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DESCRI PTI ON  PALLADI UM CONTAI NI NG CATALYST AND METHOD
FOR PRODUCI NG SAME 5 TECHNI CAL FI ELD The present
invention relates to a palladi umcontaining catal yst
for producing an a, 3-unsaturated al dehyde and an

a, (3-unsaturated carboxylic acid froman olefin and a
nmet hod for producing the sanme. Further, the present 10
invention relates to aDESGRIPTON produci ng an

a, P-unsaturated al dehyde and an a, 3-unsaturated
carboxylic acid. Furthernore, the present invention

BRLEhBTFNABTRGAERLY S Al ses R0 BbrPRoRGING

a, 3-unsat ur at ed al dehyde %E met hod for producing
the same. Further, the 15 ent invention relates to
a nethod for producing an a, (3-unsaturated carboxylic
aci d. BACKGROUND ART There has been proposed, for

exanpl e, a catal yst %mﬁﬂgrﬁ@rlﬁal | adi um netal and
: a

anot her netal (lead, bisnu fumor the like) in

Pat ent Th&predBii invlntiah rélakbed P4 Egl?&acﬁggtéédﬂhﬁ%oég%ﬁiﬁéf for

for producing an a, 3-unsaturat yde an

prodiucitg s al pLuAsaWratad Ridetyide @d an ulnmngatu réﬂeﬂt&aitt;m?ré%cid

oxi dation of an olefin w'th nol ecul’'ar oxygen. Paten
froMpoan otefin did d apsthed ¢orRsrodntingnhé isafid. orFurthet; tRegirebont

~56-59,722. 25 DI SCLOSURE OF | NVENTI ON PROBLEM TO BE

invedio/EreIBesTbiE mtiodlobirodudihe antd)p-umsatieated aldehyde and an
produced nethacrol ein and nmethacrylic

a,B-unsaturated carboxylic acid.

Furthermore, the present invention relates to a palladium-containing
catalyst for producing an o,p-unsaturated carboxylic acid from an
a,f-unsaturated aldehyde and a method for producing the same. Further, the
present invention relates to a method for producing an o,8-unsaturated

carboxylic acid.

BACKGROUND ART
There has been proposed, for example, a catalyst containing
palladium metal and another metal (lead, bismuth, thallium or the like) in Patent
Document 1, as a palladium-containing catalyst for producing an
o,f-unsaturated aldehyde and an o,-unsaturated carboxylic acid through
liquid-phase oxidation of an olefin with molecular oxygen.

Patent Document 1: Japanese Patent Application Laid-Open No. 56-59,722.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
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acid fromisobutyl ene by using the

pal | adi um cont ai ni ng catal yst produced according to
t he net hods described in Exanpl es of Patent Docunent
1, it was found that various by-products (acetone,
acetic acid, nethallyl nethacrylate and 5 the |ike),
pol yners and ol igoners were produced.in | arge anount

i n addWhemtheopresnast ipveaioes pratisicedirbettnacrolgintand methacrylic

Docunent 1. In Patent Document 1, these by-products,
acisiromdsebuliens hyyestag thepaltadien-eaniainingszatalyat predused
ok o Ao Er Ao A Bt 3 s
foush Bt B0l piFaadctd lagsldse asie okt ine Bl 3h R paEndre and
théﬁg@ﬂﬁ@'yfrfﬁ.rgt%@ﬁ@ﬁhﬁ% ﬂe@g %tgcgl.l%?ﬂpﬂgrge amount in addition to
A eSO g s
byf}ﬁgdu&gﬁﬁﬁznfé@ ﬁha:dg‘gﬁyggﬁ W%F@%Fb%‘&??éh, and hence the actual

a, (3-unsatUrated a and an 3-unsaturate

seleetiigsy td mahactolein AhaMREthaBhMie deld WwidR Df Bissde by-products
desired. 15 Further, a catalyst for producing an

wete fQunahkebe iewerdthah debseldesdribeanin Exabiples o PataritdBbcument 1.
carboxylic acid in high activity and high productivity
Conseqbewrtly, thixseleetivitightcap al,p-adsaturatedtaddetiyde arad ahy st
can al so function as a catalyst for producing an
a,frunsatunated nagbexylic acithef thepalladivneoptaining icatalyst pradeced
oxi datjon of 20 an a, 3-unsaturated al dehyde with

by e aeihads degerihed mdvrieat Documgat 1 ayasonetsulicientyet, and
nefige BB for PrBHIBIG aivia Paufasiusen aldaude SROgKy | |
o b et FRrb G A OB SRR S LT BUSET ¢
Fur  nef unBEE a35FEL ploddpiEPn g rS8RIrbRE pifBhydg and an

o AR Yatef SRS achl AIBH EEtvY A Focpctndty fes been
deSiegct of the present invention to provide a 2

This palladium-containing catalyst can also function as a catalyst for
producing an a,p-unsaturated carboxylic acid through liquid-phase oxidation of
an o,pB-unsaturated aldehyde with molecular oxygen, however, it was also found
that polymers and oligomers were produced in large amount in the production of
the a,p-unsaturated carboxylic acid like as the case described above, and
hence, a catalyst for producing an o,p-unsaturated carboxylic acid in higher
selectivity has been desired.

Further, a catalyst for producing an o, p-unsaturated carboxylic acid in
high activity and high productivity has been desired.

Therefore, it is an object of the present invention to provide a
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pal | adi um cont ai ni ng catal yst for producing an

a, 3-unsaturated al dehyde and an a, p-unsaturat ed

carboxylic acid froman olefin in high selectivity or

in high productivity, a nmethod for producing the sane

and a nmethod for producing an a, s-unsaturated

al dehyde and an a, 3-unsaturated carboxylic acid in
paliadiumeceniaiaing catalystfor iprodiicing ph subreinsaturgted aldekyde and an

further object of the resent inveption to provide a

o, fsnsaibratad camanyhic agidsem anselefign Bl%'oﬁﬁ!eﬁyltmr in high
profiiyiie 2 pptractios PERARUANS e $Hae adl et pr arogyeing an
o (o fParBfEN ety ot iy sl arBb 3RHS g By BB
sele BTy ”*hﬁ@fb%&@%ﬁ'@ﬁ%} NG PROBLEM The pr esent

| nvent ji (ha 1GRRhEIEShjbE GF thE! 'rééiédf'iﬁ\%?m ﬂ ﬂp?&l&@ al VSt

for producing an a (3-un aturate yde an

pa%&uMWt&th#@éhtﬁ%Wfré&um fn olf. Jn“sﬁtﬂrﬁiédoéeﬁ‘f)bi‘yllc acid

conprising 0.001 ¢ 0 nol e of ['Turium net al

frofh &n -anQétuP@th@idmd@Sih&h?h bélebﬁvuﬁyf @finrtigh prddlmtlvittghea

pal | adium nmetal and the tellurium netal be supported
metimodifarprodecing fue same, aricha nuethed fior prodacingam o gfsuniseturated

in a nethod for producing an a, p-unsaturated al dehyde
car&mtylamaqd( 3 highsselactivitydr in mgibpmductmm d t hrough

l'i qui d- phase oxidation of an olefin wth nol ecular 20

oxygen by using the foregoing pall adl um cont ai ni ng

catal yst. The ese | nv tion_ resid | n a

pal | adi um cont h@ B 'N@rPRQ ing an

S 113 65 ?ra\fe%iﬁ%éé'ﬁge?;ﬁﬁdﬂa&ﬁﬁwcea@iniag gatapyst for

p’@'@go &n pif- Lﬂ%@ﬁ%@ﬁ@@%& R i tsBtseibonylg acid
froﬁ]?n hﬁéﬂhu{:he ri eg; 8F 16 Bf ﬁltof‘éjoﬁ'édaﬁurﬂ rﬁ@fa’i 'tcf 5.0 9 ple of

| nven 1 on resi

A A G
megélwytﬂﬁ)dﬂédbﬁ@c%%!élar F@%ﬂﬁ@? théprésdn tvehtiohtesides i a
method for producing an a,p-unsaturated aldehyde and an o,p-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin with molecular
oxygen by using the foregoing palladium-containing catalyst. |

