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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 pall adi umrcont ai ni ng catal yst to produce
an a, p-unsaturated carboxylic acid 1o froman olefin
or an a, 0O-unsaturated al dehyde, and a method for
produci ng the palladium Ll atal yst, and a
met hod for producing the bﬁééh@ﬂ-@?ét ed carboxylic
aci d. BACKGROUND ART 15 There are many industrially
useful materials anong a, p-unsaturated carboxylic

a7 o PRHEDIUREE R DANING baTALS 5, MEHIEPIFGR ecioie Tre
- SARE, AN METHOEFFOfS PROTIUEING B BN UATES carsoxyLic

| i qui d- phase oxi dation of an in or an

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

a, p-unsaturated carboxylic acid through Iiquid-phase

oxi dati on of the ol efin TECHNMAR RELDSat ur at ed
al dehyde with nol ecul ar oxygen, for exanple, a

pal | adi Theqresentrinvention @lates to a meihpdSorprotuciigat
Docunent 1. Further, as the catalyst for producing
t palladiprmuosntaining eatalyst bopydducean d,}-bnsatglatéd carboxylic acid
| i qui d- phase oxidation of the olefin wi th nol ecul ar
offpgean olefirpar am di frunsaivratediaidehysieaandta miethdd for producing the
con} ains an internmetal lic conpound between palladi um
aRa'ladigm-containing catalyst, ancha srethed o groducipg dhe sefunsaturated
Pat I%nt il Docunment 2. As a pal |l adi um contai ni ng

gethxylic agid abl e for produci ng benzyl acetate,
t hough not for producing a carboxylic acid, a catalyst
having an atomc ratio of

BACKGROUND ART

There are many industrially useful materials among o.,-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 a,p-unsaturated carboxylic acid, a
method of liquid-phase oxidation of an olefin or an a,B-unsaturated aldehyde
with molecular oxygen has been researched. As a catalyst for producing the
a,B-unsaturated carboxylic acid through liquid-phase oxidation of the olefin or
the o,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,p-unsaturated carboxylic acid through
liquid-phase oxidation of the olefin with molecular oxygen, a
palladium-cpntaining catalyst which contains an intermetallic compound

between palladium and lead, bismuth, thallium or mercury is proposed in Patent
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pal | adi um bi smuth being 3/1.4 to 3/0.8 for producing a
carboxylic acid ester is 5 proposed in Patent Docunent
3. A catalyst having an atonic ratio of
pal | adi um bi smuth being.2.5 to 3.5 for producing
benzyl acetate is proposed in Patent Docunent 4.
Pat ent Docunent 1. Japanese Patent Application
Lai d- Open No. 2004- 141,863 Patent Docunent 2:
gfanese Pat ent Application Laid-Open No. Sho

1o Patent Docunment 3: Japanese Patent

pllcatlon 0- 26

Docunenf® %’M q@ﬂmcﬁﬁéﬂ %lﬂtab%]?%zﬂr Gd'@iﬁﬂ bﬂGZY' acetate,
D] SCLOSUR P LEM T
cHfoyih w%ﬁarmaq Q@F%aée@w;\r?&a B ARG ratio of

| Pl frgieHUag bAI 81 €& 959 hornrflcinn B Sarbmriocig ester s

- Brokosfin Gk Betmnt 3 ﬁéﬁrgatwove i ah Al St
ﬁbﬁédlhmlﬁlgnﬂhlﬁ‘ﬁ b@ﬁ'ﬁ?’? %qélg §tor d;g&goigg neéri:?gf‘%é%iﬁtg is proposed in

cat al ysts descri be at ent

Weatert ebLrgem gubstitute for the catal yst for
produci ng the a, p-unsaturated carboxylic acid through

| Paterst-dnaseent<d : dapanese Patdit Appiithtio® Laid-Open No. 2004-141,863

a, p-unsat urated al dehyde wi th nol ecul ar oxygen, the

s BatarttiDodLinesntt) Japanese Paterd Appliedtich CaidkOpeh No. 8ho56-59,722
were, in many cases, not high. Further, in the

| qu;ﬁrd Locagrentd: dapanese Raterd Apipdacammgaldr@peam Hais

a 25 large anmount of carbon dioxide was forned as a
Consequently, a catalyst which can
to carbon dioxi de_has

S r the selectivit
o BBk Doqugtentd: Jenanesd Bafani Appioationbaid-Opan No. Hei 107,616

a, p-unsaturated carboxylic acid was |owered as 2 the
selectivity to carbon di oxi de becane high. Therefore,

pal | adi um oot ai ni ng SGPRSUHE O IVENTIDRC P5°hr oduce
an a, 43- Unsa‘ﬁﬂi@éﬁém réé’éﬁL\FE@%\FgH% tN\ﬂéNg%lg

selectivity froman ol efin or an unsatur
al dehydgowever, selectivities to the target a,B-unsaturated carboxylic acid in a

quu_id-phase oxidation using the palladium-centaining catalysts described in
Patent Documents 1 and 2 were not éufﬁcient 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-unsaturatéd aldehyde with molecular oxygen, the selectivities to the
o, 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 «,p-unsaturated carboxylic acid was lowered as
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51t is another obj ect of the present invention to

“ provide a nethod for producing such a catalyst. It is

al so anot her object of the present invention to
provide a nethod for producing an a, (3-unsaturated
carboxylic acid using such a catalyst. MEANS FOR

“SOLVI NG THE PROBLEM 10 One aspect of the present

invention is a palladiumcontaining catalyst for

produci ng .an a, (3-unsat urated carboxylic acid from an
of selegfivipnio fearpgn gdde bacamedlig_hyde, in which the

P o W@re‘*gfqa' 5 48 Gitest ofthe presantMANYN o TaYIAS
di
C Pofieqiin-b0italting a2 inich Gdled fe frclyce s g'ﬁ-unsa%rated

o BBl R B R NeRoH B RRIAL 83 K

TR B 14 A Tl BT et o g s

f GrieHOd Fér droduéing éheamtﬁﬁ’ééiﬁﬁét@d’ carBRy F‘l?ﬂmﬁqj’gi’rﬁq §LEWa catalyst.

the steps of reducing a conpound containing palTadium
el emrent in an oxidized state with a reduci ng agent,
and reducing a conmpound containing antinony el ement

in an oxidized MBANSWOR SOLMNG THHERROBLEMe
pal | adi um cont ai ni ng catal yst of the foregoing (ii)

can be Pnedaspect obthelyreaentinkentiaoisy paliadiumitordaiamgodatalyst
reduci ng a conpound contai ning palladium elenment in

aferarpdicing ast e Beunsaturatgch oarboxlin acidifign aplolefin aran
gg}?ﬁnﬁ{q;ﬁ‘th'!jatﬁa ﬁ'&ﬁh%élz Eﬂl’yﬁ{c theaq%ﬂgqi%a"ﬁggatagugg gatalyst s, either
otrectlipwiTa &R s LSRG haa T or  pr oduci ng an-

o car B R ARG BN, riEY Bt {628 H8te of
aHt‘ Mgﬁgfewgrﬁgﬁﬂoai ﬂﬁ;@( Sf%r é&m%lgﬁkﬁfm ar oxygen in a

I qui hase usi ng egol ng pal’l’'ddi um cont ai ni ng
(i) a palladium-containing catalyst including palladium element which

composes a metal, teliurium element, and bismuth slement.

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

The palladium-containing catalyst of the foregoing (ii) can be produced
by a method comprising the step of reducing a compound containing palladium
element in an oxidized state, a compound containing tellurium element in an

oxidized state, and a compound containing bismuth element in an oxidized state

oA xw%ﬁ@nw@;s%s@ﬁwmms@mw idpfte ienyce.
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catal yst. EFFECT OF THE | NVENTI ON According to the
present invention, a palladiumcontaining catalyst 1o
whi ch enabl es to produce an a, p-unsaturated carboxylic
acid in high selectivity froman olefin or an

a, p-unsat urated al dehyde can be provided. Further, the
a, p-unsaturated carboxylic acid can be produced in

hi gh selectivity by using the palladi um contai ning
catal yst. Further, a formation of carbon dioxi de which
i owith agedyeipgagentan be reduced. 15 BEST MODE FOR
CARRYI Clﬁl’ THE | NVENTI ON_The pal | adi um cont ai ni ng

cat al ystr@tharnanetnes aspestof the pmeoh Eventian isa metapgéor

AR Dt s S5y o S

'; L R I Sl st
o A o Ao

g@fﬁn}contalnlng catal yst) The first enbodi nent of
the p adi um cont ai ni ng catal yst of the present

invention is the one conprising 0.001 to 0.25 nole of
antimony elenment to 1 25 nole of palladiumelenent. It

is preferable that tEEFE@tI'ad)FﬂTHE WYVERITIONP! i se
0.001 to 0:4 nole of telluriumelenent to | nole of

pal | adi Wocerdingnb the presenpinweati ablaepalmiuumeédmaimmy catalyst

el ement contained in the catalyst be ina 4 netallic

stwhieh ehablesdbgrodusaan o, B-unsaturatetlasambdxylictaid in high selectivity

antinony el enment contained in the catalyst be in an

oxfram aalefinor anfo, Bainsatyrated aldelwedesmbemwdedx Further, the

a netallic state of 0 val ence state. Is preferable

t aB-unspiuratedsarbexyia acid sap &aenﬁredueed thlébtsﬁﬂ%ﬁiwify Ry using the
state of  +6

b di
| v£%ﬁ§@‘%§%99§"1*'89 SRialvetre iinet adoration ofearkpa disxide which s a
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20

26

st at t becones capabl e of producing the
2 B Fronlef et b8 sedicst

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 «,B-unsaturated
carboxylic acid through liquid-phase oxidation of the olefin or the
o,B-unsaturated aldehyde with molecular oxygen (hereinafter, also abbreviated
to “liquid-phase oxidation”).

(The first embodiment of the palladium-containing catalyst)

The first embodiment of the palladium-containing catalyst of the present
invention is the one comprising 0.001 to 0.25 mole of antimony element to 1
mole of palladium element. It is preferabie 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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carboxylic acid in high selectivity fromthe olefin or
the a, (3-unsaturated al dehyde by adjusting the nunber
of noles of antinony elenment to | nole of palladi um
el ement in the catalyst (nanely, nolar ratio of
antinony elenent to 10 palladiumelenent: Sb/Pd) to a
predeterm ned range. The Sb/Pd is preferably 0.005 to
0.25 and nore preferably 0.01 to 0.23. Further, the
Catalmst becones = capabl e of, produc

ameja ﬁ§£ﬁ't§rcﬁ10e\t?'%¢%§§"ﬂ i & Iﬁ@raferablﬁ%@%gntmraeebmqqt

2650 ‘“%%Lﬁ Raben Snndgeg et rt%f 75, th o1 EnuAlengs state, or
(B siotBliciiate st ;F%Shﬁé'?éﬁ? it b fat Burmetsment

" SBfed 3 tafatn Rp %%%?B’B%ﬁfaﬁ Wiren dB1g S or +4
tQaQn%e @tﬁ §P éjn‘?éiglllgg ﬁ?lo?g%a@ﬁdé%@@ e by a

onpoun um conpound an

o L“é”%} soampart ‘?“‘?%é%dai“’{ S HTDICRERRG & - Eetisld

agdrbai@id B@id' ih ffgh Eéléc@hfy%rﬁﬁﬁe %fﬁﬁbnct%ai B%ﬁsbﬂmated

masses and atom ¢ weights of antinony el ement and
paldetyde byeddinstitig theniumhbecof Mol of etifarytelerheat to 1 mole of

masses of antinony el enent and pal | adi um el enent

c paliadioedelemeni @ thet cdtalyst (naarelpeanglannatic of amirhgny element to

determ ned by elenental analysis. Further, in the case

2paliadium ¢lemeat:aSlySd) te apredetesvined ranget hdbelStEd is preferably

pore-filli ng met hod in which substantially the whole
ﬂ&ﬂﬁtg 25 gad marapieierahiv@.031a 0a2d.i nowrthen theetaatalyst becomes

cont in . raw erials of I 1 adi um and ,ant i
- FRPabIR O PFRIHGIRG tr}??eaé -gngaty 33 camexlic a¢idda higharelectivity

R ABB L A u  teFE Ko o
AR Ro Sl 1l S et

S, bl 36 B R 4 A S BT o
dBFé?:fé‘!ér'i‘mﬂgd r&SgdTBSTIS TOPdA8/préfératily 0.005 to 0.35 and more
preferably 0.01 to 0.3. The Sb/Pd and Te/Pd are adjustable by a compounding
ratio of a palladium compound, an antimony compound, and tellurium
compound to be used in the production of the palladium-containing catalyst and
the like.

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

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

el enental analysis, a method in which the follow ng
treatment Aliquid and treatnent B liquid are prepared
and analyzed can be listed. Mass of tellurium el ement
can be nmeasured in the 10 same way. Preparation of a
treatnment Aliquid: Into a Teflon (registered

trademar k) deconposition tube, 0.2 g of the catalyst

and predeterm ned anounts of concentrated nitric acid,

c ratalist masses sifibpth the elemgntamayrbaicalgalatestfrom a palladium
aqueous sol ution are introduced, and a 15 di ssol vi ng

t reoRteptAnd & cemppading amauntof the rawraaterial of palladiuh to be used

dex! RSS d factured by CEM _
CATSER abilEiony ophlentage 3 GrMPSURSNg ardount ohipare repteral of
AR Gl U5 ot Pl S b pliaRltelie AR GHIngd By the same

riyng flask to nmake a treatnment A |iquid.
gﬁﬁ%@lpgtion of atreatnent B liquid: 20 A filter paper

B on' ! | |
on A DL 5, AU Bl 95 ol o palacum
B 4R S S 3 et ) R ot

938 wihicH e foldwing treRfleREA iU’ M treatriemB flqaiachra prepared and
smal | anmobunt of Wwater are added to the crucible, and

afdralyZedacdnuse listed! eMask of telllirkme bleptlentidz® e mddsandd in the
solution is filled up to a 25 calibration mark on a
nmsame way. fl ask to make a treatnment B |iquid. Each

mass of antinony el ement and pal | adi um el enent

c direparationiof attreatmentAdligeist: A 1i qui d t hus obt ai ned and
the treatment B Iiquid thus obtained is 6 determ ned

quant i t ¥tp\aeTefloR (regisiered trademash) degosnpaesition tubee0e g of the

oAl P e e A8 hcoptrate

UGS Bhons BBRePCho e A8 e RRRT5esd. anc s

24t Bl AR B30 SRARIAR TSR BRI BoTES maRss

SRS hafhd) YRsnU8ctifiFBy 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 smali amount of water are added to the crucible,
and aiter the fused material is dissolved, the resultant solution is filled up to a
calibration mark on a measuring flask to make a treatment B liquid.

