 42 S t-butanol
aqueous solution as a reaction solvent were introduced
into an autoclave and the autocl ave was shut tight.
Subsequently, 2.0 parts of isobutylene was introduced
into it, and the sgsten1mas stirred gnunber of

r -hutanol eﬁgeoqs srlution ap aeaction selyenbwerrnintyadused inte an
hed it trod d int
* Ratostile A thel astorlave ivas st Hght o cgusestuemth 4 pparsef

| PRI 28 i Shinetfibee sl v 'té‘rh&vé#t ffumber of

B lfe' St Bt teatide e, | A IR pEg e E Anished,
3htroloBh A RRLLEHA 1S thd SBRAIAE LHhe el fréQiit 382 4 MPa

Ion was 11 ni I on

Vaad SerTEoM ?eﬁsseﬁféue\hag hRrdfRed Iﬁg) ‘f‘@)?/tl’fe' |Hte?H§lﬂore%§Iﬁ'£ of 4.8

i nside of the autoclave was cool e an | ce

ORIP5 aivhieh hé ffle s prddsufd Bropged WOQWPHHN@ mférnél"ﬁressure

aut ocl ave and the gas outl et was opened and
edB5dIPa), aaggen wamintreduedd intbii Isy 0116 MPheamithls operation was

pressure of the reactor was rel eased. The reaction

| regpeiatied Sudmonthe réactionat The seaction waskfnisbed whenithé heaction time
aut ocl ave and the catal yst was separated by nenbrane

f wis &0 mintitesie reaction |iquid was recover ed. The

recovered reaction |iquid and the sanpled gas wer

anal yzefiftef the rgagtlortwaerfmsé‘@damﬁ/mam ofdhe @um*)aveawas cooled

sel ect,i ng%u wer e cal cuI at The resul are shown in

7w igs bath. £ Gas-8a6'Ris Baarues shached ia theydas outies of the
Sane [%Wgca%%t'i'\% gaass ou te%xwarg)openedlva Ad fhe ér'nggglrci)éJ tga(se )\Svaspcouected

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 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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amount of bisnmuth nitrate pentahydrate used was.

' changed to 0.0570 part and the anmount of telluric
' acid used was changed to 0.135 part and a 25
. pal | adi um cont ai ni ng catal yst was obtai ned. The Te/ Pd

was 0.125 and Bi/Pd was 0.025 in the catalyst. The

| oading ratio of palladiumelenent was 5% by nass,

the loading ratio of telluriumelenment was 0. 75% by

mass, and the 43 | oading ratio of bisnuth el enent was
Oloasinghrativenfbismuthhelement aassd.25%nby mass)irthis catalyst. In the
measurenment of this catalyst, a peak was detected at

2¥RE} measueraent ofdbis eatalypt areakowas detasted ak2e pf39.50 degrees
cat al yst cont ai ne | adi Bg%el ement. which ¢ ose

anditias coulimest ek fan Calahiat CoRNERPAladLI SRTBeR Which

of eval uation of reaction as in Exanple 5 was carried
oﬁ?mﬂgﬁﬁgatrﬂgt atal yst obtai ned by the above-menti oned

hod.,. Th [ [ts are shown in Table 2. Exanple 7

5 2@“(@3@%&’%&'&@@ catal yst) The sane procedure as in
Exanpl carl]
bi armut 71 EAecEgRiients o Eetin S 1Rhctotfes BEKEPR 5 was
009 I fai f | Ao RG]
cﬁ%ﬁ%@d&? éfs M& %d;?ly anggtge‘ap@{ﬁgdé%drr@ c@%b g?ﬁrﬁ@em' The
Crdsulty Hre WRSWAGH JuBRO2. The Te/ Pd was 0. 11 and Bi/Pd 15
was 0.04 in the catalyst. The | oading ratio of

pEkample™ el enent was 5% by mass, the | oading ratio
of telluriumelenent was 0.66% by nass, and the
10 | (Rreparationt ofcatdlyst) smut h el ement was 0. 39% by mass in
this catalyst. In the XRD nmeasurenent of this
cat al ysThe sapegirogedurtcasin Example®was cadriediodtexceps that the
and it was confirmed that the catal yst contai ned
pamoset aibismutl pitrate inentahydedlepisedavas ahanged to 0.0912 part and
(Eval uati on of reaction) The sane of

) roc re
ymprpholielyrig acidgiseswas cha o %ﬁﬁgart and a
palladium-containing catalyst was obtained. The Te/Pd was 0.11 and Bi/Pd

15 was 0.04 in the catalyst. " The loading ratio of palladium 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

20 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.