The present invention resides in a palladium-containing catalyst for
producing an o,p-unsaturated carboxylic acid from an a,B-unsaturated aldehyde,
comprising 0.001 to 0.40 mole of tellurium metal to 1.0 mole of palladium metal.
Itis preferable that the palladium metal and the tellurium metal be supported on
a carrier. Further, the present invention resides in a method for producing an

a,B-unsaturated carboxylic acid through liquid-phase oxidation of an

a,B-unsaturated aldehyde with molecular oxygen by using the foregoing
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pal | adi um contai ni ng catal yst. Further, the present

invention resides in a nmethod for producing the

foregoi ng pal | adi um cont ai ni ng catal yst, conprising a

step of reducing a conpound containing pall adi um at om

inits oxidized state and telluriumatomin 5 its

oxi di zed state by a reducing agent. Furthernore, the
paladivangontaiping ¢ajalysksi des in a nethod for produci ng

b EGHReR P Bt P ioh oL S snapisi
al | adi lﬁm atom i{].i.ts reduced stat.e and tell urium atom
forffoinB eyl FopRuning cafysl erinfhing Ajen o reddig:ACT
coffpopfs %B%Eﬂﬁb%wgw?ﬁgw??@z&ﬁ?%%?%rﬂgse‘@ﬁ@é@é@ i
s BRI Gate Y ATRHITRG AdRlE 01 Y, ' a7 G’ product i vi ty
i n thepgARSrmhdrat tﬁé“ﬁre%@ngi’n% figRredide S é‘h’%ﬁﬁd&’goﬁgducing

the a, (3-unsaturated carboxylic acid are produc

thef fbﬁé@cﬂﬁ? phRadilm-Comtalitig c&tﬁlﬁsﬂ%dﬁﬁ% hGtepoPrBHiicHY a

t he pal T adi um cont ai ning catal yst he present

cornpeend icontaining Palladiummatoon irpits reducedtRatesinddaiiahuseatom in
produce an a, p-unsaturated al dehyde and an

its axigizedsstate by adedacibgyagent acid in  high selectivity

or in high productivity in the case that the

a, 4-unsaturated 20 al dehyde and the a, 13-unsaturat ed

carboxylic acid gﬁaﬁ&oduced froman olefin can be

produced. Furthe ST IRF THE INENEION, produci ng an

a, 13- upsat ur aﬁ%éj al dehyde and @n a éé unsat ur at ed

car boxay the peliadivmy Ining &gja Sbﬂfa REgpeRk Inyentan, a9

ol efi.n with | ecul ar _oxygen b si,ng t he .. .
o furvatliralee AldRTy R B a3 eoff-yosalated sahediin acid can be
oroBEE8 1, B ey P PR B 5585 a0
b SN i 8 PSR bbbl producr
from ¢ BlefiAl. Fifther, by the method for producing the palladium-containing
catalyst of the present invention, a palladium-containing catalyst which can
produce an a,pf-unsaturated aldehyde and an o,p-unsaturated carboxylic acid in
high selectivity or in high productivity in the case that the «,f-unsaturated
aldehyde and the o,f-unsaturated carboxylic acid are produced from an olefin
can be produced. Furthermore, by the method for producing an
a,f-unsaturated aldehyde and an o,p-unsaturated carboxylic acid through
liquid-phase oxidation of an olefin with molecular oxygen by using the
palladium-containing catalyst of the present invention, an o,8-unsaturated
aldehyde and an a,p-unsaturated carboxylic acid can be produced in high
selectivity or in high productivity.

By the palladium-containing catalyst of the present invention, an
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4 a,s-unsaturated carboxylic acid can be produced in

hi gh selectivity or in high productivity in the case

that the a, 3-unsaturated carboxylic acid is produced

froman a, (3-unsaturated al dehyde. Further, by the

met hod for producing the palladiun}containing

catal yst of the present invention,

a ﬁramrsa ratedearbexylicrasidcambal grgduwd uswhlgblsetac@wucer irhigh

3-upsaturated carboxylic acid in high selectivit

Pr%fluqﬂr\fltw'z;thep?%@@it the ¢.hr un&a%@raé@s% sattivxyiia aeid is produced
froﬁﬁ gguobn at ur &gcéﬁgﬁy% e?gella S;r@,%g Cdef(llorfprrc())ducmg the
paﬁéfﬁﬁthﬁﬁéﬁﬁaﬁmgéf@x% sfﬁqhﬁr%a%ﬁé'n%e?%ﬁﬁ  Bali-cgnaiaing
oo S48 o o RSN FAa AR okl sy
or ﬁﬁﬁ@hyﬁbdﬁétlﬁtg‘?rg gﬁ%gﬁ&% tHd?‘fﬁé‘g: fPUns réled sarboxylic aﬁld s

f3-Unsaturate I C acCl can pro UCE

rédicel frothiah @ lcght
et o dlled ORI i pERRERHETE cr

by tiaé anethibd #6r produbingsané, f-NSRUREd caridxgli®a6id through
containing 0.001 to 0.40 nole of telluriumnetal

liquidephesecoxidatia dfoah wyp- un‘saturatedlaldeﬁyaeumﬂamul@dm oxygen by
al dehyde and an a, 3-unsaturated carboxylic acid can be

Usvgdbem:ladmmantanmeg icatalyst lof tfre prdseat invehtiomrani n hi gh
@r oductivity, or an a,1l3-unsaturated carboxylic acid

uﬁS%@r@iedmmlc @eid ean he produucadinighl selectiviieorinchigh

h selectivity or in high productivity by
p"%CE‘Bi ‘ing the palladiumcontaining catalyst to

contain telluriumnetal in such a predeterm ned
range. In the case that less than 0.001 nole or nore

pa | ad dir M DE PO CARRING R rhe Rl o
2 P und b pApdy R Eofahing Gt B e GeSEhY hEefillh WS one

o FO0TB S0\ eI BRI ol 0 OB
An o,8-unsaturated aldehyde and an a,B-unsaturated carboxylic acid can be
produced from an olefin in high selectivity or in high productivity, or an
a,p-unsaturated carboxylic acid can be produced from the a,B8-unsaturated
aldehyde in high selectivity or in high productivity by subjecting the
palladium-containing catalyst to contain tellurium metal in such a predetermined
range. In the case that less than 0.001 mole or more than 0.40 mole of
tellurium metal to 1.0 mole of palladium metal is contained, an improving effect
of selectivity to the a,f-unsaturated aldehyde and the a,f-unsaturated
carboxylic acid, or selectivity to the o,B-unsaturated carboxylic acid is

insufficient.