Each mass of antimony element and palladium element contained in the

treatment A liquid thus obtained and the treatment B liquid thus obtained is
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pal | adi um el ement and anti nony el enent, or pall adi um
el emrent, antinony elenent, and telluriumelenent are
supported on a carrier. As the carrier, for 7 exanple,
activated carbon, carbon black, silica, alumna,
magnesi a, calcia, 10 titania or zirconia can be
listed. Anong them silica, alum na, magnesia, calcia,
titania or zirconia is nore preferable, and silica,
titania or zirconia is particularly preferable. The
c deteratined guaatitatively ¥ihic R atanie esrission SpeCHadeer

A8 ARl Tl Fiutadurend §herss afoflscon L)
S Ffﬁﬁég I'%l‘%n%‘a %&%Tﬁfe"é%{hge‘@?ﬂl&g 9'51_35? @%ﬁ%@ Hog & sum of
A3 B AR e BB o e con e

Cari ub) EGRRBR ing RaBATor e presBhl nfBHtloPRABA! Bble may be a
o RonsepdiiabyBe, Rolisfér, itis BreraRipl) b Subtibiad Bl fiwhih
"%é@adl[mf@éhen@%ﬁdlcﬁorg%ﬁ / Embnp 4} gEagiuph eieﬂséqtﬁgﬁtémony

nore preferably 1, g or l'ess. As the specifi

s eléréist, aha delRiriurm eletrérit 26 suPPEAEE DnsTBarrieY.. As the carrier, for
catalyst in which its useful conponents (pall adi um

ekerample, activhtedosarbeh exarbon brok, sllppadiumihaionagiesia,tcaicia,

surface can be produced, and as the specific surface

atitania br zineoniacandoe lisdéeshneAmioagdbem, silicat zilgnna,imagnesia, calcia,

which its 25 useful conponents are supported nore can

bitasia gueikennig irmese preferaple, and siliea, ddaniaer zrgomigtis particularly

particularlﬁ limted, however, it is preferably 0.1

c Brefermbleqn the garrascaniersadalope eriwe@rgnere kipdsof thege

7 preferably 2.0 cc/g, or |ess and nore prefefably 1.5

CERGIGST CRB6 USAte ARINe casedt WO mere Kiads pihes camers are

vari e dependi ng.on the shape .or , size of. a rneactor ..

e e SR i lie sHancak & Bifed oRicBattaingd RbGa siica

S C , i I . nell et

S BRO e Bod s SOl L s PRSIy fnBE f ool

CAD; L |s perated in filtration and the like are

praglfdgfcafﬁié. h%ﬁet he case that the carrier is powder or

parti cl g préfafatilad’spetifie 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



di aneter (nedian dianmeter) is preferably 0.5 mor nore
and nore preferably 1.0 mor nore, and preferably 200
pmor |less and nore preferably 100 mor Iless. As the
particle dianeter of the carrier becones |arger,
separation of a 10 catalyst and a reaction |iquid
becones easier, and as the particle dianeter of the
carrier becones smaller, dispersibility of the
catal yst in the reactlon liquid_ becones better. In

t ipsetesally &0 gola pniess aadtry@@ prefemblyt 1. 5&Cf939blesﬁoad| ng
ratio of pal | adi um, elgﬂﬁyt and, ant | nony el enent

carrier 1N Sllape-pr3i7g o cITignis Yarabia depending Oﬂﬁbe shape or

SRRt a R B ARt BS&EI@M ) 2583t grafible, varipus shapes

- bR et BelicR shéie) sbfseliet ¥ BERted < AREBperm.

: REtF s saegeﬁ%}fw"@w S8 o a7 e RUSETT i SRbd aRBEnYe are
¢ ?réffgébl{es . H‘Eth‘és%e fhdt F L e?mbl“ R P derd Q}a{?ﬁ?lﬁafﬁe' particle

e quantl det'erm ne

f ‘Hlérﬁétéwn%mpglanhﬁ 'lé’ prdfd blf Ggﬁtl?‘t%r thérd &Rd AidteReferably

into a plati num cruci bl e and use sodli um

| Cﬂf@gﬁﬁbﬁmdré Al pebferk® C?i beo pﬁ'ﬁdif le28tand nibre Sreferably 100 um or
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distilled water is added to make a honbgeneous

Stéss. i OXs thedparticleadiametdri of¢hel ebaleribeebies lafgen, separation of a
specific elenent in the resultant solution is carried
o watalysthandGPreziation diquid Issdomnes pasier, amdtasythe fpartiddé diameter of the
exanple, in the case of silica carrier, Si element is
qeamernkacomas/smaties dispeksibilityef thacatalyst inthe reaction liquid
present i nvention may contain another netal el enent

fi%l | adi um el enent, antinony el enent, and

teyalnglr o W 45 5% PRRRATEH tvgtagﬁélﬁ 2\othl Adig relig Pepalladium
msleltipyt @ athohe Bhihent B wame? B PbiarahB drg 1846% by mass to
S.f“é%,ppfg‘%sﬁw e FBkTr HRIGERERe Binps a7 stif6fred RE bieferavly

nd te?P% W\ fdlss® aﬁé"fﬁrﬂ%dﬂﬁr@r? é@F’éblY‘?rﬁ i B0% tg‘))ﬁl%gt

i'um el enent anong emen

ﬁg Péalaﬂ ﬂ%hd‘mb hatié # MeVdHse! oF A ipRill typd B4talpst BBA bealculated
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 palladium element, antimony element, and teliurium element. As
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preferably 80% by nmass or nore. The nethod for
produci ng the catal yst of the present invention wl|
be explained. 10 The catal yst of the present
i nvention can be suitably produced by a nethod having
a step of reducing a conpound contai ning pall adi um
elenment in its oxidized state by a reduci ng agent
(hereinafter, also expressed as "Pd reducing step")
cont.ai ni ng anti non

o1 Brdifer el siamets Ik Sxarog ?ﬁl;%aumeah&diﬂ@n sgBRpium, iridium,
S8 SR, Yo 2oBBPF Tt Ristiyhy thalliam it Gihery cnproe fisted.
o R8I ot ok iols e e Bl Bt ah B8 incudea
T SR AERRol 1 b ol ek e gyt o

2 ATl LB B et and BRI BE3AER difong e meta

Ay 841 5 S8 G 8 s of e and o

C qreferalbly @09 diythags akioagi um el ement in its oxidi zed
state (hereinafter, also expressed as "raw Pd"), for

exanpl e, The metHcadionpradiiding the gathlystibiiimeregent iaverttion will be
pal | adi um oxi de alloy can be |isted, and anong them

t rexplaingd.adi um salt is preferable. As the palladium

salt, for exanple, gal | adi um 25 chl oride, palladi um

acet at e, The=satalysief thetprasent ipeentioni can be sbitakly produced by a

tetraa nepal | adi um chl ori de, or palladi um ,

bifge B?gﬁvgtge@ St ef reghigingea compennd captaining pglladium element in

e S SE b teshnacean TR PR xpesseed as *Pe

D BAGE e BB o B TR R BB antruony

B a0 i T gty UL el Bhessea as

So8h roRIoRG AT ke SRR it ltip b

Zﬁ?“.'”ﬁ%ﬁ'; eﬁhg?nﬁfggﬁé ?g??ﬁ% ﬁfjthe%éé@muvémow&adﬁbe suitably produced
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, pailadium
chloride, palladium acetate, palladium nitrate, palladium sulfate,
tetraamminepalladium chioride, or palladium bis(acetylacetonate) can be listed,

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

tartrate, antinony tartrate, or antinony sulfide can

be listed. As the antinony al koxi de, for exanple,

ant i nony nethoxi de, antinony ethoxi de, antinony

i sopropoxi de, antinony 10 butoxi de, or antinony

et hyl ene gl ycoxi de can be listed. As the netaantinonic

aC|d salt, for exanple anmmoni um net aant i nronat e can be
st ed. As t he nic anti y _conpound, for

e%ﬁﬁﬁ?@m'ﬂ??%ﬁé’ﬂim cg'mrldﬁdﬁwrg%ﬁawe listed. Anong

t hem a i nonat e,

the |iké' @D%F@?ﬁvgﬁrgpoq e 8 ﬁ%rqsb%ﬁ@émmﬁ'@mtmas oxidized

B Bendter, (ﬁb#e%’pseés%%@{‘%%& Shlclor Skamplg. s antiony sait

uS?As”t“é"a‘frﬁ), aik6xife Mibariinidric a8 O . Sot Ao 43aRAntony
ﬁ%urﬁeot Qﬁlan‘tlﬁ#dd&r:ﬁ racﬁ*’ Os?éd ex %@anﬂ%gﬁg‘?ggﬁ for

urium’t ‘tel am
d t
g (Atind ity D, atHory X ifle, ity iomide, antimony
d'l@dlﬂg' Alstirieny E@etbtétp%‘t’assﬁﬁntdifﬂuﬁcﬁwi Wiria, d‘n‘ﬁh')ony tartrate, or

exanpl e, sodium tellurate or potassiumtelluraté can

beantirrgdsulfide tdrebedibled | 1As thecdntinemphikoxideo fireXample,
tellurite or potassiumtellurite can be listed. Anong

t lapbimany! rethioxidec adtimonyidthoxidé  antimbhy isopsopmiide, @ntimony

its salt, or a telluriumoxide is preferable. -
Toutaide,nr antinmt etbyleneigigedxide car bedisteeh nixy theametaantimonic
its oxidized state, reduced state, or 25 netallic
staét%saibé@r@@m@lsuamrmm@m mﬁ&aemmqr@te §and;te listed. As the
necessari |, nd| sﬂ,ﬁ?ns Le. Further i S, possi bl e

uLE9anic GpY fﬂj PRNRE mﬂhgnyﬁ aptimony can be 1|sted
p%@'}ﬁ el e f}sbé,l;l‘,gl mné]rr?lgtﬁﬁep}]mgfe&%q ﬁréérlfa{tg Qrﬁg]p like is

to@ {lﬁ met hod of using the foregoing conmpounds.
ncre ? for exanple, a palladiumtellurium conplex

PdXr (TQBF&M'% nuﬁ‘?‘Eorkﬁgol.lha%Sﬂ alﬁlﬂgﬂgﬁgﬁﬂﬁ(elemem (hereinafter,

(TeRR Y4, ,, repres S pa ad| represe
f Iy éxptesset 8% ‘rady T, QBRurifh rhe@l 'hetgllTﬁu:‘n hleféﬁbhé acid or its

tellurium and 5 each’of R and R ependent
I eRit etefloicusATidbKi salt, Q! bllufilm 6x1d§.‘%l€m§ﬂk§ o be listed. As the

integer of 0 to 3. Further, it is also possi bl e to use

a tellunoousalt, cfonemmpbghwitdgen telluride, tellurium tetrachioride, tellurium
dichloride, tellurium hexafluoride, tellurium ietra'iodide, 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 exampie,
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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of palladiumelenent in its oxidized state and
antinony elenent in its oxidized state. The foregoing
raw Pd and raw Sb are properly selected and used as
the 10 raw materials for producing the catal yst. The
conpoundi ng anobunts of these conpounds are properly
sel ected so that an Sb/Pd and | oading rati os becone
predeterm ned values. In the case of produci ng a
catalys’g ntaining tellurium elenent, the foregojng

Pdi?é@'b’?t otheudhan the, me\ym obusinghe faregoing
Z%te‘fﬁé S, nEdaipiey. 18 %aHb@he 61§ PéladiumeBl GBS
cﬁﬂéferHRp]gf %1@? gig %'.f Sd gﬁ% ?edag@%}eﬁn‘ygfr%pygsen%s palladmm

e%@aﬁé‘%?ﬂﬁhﬂé AR5 Bl RTEP ot fePes e AR, and
C%@&ﬂ‘ﬁ?g} ?ﬁHth"l Qﬂtlg?%g'%sgﬁfsaén Qkﬁlﬁ‘rﬂhg and n represents an

(herein express ano

”?ﬁt%gé%f 2 18y Pﬁrtﬁbf@ill %‘&?d’ taié%@@s%e%f%cirﬁﬁ%rg%oﬁtﬁmlng both

teri al for exanple

?b!lédihfn elérﬁéﬁt@ﬂ théQi@i?iéii staftdand aABinahy @¥Aehtdn its oxidized
sal whi ch contai ns the other nmetal el errent can be

| isgdted. A Pd reduction step and an Sb reductl on step

may be carried out simultaneously or separately. Wen

t he respéetforegoirerraw Pdrarst raws Shraze peoperiyckselected and used as the

separately, the order of the Pd reduction step and the

Skawedalterialsnfos pegducing theacatalystir yThe compeundisg antaunts of these

Te adding step is carried out, the Te adding step can

b&ommauNds ase Prepery selaetedsio that an Shikd madrcadiog .ratlps become
reduction or can be carr

o e&%%ﬁ%ﬂmﬁ% y lBtberaseqf Eﬁmnsha pﬁ@lxsagentﬁmng tellurium
tﬁgﬁﬁnggﬁ. ﬂ%+%%é%’ﬁ§%ﬁlt e |sgqg93§ri\ﬁher Fntgtﬁ%lﬂf l%ﬁfgé thoet lhaw material
- BtntRabERG TRl p‘fﬁ%%%ﬁﬂo@&%ﬁgzé@%@nﬁ%f 1Y s properly

[ 88k a9t la TP AP ratiol BReOAELSLAG S ITed Rllues

be carried out si nu aneouslFy 'w

55" Srani o el 20 saatesin s
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



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

" reduction at the tinme of producing the supported type
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catalyst, for 10 exanple, (1) a nmethod in which a raw
material containing a netal elenent in its oxidized
state is first supported on a carrier and then the
metal el ement is reduced by bringing the resultan

c dhatiacatafysh celaining apctheranelahalemay &@&n a(lga Igdlum element,

od whi ch
g S B R P rstw? 254 Bhdianeten et sequcing

G B B A 0 B g B e o,
¢ the' e HERd o e@ﬂﬁ% %Eﬁteﬁvbggtﬁﬁgﬁé%ﬁtﬁﬂ‘?ﬂéFfrspﬁ&ion step,
?Qﬂdgng)élaé‘ gBe'eér?ﬁthbH s%%'ﬁdgcgereoéitﬁﬁ ste é ﬁ’b@%‘?ﬁéalout in an
b%rl#ltrﬁgP?rde?‘”Dng them the reduction net hod (1) is

prefe e because a catalyst having high dispersion

of neta|n Hecrmd &f pr%d@éi%g'a’smﬁi é@? 8 caﬁlyéthﬁ is preferable to

reduction nethod (1), a neth ich firstl

C gairyut the fomgbmgrrettadtm $tepdn tiee prdsence of w“dameronms a
kind or two or nore kinds of a rawPd, a raw Sh, a

r avetiied ofnetlclioatdidhe time ofgpredueing thé suppm&éd type catalyst, for
collectively also 25 expressed as "netal raw
mexampdg,s") are dissolved in a solvent, and secondly

the resultant systemis subjected to heat t r eat ment
té Whﬁ%“aﬂ raw matgfie raa@tngﬁ matalelement indts oxidized

"i‘%tdqt%t ef‘rs&%ﬁa&?tgchgﬁfér?%%ebéné T e meralFlerteaign rarbiced by
nbtiRgfo'e s §ohteraf %ﬁ%&*@ﬁwgﬁ@%ﬁ@?éw@g A