25 Example 8
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the
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carried out using the catal yst obtained by the
above-nentioned nethod. The results are shown in
Table 2. 25 Exanple 8 (Preparation of catalyst) The
sanme procedure as in Exanple 5 was carried out except
that the 44 anmount of bisnuth nitrate pentahydrate
used was changed to 0.114 part and the anount of
telluric acid used was changed to 0.108 part and a
palladiun}contﬁining catal yst was obtained. The T

/ Pd
wamaeint of Risngh nitgate pantanysisater sadovas changed tore.d 14 part and the

| gadi tio of .pal | adi | t 5% by 5 ,
¢ A o iuisiaci bped wras hanaedite Tl vad BDda, by

oBa BRI rordBining Eablst i dheined, e e Was 0.4 3nd Birpd
D50 ST Chabllsk o7hE|qating, B halRRIRF REMEiH s 5% by
et o AR R0 el il Be et WeoE by SHRE 35 dhe loading
orat ol WS AT eRmE el OO bl ingeih cariifér. 1itho XRo

NhidadlirerhBAt of thig\dtalyst @ FdikWas HetErid at20 6P3PABadgrEes and it
Exanple 3 15 (Preparation of catalyst) The sane

pwasastnfiemed that thevapdigstTontsined palladiuniélemert WhicHhédémposed a
the anount of bisrmuth nitrate pentahydrate used was

chetgled to 0.114 part and telluric acid was not used,
and a pal | adi um cont ai ni ng catal yst was obtained. The
B(Evaluation pEreggtiany st was 0.05. The |oading ratio of

pal | adi ym el enent was 20 5% by mass and the | oadin
rati o of NBiSaMA Rroseduenef exaluationoot neactien s imExample 5 was

- BaiielEityishg e CatalyBHo0 Gineady bekssmentiondd nigthod. The
C%éfdltrsnapi'g shg%tn iF\hI%bfeaé.al yst contai ned pal | adi um

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 pailadium-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 20
of 39.70 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.
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el ement whi ch conposed a netal. (Eval uation of
reaction) 25 The sane procedure of eval uation of
reaction as in Exanple 5 was carried out using the
catal yst obtai ned by the above-nentioned net hod. The
results are shown in Table 2. 45 Conparative Exanple 4
(Preparation of catalyst) The sanme procedure as in
Exanple 5 was carried out except that, to 0.752 part
of bismuth nitrate pentahydrate, 4 tinmes the nass of
bEemparative: Examsplesd pent ahydrat e of 62% by mass nitric
aci d agueous sol utjon was added to make a honbgeneous
sGirapa@tionaigatalysther, telluric acid was not used and

B P pa | Hhe BTG RIAPAMT SEn XIS was GarIaR,oasRb that, t
p[?%%gdp'é\%fﬁtlngrrﬁegﬂkﬁl\f'a q?%ggg%x%%% ﬁﬂg@s e{rﬁf%g Igr%tuth nitrate
Porialiidrate B 02 S Rape sPRE PLICATMouR silioh, b Bl g make 2
d emﬁ?ﬁﬁ%ﬁé“ﬁé*%%%o@%ﬁ“@ﬁ 1P el ot et and o
rﬁﬁ%ﬁ@ﬁ)coﬁmnﬁugr&ta %ﬁé&b?tag{e@V#H@Bilpﬁhﬁfhé yspﬂ/as 0.33.

as i n Exanple 5 was SCarr out using t

oPtdigihd vatiosf ﬁé]ﬁdmlénh@rﬂ%é@%h@ﬂma&%nd t*h‘é%éémg ratio of
are shown in Table 2. Conparative Exanple

(Bismuth eignentafas 31249% sy )mddwinthisecatalgsted tlln thea XRD
Exanple 5 was carried out except that 20 bisnuth

nneasurenpenttcd yid catalystaa peak wasatetectedtz 2020139000 dégrees and it
telluric acid used was changed to 0.162 part, and a

paas gantimmedbthakithe catalyst aoptainegspalladium e&gtnennwbncm@omposed a
in the catal yst was 0.15. The |oading ratio of

gBetaldi um el enent was

(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. |
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 pailadium 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 36.20 degrees and it was confirmed that the catalyst contained palladium
element which composed a metal.

(Evaluation of reaction)
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5% by mass and the loading ratio of tellurium el enent

was 0.9% by mass in this

cat

measur enment of this catal yst,
20 25 of 39.20 degrees and it was confirnmed that the

cat al yst contai ned pal |l adium el ement whi ch conposed a

al yst.