To produce a target product in high selectivity, the
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5 pal | adi um contai ni ng catal yst preferably contains
0.002 nole or nore of telluriumnetal to 1.0 nole of
pal | adi um nmetal, nore preferably 0.003 nole or nore.
Furt her, the palladiumcontaining catalyst preferably
contains 0.30 nole or less of telluriumnetal to 1.0
mol e of palladiummnetal, nore preferably 0.25 5 nole

paliadiymseontaising cafalyst areferabiy containe 4.002 male nr more of

roduct|V|t t he al | adi um cont ai ni ng cat a
tell 1

F'e%mwo dhinale of paladivp) reelal, merepreferably fﬁopmole or

maiBoaFifer the naflaéilumpfnr}tﬂ@?r{gu&#g@taﬁpn%rab&%ﬁaﬁrﬁﬁb mole
or B35:34 9l hE bt O 318 ol Pabadii afalaes Betefapie0.25

mofl St &3 o Brofha Tardlr R RE i Pa M bBuna and
palfadiGl éﬁdt&ﬁlrﬁﬁ@é@f# feferdB e“:.?d?‘ﬁa*n? 0.6¢ rrﬂflé’ %V ?ﬁdr@'?:f%llunum

t he n| ng a prepa

me@élﬁd'ﬂ@ ﬁ"ibi@ﬁ)f bﬁﬂ’adlﬁﬁﬁ*nléﬁl méeFe Pfé?eﬂdbﬁ%g??ﬁof@%ﬂgg -

ratio of telluriummetal to pall adi

Futther, timphlativimcomaininy catalyst péeyatabryeébrham@qi 09 hf&le @r less
from mass and the nol ecul ar 15 wei ght of tellurium

of tetiurlmanetabd i Aoinole okpalladhuntraétak indre préferably 0.06 mole or
pal | adi um cont ai ni ng catal yst after the preparation.

lessheThess eentents ean beiadjustee byla biedd patié atla pallagived i n
the pal | adi um cont ai ni ng catal yst can be neasured by

comn@um@ angva tedurismheammpoyrshto be used 7 the pmdacmof the

id: 20 Into a deconposing tube nmade of Tef
pal gﬁ%}t@alqgr%ﬁjglug} ;a)pregagng goaﬂmgn of the catalyst or the like.

Bmount ENEoldiae, ahal i ista 1o Ragdi B et (R In the
paifiiti eyl RN S8 SaRTistet Mo FiRsR AL ERatpleRller
weldht of "‘J’ﬂ@ﬁgﬁ%%&@ﬁ%ﬁﬂrﬁ?fﬁe@%&ﬁﬁﬁﬁhﬁﬂt trai eTQﬁd
pa"ﬁi’tf@ﬁé@ﬁﬁf%t BfeLtaf BFinpatiofy | She Fasfoef it ieirin
metdl @ Riladim metal in the palladium-containing catalyst can be
measured by the following method.

Preparation of a treatment A liquid:

Into a decomposing tube made of Teflon (registered trademark), 0.2
g of a palladium-containing catalyst and the predetermined amounts of
concentrated nitric acid, concentrated sulfuric acid and hydrogen peroxide
aqueous solution were introduced and a dissolving treatment was carried out
with a microwave thermal decomposing device. The resultant sample was
filtrated and the filtrate and washing water were altogether filled into a
measuring flask and diluted up to the calibration mark to make a treatment A

liquid.
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liquid. 6 Preparation of a treatnment B liquid: A
filter paper on which the insoluble residue of the
treatment A was gathered was transferred into a

pl ati num cruci bl e and was heated and burnt to ashes,
and |ithium nmet haborate was added to it and fused wth

.a gas burner. 5 After cooled, hydrochloric acid and a
Pr%ﬂ%lal%ﬁl%ﬂﬁfe%m%bem%re added to the crucible to

5 A5 R o K
ol SO O s e
o5 34 AP Hn 080 Al L SR b buror

Aﬂaweab!eaahyardcmowctata heE aﬁh EF%?%r ﬁé}%‘ dddfid to the

and the'total mass eac rreta qU|

crU@ﬁﬂed@Hﬁs@ﬂV@eﬁleﬁﬁsé@ ﬂwfﬁéﬁél OfAfFe? 'tl‘lé’tr tHeReSRktat ﬁlﬂion was
pal ladiummetal in the palladi umcontaining catal yst.

fillédiintd ermeaSerimpiidsicandrdiigtetiaiprio e Galibtativh B toQfigke a
above may be 15 non-supported type, however, it is

treptraértrBlligyidsupported type in which palladi um netal
and telluriumnetal are supported on a carrier. As the
car ri eEach snasscafriglieriumanetzhand paliadium metal ivontaihed in the
silica, alumna, magnesia, calcia, titania and
tregimentA qua@r@éheut&aémenhﬁdwld wemdetermined quantitatively with
r§| li.ca or alumna is preferable. Preferable specific
IC @m'a\%‘enépsstrekarf&mzetra nd the toialpasyef erlhmlunbpyw the
f.ixed ause it vari abl e dependi a Kkin
iquits Has S8iTAag ad the TRapd of fRUCRGGUSH 200 Raaglum Metal in
t rface area is preferably 100
theﬁ@él%‘%ﬂgp %%Rﬁ@o%&ﬁgferabl y 300 n2/g or nore, and
pr ef er
e Pher R BB g oS! FRBEARE bofe A be

fi
PR BSAR AFo  odaE AER g

metta;éamdxreuhﬁ@m mER Qr@58pFEHed ¥n b GitHer2/AL Ble AfEr, 1615
example, activated carbon, carbon black, silica, alumina, magnesia, calcia,
titania and zirconia can be listed. Among them, activated carbon, silica or
alumina is preferable. Preferable speciﬁc surface area of the carrier cannot be
absolutely fixed because it is variable depending on a kind of carrier, or the like.
In the case of activated carbon, the specific surface area is preferably 100 m%/g
or more, more preferably 300 m?/g or more, and preferably 5,000 m?g or less,
more preferably 4,000 m?/g or less. In the case of silica, the specific surface
area is preferably 50 m?/g or more, more preferably 100 m%g or more, and
preferably 1,500 m?%/g or less, more preferably 1,000 m?/g or less. Asthe
specific surface area of the carrier becomes smaller, a catalyst in which the

effective component (palladium metal) is supported more on its surface can be
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specific surface area of the carrier becones smaller

a catalyst in which the effective conponent

(palladiumnetal) is supported nore on its surface can

be 7 produced, and as the specific surface area of the

carrier becones larger, a catalyst in which the

ef fective conponent is supported nore can be produced.
proghsegapnd @sdhe spacific surfgce area gbthedtartieebegsarentarger, a

i nvention nentioned above can be suitably produced by
caialystimyhiohine eifestive epmponestisEupgored naerieskambe produced.