¢ (2 ey SEyhieh Ao HocRS b i, SRRE e SBlution or
Rt ROE8L 1 o 814 BECARLIHG 8 mEBPAU) 1S e st
2;\@{92@@ Isgmtwh'&*klﬁﬁlﬁﬁ'dbﬂ[ﬁct Withy 8BeR Al thetddy %@%etal
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 the 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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soaked into the solution or a nethod, what is called
pore-filling nethod, in which the solvent is
evaporated after an anount of the solution equival ent
to the pore volune of the carrier is absorbed in the
carrier is preferable. The solvent of the 10 sol ution
is not particularly limted as long as it can dissolve
the netal raw naterlals As the solvent for the netal
ram;gEterlals r . ex or.gani

ook prets sbppo eeﬁm BT InEaGortast Wikl 8 7pducig dgent s
aggr'a erg an! i:gﬁtgxpr dn TS gge Epﬂ,alhﬁ a sggﬁgggkn@y dépoa?ate?y provide a

aCSZ%Igﬁ’gWRmtﬂﬁﬁHé@ﬂ%W %‘éﬁggﬁ?@g%m’ﬁ%@ ﬁgﬁﬁpémer
he thré}rqgct%Qs%r\Fgﬁ?@?é\ﬁ Qt&%@rﬁ)&rt%%l SHEh as

exane or exane can S ed The

soI vent | ﬁmg% RethGS o Blldb‘ﬂﬁlngo(hﬁ'sd&tﬂgmyiﬁ{ed &né’t r{gathe solution to

plurality of these solvent
t RRe cAFrfENA tnatAHO M Which e bivent ¥ 8%156?5{9%1 éﬁé}"fhé '&srner is

vi ewpoi nt of solubility of the nmetal " raw materials

angakbd intodhe sbltivpdta mEtl'deSmmHthéI!eHypd?é-filﬁ@ method in which
carrier. 20 As an operation of inpregnation of

sdhesblvent i3 évapoeatediafier antarheuntasftle BbRitibn emwa}emub the pore
the operation only once using the solution containing
alviolurhe of the: carriealy absosbediinsthetoamderds preferableal The solvent of the
possible to carry out the operations in a plurality
ofsolytiepds net ngrt@ulrﬁrhrrimtaq/as)fongﬁs ¥ chndisseive the matal raw

case of carrying out _the operations in a plurality of
t iMatgrialsac rﬁ\sabersgdvqm ferrthe metalray materals dor examplg, water; an
flrst one rried out,. after an

g;p% :g Sﬁ@aw%@cet}ge%ql of y@ép do gy inorganic acid

s§§§ﬁ?a'fsf"ﬂa (a8 B ReHlobE SRS o e 4 (#ihaRg. 1-propanal,
?#FO?)QBPI]% boﬂ(}éﬁgpcﬁ'rtaﬁ éﬁoloé k'érﬁléj% id S?é\%ﬁg e?f% ethyl

COfT'pOSI ron’ tenper

”%?éne’ G tl§6l?tﬂ}fﬁkéiﬁﬁ@6?c¥6lbﬂeﬁﬂﬂe awé%a%oﬁea&ﬁas

A tenperatu eat treatnent nay

WhiepbarieS heiahé or epéloh&Xart cart Bafistedn e TR@'dohtnt 'CaA be used alone
metal raw materials to change into netal oxides and

5 gpiretembinatioh df@ pldrdliuotthede solventssd Al ﬂ'ersdlﬁﬁloﬂater or the
(2), for exanple, a nmethod in which one kind or
organic carboxylic acid is preferable 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, it is
possibie to carry out the operation only once using the solution containing all the
metal raw materials, however, it is also possibie to carry out the operations in a
plurality of times using a plura!ity of the soiutions. 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.

13
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two or nore kinds of the nmetal raw materials are
reduced by bringing a reducing agent into contact
with a solution or slurry in which the netal raw
materials are dissolved or dispersed, while the
solution or slurry is inpregnated to a carrier, or 1o
a method in which the netal raw materials are reduced
by bringing the reducing agent into contact with the

A

c ot B3t BnicH LPInefy ta)¥ piat 2ands itp siBLaridps.or above.
s thbirats oo s e oty B8 i g Hpiche S0ficient for at
opeRYéne bart ot the FbtIaR Raferlsh £Réhdshid mEt oxidep and is

Ofpr’eréf_aﬁﬁ/‘ Yid 9Phourd.N the case of carrying out the
operations 1n a plurality of times, in each reducing

treat mends e REUELEN Methdd )eforldkantpl, d etiddih i one kind or

to the reducing treatnent in the preceding reducing

t riaat ovembre Rinds of thelinetal rd@rmaferi@lgogrerretoged bﬁ bARgiAY a reducing
20 elenments is not particularly limted. As the

r eaerttiinto contawdavith3a solution ex aigrihein whisk thehetal ratvi mbtegials are
solution or slurry in which the other nmetal raw '
mediesolved pe dlsepsa@z wihjle dhe solutied opslurgy is frapesgmhaited to a carrier, or
sol vent such as water is added to the solution or )
slaimethed inswhieh thempelal fave maderals asgvreducediby byinging the reducing
reduced with the, %gucing agent in the 25 presence of .

t RIS IRtp gontact w@f pdBregoing selltion or sWAY while thacarrier is

sol.ution,or ,sl urr e added g¥ater is preferable,

h v F?d\yb?neoﬁ%luﬁ‘i’%gﬁ?@r@&%% Usted. hent oned above

Ry e g oBel B TR R SR R B e

o1 Tt B ghea, i Pleslelitd EEY LD/ GRIRR dniy e using
 QAE SoNAichUBNeiAng =M t@&%éﬁﬂw ﬁﬂat%riiz?lﬁ; h&m%@r,_ki{ igdms&ﬁossib:e to

solvent in the caSe of carrying ou e reducin

t rozmty Butithe iopefationguh @ FlbRfiey 6f GA8s BSINBrLpRIFlty 8fthexolutions.

each tinme independently. In the present invention, it

i dnphetasabf eatrying eutithe dpeerations ida plurdlity of tiles, 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 Mth the reducing agent in the
presence of the carrier is preferable. As the solvent for the solution or slurry to

be added, water is preferable, however, various organic soivents as mentioned

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

14
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bringing a reducing agent into contact with a solution
of the raw Pd while the "solution of the raw Pd and -
the carrier are in contact with each other, and then
to add to the resultant systema solution in which
the raw Sb (and the raw Te) is 10 dissolved in water
or a slurry in which the raw Sb (and the raw Te) is
dispersed in water. Subsequently, the raw Sb (and the
Te) can be reduced, when it is needed. The
é%é?ﬁ Qi'd'@ﬁflaif%’vlﬁ@ﬁﬁéld in the reduction is not

For nal ddngRcass of Ghindad iy e reaUCHGAreRIEeNISL® 4 Bluraly of times,
aCI g’f‘g éfaorr §W§fé9de 1a é%%ﬂ}f@# ngﬁ@r‘éf’%gdpghgng time, or a kind
SRLFERE n e 9%@’#?“@@9&%@#%“83 Hivefltsc layic phase

j f | dehyd
E%P%ehtob;eﬁgrﬁe@ggglgghhor a P rm C le d g;lmta i§_y ©
pref er alph ﬁ1eb5|’=€s‘é'ﬁ?fn Hon 3 E?}E%)&gﬁlettlﬁé& ﬂ'técr‘aWBd at first by

agents can used 2 the so

Ufb?ﬁhgirlgbé lAed sy agemntdlcmbbﬂwnﬁ alitiston dRh8ralvP while the

prefera however, depending on dispersibility o

canlition, ofthe ca@a i and the earier bk esntatogipbash @fheiitsand then to
et hanol, 1-propanol, 2-propanol, n-butanol, or

t -odttartbe resuitdnéswstensa sblutionde wmrethmthb (ahdhthe raw Te) is
ket one, nethyl isobutyl ketone, or 25 cycl ohexanone;
ardlissolred io wated os aciuras inawhichdhecaw Stniand theirawal@) ds dispersed

or isovaleric acid; or a hgdrocar bon such as hedpt ane,
hdix wiaer. o Subsenuentivathe i Sbdand the raw Jekcan be reduced, when it is

'conbln tion of a plurality of these kinds. It is also

pd€8FBfe to use a 15 nixed solvent of water and these

s ”L?&?'@EQ%%EQ%%%&M‘% yaed i B TeUReNOT gt pReialaty imited
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S Shar SRR pRErPie TRt sbBi BRHALb8 hydrogen,
O?Gﬁﬁg%%}dé;sfgpﬁlogéev’? Safodfiviefie PIRISRAN, 1454006 2Biidne,
PhshRyIEne S1 B&ﬁfté‘&éﬁé}ﬂ Peptere, }-H@ankI 24 eREESISHEXene, allyl

herei nafter, pressu
alcohol, methacryl a!cohol, acrolein, or methacrolein can be listed. Among

them, hydrazine, formaldehyde, hydrogen, formic acid, or a formic acid salt is
preferable. Further, two or more of these reducing agents can be used
together.

As the solvent to be used in the reduction in a liquid phase, water is
preferable, however, depending on dispersibility of a carrier, an organic soivent
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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bei ng expressed in gauge pressure). Further, in the
case that the reducing agent is a liquid, there is no
l[imtation to a device for carrying out reduction and
the reduction can be carried 10 out by adding the
reduci ng agent into a solution. The anobunt of the
reduci ng agent is not particularly limted at this
time, however, it is preferably 1 to 100 noles to 1

nol e of palladiumin its oxidized state. The reduction
t dRpedRalvent oh waterandHeseisolvantsre are variabl e

ar &t ho [§8[BRSS Hiatyhe ra0hidauant 5 BaB LIS RIIRIGRIE® cany out
o Ry B B o' SsibfiE” ndni® o padleilof B BrérerdBleto

ey it inhe ot oktetsul s ARG kedloind Bgant , The
SR BR 0l 9 A B, S ke
fg@@bg&egggg(m bgg?ggpestggpg)_ carried out. It is

preferable to waSh the resul'tant catal yst with water,

an or gamuethes dh e tas@that fite FédiRingTagehi3d allifaid\Asdrens no
with water, an organic solvent, or the Iike,

i himitatibnde apdevice fdredryingoutaedlctionanhtier iedustion chn & carried
chl orides, acetate 25 group, nitrate group, or sulfate
grosih py asidinghtheerediucipgragent infto ansalutitinc i Adheaaraoust ofthe reducing
renoved. The washi ng method and the nunber of tines of
wagenhis m@aﬂmlaﬁhﬁmited ak thiy timerhpweven dvis peaferakly i1 $o 100
preferable to carry out the washing to the 16 extent

t Faeles h2 1implerofnalladiugninits exidized isgfﬂﬂ y renoved

PeceL® e AR e e R s 4 e
ol R e B el 5 R S 5 5t o e
§8ec 40 SehlaR 6o O RSB 58 A B e
SpRerabiy -6 fo ?ggzt_: BhEMe6RPreferbIG A5 th sPel washi ng

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 materiais may be supported on
the carrier on which the foregoing reduction has been carried out.

it is preferable to wash the resultant catalyst with water, an organic
solvent, or the like. Through the washing with water, an organic solvent, or the
like, impurities originated from metal raw materials such as chlorides, acetate
group, nitrate group, or sulfate group, or those originated from reducing agents

are removed. The washing method and the number of times of washing are

not particularly limited, however, it is preferable to camry out the washing to the
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Further, the recovered catal yst may be dried. The
drying nethod is not particularly limted, however,
it is preferable to dry the recovered catalyst in air
or ininert gas using dryer. It is also possible to
activate the dried catal yst before it 10 is used in
the reaction, when it is needed. The nethod of
activation is not particularly limted, however, for
reat men

APy hal oS ImALEeS oA He sHiTCaNLEICP YRS BeGRYSSHE arprehended
miRESRe BUfES RS jmnedle 1e inGicbiadEarifation faction.  The

o PR Vst e G LiseR)S thEPedeoh ek ABLquRREd by fitration,
o Senfiiruganan diifo 1Re, | PErRE: IffherRsedias Bd uption step and an
DI RetuctiBh 384 8 ool bR Fsclataly 1@pS it Risa Blefltable to carry

bigtiwdshftEhEiNeenthe ghgpd adi um cont ai ni ng cat al yst

beconmes capabl e of 20 producing an a, p-unsat ur at ed

car boxy IFuethes,itHe irecdVeabd satabst mvdy bie tFied) aThe Wfjihd nidithod is not
an a, p-unsaturated al dehyde by causing the catal yst to

hpacticularty mitedhoveeveraitis proferbbletto dmathe leeovered catalyst in air or
pal | adi um cont ai ni ng catal yst conpri ses pal |l adi um

elie i@t gashuasing sirgers edt ia atse possibie thactiveds theedried cataly@bbefore it
measurenment, XPS 25 (X ray photoel ectron

s peused b ieaction when itik seeded. xihermethodabactivatina isnot

O et Rl ol e ok bt o ook Bonf e ment o
i et is Garmba Rl iter s ofitio SRaBidie af higrogen fbw can be
d , i, i, I le, b

£ DBleE S AcHING o it metie Sde 188 Bh e 30 Thed Shbsitattvm
CRMAEhESE SIEIR ol S iEs o o ol

i rwgypﬁﬂdaé\an Fé refhove | ned that the catal yst 5 conprises

pal | adi'um el enent I ch conposes a netal when a peak

| TRO BecyRdemdodifieft 6fape pRfadilmrbamainicAlydd

degrees or below as an X-ray diffraction
The palladium-containing catalyst of the present invention is the one

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

The fact that the palladium-containing catalyst comprises pailadium
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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angle (28). It is preferable that the pall adi um

el ement whi ch conposes a netal be formng an alloy or

an internmetallic conmpound with tellurium el enent

and/ or bisnuth el ement as nentioned above, and it is

nore preferable that the catal yst 10 conprise

pal I adi um el ement having the X-ray diffraction angle

(20) of 39.2 degrees or above. Further, it is

preferable that the catal yst conprise aIIadlum

el usiRghEurbeiling. tﬂ'é‘ls>@$aiylsd45ﬂlﬁﬂ‘ﬂggﬁﬁl'r¥edrﬁjl4@ Thdegrees, however, it
40. 0 degrees or below, and npre preferable that the

c4Pay yoit towiasd .loovéerp%nglggm%r@nem licy-0ri ayinteranstalligzompound

st oSl TS P MR it ancror
ﬁgﬁ%’g”{%&w ) bnthgrﬁepgr?t: "g@%';tgyr?eﬁjm 2k fed that Ihé Xhyst
% p@%ﬁﬁam SR T b i r

ot of’eéac § 6 oV A TERIRR bdlow A B KDY Hifraction
g 26 20 18 pFFible Wit ihe bBIAAH JISmEREWAIHLSbALs 2 metal

of t Ia I Um cont ai ni ng catal yst as

ey fopty ARbR6y of BA iﬂbﬁﬁé@ﬂic onpsuril witk teliiriusielement and/or
el enent cont ai ned in the palladiumcontaining

c digthytii elememtasmentichddeabiovel and litds neore preferdleledhahidie catalyst
a netallic state or an oxi di zed state, however,

t elomprisenpalladitan elérepl kdvimcptiieyXiray diffractiost anhdle26) oft 9.2
because the electronic state of palladiumelenent _
witegrees ohpbrves o urthex it i%pr@fﬂreb@ﬁbagm catalvst@mpmse palladium
is nmore preferable that telluriumelement be fo Ig
arelemesthaying the Krr@m%ﬂ’raptl% aﬂalﬁdaahaf 49 Prdegiees or be ow, and

gﬁ'lg%%%rlé?%rﬁé%gtﬁ@ﬁ bec g?qﬁér? tg;hcﬂ gﬁ;}ulelrfl Ignlav:ng the X-ray
¢ off ?ﬁ%éa%n@ﬁ?gp%ge e PLEPERY: *bi cmuth of onent
to pal | agium, {%'a‘?é?ﬁf‘&f feH I‘I Prﬂ)%lélﬂgégf;p Qaglagg(ucrré glerpent (Te/Pd) in the

pal | adi umcontai i ng ca

o.PEA0RIR:Sh@ikg Catifet g W Excdito Y I ishérdBly/0.002 or
more, and more preferably 0.003 or more, and the Te/Pd is preferably 0.30 or
less, and more preferably 0.25 or less. The Te/Pd can be adjusted by a
compounding ratio of each raw material of palladium element and tellurium
element, which is used in the production of the palladium-containing catalyst as
will be mentioned later.