In the XRD
a peak was detected at

metal . (Eval uation of reaction) 46 The sanme procedure
of evaluation of reaction as in Exanple 5 was carried
out using the catal yst obtained by the above-nentiened
met hod. samecprocedue of exaluationofraaciiorpas imbxample 5 was
ConverS| on Sel ectivit el ectivity Sel ectivjt Tel P
pranpgdut t'-@"tgo’?"ﬁoca 'N%I iptamgp,%&@r&ogp-mgpp ed methOd The
[ sob I ene _net.h [) EI n nmet hacrylic acid carbon
dfe&'(‘ Eﬁ “('%aE’% Ex. 5 0.14 0.01 68.0 21.6 46.1
2T 6 0.125 0.025 77.1 19.8 51.8 2.4 Ex. 7 0.11
%3 0 20 2 45 3.2 9 Ex 8010 005 72 1 25 0

46.3 B.8 Corrp. 0 O 5Zogversion] Sdedvity. D Selectivity CqmSeleptivity
0.05 b6.18/FPA1. b &IPS 4.6 ofx. |3 Cagrp. O 0.3 20.1 17.%
9.6 4 (t%oiaﬁ%tso)fmgfgmuo %oﬂv@(ylgnee tethacrélen (ithaaryfic atid g&?bon%loxnde
5 As ['ustrated above ,p uaéatu at e(a%?ar bcxy |9°

C: eII JU.II bC I uduucd I II III \‘:jl "‘r Q\,! CC I VI LY _y aﬂd ( )
Sread b | anpypt pf g6r bon digexi de vas f of medag 2.8
Ex. 6 0.125 0.025 77.1 19.8 51.8 24

Ex. 7 0.11 0.04 68.9 262 45.3 28

Ex. 8 0.10 0.056 72.1 25.0 46.3 38
comp g 0 52.8 15.7 33.8 6.0
Ex. 1

Comp) 0.05 56.8 21.5 39.3 486
Ex. 3

Comp g 0.33 20.1 17.2 06 4.3
Ex. 4

Comp 6 45 0 67.8 17.3 44.5 55
Ex. 5

As illustrated above, an «,p-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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as a by-product by using the palladi um contai ni ng
catal yst of the present invention. 47 f What is
claimed is: 1. A palladiumcontaining catalyst for
produci ng an a, p-unsaturated carboxylic acid from an
olefin or an a, p-unsaturated al dehyde, conpri sing
0.001 51to 0.25 nole of antinony elenent to 1 nol e of
pal | adi um el enment. 2. The pal | adi um cont ai ni ng

catal yst according to claim1l, further conprising
0.001 to 0.4 nole of tel\Vhatisslaimeeist to 1 nole of
pal | adium elenment. 10 3. A pall adi um contai ni ng
catal yst for producing an a, p-unsaturated carboxylic

| e e G B SO D
EPRMAEH 4 0B B SR, b o0
e 578 ol Ao B AIRS BPe e oBALS

state wth a reducing agent; and 20 reducing a
compound cont ai ni ng antinony el enment in an oxidi zed

state pitirna gafddiinileoR@fing catalydt BREH ﬂ{) claim 1, further

produci ng the palladi umcontaining catalys claim

3compeigiigi .00 tb 064 Aickd oPfellubm’ siéheinf th & nfeIETs pafladium
contai ning palladiumelenment in an oxidized state, a

celgmoemtd containing telluriumelenment in an oxidized
state, and a conpound containing bismuth elenent in
an oxidi zed state wth a reduci ng agent.
3. A palladium-containing catalyst for producing an a,p-unsaturated
carboxylic acid from an olefin or an «,p-unsaturated aldehyde, comprising
palladium element which composes a metal, tellurium element, and bismuth

element.

4. A method for producing the palladium-containing catalyst of claim 1
or 2, 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.

5. A method for producing the palladium-containing catalyst of claim 3,
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 with a reducing agent.
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48 s C 6. A nethod for producing an a, (3-unsaturated
o carboxylic acid, conprising the step of. carrying out

oxi dation of an olefin or an a, s-unsaturated al dehyde
- with s nolecular oxygen in a |iquid-phase using the
pal | adi um cont ai ni ng catal yst of any one of clains 1
to 3. 49

6. A method for producing an a,p-unsaturated carboxylic acid,
comprising the step of:
carrying out oxidation of an olefin or an «,-unsaturated aldehyde with
5 molecular oxygen in a liquid-phase using the palladium-containing catalyst of

ény one of ¢claims 1 to 3.
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