all adiumatomin its oxidized state and

Lol ur f DR PalaRCOMaing Fatash ot ha Rreggntinverten mentioned
ab ¥k B o SusAb Mefibod BV adnahios g, arted ot Fafluski &
coipBbfic ¥Bfieink DA HENIRE N xRk He Shd Bl bl Wb i
s oK% stbte 6} A3bling BB ) 3or ey fidfiod Bfredlcing a
palldtfuPAddrasoua SO gglﬁzfi@%gpp@ Jﬁa}is'&}ﬁﬁigaa iR anby

exanple, " a palladiu I um oxIi de or

telinAlirpgbrripoband gentalriny telRmiuRPaions reits oRiBzedasTRIRGDY & #8ducing
a palladiumsalt is preferable. As the pall adiumsalt,

agénircaxbarfisted. pleréiadftemaanbtiodder prsddoird the acet at e,
pal l adiumnitrate, palladiumsulfate, 1

paitagiurmegontaiojng ¢atalyshwitlbeoexplained. pal | adi um

bi s(acetyl acetonate) can be listed, and anong them

pal | adhgithe paladiae, cqrapount containingpalladiam atam, for example,

nitrate and tetraanm nepalladiumchloride are_
a Pﬁh%@éfﬁaﬁ%.Paﬂédpﬁ'éot('éﬁlQirnalﬂﬁﬂ@mrﬁlsldﬁcﬂ"@mf’@i b ligjed, and

tel lyriumatomin its oxidized state, for exanple, a
amopg ey RalpdIum sal i3 preferafle. o As the.palladiuim ek, fos example,

L ur 20.acid an tellurite, tell yrium oxi de
pailgliord it ABUAGLM. APiat, Rladn Strafe. natayot Sl
B8 ol fios HERRH G ATE BB bt itglBan be et
. . ! | s

and 8jrdid EhT PERRURAT bBrias Palldduf edeete B, pallddium nitratg and
tetralafirfhepafadiOm émblidé 8F&preferabfkanp! e,  sodium

tellurate or potassiumtellurate can be listed. As the

t el | urAg the feflurium compound containing tellurium atom in its oxidized
state, for example, a tellurium salt, a telluric acid and a tellurate, a teliurious
acid and a tellurite, a tellurium oxide or tellurium oxide alloy can be listed. As
the tellurium salt, for example, hydrogen telluride, tellurium tetrachloride,
tellurium dichloride, tellurium hexafluoride, telfurium tetraiodide, tellurium
tetrabromide or tellurium dibromide can be listed. As the tellurate, for example,
sodium tellurate or potassium tellurate can be listed. As the tellurite, for
example, sodium tellurite or potassium tellurite can be listed. Among them, the
tellurium salt, the telluric acid and the tellurate, the tellurious acid and the

tellurite and the tellurium oxide are preferable.
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25 exanple, sodiumtellurite or potassiumtellurite

can be listed. Anong them the telluriumsalt, the

telluric acid and the tellurate, the tellurious acid

and the tellurite and the telluriumoxide are

preferable. 8 The foregoing palladi um conpound

containing palladiumatomin its oxidized state and

the folbg gvr@gom palladium connaund containing pajladisim a@tom i its

atom .in oxj di zed state are properly sel ected and
ox@g@&l sgg the foregging ﬁq}prynbggr@pﬁgn@ ﬁ:gntalnlng tellurium atom

m cont ai ni né;”cat a | end rat,

in B idized 2SR P ¥ eeRetal and(ised a8 ew raatenal By
prddiin i fatiafiicoBfim g %35@ 2 Mheiehd il ot elE L

8 L o
to !eﬂui‘ H Ze@&eﬂ' irf & &él?atoﬁjrﬁ niﬁH Qttﬂﬁﬁdn'ﬂeé %gar[g.et value.

oXI state 1'n a pre eter at|0|na

Fuhﬁei as 93@6’@%@W@ﬂeﬂ?ﬁﬁl@daﬁfoxléﬁiélﬂaﬁrﬂﬁcérﬁﬁlnl Pooth of
ki nds of conpounds. the reduci ng agent” to be

palladitieatbroiAuR didized stéTQ anicte||aelird 8t 69 Th atsoxidized state ina
catal yst, any reducing agents can be used as |ong as

predetermihed eatidiin addition Yo the alsast-mientioned awethad ofdsingithe two
atomin its oxidized state and telluriumatomin its

kindmuilcnmpo&nds:e For exanpl e, ethanol, 2-propanol, 15
forrral deh ydrazine, formc acid, oxalic aci d
sodi unf @rs@quweagen&tmbms@ Wﬂlﬂfﬂﬁ%ﬂqf‘d@f theal ci um

e, hydrogen, ethylene,. propylene, - but ene,
Pa@@eﬁ"m@ﬂlﬂ%@a%’{ &R reducipg agestsean Rﬁtﬂ‘i&dt%e'ﬁﬂg &6 they

v B o BB S S B 2l S
B AP, Hend R,
RS i S SRR o
SN RSB DR, ERBTIRE 1tene

Z—mﬂéﬁ@bf‘lsobutylene can be listed. Among them, at least one compound

selected from the group consisting of ethanol, 2-propanol, formaldehyde,
hydrazine, sodium borohydride, hydrogen, ethylene, propylene, 1-butene,

2-butene and isobutylene is preferable. Two or more kinds of reducing agents

can be used in combination.

Howaever, it is preferable to use a compound, as the reducing agent,
which does not contain sulfur. Now, the compound which does not contain
sulfur means that sulfur element is not contained in the structure of the
compound, namely, the compound is not a sulfur-containing compound, and
doesn't include the compound which contain sulfur or sulfur containing

compounds as small amount of impurities. In the present invention, it is
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sul fur nmeans that sulfur elenment is not contained in
the structure of the 25 conpound, nanely, the conpound
is not a sulfur-containing conpound, and doesn't
i ncl ude the conpound which contain sulfur or sulfur
contai ning conpounds as small anount of inpurities.
In the present invention, it is 9 preferable to carry
prefarable ttucarry putiteduetian iat eglgtivedylave teraperature asswillibe be
menti oned bel ow, and when a reducin%1agent which is a
mesticngd belaw.zAnd when egeguoing agent védch isua suifurieontalning
adsora?d str;g%ly,on a carrier, palladium tellurium .
COgPOLRd I$ pred, UF ifcadsarped FVOBQWtq{ba cagiar: ealtadium, tellurium

or B e ARy e frstiat ealadum gt Rigsatalveris

sof RS oweled o B o o ot Hoa T or reducing & pai | adi um
e exol18 eduftio gy bt Earied At et phagk fomavaR T

prefEtally LatfioaRIRgY i haSeo PletERanet! ainp ot redtting o

pakddiurm AMFGshdin@ adkMriin 'cOfpdund iA%ig0id phdse Wil ti@se
of producing the palladi umcontaining catalyst of

expldmea t ed type, which will be nentioned later, it is
possi bl e to support at |east one of the palladium
conpouRirstaagdllbdiune compound ahd & telipriundcampoundare dissolved

to be used in advance and then to reduce the supported
in & splyentdndAben the palladiumheornpound apd ithe tellunuoocarapound are
cat al yst which contains palladiumnetal and tellurium
redyiced| by adging & redueingdgente inghrsasesf pradiaing the:

%ﬁuci ng agent is not particularly |jimted, however ]
Paﬁ urg; iBing:catalyrbef BiPPosigd typagvbigh w%@eweaﬁ*pngd later, it
s RoTla g0 Epesit 4 1926t a8 ohine R eomRstind 81d fhe hidhum

' t be li.sted. Th t dth
cof 354 B8 £ 850es5Ba 18elss biaod Ao AR LG B8 yhpSrea
cor@ggm& . Dgs %brcegl% g,t fhleMaldet pLILAGAESNAMITS cAtafysY WhidPléntains

endi ng on
palladium metal and tellurium metal is precipitated. The method for adding the

reducing agent is not particularly limited, however, for example, a method of
carrying out reduction by dropping a reducing agent, and a method of carrying
out reduction after adding the whole amount of a reducing agent can be listed.
The temperature and the reducing time of the system ét the time of reduction
cannot be absolutely fixed because these are variable depending on the
reducing method, the solvent and the reducing agent to be used or the like, and
in the case of the liquid-phase reduction method, generally, the reducing
temperature is 0 to 100 °C and the reducing time is 0.5 to 24 hours,

As the solvent to be used in the liquid-phase reduction, water is

generally used, however, depending on solubilities of the raw materials of
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reduci ng net hod, the solvent and the reducing agent to
be used or the like, and in the case of the

| i qui d- phase reduction nethod, generally, the reducing
25 tenperature is 0 to 100 C and the reducing tine is

0.5 to 24 hours, As the solvent to be used in the

[ uid-#hase,reQUction, water is generally used, _
Pa‘lﬁsﬂiém 'd tedgeua and e reducingiagens of sﬁmb%wf the carrier, an
ordRi o S0 Sl WRiney et o blanghor
oA T8RS HER 65 220toBbe ATy i Belie by e
ke{(&ﬂea&%ﬁﬁﬂexgﬁfﬂé‘laf%@\él_nié(ﬁéig ' W@H&tyl% h@ﬁ?&%&’lhh -valeric

etone~or cycl'ohéxanore, " an 9"3‘&%! c%l_ ch’ 98@
aciRSHisGvatéric'aci ¥ My BfdcarBorhibrhal TAAERS, Abldhe 6t

ydr ocar bon I ch?may be heptane, ” hexarle or

cySYRS R dP 8 mXedBoliert &f f*ﬁ‘l éti hico§o|{f&§1 PRt il t?:éeaﬂﬁed.

and water can be used. e case of preparing t

pal | adintecsadbaf Progarmii] ﬂtﬂey;ﬁéuaafurﬁ%ﬁwiﬁiﬁg_daw?st gfhe
same procedures of reduction as those nmentioned above

suppartexhtypecthecsdme peogaduresdf eediation eis these nrirtioned dbove
the solution containing the 10 pall adi um conpound and
are ¢arried|dut exceptdbaba cartiertip dispersed in theesobtia afntaining the
reparing the palladi umcontaining catalyst of
paligdaiumgaospaeundand thepledurieam ecomeound. a sol ution
contai ning a palladium_ conpound and a tellurium
conrpouH@ ¥eg dhthecease of Rreparied the palladiymceariaining catalyst

ot SRR R b Al
M EAE TR T —
caly B SHELIPAED o g0, e s RSB P e
pal%yg#@p,gangbﬁﬂd N t IIGFiuHE%n?ﬁéJrLoeé%éslﬁqd&grEgg@ﬁdprecipitated

re, an oxidi zling agent 'suc

thr&GP Ui rd8etidH With %n?dgise ;Hr%@d E%ﬂhg oPUhe ey éttﬁﬁece of the

preferably existe O propel anmount 1n
carfiel dhd @caREEhaVIRG gbll&digﬁﬁ ekl Whdae MR neiay sé@r@ ated on
e

tellurium conpound before the solution is contac
thevouter shrdacecdiibiengrdgreistobtained. Therefore, an oxidizing agent such
as hydrogen peroxide, nitric acid or hypochlorous acid is preferably existed by a
proper amount in the solution containing the palladium compound and the
tellurium compound before the solution is contacted with the reducing agent.
Now, even in the case of using the carrier, there is a case that the palladium
compound and the tellurium compound are reduced by the carrier depending on
preparing conditions, however even in such a case, the reduction can also be
prevented by subjecting the oxidizing agent to exist in the solution by a proper

amount.

The palladium-containing catalyst of the present invention is the one
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Now, even in the case of using the carrier, there is a
case that the palladium conpound and the tellurium
conmpound are reduced by the carrier dependi ng on
preparing conditions, however even in such a case, the
reduction can al so be 25 prevented by subjecting the
oxi di zing agent to exist in the solution by a proper
thatraentains paagium metal anddellurium metakhaweyer, dfcarhalso contain
present invention is the one 11 that contains
Onpanrua@rewﬁtheweramatad%swh as platisue, rhediuey suthenjuradpdium,

ntain one or nore of the other metals such as
gof, iqacﬁ&wmuw}qummf@emmpdqm% e fledufegantinng
caffTan e O pinstt B GFing b e EBhn i thel popristangs of the
e ORI b A St
reéiL}?ngf Hq:%?é a{%rt ' Hiﬁ%, P%mngprgfof Lﬁ'@lrﬁ?}r&! %lbr(? Yelfurium
mé’fSF %oﬁg‘iﬁ% n‘Fe'?@ls '@?Jhﬂlﬁe& lth§I ﬁhﬁﬂdid?’n{g?ﬁtalmpg c%alg/%tg?

[ adl ontal ning cata yst I's preferab
préfgﬁe@[)mgsmgnbg masy\or fritper educti on of the pal |l adi um
conpound and the reduction of 10 tellurium conpound
nmay beNow, the rbduction iofthd pakarlismycdnmpsurband tenreduction of
contai ning both conpounds or respective reductions
tellusiymbeomaouné dnayube carrkesheutairautamgsusly ima sbleitioaentdining
the separate steps, reduction of the palladium
bothveerspaundsiar mspective rastuctions may be carnemmnne@eparam steps.
of the tellurium conpound can be also carried out
In ¥her %ase ¢l therseparatq steps, é%@l@t@ﬂ qftibe pafladitmecemppund san be
of the re reducing te ratur