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

tellurium element be forming an alloy or an intermetallic compound with
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| ess, nore preferably 0.10 or |less, and particularly
preferably 0.06 or less. The Bi/Pd can be adjusted by
a compounding ratio of each raw material of pall adi um
el ement and bi snmuth el enent, which is used in the
production of the 10 pall adi um contai ning catal yst as

will be nentioned |later. The chem cal state of bisnuth
el enent contained in the palladi umcontaining
catalyst is not particularly Ilmted and may be either

a Paliadism e@r@@rgth@causgﬁ MQP@IWP@CP ﬁaélaélunhelﬁewt the electronic
b t talli ta
e WG B crssRely hamdad: bacaman high by kel adjacent to

WB I h, 15 o oses a net aI is nore changed. Further, it
e 'Pfabl e that bisnuth elenent be forming an
al | oy o

el enrent %?fa'a b4t oDt AB o i e Batl ByRg) in the

E@%ﬁ%éﬂ%ﬁaﬁﬁiﬁ'ﬁgg%wyﬁa%ﬁi o Urdid f§5%3%%$1v 902 or

Tr?ﬁ 2V BhmdrdCrdfdrElly 31603 BEmdire P é thelBi/Pd B Br @ 26 or
?hé pal‘]g cer?um coXt alrning ca E needs%fg exce

’Ies%1 ‘i'nérb ;ﬂréfd%@l&?f FPbY |dds 0Ad Bértnc@ﬂyr@ préfoéi‘% rCF‘?G or Iess. The

preferably 0.006 or nore, and prefera ess,
aIBl/PPEsh bé hﬂjt@téﬂ)b a%o?npﬁuddﬁﬁ?rdti@ cﬁf@a%hfrahﬁrﬂaié?%i of pailadium
selectivity to an a, (3-unsatura carboxylic acid
arterhentanicebisetlth elérhent) whithoidusieddn tieé praduetion of the

di oxi de. 25 The Te/Pd, Bi/Pd, and (Te + Bi)/Pd can be

c patadinmedonitainingreatalst asavill he onéntioneiddates. of

pal | adi um el ement, telluriumelenment, and bisnuth

el ement Theaheminalcstate afthismuih elament conines 1nghe

cat al yst whi ch _has been_ prepared. The .19 masse

p&ella adiunheentaining catalyst is notpasticutany imiad aBFism%Y he ‘sither a

C AR IR P SHEIZR SiRiey oWEvrcPRGHIA GRS areferably in a

Prﬁnié}%[l ﬁtg'taggrbgcgﬁs% S ‘Eﬁ ttagli'éls{t% uéf?q,?ggdlum efémen? Which
AT R i oAl S BRI Al eflnat bismuty

element be forming an alloy or an intermetallic compound with palladium

element because a proportion of palladium element, the electronic state of
which has drastically changed, becomes high by being adjacent to bismuth
element.

The sum of the Te/Pd and the Bi/Pd (i.e. (Te + Bi)/Pd) in the
palladium-containing catalyst needs to exceed 0, and it is preferably 0.004 or
more, and more preferably 0.006 or more, and preferably 0.4 or less, and more
preferably 0.3 or less to more raise the selectivity to an o,B-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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into a Teflon (registered trademark) deconposition
tube, and a dissolving treatnent is carried out using
a mcrowave digestion device. In the case that the
carrier does not contain silica, the

pal | adi um cont ai ni ng catal yst, 10 concentrated nitric
acid, concentrated sulfuric acid, and hydrogen

per oxi de aqueous solution are introduced into a

Tefl on (reglstered trademark) deconposition tub

and
a ’B?%%Qﬁ ofi Rrilagdiuem elament; Ee"é'HP'f"i elgment, and bignuith e gment

f iqarvaineq n s oalledri &obleiRno AEST Sarss e sapted by ha following

in v\ﬁglng are gathered and filled up to a calibration
'a 15 neasuring flask to nmake a treatnent A

cF PO ARSI i 7ot due i the 1 or ogoi ng

Lreat e thé'g add {h%?g deifier BOntdHs Ilé:??laé Pﬁﬁ’éd’iﬁgﬁcontaining

resi due een ered IS trans erre

p'c;?‘(a%lpé‘gb%é&lt@t Altfc hsid" g@& gg"@ﬁﬁl nﬁ’éﬁs’ﬁudrfgr ?yﬁ@%ﬁe introduced

um nmet aborate 1Is ded"to It an

W'lﬁfb @Téﬁtﬁa Gégi‘%ﬁﬁred fﬁfafdéha‘?ﬁpﬂjéﬁbmé‘bﬁi'ﬁéh?ﬂ]dér 'aﬁd%?dl@s@mﬁhg
amount of water are added to the crucible,

arttbaftfrieﬂt ist dxgriéd aeﬂuﬂng & midrowave digestibn davicehe In the case that
resultant solution is filled up to a calibration mark

orthe caerierddesqiot cbatain siticartke palladiaet-oentairing cetalyst,

Each mass of palladiumelenent, tellurium el enment and
bicomgentrated nitricragid, concenlrated auifum actd' aadrtmdrognen peroxide
liquid and the treatnent B liq

qRsMECLasoldion ammirqctumedtlam %T@ﬂﬁfk@egﬁtﬁgﬂé étad@mrls}
an -t he rrass og in

ecomRasitiontube A trggtmqyg i pRrsied Qutusing g microwave
2@’%%“ S &Af’%@%ﬁﬁ%ﬂ@ﬁr@e' Vg ds hijated,and Adutsh @ aricPwashing

o g} BB T Ry oB GabRfec A ik TR b cfiBration mark on a
am asyin M&Qﬂ'rhgei}e b g %hﬁm‘tfgﬁ&l silver, or osmum

e netal emen such as antinony, thallium

PR biiags Riteor e ke of the ot e

Vi ewpoi N tiRd c4Rpihat tHide 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 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 palladium element, tellurium element and bismuth
element contained in the treatment A liquid and the treatment B liquid is

determined quantitatively with ICP atomic emission spectrometer, andthe mass

of each element in the palladium-containing catalyst can be obtained from a
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hi gh catal yst activity, the total anount of palladi um
element, telluriumelenent, and bisnmuth el enent anong
the nmetal elements contained in the

pal | adi um cont ai ning catalyst is preferably 50% by
mass or nore. 10 The pal |l adi um cont ai ni ng catal yst of
the present invention may be a nonsupported type,
however, it is preferably a supported type in which

pal | adium el e tellurium el ement, and bisnuth
e ’Tlﬂsrﬁe‘égﬁéﬁﬁ gleraentdn beth thesliquide, t he car r | er

for exampl e, tlvate .carbon, carbon bl
al uni na”ilﬁeaga! U -CoRIeiRIR0 CAIAIVFH of 167 PReseribiVRNUaR Mgy contain
|ist the 5t|t@n|a oLeIZIrC n|a

et Rlement.  Bor exaels. 4 node retd 0430 23 platinum,
W) rﬁ@%@ﬂ&rﬁﬁ#@ﬁig‘%ﬁ%ﬁ ‘o sy 8GR Fase riefed element
oy fiastindty, Bihif, of KEd BB ited. " TREOIINGR, Kids of the

58y B899 IR iRy e
S Higregtak/at éf:ﬁﬂtyofhé {o8al SRRt lof *ﬁﬁﬁ@ﬂﬁﬁﬁ'r é!EFHénQ rtelldridimcelement,
above range, a catalyst in which its useful

C amldsisimiuth lemdradimongethermstal elerhémtsicontsthedinthe and
bi smuth elenment) are supported nore on its surface

c pailadium-odniaing eatilyst is preferablcs0%dsmasacemorea of
the carrier beconmes larger in the above range, a
cat al ysiTherpaladitim-costaining gatalystof then presentinveption ey be a
more can be produced. 25 In the case of a supported
t m@suap@nt% Fvnea howeyer, itdsarefgrably aeuppopead tyre iwhich

t, tellur el e and hisnuth elenment is
prp@ﬂe qliy 'emelf%w R SIgTentang RigTRLelomEnt dre siported on a
carrler ef.pre thes el enent s re su rted,, mo

éerab% oicapiaraoe SxAMpiR. cctiatedh Ban. asp R black; sica.

2% ab
nelﬂ*aﬁaﬁia@esﬁ Hisia B RS A et Ryl hihg g e, sica,

t hgalBoP éﬁ’&oﬁlg?s B?éfé Bfe beg B%ﬁféﬁg&rﬁé@ﬁ?&e&é%a of the carrier

supporte nor e pre erably Ss of le

f wahRef E@th@lDﬁIf bfffned HEéalYe 8BS %aﬂéblb‘?%?senarr@%h a kind of

particularly preterably 15% by nmass or
D@ah‘r’féﬁaﬂﬂmﬂﬁ@l NiMtheceds?! ofdilicd tﬁé‘@p@élﬁéguﬂﬁ'ad:é‘éh@atI'sfmeferably

C%% 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 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 totai 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
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produced using each netal of palladium el enent,
telluriumelenment, and bisnuth elenent, an alloy of
these el enments, or a conmpound containing these

el enents as a raw naterial. Anong them the conpound
contai ning these 10 elenents is preferable as a raw
mat eri al because a high-activity catalyst in which
useful conponents are highly dispersed on a carrier
can be easiléy prepared. The raw material of palladi um

cIRgaterably 4 % by mass @rcmpemfyrthermeredorafﬁ;ab iyc2% i mass or more,
FFatz@' carfcdlary 384"%@'3 1% %ﬂﬁﬁ%lroafwn gﬁ{i %gﬂﬁer%blv 4% by mass or
P Tessoiouie sides.of (hearicr baTare tisSe RSN A AUpPorted, More
pi}f%%iéﬁﬁ%h baestitess Hifhet 'rfe"i‘é{?regapwrﬁ% by mass or less,
LT edy BleherabAD 1575y RSSEiAY. *0al Taai um

trat
pref or apfeP amsgmgggpmgfrn@# AT .msé) blsiEnt Rvention opp be
PrFbeicEY Gsing Bk mwpé?auahumﬁ elehét! tNBIiBF SR ReritSand

not partlcularly imted and telluriumnetal,

t dlidrmgihlgiement, antaildytﬁfltﬁegé? eRneEnts ter éabmpoma |cbhﬁi|h*|ng these
acid or its salt teIIurlumOX|de or the |like can

belémeniscas #\saw Imte&dall uiimong tHem, thercompoyridecontaining these
hydrogen telluride, telluriumtetrachloride, tellurium
diet¢rhentsds prefetdble asm 2% materidl becadse athigh-activity catalyst in
tetraiodide, telluriumtetrabrom de, or tellurium
divhiegeful eemperents are highks dispersesl oniaagienean be easily
exa sodiumtellurate or potassium tellurate can
bé”?n;?%f?éd As the tellurite, for exanple, sodium

mh;fiﬁsm%wé%a RALESEA B, é*\éenéa%%rt%@%ramand
b psué%éaxm@w BofechP Dl o] e tisted,
b| snut Q’%r co npo‘ij{hgmﬂa{q%l S nu S%“q% g%é%ﬁél E/ﬁ% %Irb%ggggh salt, for

oXl

o Se P PR BB Ll e e ARy e, paledium

biggifael) (dttdammireplafigdiuRpshierite, oRpdNaHium brAEREfMdRtonate) can
be listed, and among them, palladium chloride, palladium acetate, palladium
nitrate, or tetraamminepalladium chloride is preferabie, and palladium nitrate is
particularly preferable. |

The raw material of tellurium element is not particularly limited and

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

can be listed. As the tellurate, for example, sodium tellurate or potassium

tellurate can be listed. As the tellurite, for example, sodium tellurite or
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bi smuth(111) chloride, bismuth(lll) fluoride,

bi smuth(111) iodide, basic bisnmuth(lIl) nitrate,

bi smuth(l11) nitrate, bismuth(l11) oxychloride,

bi smuth(111) phosphate, or bisnuth(ll1l) sulfate can
be listed. As the organic bisnmuth conmpound, for 10

exanpl e, triphenyl bisnuth can be |isted. Anong them
the bismuth oxide or bismuth nitrate is preferable.
The foregaing.raw material s, of palladium el enent,

t diotagsium tellwitecan belided sAmaRgdneme ﬁslmﬁw@cﬁ 8pis it tellurous
sel e tez% as,.the {ﬁzﬁw,rmter,i al s and B ed for producing

t REIGAT 13 8RR IRIIIHMRXIde IS pIeI8rabiee conpoundi ng

{hat  eadteraramatelia of BRUAR el B eH e irédand
ol AR Bty Sl 2R prydhis Bmuth comegynd. & bjgmuth oxide,
\F’)eqrtfﬁe liké chfi by |Efté‘d.abA§EHe1~%iB E5it thF?xample bismuth(lll) acetate,

al I'adi um cont ai ni rig catal yst by se€lecting a conp

¢ Qﬂérﬁhfﬁéﬂg @ggﬁ?gkiﬁn gisfrgﬁﬁﬂl 1) &oﬁﬂ?@,’%é’éié BRNHALIR) cdrbonate,

conmpoun rumelenent 1n an

OXigthaeflll |y chictide2BRnfutR AIMPRLLHAEC argrmhtntlngiodlnié rnfatstt bismuth(lll)

element in an oxidized state as raw materials o

palifratd] bienelt(inhitratd, dismuthylit) ekwstiodide tdsmuthillb bhosphate, or

el enent, respectively, and m xing them and reducing

t ldsmathill}) soifate carubelistiedh Asitee ocganic biggmith demmpdund, for

in the case of producing a supported type catalyst, it

c &xapple Asiphenyl bisruthycarabe iistgdt hémmﬁmghemmuth oxide or
materials to be supported on a carrier. The anount of

t Rusrpethy nigate is preferaklg. i s properly selected so as to

obt ai n cat al yst havi .an gbj ect.i ve | oadi ratio.

23 The hEGEEaURG ABFEREIA of RRIAIWTeIe@Ian. ifim Slement,
carrjer is npt articularly,limte n f a

- Asiputn pemettarn SEepetly seistd R dnd dov mites RIS ) Gsed for

[ [ , . Sedl t atd.an :

| 1RRbEREIR 1R p G o il e RITE, TR OTRORIFE T of these
r j j I I [ :

o AR FidsPerS copdtl sipll ol REFShch Mol il oF Pafadium element,

Ao ERO Byt e Bl ainin ctaly

becomes an objective value.

It is preferable to produce the palladium-containing catalyst by selecting
a compound containing paliadium 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 materiais of palladium element,
tellurium element and bismuth element, respectively, and mixing them, and
reducing the resultant mixture with a reducing agent.

Further, in the. case of producing a supported type catalyst, it can be
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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and then the rest of the raw materials may be

i npregnat ed and supported. Further, it nay be carried
out, after supporting the raw materials of pall adi um
element, telluriumelenent, and bisnmuth el enent on a
carrier, to 10 subject the resultant carrier to heat
treatnent to change it into the carrier on which

pal | adi um oxi de, tellurium oxide, and bismuth oxide
are supported. As the tenperature rarjgie of the heat

t r eat nehhe methed der sunpasting the @ve materdals e a gawier & not
above is npre preferable, and 800C or belo

; I Nelg is
pPafticulgslydiraited aoddor sxampled n’@cwaa%mtg%bwowhange

JENREN T A ST AT
y$n11 to, 12 .hours, .Subse

o B 06 ey UIREMAE, W eyt Btenal o pafadim sigment
B BT3B MeShe g et
'C‘gﬁd %Pﬁb@&ghﬁl SHyPor thB! 5l rﬁéfér%\é?@%ﬁthb;%dipgﬁgggﬁsted and supported,

rrie a r'educrng agent. I nNg agen
: . ! £V
ST 1O B iy S e B suapores
hydr ogeRyrthé¥, Firiaypbe Garrigd bot, &fter 8Gppbriing the AV RBRals of

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

1 paliddiumcilen®nt, el efemeént) apt dismuth- dlewemt on a carrier, to

2- hexene, cycl ohexene, allyl alcohol, nethallyl

akubject theaesoltaritrcarner todtead tneatment toxshangel it intethe dander on

or nmore 25 of these reducing agents can al so be used

t wdpshhpalladivre ioxides telldivm pxide; snd bismutbdxide aresupppited. As
phase, hydrogen is preferable as a _reduci ng agent.