Caawai Qutat firgt, ﬁn&ae%c%@a qféh3 t@'WfWﬁ%Ce@EBUW cah be also carried
out et 9'h 1 iR ceeg e Shpaals S@%@?{ﬂ%f thedpducing
agbft Réfd ﬁéf!\earbw*a{fkﬁ%ﬁﬁ R GORNGR g bty o

oG BEIBReBUERES 6 i odh BE HERRABHAP PRI GRTREIY

containing a palladiuma
redpeclive @fgs. N9 agent previously,

In particular, in the case of preparing a catalyst with high activity and
high productivity, it is preferable to carry out a reducing step of a compound
containing a palladium atom in its oxidized state by a reducing agent previously,
and then to carry out a reducing step of a compound containing a tellurium atom
in its oxidized state by a reducing agent. [n this case, it is preferable to
disperse, in a solvent, metallic palladium to be obtained by reducing the
palladium compound, and to add to it a solution containing the tellurium ’
compound, and then to reduce the resultant liquid by adding a reducing agent.
Besides this method, it is also possible to disperse, in a solvent, palladium

metal powder specially obtained, and to add to it a solution containing the
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and then to carry out a reducing step of a conpound
containing a telluriumatom in its oxidized state by
a reducing agent. In this case, it is preferable to
di sperse, in a solvent, netallic palladiumto be
obtalned by reducing the palladi um conpound, and to
to it a solution containing the tellurium 25
tel@a%bmpom ansifendo redurectherresliantliodid by adding ay
ddi ng_a ,reduci ng agent. Besides this nethod, it is
reéy g% tble to disperse, in a solvent, palladlum

so ot D PRlied BTk niu S AR0EF efbite @%h%gﬁ}%ﬁ“%@%fe'v
o 855 W A B
wa$H€6 ysté@ o?%fﬁb‘rﬂ?élil@?% wa%ﬁfn&/\& ra§olvent or the

cat a was precipitate fon

Ilkéﬁﬁbﬁflﬁ@é bru&nwm&n%bgbaﬂﬁéiﬁh c&ﬁP&@ﬁ& aﬁﬂ tﬁ@ ?elldri&?h

By washing wth water, solvent or ke,
corln und 'sueh aerdhiritiise ecéticoradids, Frﬁﬂnb&ddldﬁls(?mgumﬂ'iﬂfa@lcals
e tellurium corrpound such as chlorides, acetic
cam adireaiovedni Theenethdd amidsthe miinsberfofitinces aﬁwaslhlag is Aot
be renoved. The nethod and the nunber of tines of
pastigglariydinited, bowewer, titi is preferableé itocarg oub washing toitheiextent
preferable to carry out washing to the extent 10 that
that it ceaysuitigiently empove ﬂ'@ﬂmmlrltlﬁé apuse these ipadaartbat some
there is a fear that sone urities may inhibit the
'mFPll'r&lﬁsdT‘ElﬁHﬁ'&b'bm%ﬁ?{q’%’ﬁhﬁﬁ%@?‘l jop reagtias ‘éffiifho'ﬂﬁ"éﬁ an

o (P URSAHRRR0 B Re; o P asned Rty atS reeavird Bdiatan,
cer@fifldelB drind e EneEireRdf "%Hi)%re@msﬁr I8P i feltion.
I STl BT
re@kﬁ@ﬁ of tél&m'u?n é&ﬁﬁo%@%ﬁ%?gﬂrﬁﬁt&ﬁé‘é é’cti% affte steps,

tween the steps e rec vere ta yst ma

it li’ﬁlsdrﬂr&féraﬂé% BB Qflit WasHing Bétweleh tR8 st t icularly

i mted, however, "drying 1s ordinarily carried out by

usi ng Hﬁbt!@ér tHeretbverdid ¢analst @ag beldved!r i Tk Aritisdd 6f drying
can be activated, if necessary, before it is

is not particularly limited, however, drying is ordinarily carried out by using dryer

in air or inert gas. The dried catalyst can be activated, if necessary, before it is
used in liquid-phase oxidation reaction. The method of activation is not
particularly limited. For example, a method of heat treatment under reductive
atmosphere in hydrogen flow can be listed. According to this method, an

oxidized film on the surface of palladium metal and impurities which could not

- be removed by washing can be removed. Physical properties of the prepared

catalyst can be confirmed by BET surface area measurement,' XRD
measurement, CO pulse adsorption method, TEM measurement or the like.

Next, a method for producing an a,8-unsaturated aldehyde and an
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20 used in |iquid-phase oxidation reaction. The net hod

of activation is not particularly Iimted. For

exanpl e, a nmethod of heat treatnent under reductive

at nrosphere in hydrogen flow can be |listed. According

to this nethod, an oxidized filmon the surface of

al ladiumnetal and inpurities which could not be

o, fi-undaturated oachoxylig acisthreughdiquid-gphase pxidation of apeolefie with

of the prepared 25 catal yst can be confirmed by BET
malegylacexygesanda sigtbad fer prrdocing@isafcursaty ra@g parbexylic

n et hod, TEM neasurenent or the |ike. Next,

ol theR babia - prseiaeicRIOR o1 ah(cob usaIARcCRItaN e G
maipRtopiodis'hd Mo haladuf Kardahinaeatalvet o beigsent
. df duci ] 3- d
BB &B@W&gr ough | iOquC'd.n Shase oxi dation of an
, 3- |

csing 18 aHe B Gt R EEriile: proBYleley IstbuRiRE And 2 hutene

calt beiSedd. | Himbhiy thél, BrophRiNcshd BeblRfrjdte Siitallb. e raw
ene, S ut -

exanpl e, propy yl ene an utene can be

oléfinghay corENE shitRramBuAPH £9aturated iHyaratarbemana/o? a lower
suitable. The raw olefin may contain a small anount

safufatedsideliyaiecas inyslifties! bTheang/umsaturbtetkaldeRpde and ehe
al dehyde as inpurities. The a,f-unsaturated al dehyde

a,frodsataeatéd cartioxylic atidr tat xipoaubed are thase lthving the same
produced are those having the sanme carbon skeleton as

cathon siedgtbn asdbe olafinchas. el Gondratelh én theseasehthat theeravamaterial

. material is propylene, acrolein and acrylic acid are

is prepylenedacririn iandiaceylisaacid er pbtained, and indhe crae thaf the raw

el SoBURoR® B RS H ARSTBACBIAC AR EDIARAC.

A A T AR R
el 8T SRR et OPARole a5 P
o BB ARSIl TP B Bl areifeon are
suitable. The raw a,B-unsaturated aldehyde may contain a small amount of a
saturated hydrocarbon and/or a lower saturated aldehyde. The
o,B-unsaturated carboxylic acid to be produced is one in which the aldehyde
group of the a,B-unsaturated aldehyde has changed into the carboxyl group.
Concretely, in the case that the raw material is acrolein, acrylic acid is obtained,
and in the case that the raw material is methacrolein, methacrylic acid is |
obtained.

The liquid-phase oxidation reaction may be carried out by any one of

a continuous type operation and a batch type operation, however, a continuous

type operation is industrially preferable in view of the productivity.

The source of molecular oxygen to be used in the liquid-phase
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a, P-unsaturated carboxylic acid to be produced is one
in which the al dehyde 20 group of the a,|-unsaturated
al dehyde has changed into the carboxyl group.
Concretely, in the case that the raw material is
acrolein, acrylic acid is obtained, and in the case
ox&E%t the raw material i s nethacrolein, nmethacrylic

anireactinyy igipteteratly ain begguge jia s60pRIiRal i RAVNRICRUTSN
o B 5o B oA B oo SR A T s
mifi 88 R8.F Whicr 4F Br BAGEShvsry/s SBRLEHS plragbrh oot dlpsice.

t . ) 4 oxi . .

wellde b 6 818 (ka7 1o B lseflo AhB R suck st oty
SuBBIRY o atdeiort YAEN S0 e BRI Alr 1R TFo DR sate
Whi ch Qigfth@TsoRienBtPlsY U88d St |h¢m@ﬁh§$é BxfdlatibR 9&etion, for

carbon di oxide, water vapor, of the IIke can also be

exampll, if8preferalblead ude akidast Bnedihamitisolveht Soleetddeflom the
into a reaction vessel such as autocl ave under the

grquresensistirgrloft-butanol, égclbhexanol,vavetona rhethybettly! Ketbhe,
| i quid phase oxidation reaction, for exanple, it Is
meihyfisehiltylketonesacedic dcidqiropioaicagid,m-buboicvesid, isobutyric acid,
sel ected fromthe group consisting of t-butanol,
n-@jenoaeidaisovalesic &thylecetate andynetbyt propjonate.nyAmong
i sobutyl ketone, acetic acid, propionic acid, .
them gk lpasiong pranicsplventrselected from the eroug consistiagial

o i BB B O S
isob et ghia 35 PHReE SRl b RdBlpric A I Pre pifareble.  Further,
s BYERAabld © Aicts wasORadd Vi fre Srokicriplfert i Brddlite an
o, RURSSILTALE él&’elﬂé? &itd a%&f@é—hg%&ty&&%ﬁ&%&%&é&i@ acitfor an

organi ¢ sol ven 0 produ urated

a,@-hﬁ@é‘%?ﬁeﬁ%r@ékyﬁc &cldf‘iﬁqﬁ%ﬁéﬂ@e@tﬁ‘i .ox‘ﬁhé anffur of waér to

, 3-unsat urat ed "carboxyl 1T acid in higher selectivity.
be Trexrtaw &t nstiparid.farly InitdE, AREX iSpRferably®t, b& mass or more

particularly limted, and it is preferably 2 % by mass
to the total enass of the solvent and water, more preferably 5 % by mass or
more, and preferably 70 % by mass or less, more preferably 50 % by mass or
less. The mixture of the solvent and water is preferably homogeneous, but it
may be heterogeneous.

The concentration of the olefin or the a,p-unsaturated aldehyde
which is the raw material of the liquid-phase oxidation reaction is preferably
0.1 % by mass or more to the solvent existing in the reactor, more preferably
0.5 % by mass or more, and preferably 30 % by mass or less, more preferably
20 % by mass or less. |

The amount of use of the molecular oxygen is preferably 0.1 mole or
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to the total mass of the solvent and water, nore

preferably 5 % by nmass or nore, and preferably 70 %

by mass or |less, nore preferably 50 % by mass or 20

| ess. The m xture of the solvent and water is

preferably honbgeneous, but it may be heterogeneous.

The concentration of the olefin or the a, 3-unsaturated
mofe derymele gfithe iwlefin emiberap unsatirated adelydse which is the raw

li qui d- phase oxidation reaction is preferably 0.1 %
malgriare 0re Prefgranly 8-2 meleser mere. fuithetmerg prafarably 0.3 mole or

feiof bl 9 s, el ISindlealySe o0 s
T
furfer RS pRErelL 10 NG M1 ¢ or 15 more fo 1 mole of
h | &f. i - i e whi ' .
the r e afl, odtanst S TREHIFaNsBHGEY Sforé ) fif fection
liqdid 't ee ria-ﬁfa%fe%@dﬂt%nohéw@éle it%ayéPBrLﬁseFIefH%Sﬂxe bed.
“preferably mol e or |é&ss, nofe preferably mol e or

Thk ePSourit'ef UBEIOTHE cAlaf/st i@@l‘e‘!’eréglgfmh & ¥y &SS or Aore to the
Odinarily, the catal'yst 1s used in a suspended state

solutiof lekisting ¢ tiredctatuimdre bréftbmably 0\ %- P ARRsOfirfigid, on,
however, 1t may be used in a fixed bed. The anmount of
furtreemote preferaitiyll % tbyimass of moad)| andprefétably 3096 bpmass or
nore to the solution existing in the reactor, nore
lesgr eose preferably 20:% pyraass or less; farthefmotehpredenably 15 % by
preferably 1 % by mass or nore, and preferably 30 % by
MagE s 1898.10 | ess, nore preferably 20 % by mass or |ess,

furthe re preferably 15 % by mass or |ess. The
react | tﬁgf%g@néﬁmp@r%tﬁae BRe the rraction Reeesiyaase preperly
selBGfHBAGcbr35 1 96 Soeatend Faﬁg&%&r@ﬂ:ﬁ Biyseat uTe <
, 4 : 0
recfbh erdfetatich & PR 200 B Pife grir bralf bubto e

mor&S S'{h P4t f?)rn%ﬁ{éﬁf?é% re ‘és?@reegenrﬁélyl °C gr iéns%‘? FenorB ri‘y‘?'efe rably

reacti on pressur
150 °C or less. Further, the reaction pressure is preferably 0 MPa or more

(gauge pressure; hereinafter, every pressure is expressed in gauge pressure),
more preferably 0.5 MPa or more. The reaction pressure is preferably 10 MPa

or less, more preferably 5 MPa or less.

EXAMPLES
Hereinafter, the present invention will be more concretely explained
with reference to Examples and Comparative Examples, however, the present
invention is not limited to these Examples. The term “part(s)” in the following
Examples and Comparative Examples means pért(s) by mass.
(Measurement of the molar ratio of tellurium metal to palladium metal (Te/Pd) in

a catalyst)
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(gauge pressure; hereinafter, every pressure is
expressed in gauge pressure), nore preferably 0.5 MPa
or nore. The reaction pressure is preferably 10 MPa

or less, nore preferably 5 MPa or |ess. 20 EXAMPLES
Herei nafter, the present invention will be nore

i ot it s
tob i netal i Pl TeSiai P elaintin i palst aloE i o5
ergpeiaBot ol 4N EE88s oh ISTARHGHTRIA ah erladim Fetalh the
B2 A iR R ROl ana ot um
PrBaRioR A aRhdrk AlRRig2: al yst af ter the

preparati on. e masses of telluriumnetal and

I 1 adi hiki
pal | a ummanaé@dmpa%.hgeubecﬁia%!evatTepsg?rtégg%éfrge P a(ge/mans, 0.2

fol |l owi ng net hod. reparation o

g dfi ajoarlyst ahd the pesiundesingd dmdiihitsateondentRité@Ritric acid,
(registered trademark), 0.2 g of a catalyst and the

copcenteatedrauifaric avid aridhpdrogen penbxidé adueois s6lutieh wvere

. concentrated sulfuric acid and hydrogen peroxi de

inteaflusedsancha dissolving:treatrientrwak icarded muit svilth = sricrowage thermal
treatnment was carried out with a mcrowave thermal 10

degeupRstha dryvicr (Maaufastured byt CEMICompotaiorCMARSS(trade name)).

MARS5(trade nane)). The resultant sanple was
The; *’P?P'gﬁl@d?amﬂje wge%)ff'tfﬂtqdaa@ mqacfllmﬁ@rﬂndgnpvaalﬂiag wateewere

aBubR3F i irtp pushssdina fask arat Olutee up 1o tea Salbratian mark to
mae rBahBIPR AN ch < he | neol ubl e residue of ¢ he
Prép&iatigR 3 ardfithent B liquid:

Afilter paper on which the insoluble residue of the treatment A was
gathered was transferred into a platinum crucible and was heated and burnt to
ashes, and lithium methaborate was added to it and fused with a gas burner.
After cooled, hydrochloric acid and a small amount of water were added to the
crucible to dissolve the fused material. After that, the resultant solution was
filled into a measuring flask and diluted up to the calibration mark to make a
treatment B liquid.