Fihe iemperaiyie fiangr of e heat dreatrment 20086 oS EPOVR Ipreferable and

B o B e AP ol B Sh o
"5 B 0B Bl TSRS A AN ol ffsieny
T T S

al cohol g P%@j@tﬂth%[%ll;adﬁmjr-bBﬁ%%ﬁg'gﬁta?yéirié’gﬁﬂﬂced by

n- but ano a ketone s as acet one,

”Fédudinﬁéuéldimtépérﬁenmtiﬁvéxiaig@@ dtaté, teBUMRA eléhent in its oxidized

cycl ohexanone; an organi c aci
state, and bismuth element in its oxidized state, which are supported on the

=D

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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such as acetic acid, n-valeric acid, or isovaleric
acid; or a hydrocarbon such as heptane, hexane, or
cycl ohexane can be used al one or in conbination of
plurality of these kinds. It is also possible to use a
m xed sol vent of water and 10 these solvents. In the
case that the reducing agent is a gas, it is
preferable to carry out reduction in a pressure

devi ce such as_autoclave so as to increase {he
sdPimpiciacid; or & formic agid satis preferabie as @ redycing agent.

ey S LR LR N —
255 RER Syl deBber o T Ge PRSI P ke e cos o s
34 5 0D B 0o FENSE G oo ctano,
CoF b inoR BB M, o UGB 3PS B B scstone
S48 iy BB BRSO g i aci

NRYeR =@ adeticacid nlvdlBli€ aeld, RRidcRaidii® ddid: drsa hyaroehrRf such as
state. The reduction tenperature and the reduction

t iheptaes hexanebbrecycishexade tandse usstialong ¢rde @bMmbimgtion of

the |i ke, however, the reduction tenperature is
ppdfralitylofthesekinds a b\ alsochossitde o aée aahixed isotvent of water and
above, and preferably 25 150C or bel ow and nore

ptkése sdjvent8OC or bel ow. The reduction tinme is

preferably 0.1 hour or nore, nore preferably 0.25 hour

or noreln sathahthenigdeicing-agenttis @ gassitispreferablatecarry out
and preferably 4 hours or |ess, nore 25 preferabl .

hégduction in eSHW® JeMeheveh A8 aﬁﬁ%i@feaﬂ gsio Hlﬁﬁ@%g%&‘e solubility

:OZJ? ﬁ!f'dé%ﬁi’@% %{sﬁﬁqﬁgﬂ @% ﬁ-}i?\’,\’gggﬁﬁti&ggpgyﬁg& of the pressure device is
L RS ] Aol RS s Bledsfs [ BrerdBh 0! Mpa or

[ %!é({he?“@jé gl.[é%%_ed fromraw materials such as

chl orides, acetate group, nitrate group, or sulfate

group, eirthBPHetHY tade Mabthd fedilicimfageritds adigam, théress no
hod and t e hunber o fn

renoved. The washi ng net tines o
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
180°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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washing are not particularly limted, however, it is
preferable to carry out the washing to the extent
that the inpurities can be sufficiently renoved
because it is apprehended that sone inpurities may

i npede the |iquid-phase oxidation 10 reaction of a

ol efin or an a, p-unsaturated al dehyde. The cat al yst
washed may be directly used to the reaction after
recovered by filtration, centrifugation, aor the |iKke.

Frefiesab yﬁﬂpu@@bms@aneaulawmorﬁaref@éawvli’elmumm less.

dryi ng thod i S not rticularl however,
isual Dy s Broterahie e weBhithe P lawg?/rusml@talmng aatalys} prapared by
i.nert.gas, usin ssi bl

gg‘i"? {%HL@:PH@"H} gﬁ?f’c%ﬁgi" {%é@%[‘ rgugﬁ wﬁsﬁptgowith water,
st &P e ke, ho ids Sidinalge fié@ﬁ??\eldvéﬁ%r@@%qﬁﬁaesdch'mdes

t%\ggﬁéﬁ{&% 'ﬁtﬁﬁ%g ;%'{ﬁ,h@‘?% r“pm%r?lll"l?seh&?enated from reducing
| ORI ARRRRACT T8 wadhifl fiaA0d oY thaRuRfberif tiffés of

to thi's nmethod ayer on

S W&fsﬁﬁfg &e lﬁ&t'daﬁ‘ﬁémmlﬂn?ﬂéﬂt h&GWEVErTR Y bFéf@t%bIé"l%tcd?ﬂﬁout the
not renpved in washing can be renmoved. The physi cal

Pigizbirid ©thefextérft thatprerinpueitibacrf becalfiidientcremdvetEtsecause it
with BET specific surface area nmeasurenent, XRD

misappretented tHad sonhe impuaritissahiag impedéa tik Ild”l.EﬂAphase oxidation

measur enent, XPS neasurenent, and the I|ike. 25 Metal
paeadhumpﬁaoqleﬁnmlm «Bhinsatealed aldehyde.y e catalyst washed may
oxi dati on catal yst however, it is not sufficient for

t e directly used &0 theneeactinn @ften reﬁovpreﬂjny, filiegtign, centrifugation, or the

E unsat urated carboxylic acid through oxidation of
all\‘ ® efin or an 26 a, (3-unsaturated al dehyde and a

for ped. Faitheh e terherhastafish ay e e s TR Matrithpd is not
e L ST Rl R B R or o
e'iﬁéFFﬁ{ls Egﬂggﬁiﬁ h\rll\ﬁ %& {)‘ JibiBgb %1 e% tll?%ﬁméa gatgnlyst before it is

el ene urlume

d 'JsE& i He @ﬁtﬁ?—i)hm%tgﬁ Qﬁfda‘ﬁoﬁ%ea&ﬁmmn Rf néb’biédad THE method of

el ement an ement 1s present, an electronic
activation is not particularly limited, however, for example, a method in which

heat treatment of the catalyst is carried out under a reducing atmosphere of
hydrogen flow can be listed. According to this method, oxide layer on the
surface of palladium element and impurities that has not removed in washing

can be removed. The physical properties of the prepared catalyst can be

.. confirmed with BET specific surface area measurement, XRD measurement,

CO pulse adsorption method, TEM measurement, XPS measurement, and the
like.

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

a,pB-unsaturated carboxylic acid through oxidation of an olefin or an
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state of palladiumelenent further changes through the
function of tellurium elenent. As a result, the
activity of the main reaction in which an olefin or an
a, p-unsaturated al dehyde is oxidized to produce an

a, p-unsaturated carboxylic 1o acid is raised while a
side reaction in which carbon dioxide is fornmed is
suppressed. (Method for producing an a, (3-unsaturated
car boxylic acid? I n the next place, a nmethod for
pravfudisaiurated aidehyide andanlaege guantity\af carbarcdigxiderasgh

l'i qui d- phase oxi dation of the olefin or the )
a,tpv-m%ﬁlph isfoemed; dOmthe other hand, whenbismuth glgraent having a

T BRerbRichfonSgatidh R oAl SYeBHEr Rlarierapedrard.
o e aie e oL PRI BT e/ GimePs RBApGe kot i MRl oF bismutn

R e ) 8 i b Focanay

carbon or a lower s

t A%t daNBHiN 'blé?ner}t-fﬁﬁhéﬂ &é@?tHf@?ﬁ?ﬁ%@%ﬁ@W 6ﬁeléurium

acid to be produced fromthe ol’efin I avin
t ftlermafe GRe BQBS@IKQh@b@ﬂVi?,ﬁoﬁthé rRaiffreBcisifin wr|1ic_h an olefin or an
I's

g%dr?fg) Idlth Bﬁﬁalﬁmﬁr{f\i éierﬂeﬁg?hérl gi%g@b’tﬁlt%éé@?gte ﬁgﬁrrﬁé%ﬁtﬁ Qg [electronic

Concretely, in the case that the raw nateria

progPsursaturatedt sidehyde iscoxidized ¢l gmmaipﬂunémmaec carboxylic
25 that the raw material is isobutylene, nethacrylic

accitl issrajsegidwhbibzia side teaetion irs whiidhycarbon aligxide issformetidsl

al dehyde-i s sinultaneously obtained fromthe ol efin.
TiselpRressedsat ur at ed al dehyde has the same carbon

skel eton_as the olefin has. 27 For example, in the

c4Methorforinredveing saie Prunsaturatchpgrbexdic a@dbl ein i s
bty 08 e e SR B b crboti
OB B PSR, i Yo Bhrdl acenyce
BB AE4 5Bk sl £ ARG 4Aino catalyst of the present
aGh A rition vaill bgeéjﬁﬁggﬁei nis suitable. Two or nore

a al de

, p-unsaturate ydes can al so be used together.

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,p-unsaturated carboxylic acid to be produced from the olefin is
the one having the same carbon skeleton as the olefin has. Concretely, in the
case that the raw material is propylene, acrylic acid is produced, and in the case
that the raw material is isobutylene, methacrylic acid is produced. Further,
usually, an o,p-unsaturated aldehyde’is simultaneously obtained from the olefin.

The a,B-unsaturated aldehyde has the same carbon skeleton as the olefin has.
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The a, p-unsaturated al dehyde which is a raw materi a
may contain a small anobunt of a saturated hydrocarbon
or a |ower saturated al dehyde or both of them as
inmpurities. 10 The a, p-unsaturated carboxylic acid to
be produced fromthe a,p-unsaturated al dehyde is the
one in which the al dehyde group of the

a p-unsaturated al dehyde has changed into the carboxyl

roup. Concretely, in the case that, the raw nateri al
i f%@r"@m'ﬁ inbe gase thatitae r%wmtaﬂa@a prapylene, agielein is obtained,

L Ds |G%Q§éﬁ§v¥hg'?%§{raa€%@f'sgé aVienes frkibaeplein isgbtained.
L e BB R uatiBlad BreByd Whidthisch v Materdl fos axample,
e8! ﬁﬁgﬂﬁg@?}he&ﬁhﬁﬁiﬁ?&@ e BE0, pEfiofEtaldehyde

t;;gj:l%glg%{ék‘éﬂﬁ c%ﬂﬁ]egihés’f r » &‘%é%gnf '%gréiQﬂtdrrH"IQﬁ‘\%crolem is

ration era

%@u@?ﬂ%?%g@ﬁoﬁ@ & gé’l’gh?tﬁﬂ H:d erﬁ}aq . P’%nsﬂ% B8 ¥ed together.

OXFHERY 'Bourhsdt@r%‘iédl Qlﬁie'h§d€ eHien &ba Vav@'nﬁatbﬁﬁﬁﬁé? cbhtdlﬁa small
econom cal , however, pure oxygen or a m xed gas of

puirRowtd e satarhted hyémahﬁmﬁleﬁi loveercsatliraied afdehyde ot both of
diluted m xed gas In which air or pure oxygen is

dithereas impuritiest r ogen, carbon di oxi de or water vapor
can also be used. It is preferable that such a

mol ecul dihe2g pasnsgpdurateshcarbokylic arid th beqrdduced from the
supplied into a reaction vessel such as an autoclave
urw unspiurgiedsaidenydeiisshatone Inyvmmtm)aldehvde srqup oktbe
ui d ase, oxi dation reactlon
émn@?tq?atqdé’ detide hes hangebitaing eqppxﬂrggoepga;;pecretelv, n
onsi st

S%%?Stﬁ% a8 Fon el S aclogie s6R08 aid Bibirineg, apin the
L kPR Y LB R SA by B B0 BBldnea

among 5 e e fatfhattr (38 Fhdkibndte ol oRhAPaT B?fﬁ oran

| COPL BB UBSR L S5ickre bt AT e e ue

n- but yr Mhedijuii-phase oxidation réactlon may be camed 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. lt is preferable that such a molecular
oxygen-containing gas be ordinarily supplied into a reaction vessel such as an

autoclave under the pressurized state.

As the solvent to be used in the liquid phase oxidation reaction, for
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I sobutyric acid, n-valeric acid, and isovaleric acid

is nore preferable. Further, it 1is preferable to

cause water to coexist with the solvent to produce an

a, (3-unsaturated carboxylic acid in higher

selectivity. The amount of water to 10 coexist is not

particularly limted, and it is preferably 2% by nmass

or nore to the total mass of the sol vent and wat er,

and nore preferabl 5@6b mass or nore,

preéﬁae?me 15 lwﬁ%b {95 ai lgast O%GTQQBlCeSQiV@’ItéWW from the
case of a nlxegn@olvent

o 10w cBRsRtG ok FRutanol ikycfesaraloReetane; Mg S Betone.

C STRBSTIRa fyh Retoner aC8eAdie, Mgl AGa o+ hubdia A J0BUtyric acid
"R Akl syl 46, &Y EBiE. 3] aitbtiopicpate., Among
Y B B L S o
anghRarkdl Sha A%‘Eéﬁgl&eﬁﬁs aektié 52@ R ﬁTB%%d n:butyric acid,

preferably 2 or | ess. am)un

MUY aéld?’@-%léri@ A9d aRFisbvalef @ESlHQQ or@ &e@élﬂe OFurther, it

more to 1 nole of the total of the olefin and t

ajppreferabls t ealist Weley de coekistwitiatite sbieentty ﬂf@ﬁﬁée ahs
of the Iiquid-phase oxidation reaction, nore

posfi-einsaluyatedzarbdxylioracic rrehlgbedsélacti\}ﬁw nithe amount of water to

preferably 0.3 nole or nore, and preferably 20 noles

olcopyistis nﬂirpamr& imited mMiSepre@erabbrsz% kyrehass or more to the

furthernore preferably 10 noles or less. It is

ptetabmass of th%solvw@t and wa?,@'t angh mpsfﬁ@rﬁlafﬁr@blxa 5%p by eass or more,

state | ction |i UId of the |qU|

oﬁﬂaafﬁﬁﬁagmaﬂf gv MAFROLIEES) I | 38 gﬂ%gby mags or less.
d bed. [The.a t of the cata tto IS ..

ol s o8 s SOaSLoryportoSeel Rt thﬁawaﬁ Solvent i

e t 0.5% by mass

opreTetdliy hﬁw‘oﬁ%r%ﬁ@#? 132 BBk PP PoRRENS rmss or

nor e, ﬂe W«gt% r‘%&rﬁraﬁgrf"of e BRFR Sd ﬁ@?zﬁ%—dﬁ%ﬁlrgted aldehyde

preferab mass or |'eSs, and fur

Pyt a8 el o 1, LI i ety
0.1% by mass or more to the solvent existing in the reactor, and more preferably
0.5% by mass or more, and preferably 30% by mass or less, and more
preferably 20% by mass or less.

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

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

reaction liquid of the liquid-phase oxidation, however, the catalyst may be used
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sel ected according to the solvent and the raw materi al

to be used. The reaction tenperature is preferably

30C or nore, and nore preferably 50C or nore, and
preferably 200C or | ess, and nore preferably 150C or

| ess. 10 Further, the reaction pressure is preferably

at nospheric pressure (0 MPa) or nore, and nore

preferably 0.5 MPa or nore, and preferably 10 MPa or

| ess, and nore preferably 5 MPa or |ess. EXAMPLES

Heines fixsid bed. t Fiae @reaunttof tey catelysh tonbé lused ispreferably 0.1% by
concretely explained by 15 wa g of Exanpl es and

Compas & mase in dhe lieid existingdn the reagieresware prefecahly 6r6% by mass
is not l[imted to these Exanp Ies In the foll ow ng

EX@fHPES aé\ﬁ’ofudbﬁ*ﬂ'ap@ p&ﬁéera%m masp &F Mae; ané@f@ferab!y 30%
o) (b S RRF. e HeStarBb 2V BianAde) less. and furthermore
manu? h r 299 aku Corporat| on. The neasuring
cHEIFP ﬁs o '?ag%)‘?r les8y- ka/ 40kV/ 100mA, Scan
Z‘n’ﬁe‘éy ol hactioR ferRitasls. B i eBietg Bredtiurt 4ré Broperty

. FR4EE0 SRt RS ) B BB B kot e
prr%QHﬁéJi %Pnﬁéraﬁﬂe%? 7 rlgf’;@"@%rﬂreoé%{% rgfe‘f‘ﬁﬁl 50°C or

carried out' using mat ogr nver Sl

ofmafe, anaf pr&feréBinUO"@ éMes®, dHY mdrd #é?ét%b!’v ?5@‘3'3 or Iess

aldehyde to be produced, select|V|ty to an

a, Rurther ather rebetiord Prassube ig/preferablyatindsphReiid presestre EMMPa) or
selectivity to carbon dioxide to be produced as a

bymprey mmdtmareapméénadeOJSrMPhe:rfmd:deomd prefémableiiMRadr less,

an olefin (% (B/A) x 100 Selectivity to an

aa(rsllmlmpcafetaéﬂy aIMeayddessy = (C/B) x 100 5

Sel ectivity to an a, (3-unsaturated carboxylic acid (%
(D'B) x 100 Selectivity EXAMELES di oxide (% =

(E/B) x I—}eremafter the present invention will be more concretely explained by
way of Examples and Comparative Examples, however, the present invention is
not limited to these Examples. In the following Examples and Comparative
Examples, “pari(s)” means “part(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,B-unsaturated carboxylic acid)

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

o, B-unsaturated aldehyde to be produced, éeiectivity to an a,B-unsaturated
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In these formul ae, A represents nunber of noles of an
ol efin supplied, B represents nunber of noles of an
ol efin reacted, C represents nunber of noles of an

a, (3-unsaturated al dehyde. produced, D represents
nunber of noles of an 1o a, (3-unsaturated carboxylic
acid produced,” and E represents (nunber of noles of
carbon di oxi de produced as a by-product) / (nunmber of
carbon atons in an olefin which is a raw material (4
i carbexylie seidto hes ptodugiedranyd) sel€stivity|te carkider dipaidet todre produced
of catalyst) 15 To an aqueous sol ution obtai ned by
diass byipiedwst 26e gefinedin thefollewingacid in 2.3 parts of

pure water, 0.05 part of antinmony oxi de was di spersed
arePrvession & antadefin ek FuPAMad08tirred for 30 minutes

o SBSTe feauan Pambocorous ol g

AL B S TR
S5t ek O RIS S0 0, e

of the ﬁf@gg%%gﬁnﬁlg[euf\'rgﬂreﬁﬁﬂ_@ rﬁ:rﬁﬁ’éﬂ%ﬁrﬂ@eﬁaﬁ?@% 53pplied, B

15. 0 par a particlé stTica carrier [sSpeci

/
o 5B atos otARRier, RNE e dbpaBR i fper of males
I @F ghi@Plur¥atirtfed A18ehydeasRidusBl! B repRER_NEPRIMbEPBEMoles of an
were 25 repeated until the whol e amount of the

s @, plurgaturatedasidiesxyliteid pradueedoand Bhiephedemts tlribérosf moles
was i nmpregnated with such a pore-filling nethod as

def carberdiokide producdubas adiy-pradGet) il (aumbépof Sartbonratoms in an
and calcined at 450C in 31 air for 3 hours to obtain a
sidléfrawbizhris arrasrmeteriah (in thediase of isetutylena)).

anti nony el enent were supported. The silica carrier

t f@npedi ned was added to 40.0 parts of 37% by nmass

f or.mal dehglde g%ueo s solution. Then a reduction
t {BERRAtationatcalalelled out 5 by heating the systemto

Then-t hdo SFCGIRcHE SN apiBlned Ricsisselino iz peklaftgraric acid

alri'r‘iJI 2f3 b&ﬁ@%ﬁgur\éhvivalut%r, 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 resultant aqueous solution,
pure water was further added to obtain, in all, 10.2 parts of the resultant solution.
This solution was added to 15.0 parts of a particle silica carrier (specific surface
area of 450 m?/g, pore volume of 0.68 cc/g, median diameter of 53.58 pm) 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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washed with 1,000 parts of hot water. Thereafter, the

resul tant systemwas dried at 100C for 2 hours under
nitrogen flow to obtain a supported

pal | adi um cont ai ni ng catal yst in which reduced

pal | adi um el enrent and reduced 10 antinony el ement were
supported on the silica carrier. The Sb/Pd in the

catal yst was 0.05. The loading ratio of palladium

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

anair ford/helrstetbtaina gliGbeamier onwehich paliadiugeelemesit and

Here, a loading ratio neans a ratio of a nmass of each
elantitnony elementyeerefsuppodedrier in a catalyst. In the

XRD measurenment of this catalyst, a peak was 15

det ect edl'h& siliea oakdiep thusr otdeingdovairgdded to 40, Opantenfcly % by mass
to 4 and Conparative Exanple 2, masses of palladium
elfeffealdehyde papapue pelvtinn, Zhen adeductiomireatsnentwas carried out

| QteRfIane o1 42 026 vl Keehi & a8 ZPES 0k 2 BOURy Gl siing.
oG S ORI e B S e
Ry 3B OB R TEOBRBAR AL ABHE Sy vas
R 40P R A GIDR e AP

*}fanﬁa_rdrﬁiébn{dﬁ?igp afdjat iy WhickPfadiiead Paliadiunebément and reduced

t
determ ned as lows. At first, the 'catalyst was

| rdritipnrfedienidn werdlsapp H%@I 8h thé gilichlcarferd  Thesh/PtiRthe

b6
sodi um car bonat e was added. Then, to the resultant

m celtalyst was 8105, | ethenabdingvatio @f galladianmelement was 5.0% by mass
honogeneous solution and a quantitative determ nation

ofar@ thetioading ratie of antimeny elaméntwas 6,263 byedassiin thist ¢atalyst.
32 ICP atomic emssion spectronetry. (Eval uation of

r d3gre; eripading sati; means® eatie, of EOMasp of eechelament to a mass of a
cat al yst obtai ned by the above-nentioned net hod and

7 i eeatalyst. pyInithe XRD maaswemagtietihis catalysty@ pepk was

el e araihed of paiEo deaibeSquent | v, 2. 0 parts of

I sobut yllﬁ 'S(a\rq'n'ap‘clesi qtté 94dal\JnCue e&nrbta?atgvte’ Eggr%pfetf rﬁgssste%r%f palladium
element, antimony element, and tellurium element, which were used in
calculating Sb/Pd, Te/Pd, and a loading ratio of each element, were caiculated
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 material of
tellurium to be used. The mass of the carrier in the catalyst was quantitatively
determined as fdllows. 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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was stirred (number of revolutions: 1,000 rpm and
heated to 90C. After the heating was finished,
nitrogen was introduced into the autoclave to the
internal pressure of 2.4 MPa and then air was
introduced into it to the internal pressure 10 of 4.8
MPa and the reaction was started. Each tinme when the
i nternal pressure dropped by 0.15 MPa the interna
pressure: 4.65 MPa), oxygen was introduced into it by
0.1CP a!pmacenasmulsspentsometmrnal pressure to 4.8 MPa
(herelnafter expressed al so as ~oxygen introduction
offEvaluaban of reartionhi s operation was repeated 4 tines

during the reaction. The ti ken fromthe start of
the 15 liecan awtoglavendO pats @&%éﬁatalmtrqhia@ﬁﬂchv the

t ft
bR aBentihes "@%ﬁsdJﬁaa%@%ﬁ@wﬁaﬁsspmg@%aqueous

t.he rea tibon was,f.ini.she

tﬁe"hﬁ@m Beqeiorsaiyatt St B e ptaREvgvas Ehut tight
2 SubeBEn 2 pafe giﬂ%ﬂﬁé%%%é@gﬁéﬁﬁ feanq {5 system

I
onEasesatlr fhod) ofBFoltibAe! o Bl aNA Rl oFiC, "Hter the
' fFfe%'hHQM ﬁlﬁ§h§d3 rﬁﬁo#&?mﬁaﬁ?ﬁﬁ uctRSintd ﬁleecgﬁSéiavJ the internal

reacti on I qul d cont ni ng cat yst was taken out rom

t pessirb Of 1224 MFNand ifert ai Na)é&htrmédi‘m ﬂttG thdlnternal pressure
menbrane filter and the reaction Iliquid wa

r of dv@&MRE ardhthe eaction edasrstatéd . orEactytime wmh thecinternal pressure
sanpl ed gas were 25 analyzed with gas chromat ography

anidoppad by 1. th Midadthedhtsrnahpregsurer 4.65ddPa| axtygen wiaeeintroduced

results are shown in Table 1. Exanple 2 33 .

( Imtetbw 0i nMba toadiustdhe intsmad pressue B 4.80MPas(hefeinafter,

pal | adiumnitrate nitric acid solution (manufactured
bExpressed-alse RE noxaen iptreductiansergrationd), am;btht%epamtlon was

F GPRRRPA A Tags Cyriog s feactinnal || e HonS aken OBt dlart ofthe

ag%%%} q%ofoltgggbj%%g%ﬁ:dhj%é)%éqﬂpﬁgp%ra T was 4Srcr)|%nlf1 és? " AfEr 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 outlet was opened and
the emerging gas was collected while the internal pressure of the reactor was
released. The reaction liquid containing catalyst was taken out from the
autoclave and the catalyst was separated by membrane filter and the reaction
liquid was recovered. The recovered reaction liquid and the sampled gas were
analyzed with gas chromatography and conversion and selectivity were
calculated. The results are shown in Table 1.

Example 2

33



10

15

20

26

silica carrier, which is the sane as that used in
Exanple 1, little by little and the resultant m xture
was shaken whil e these operations were repeated until
the whole anpbunt of the solution was added. The
carrier on which the solution 1o was inpregnated by
such a pore-filling nethod as descri bed above was
calcined at 450C in air for 3 hours to obtain a silica
carrier on which palladium oxide was supported. Step
2:(Preparatiopaf catalystpure water in which 0.52 part of
tartaric acid was 15 dissolved, 0.10 part of antinony
oxMBRB Was di spersed and the resultant mixture was

TG ORI R Wi p—
o ST OKRE, By SRR B2 05 by

A Bl R 8R4 S 539, 18255 B rsutan
B A?, 4 SRS OGP R B Ok a prici

i 1 '] he: ' b |l .
LR b e, 10 oy e o e

ORb SRR niRfLr8 WiRAsHakehOvRilePieks dpleratidhserB@peated until the

f or mal dehyde aqueous sol ution. Then a reduction

t nerslaantourtof tise soktion wWas ddddueatTTheocarfier o5 wHich the solution
70C and keeping it at 70C for 2 hours while stirring.

2 wakhiemprepaatedsiyesuctna pore-filliagedeihodas destribed above was
pressure and filtrated while washed with 1,000 parts
ofcalainedvat 450°Crineaie font 2 hounstte abdainla silica sgries enwekich palladium
dried at 100C for 2 hours under nitrogen flow to

olsxidlewas syppertedd 34 pal | adi um cont ai ni ng catal yst in
M%Ch reduced pal | adi um el ement and reduced antinony
el}ABRA were supported on the silica carrier. The

1 P T8 e L 0 B e T A1 B

c . h0 RBtr SRRy, o ek dittod 80 s fetftant mixure

PSS Yited'firof mthidbs af 851 2Pn@homogehnBBus S8ILEEA 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 aqueous solution. Then a reduction treatment was carried out
by heating the system to 70°C and keeping it at 70°C for 2 hours while stirring.
Then the system was filtrated under reduced pressure and filtrated while
washed with 1,000 parts of hot water. Thereafter, the resultant system was

dried at 100°C for 2 hours under nitrogen flow to obtain a supported
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(Eval uati on of reaction) The sane procedure of

eval uation of reaction as in Exanple I was carried

out except that 10.6 parts of the catal yst obtained by
the 10 above-nenti oned nethod was used. The tinme taken
fromthe start of the reaction to the first oxygen

i ntroduction operation was 3 mnutes. - The results are
shown in Table 1. Exanple 3 (Preparation of catalyst)

15 The sanme procedure as in Exanple | was carried out
ex@ligdiunngontairing 2atalyst iowhich r paliadium elerment and reduced
changed to 0.15 part and the anount of tartaric acid
uRIinenRy efﬁmﬁjﬁwqrg soppertpdon thesiliga carrier.  The Sb/Pd in the
pal | adi um cgnt ai ni ng, catal yst .was optai ned. The Sh/Pd

| reatalistoues By vihe loading rafie of pallediym alersniwas 5.0% by mass

P et ORing T hg o RBHRNY SAMEG Wag 654 by Sass i this catalyst
- b Ry biedsliemant 8 B eAEEh = Redtyas dBLSEd at ardund 20 of
' f Th d f
AT TR oot 'o‘nml\s 'n Exanple | was  carried
ySt obt al ne Yy t he above-nenti one
o EvHRialiEn dffeditiofy VoL 0018 Tor e crat ' oned

taken fromthe start of the

react i OHeOsdhe 19?'1 éeﬂur@’éi@@ﬂluhﬂéﬁ%@%édﬂbﬂ ﬁ)iﬁrESEdrﬁﬁle 1 was

was 6 m nutes. e results are shown 1 n Ta

Exaiied ofit §>&e(p‘i’ltﬁ%ﬁar03$ ggﬁs%ff tifREatal/st bbfeined By mee t s of

pure water in which part of tartaric acid was

di abwevradntichdt’ meshidd wbs asednm Mhiedithel Galensfrointhe s&atiof the
and the resultant m xture was stirred for 30 m nutes

atreéciion toothelfest myglendntroductiogesraratiors wiastd minutésS5 The results
parts of palladiumnitrate nitric acid solution
( raraghgwnuindablg/1.Tanaka Ki ki nzoku Kogyo K. K.,

pal | adi um el enent content: 22.65% by nass) was added.
THexample 3 ,

(Preparation of catalyst)

The same procedure as in Example 1 was carried out except that the
amount of antimony oxide used was changed to 0.15 part and the amount of
tartaric acid used was changed to 0.78 part and a palladium-containing catalyst
was obtained. The Sb/Pd in the catalyst was 0.15. The loading ratio of
palladium element was 5.0% by mass and the loading ratio of antimony element
was 0.79% by mass in this catalyst. In the XRD measurement of this catalyst,
a peak was detected at around 20 of 39.600 degrees.

{Evaluation of reaction)

The same procedure of evaluation of reaction as in Exampie 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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resul tant aqueous solution was added to 5.0 parts of a
particle silica carrier (specific surface area of 450
n2/ g, pore volunme of 0.68 cc/g, nedian dianeter of
53.58 m little by little and the resultant m xture
was shaken while these 10 operations were repeated
until the whol e anmount of the solution was added. The
carrler on which the solution was inpregnated by such
ore-filling method as described above was cal ci ned
at 469Qﬁmﬁnéﬁﬁaﬁﬁﬁﬂ3 hours to obtain a silica carrier
on whi ch paIIadlun1eIenent and antinony el enent were
suppor t et 2.3rRarts ¢ |R!-Hed'£ﬁtﬁl' By whichd. 3@ part«f dararic acidevas

~ 10,70 rté_ f 37 nMass 5 fornal dehyde agueous
A2 ide

10

15

20

25

s fiseoled. GALRaK of Ie%qnynoxl &fﬂ?ﬁﬁpmg @Rt eggacmant mixture-
DR SR b o 5N ol lon.
e SRR s s
© 58, K, bl A B 2R TR . T
"‘%Suﬁé’r&%&?ﬂs %ﬁjti%ﬁ%@éQégd%d: W5 rt% 31' 8 Péhldle?@ﬂtca carrier

carrier I Sperse art

af(@pémf@ kLifaéE arsH 6F 4801985 Pé?& %IU% 1Y, 68 68% Pr}édlan diameter of
dissolving 0.06 part of telluric acid in 5 parts of

pBX58aneliti@by fitiersriitheaeshitantthbhaeseds sisaken while these
t hus obtained. Then a treatnment was carried out by

h eopteiratiprishweres fepeated ontilQke avieblé eammiumg of theagoldlish fvas added.
hours while stirring. Then the 25 systemwas filtrated
unthe carder on wvhictethegalutiorowas impeagrated by such arpateiling method
1,000 parts of hot water. Thereafter, the resultant
sﬁ@ﬁqm@dcﬁhoye was qajoinedrat 450°6 dn ey fanddours ta oktain a silica
flow.to obtain supported pal | adj um cont |n|ng 36
c SRANIGIRN W 'quajh TR a&m animPBY ElRment ware rusported.
ant i nony..el e uced tell
suppor t ed'CoH %gargp[ 8wasrﬁ@d%;‘a5z6 mé oégggby mass
1.0,
oﬁgaﬁﬁgﬂv%%aq@?&%e%@%i %*%E%fsédwé&? hoEiaTE e eiried out

3 Pedtig? ¥ 988 B 7O b behol A7 B ooatdtbetring

iC gﬁaelm'yfgte afegﬂé g@ts mtgtg gathg\géi’«gegw&wﬁé%ﬁk &Md fﬁva&d 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
solution thus obtained. Then a treatment was carried out by heating the
system to 70°C and keeping it at 70°C for 2 hours while stirring. Then the
system was filtrated under reduced pressure and filtrated while washed with

1,000 parts of hot water. Thereafter, the resultant system was dried at 100°C

for 2 hours under nitrogen flow to obtain a supported palladium-containing
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around 20 of 39.870 degrees. (Evaluation of reaction)

Into an autoclave, 3.0 parts of the catal yst obtained

by the 10 above-nenti oned nethod and 75 parts of 75%

by mass t-butanol aqueous solution as a reaction

sol vent were introduced and the autocl ave was shut

tight. Subsequently, 2.0 parts of isobutylene was
introduced into it, and the system was stirred

(nunber of revolutions: 1,000 rpm and heated to 90C.

Af eatalyshin whishtredyced pafiadiugrelament.iredyeed antimony element, and
introduced into the autoclave to the internal 15

pr@é@ﬁﬁ@ telurinim ejamaent wenersippartedansthesiliesoearear. i nthe Sb/Pd was

- 0B TeBa e Dl ééék%zaw mgﬁ%’?@?&m A palladium
. S8R s A B dhsson e oelna 'athres Sriimapsiaenpies 1.14%
(oS! phd ﬁ*%ﬁ&?‘@?ﬁﬁé@?éﬁiﬁrﬁ@ 3stygav 5%9 2954 byiTes in this

CPEENAET han@ R e et SN SRR febfef getected
St%h38f2§&%§.9?@tjbﬁfbéso the first oxygen

I ntroduction operatfon was 2 mnutes. After the eighth

| Evaristioh T re@étighiygen, when the internal pressure
dropped to 4.70 MPa, the reaction was finished. After

t he r eadhtcoan watodave, 3@ parts b tHecatdiystabairied by tHe t he
aut ocl ave 25 were cool ed by putting the autoclave into

arabove-imantiongd grethed aptiAiopdrtgof®8% bt mass étutzmal bqueous

gas outlet of the autoclave and the gas outlet was
ormﬁuii;braa@la reactiomselyenwerssintraduced hod thel autdclavetwas shut tight.
I nt er nal pressure of the reactor was 37 released. The

r edldasestvently; 2.0 paststefisphulylene avassintraducediinta itoand theygystem

the autoclave, and the cat al was separated b
oS e Kmtfrabeaﬂfore&fﬁ@tlpeﬁ BbA ToR ofichemied to 0°C.  After the

50 RO vl B bbb o e
CYPAEEEH ZIER 5 kB IS b g g Bl prossure
of 4.8 MPa and the reaction was started. Each time when the internal 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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(Preparation of catalyst) To 2.16 parts of palladi um
nitrate solution (manufactured by N. E. Chentat
Corporation: nitric acid aqueous acidic solution
containing 23.2% by io0 mass palladiumnitrate), pure

wat er was further added to obtain, in all, 6.8 parts

of the resultant solution. This solution was added to
10.0 parts of a particle silica carrier (specific

surface area of 450 nR/g, pore volune of 0.68 cc/g)

| i teleasedyy The faastian diquisecantainingcatalyskwas dakers ogtindrarthe
whil e these operations were repeated until the whol e )
anBuieciaye anckihestatalyshwas separaied byimeersbrane fiterand the reaction

hus .i.npregnated to_the carrier with su

t h
polidif 33 1R50HEeRo 0 The aesveTegusactanliatid aAd the sampled gas were
S BBk Sy Bas clifeialos iy and sonvesien and selscivy were

| ed 450C i i h . Th
caralfled” S B R hBVAIR T8BRE Bdied 0 20 parts

of g iVPE | dehyde aqueous sol ution. Then
thgaé’ﬁ??%tr'n wagarﬁéz%[gg to 70C, kept at 20 70C for 2

hograp¥kttioR of e filtrated under reduced pressure
an%lpflp trat ecgtda\fla!ﬁi)e washed with 1,000 parts of hot

wat er t oTPY&I pars &F pdliadiuky RRRItE %ILition manufactured l?y N. E.
pal | adi um cont'ai ni ng catal yst. The loading ratio o

paChenticatrCerpuratién:witsic deid Yqbeoueasididsdliich 6avtalning 23.2% by
Here, a loading ratio neans a ratio of a mass of each
el mass patladiarmmitrate)f parecsater evasi farther atidéd & obtain, timall, 6.8 parts
XRD neasurenment of 25 this catal yst, a peak was
deefdbegasuitart sobtios9. TBiscenjutianswas diddedwad0dbpaits wkd particle
that the catal yst contai ned palladjum el ement which
covlirsseqrrigr (pegific suifacgarpa of 460tra”/g, p@eryslimeiof §.68 cc/g) little
a e 1,,.and Co rative 38 Exanples 3 to 5, Te/Pd,
Sb%em ’fgeF%%ld% mixiurewas shakan whiledheseeperations were

BB VBB o T S LTS oo v
OB b4y 681 Ghh 885y B BB Pop g doscres
| b RSB A 0, B FBA i S becuonty

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
palladium-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 20 of 39.48 degrees and it was confirmed
that the catalyst contained palladium element which composed a metal.

In Examples 5 to 8, Comparative Example 1, and Comparative
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Preparation of a treatment liquid: Into a Teflon
(registered trademark) deconposition tube, 1 part of
the catalyst, 50 parts of 62% by mass nitric acid
aqueous solution, and 50 parts of 10 48% by nmss
hydr of l uori c acid aqueous sol ution were introduced and
a dissolving treatnent was carried out using a

m crowave digestion device (MARS5 (trade nane)
manuf act ured by CEM Cor poration). Each mass of
paFxaanples 3tehefe/Pd BifPdi rothadpadingtratiaisd escis elenhent were
el enent contai ned in the honbgeneous sol ution thus

obfalcHlatediemyBasses Ard atamicqueights oft pallediumvelementrtellurium
atom c em ssjon spectroneter (IR S Advantage (trade
naﬁ@jﬂ%ﬁnﬁﬁibﬁml&g eRtFoRiained i the calalyst aftecprepagation, and a

eac

HBRE AL a e © Vriednnsses Bf PRl GRAIRERTL f9]urken sloment, and

¢ PHB petiRPeainsln fie oRBlEE Wahe eiulesl b M ieflowing
crHﬁ& and fused after sodiun}carbonatg was 20
added. Then, to the resultant m xture, distilled water

Was e ifiSh of ARBStrAent) eneous sol ution and a

quantitative determnation of Si atomin the sanple

sol uti onng TeRGH (RAistered tradbrh&R) abegg'nﬁgﬁigbtﬁ ! 1 part of the

spectronetry. (Evaluation of reactio

angatalys 50t fertscof 62 % By mBsS nRA¢ heidsadliddud oo, 8AB B0) parts of
25 obtai ned by the above-nentioned nethod and 75 parts

of 4§%%yoyasshydrdfiubrit e aquencusoisidrivemniny®daced and a
reacti on solvent were introduced into an autocl ave

andisseléingraatment waa castied out yding aSulcsewaesn tigestién Bevice
parts _of 39 isobutylene was introduced into it, and

t HMARSEdirada name)maaufastuied by SEM Gerporatiam)s: 1, 000

rpm angEh ated t 98@% After the h_eatiré? was )

fini she ,ac?wmﬁs@ Ralipdiumpleaent dellyriira elataent, aad bigpeuth
to_the int [ f 2.4 d ther )

o Ripr ot EaalEd BERS Rorthdaoeais spbition Thus pREmer was determined
SR GO el RS e (vace
W@m%ﬁ?&d@r@dé@ff%élén%rﬂaf EoDYtd), tnd"Setn ABSSs was

this I'on” wa
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 agueous 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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repeated during the reaction. The reaction was _
finished when the reaction tine was 60 mnutes. After
the reaction was finished, the inside of the autoclave
was cooled 10 by an ice bath. A gas-sanpling bag was
attached to the gas outlet of the autoclave and the
gas outl et was opened and the energi ng gas was
coIIected while the internal pressure of the reactor

Ea{yiﬁn%:%@sgg fq%ﬁdt !'alfs? E@%@%ﬁ&%@&?&é@ triaer of
AL b 5L i o
AR @ﬂ%gn@é@gﬁg%%eﬁww@gn GRS e
r eﬁH& hserb@érfigr S5k |f\g§§@#t?odlttc§?13gﬁal?gbt@hlg@mrggédr% of 4.8
P 0 O 3 S0P e
Pas B5MPal, yaeR Wis iﬂirodhéé& Htb &t BFOA54APY, ¥RF trﬁ? 6&@?&lon was

to 1.55 part ‘and a pal | adi um conttgj:nl ng cat al yst
obitepieatstl duey e/ idction.t MEhé ?éé&twﬁtwd@ﬁmgh@@whéhffhe reaction time

| oading ratio of palladiumelenent was 5. by mass

andas BO rhimatesig rati o of antinony el enent 25 was 1.62%

by mass in this catalyst. In the XRD neasurenent of

this catAftgrshe reactiprawasdinistheticthecitisizie afitbe adtdtfavef was cooled

39. 500 degrees (Eval uati on of reaction) 40 The sane

prmaamee ath. e iagas:sampliog bagavas stia to the gasi autlet of the
carried out except that 10.7 parts of the

ca@t&p&;'@ve Aahegesiptieh wasapsnedand therrrmerainggas m§ collected

reaction was, start

t o\aﬁﬂ%ﬁ%dﬁﬁeemé Wfﬁésvr&mhe reagter was rstemqf Eﬁihs regesjen liquid

t oﬁéﬁﬁﬁpﬁﬁ?ﬂqﬁ'ﬁ@aﬁ SR o FrD 0B elfpdie AT g Salyst was
P neg%g% € nﬁ!f ﬁ%ﬁgﬁrbﬂé‘ fiite é@a \i/\lgagré%%oﬁ JqUldWh€ Fecovered. The

eac
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
palladium 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 26 of 39.500 degrees.

(Evaluation of reaction)
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fini shed when 60 m nutes had passed fromthe start of

the reaction (oxygen introduction operation being

only once), because it was understood that the

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

The results are shown in 1o Table 1. Table 1 Reaction
Conversion Selectivity Selectivity Sb/Pd Te/Pd of to

to (rolar ratio) (nolar ratio) time isobutyl ene

met hacrolein nmethacrylic acid (mn) (% (% (% _ Ex.

0.05 0 7hhgpame progedyrezof ﬁal@t@nlofoegdlmaslmﬁxanele 1 was

o1caiTied Qi gxcab gkl e o tb%@@t%zst%bi’gggd O@ngeio
5‘35‘@0@1%8{189 Trelfiod aasiind o %%wrave'aaa he seaeliRwas started,
ook Pa'S Fﬁffggeﬁ?'ﬁfﬁ%ﬁﬁép‘% fatfal Bhselfe to dropdoggach 4.65 MPa, to be

o0 55 Phise! e KE L“?‘ﬁﬁrﬁﬁ!ﬁ S o BhadiBh ke Nk dxygen
t NRtrBBastidH opdrkt JEh%&ﬁ‘S Hhﬁlﬂt%%e @%ﬂ&é&‘é@f}%ﬁw Fea@aﬁ/ﬁ Qas

mass nitric aCI agueous so | ONn WwWas
hofmaaEAMenTY #Hin R8s hag dalbéd %HPfHeoé& hﬁﬁé@:‘t@gquygen

telluric acid and 10 tinmes the nass o teI

of introductidrecpavation beficcomy épde), bedhliSe itavdP IR RRRIEthat the
solution. To this solution, 2.16 parts of palladium

ni ¢atalyst had a lower activity than that of Example 1. The results are shown in
Table 1.

Table 1
. _|Conversion| Selectivity Selactivity
SbiPd | TelPd R‘:::em of to to
(molar ratio)|(moiar ratio) ) isobutylene | methacrolein |methacrylic acid
{min)
(%) (%) (%)
Ex. 1 0.05 0 74 67.0 17.3 433
Ex. 2 0.1 0 90 56.5 14.8 57.4
Ex. 3 0.15 0 120 60.5 18.8 50.1
Ex. 4 0.05 0.05 50 81.4 19.0 47.4
Comp.,
Pl o 0 60 528 15.7 33.8
Ex. 1
Comp.
Ex 2 0.3 0 60 22 127 1.7

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

Example 5
(Preparation of catalyst)

To 0.0228 part of bismuth nitrate pentahydrate, 10 times the mass of
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5 solution (manufactured by N. E. Chentat Corporation:
nitric acid aqueous acidic solution containing 23.2%
by mass palladiumnitrate) was added and pure water
was further added to obtain, in all, 6.8 parts of the
resultant solution. This solution was added to 10.0
parts of a particle silica carrier (specific surface
area of 450 n2 / g, pore volume of 0.68 cc / g) little
little and the resultant 10 m xture was shaken

mhi%f@U#h Bitrate peptahydrate ol 62% by eassanitrieagid aﬁuems@utron was
anmopunt, of the sol uti on was added. The solution wa

rﬁiqu dntﬁr'eagﬁﬁéapmag‘?mﬁousc%ﬁlwm bip thigcgelution, 0. 157 part of telluric

P e it 15765 i mais e iine Kt pf itlled Water wess agided to make
mﬁﬁ‘?@ﬁ??éég%%?‘g@@bﬁ?&gﬂwsa?P 4g) 234 ffifLof PHlRGIUR nitrate
C

63 (BRIHERRE BUIE £ GO it Bifc b aueous
T'H%;‘ibl& mﬁlqﬁéﬁtsct%ﬁ%i@@gﬁéf i rJ I‘Plagggag#@ i e@{raqeggldfsoédo%d and pure

hour s at e uced pressure

angbtbi Was3tAReMAdd&d F@élﬁ‘tﬁ% W &It ég%ﬁs%‘tﬁé réduttahf&olution.

water to obtain a silica supporte

partHis dolitivs WHsPaddetbtas 0.0/ péﬁfs of'EWTﬁarT @(e%ihcaV\é’éi‘nQr ('sf:eéﬁ'i@ surface
Bi/Pd was 0.01 in the catal yst | oadi ng rati o of

pareadf 460 267 /oy, ore ivohmne DVOIBS casg) littldby |l|ﬂhdamﬂtl'feaf@s€lltant
of telluriumelenent was 0.84% by nass, and the

| cuintung wast $haken Whmnhdseejpmmanwwereﬂrepemdmyumtﬂﬂm whole
this catalyst In the XRD neasurenment of this

c ampuyndiof the selukionsvasieddad. edTha sqigtiomwas dhes iniprggoated to the
and it was onfl rmFd that the catal l;;st cont ai ned

pgarrgg, kysu iliRg anetbedgs AascH q@gapve,gyd evaporation of the
Eval ion, of reacti ot aI t of th
Capait %6.%%?8%@3@ §P§ ¥re3lcingien: i e repultant
B B A I ég%ﬁ@aaﬁ@n b prEeor s
ict Sh&? B%c}%fédégf@ Sl ?Hﬁ?% ?@ﬁg%&gﬁ%ﬁde?\%g%qﬁ%us solution.
T B 0 GO B
t GiltRA&d uﬁ&éﬁfed%édhﬁééws AMREAilfrat@dSORifb 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. Inthe XRD measurement of this catalyst, a peak was detected at 26
of 30.66 degrees and it was confirmed that the catalyét contained palladium
element which composed a metal. |
(Evaluation of reaction)
The total amount of the catalyst (0.5 part as palladium element)

obtained by the above-mentioned method and 75 parts of 75% by mass
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5 nitrogen was introduced into the autoclave to the
internal pressure of 2.4 MPa and then conpressed air
was introduced into it to the internal pressure of 4.8
MPa. When the internal pressure dropped by 0.15 MPa
(the internal pressure: 4.65 MPa), oxygen was
introduced into it by 0.15 MPa, and this operation was
repeated during the reaction. The reaction was
fini shed when the reaction tinme 1o was 60 m nutes,
ArtrRitapglaquagus; soiutipns as arfeasiien selvent wetaj@tr@ﬂucerdsmto an
aut Qcl ave s. cool e by an. ice bath, A gas-sa in
A RREVE A A oS ave s shol okt g'v?utﬁeaueauu,% pads of
an as. outlet. was .opened dt ener gin S was
cdPoRlie s IntanifeR iRBD anciife syafast es SicdBimber of
.ease td 0 LAHRG~ 15,600t ai.ni n -

caPXpEBASEE 0d i B8 e IHbR: caREbER etgavas finished
(o v

5 ¢ SuBbHSh WRINIAAIAES T a RERA 6 e biSlnaLhaslR pig 4 MPa
| 414l theRtbrbpress8dBirSFad firodRESd gﬁaliq/tBQﬂe%tFFhagg?essure of 4.8
chromat ography and conversi on and sel ectivity re

caVPal avgssen tHeeintethtl pressafesdroppés byn. T8 !MPa &he?&emjarl pressure:

Exanple 6 (Preparation of catalyst) "The sane proce

as4.68 MRa)Ypkggen was ingodics iats it Yy Ps Mi@taridis operation was
anmount of bismuth nitrate pentahydrate used was

c lrapgatediduringih@Geactian. arkhe tezaetiamwastfinddhaddoWhen the reaction time
acid used was changed to 0.135 part and a 25
10 pavasG0 mminutest ai ni ng cat al yst was obtai ned. The Te/ Pd
was 0.125 and Bi/Pd was_0.025 in the catalyst. The
| oadi ng Afterithe s3agbion was finished.tbatingide of thengutoniaye was cooled
the |l oading ratio of telluriumelement was 0. 75% by
an Godathe 3:96\80%&%@9 beg wasratiachedita the gas autidkef the
0..25% by na in_thi atal yst. .In the XRD
SpalR ARG e Bas Sulef ips obehad sBahe saiping gaswas collected
2 y ' confirnmed that the,. . .
c oty B8 mgrdl HhEeure ¥ s sk AR okARR, inisitan dauia
15 ”%ﬁbining 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.
20 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
25 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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5 (Evaluation of reaction) The same procedure of

eval uation of reaction as in Exanple 5 was carried

out using the catal yst obtained by the above-nentioned

method. The results are shown in Table 2. Exanple 7

10 (Preparation of catalyst) The sane procedure as in

Exanple 5 was carried out except that the anmount of

bi smuth nitrate pentahydrate used was changed to

0.0912 part and the anmount of telluric acid used was

cHeadiga ratio of bissnyhalement was fa25%divumesein thisicatglyst.  In the

a;@gbyst was obtained. The Te/Pd was 0.11 and Bi/Pd 15
paasyrement of this watalystna pegk wasgdetacied aif26 of 39.50 degrees

al | adi um el enent, .was A 5% mass,, the |oading ratio .
b Ak Weas caprEBEahet %5@8%'5@%%@%@ pallagiym element which

| oadi n(%r ti otgif bi smut h el ement was 0. 39% by mass in
t FHOSRY ?/gp tn the XRD nmeasurenent of this

. . d d 28 of 39. d
CEohaan RS (oot od oL 20 of 39 st degrees
| | adi ' .
pal | 00 SR S0B8PSS B b 1 Evamele 5 wes
Bk o0y ISP KN Ao KT BB SReN gy, Tre

eb&GtE arEshowremiTdle @ € shown in Table 2. 25 Exanple
8 (Preparation of catalyst) The sane procedure as in

EbExaphgle¥ was carried out except that the 44 anount

of bismuth nitrate pentahydrate used was changed to

0 (Pispgration ahcatalyst) anount of telluric acid used was
changed to 0.108 part and a pall adi um contai ni ng

cat al ysilhessan peocedtire andn Bxampleswas darriad duBekéept that the

was 0.05 in the catalyst. The |oading ratio of
pameunt @hbisneuibriitratespentahydrate used was changed to 0.0912 part and

the amount of telluric acid used was changed to 0.119 part and a
palladium-containing catalyst was obtained. The Te/Pd was 0.11 and Bi/Pd
was 0.04 in the catalyst. " The loading ratio of 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
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
resuits are shown in Table 2.

Example 8
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the
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5 mass, the loading ratio of telluriumelenent was

0. 6% by mass, and the |loading ratio of bisnuth

el enent was 0.49% by mass in this catalyst. In the XRD
measurenent of this catalyst, a peak was detected at
29 of 39.48 degrees and it was confirnmed that the
catal yst contained pal |l adi um el enent whi ch conposed a
netal. to (Evaluation of reaction) The same procedure
of evaluation of reaction as in Exanple 5 was carried
ou@M@enhef bigmuthniiraje peotahydrate used was changedror(t. 1 bhpart and the
nmet hod.  The results are shown in Table 2. Conparative
ExanprBt of tellarie peigiges was changed ta 0 J0B parbardiae
pro%Fd re as.i,n, Exa was carried out except t

t hRA

| 5 h
RONGA NG NSt Was Qbtaimdht sTheTePd was. lhand BiPd
h .11 tel | uri id, t d,
SRS s fueltaldl | TR IgediRaitli Bf RRlSuiRaIARent Whs.5% by

peeey i BFAE Rt B 138y ffmebl GR R8s 0 the loacing

L3P At TR 109, 5 W TE e g o0

PE&Rka¥Bntisites s c@%alf§§1 8 g%aﬁ%ag%éiégbggi Izggtﬁ u:a"ﬁrilt.-‘-td"aégns.-es and it

confirmed that the ca contal ne

el\ga@ Bbnfifad tHeR Mo sadiyat E&ﬁtﬁlned(d%\{l%'dﬂ.ﬁﬁ eRim&ht which composed a

reaction) 25 The same procedure of evaluation o
rgaetdlon as in Exanple 5 was carried out using the
cat al yst obtai ned by the above-nenti oned net hod. The
r dEvbaluatisneofseastion)n Tabl e 2. 45 Conparative Exanple 4
(Preparation of catalyst) The sanme procedure as in
Exanpl e Bhensame procasture of evaluation of eggction astinExamplets was
of bismuth nitrate pent ah¥Qr ate, 4 tines the mass of
biGatied oyt vsiggdhe catalyst obtained by the above-mentioned method. The
results are shown in Table 2.
Comparative Example 3
(Preparation of catalyst)

The same procedure as in Example 5 was carried out except that the
amount of bismuth nitrate pentahydrate used was changed to 0.114 part and
telluric acid was not used, and a palladium-containing catalyst was obtained.
The Bi/Pd in the catalyst was 0.05. The loading ratio of palladium element was
5% by mass and the loading ratio of bismuth element was 0.49% by mass in this
catalyst. In the XRD measurement of this catalyst, a peak was detected at 26
of 39.70 degrees and it was confirmed that the catalyst contained 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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5 pentahydrate of 62% by nmass nitric acid aqueous

sol ution was added to nmake a honbgeneous sol ution,
and further, telluric acid was not used, and a

pal | adi um cont ai ni ng catal yst was obtained. The Bi/Pd
in the catal yst was 0.33. The |l oading ratio of

pal | adi um el enent was 5% by mass and the |l oading ratio
of bisnmuth el ement was 3.24% by nmass in this
catalyst. In the XRD 1o neasurenent of this catalyst,
a Garapargiive kxampled at 29 of 39.00 degrees and it was
confirmed that the catal yst contai ned palladi um
elRraparatipn ehcalglisbsed a nmetal . (Eval uation of

reactio The sane proceduyre of evaluation of reaction
as in Eﬂ’laﬁpﬁaén% PiRgeduse agn Eéarrtnlﬁ S\yaseartind quiexcept that, to

A BRSSO LAS8  t Fn it
paRfitlyaka Gk tagh BY B ik 2 BT80S SIS vitts Adtied to make &
r Lpfritidereails $KHR: End3cet iiff sBRfwad Rt Rt o
L s OS5
pihbﬂghdiﬁ‘?glbﬁ%flbaﬂﬁﬁun@(eﬁﬁénm§ 525 bylhssd 984 "tlﬁlo?ding ratio of

rati o of [urium el ement was 0.9% by mass I n

C bismhithtelement Was A VENSMaeE BN thi® bafaliist. CRIABYERD 2
peak was detected at 20 25 of 39.20 degrees and it was

c méasurementof thideatalyst laysdakosns diteetedal 260f 39000 degrees and it
el enent whi ch conposed a netal. (Eval uation of

r wastdanfiymed thatthsxatalpstaoathined pélladiamugiement which composed a
reaction as in Exanple 5 was carried out using the
chedal st obtai ned by the above-nentioned net hod. The

results are shown in Table 2. Table 2
valuation 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 palladium element was
5% by mass and the loading ratio of tellurium element was 0.9% by mass in this
catalyst. Inthe XRD measurement of this catalyst, a peak was detected at 20
of 39.20 degrees and it was confirmed that the catalyst contained palladium
element which composed a metal.

(Evaluation of reaction)
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Conversion Selectivity Selectivity Selectivity Te/Pd

B

/Pd of toto to (molar ratio) (nolar ratio)

i sobutyl ene net hacrol ein nethacrylic acid carbon

d
0.

oxide (% (% (% (% Ex. 50.14 0.01 68.0 21.6

46.1 2.8 Ex. 6 0.125 0.025 77.1 19.8 51.8 2.4 Ex. 7

11 0.04 68.9 29.2 45.3 2.9 Ex. 8 0.10 0.05 72.1

25.0 46.3 3.8 Conmp. Ex 1 0 0 52.8 15.7 33.8 6.0

Comp. Ex,3 0 0.05 56.8 21.5 39.3 4.6 Conp. ¢ 0 0.33

20. 1 17.Thepsana pgocedure of eyaluatiomof seantiop a3 ioExanples was
44,5 5.5 5 As jllustrated above, an a, 3-unsaturated

caa&m Pt Usipg dhe satalyst abtained by ithe Rbge-mentiosedimethpd.  The

f carbon dioxide was formed as a

mall anoun
)feﬁ ﬁ@sflﬂww %@tﬁ?@e pal | adi um cont ai ni ng cat al yst

qtbﬂ present invention. 47 What is clained is: 1. A

E'O

4

—~

® 3L D3

um cont aining catalyst for producing an a

1unsdt urat ed | car boxyConvemioh Seleotivitpr| ob@édtivityor | aBeléctivity
8- unsgat wyed ed agigehyde, gonpfisigg 0./001 49 0.P5
& At hibss ) A8l Wafcrbon o
- d'l’a[é1 @@6 F?a jlgtgbr%y%n& tngé?rlfaaéiiogefinc @?1& {c%@d carborl dioxide
b e o Ag to—¢latm 1 f Jn(‘ﬁ’lﬁar fa) I ri é_l ng °)nn1 Q n(/ﬂ)
DES 5cf toell4l uri uggs! emengaéo | np} g of| palfsadi um 28
ement ' ' i

Ex. 6 0.125 0.025 771 19.8 51.8 24
Ex. 7 0.11 0.04 68.9 29.2 453 29
Ex. 8 0.10 0.05 721 250 46.3 38
Comp.| 4 0 52.8 15.7

Ex. 1 . . 338 6.0
Compl 0.05 56.8 21

Ex. 3 . . 5 39.3 46
Comp. -

Ex. 4 0 0.33 201 17.2 0.6 4.3
Comp.

Ex. 5 0.15 0 67.8 17.3 445 5.5

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

invention.
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3. A nmethod for producing the palladi um contai ni ng

catalyst of claiml1l or 2, conprising the steps of:

reduci ng a conpound contai ni ng pal |l adium el enent in an
oxi di sed state with a reducing agent; and reducing a
conmpound cont ai ni ng el e in an oxidi sed

state with a reducin Ela'me smet hod for reducing

an a, a-unsaturated carboxyllc acid, conprising the

step of: carrying out oxidation of an olefin or an a,

p hnsatz%nraallaﬁlmnetmtyallelng tciatalyst| &mulpmdtmuy@ean i@, $- unsaturated

carb@ﬂﬁlgn@:lg graﬁine @%Sélg Lhg gobgjfjﬁsﬁg}raf)erg 31' Cgctnn%ysmg 0.001 to

0.25 mole of antimony element to 1 mole of palladium element.

2. The palladium-containing catalyst according to claim 1, further
comprising 0.001 to 0.4 mole of tellurium element to 1 mole of palladium element.

3. 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 oxidised state with a
reducing agent; and

reducing a compound containing antimony element in an oxidised state with a
reducing agent.

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

carrying out oxidation of an olefin or an a, B-unsaturated aldehyde with
molecular oxygen in a liquid-phase using the palladium-containing catalyst of any
one of claims 1 to 2.
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