Each mass of tellurium metal or palladium metal contained in the
treatment A liquid and the treatment B liquid was determined quantitatively with
ICP emission spectral analyzer (manufactured by Thermo Elemental Co. Lid.,
IRIS-Advantage (trade name)), and the total mass of each metal in both the

liquids was determined as the mass of tellurium metal and palladium metal in

the catalyst.
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gat hered was transferred into a platinumcrucible and

was heated and burnt to ashes, and lithium

net haborate was added to it and fused with a gas

burner. After cool ed, hydrochloric acid and a snal

amount of water were added to the «crucible to

di ssol ve the fused material. After that, the resultant
(Megsurement\of sawanaterinlsd produsts:ane byprodicts imthe preduction of

di Luted, u alibration mark to mak

anch Bt e Btsf ey end A GGt eled 4 mnvisiaddlor

Bnd ¢ nMeEEDER ARt ottai Gafesalsand sradici dne producton of an
o (AR fophyeidhg 40 DhERbnteRBBRORc 3561 WaS Caried
out P o8s CHPbARRrbEr » I ervaliieh, oF i L, #ERRRuR} o.en

a,frBASatdtatb8 ! dIdEH ¢ t roaﬂg?&aéélé’cqfv[fg‘rtﬁfl Z’L B-id?lsgfd?gtsed

catalyst. 17 (Measurenent of raw nm pr oduc

cafvostyity aBiiad Wet srodlcéd And sefitilinPth &4 o [lnsaturatgd carboxylic

a, 3-unsaturated al dehyde and an a, 3-unsat ur at e

acidagsterdyl be paiudid dsas by-prsdiict @fe BafinatRhs folRws: and
products in the production of an a,f3-unsaturated

al dehyGenversicmofarBelefing?)r at ed car boxylic ac B/Aps 100;
carried 5 out with gas chromatography. Now,

conver Selestivity toran bf-Unsaturdted eldehydet(®)an = (C/B) x 100;
a, 13-unsaturated al dehyde to be produced, selectivity
to an 2etectivituioamediunsaturaig catbaxyliciacid (50 »(RR)ceoo;
and selectivity to an a, 13-unsaturated carboxylic

2ci @ cSPEEtVYY B rduupsaflzed cathoxyleiac ester (6) i ned

as follows: Conversion of an olefin (% = (B/Q)E(% 10%‘_
10 Selectivity to an a, f3-unsaturated al dehyd /b":1 0;

Car b RS 8 Vbt Fardd abehVGR M, o an

a, P-unsaturated carboxylic acid ester (% = (ER) _
100; Productivity of an a,f3-unsaturated al a?r@d‘eﬁ)' and

(97 9- Fekyductivity of an a,p-unsaturated carboxylic acid (g/g-Pd-h)
= G/(I x H).

In these formulae, A represents mole number of an olefin supplied, B
represents mole number of an olefin reacted, C represents mole number of an
o,p-unsaturated aldehyde produced, D represents mole number of an
o,pB-unsaturated carboxylic acid produced, E represents mole number of an
o,p-unsaturated carboxylic acid ester produced as a by-product, F represents
mass (unit: g) of an o,p-unsaturated aldehyde produced, G represents mass
(unit: g) of an o,p-unsaturated carboxylic acid produced, H represents mass
(unit: g) of Pd used in the reaction and | represents reaction time (unit: h).
Example 1

{Catalyst preparation)
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15 = F/ (1 x H; and Productivity of an

a, 13-unsaturated carboxylic acid (g/g-Pdh) = G (I x

Hy. In these forrmul ae, A represents nole nunber of an

ol efin supplied, B represents nole nunber of an

olefin reacted, C represents nole nunber of an 20

a, 13-unsat urat ed al dehyde produced, D represents nple
nunber Tefl 0dhpartsofa silicarcarier (Specific surfacearen: 958dnt/gapore
E represents nol e nunber of an a,cés-unsaturat ed

volume; 863 ce/ahcaniagueqys splution ebtainpdby, dissplying@.01¢ part of

el RGRIR o i b eyl dbndle R g hakonynie
thee 2P R, Pbre itAted e B el BN G el e BEA T C i
air 1608 SPGEY. Srloifgh Wag baRiedHriapobc in I ok tp optain =

tei@g‘ﬂfﬁgswgﬁiggé%ﬁﬁge area: 450 n2/g; pore

, an aqueous sol ution obtained by

di ssol yigaawhile11. 1Asdrs &f qall‘aﬁldg’a‘ E&éﬂaﬁfirﬁah&aﬁt@ﬁgﬂaﬁ. E.

of pure water was added Titt e an

Cheftidat Cdrpertionp®as diskdivettinel 0.6 pass of acdtieatiaxt/prépdre an
m xture was kept at 100 Cin 5 air for 3 hours, and

acetieacidtsohstione alTheraubtiatackd SolGtiom thals priepared] was ragided to the
obtain a telluric acid supported silica carrier.
aboermeritioned tellurizoadid supppdéd sitica camiertitttecby little and shaken
(manufactured by N. E. Chentat Corporation) was .
while hese eperations were sepeated. aWheancthednioyns of the acetiaacid
acetic acid solution. The acetic acid solution thus
solgtien sauiyaipn to the tetalparpvoiume wasaddad; poaedevanoratign of the
cid supported siljca carrier lLittle by |little and
sysdimcas CRRlecouth JbeggBIaGeRS the ARG HEssaltion RS tTRated
. of the aceti ' sql.uti gn, equivalept to the.
in {she Bay! 5 Bficaibed Thipan Miclend Sk Al iBres Bopfiions
' t [ [ {
wegéé Féﬁd;ﬁg%?pgﬁerxﬁggpq@baqf etgg SySBITWVAS Farda bOE Eiitlseuently,
the system was calcined at 450 °C in air for 3 hours. The silica carrier thus
obtained was added to 25 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. Thereafter, the resultant system was dried at 100 °C for 2
hours under nitrogen flow to obtain a palladium-containing catalyst of activated
carbon-supported type on which palladium metal and tellurium metal were
supported. Te/Pd in the catalyst was 0.01.
(Evaluation of reaction)
The total amount of the catalyst obtained by the above-mentioned
method and 75 parts of 75 % by mass t-butanol aqueous solution as a reaction

solvent were introduced into an autoclave and the autoclave was shut tight.
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in the sane way, nanely, added little by little and
shaken and these operations 15 were repeated and
evaporation of the systemwas carried out.
Subsequently, the systemwas calcined at 450 Cin air
for 3 hours. The silica carrier thus obtained was
added to 25 parts of 37 % by mass fornal dehyde aqueous

Subseguettly, 410 parts ptisobutienawes irtrduged dntpdt, @ndibpisyatem

70 C for 2 hours while stirred, filtrated under
Wasilicast{yrakan ¢t devalbtions: 1 RQEprohand haateda 90 1y 1Aerthe
vl o o i SRS ot 4 s gl
pregsfbe bf @?@%‘a@cﬁ%@%‘r#@ﬁ%b@r‘ et wroBleed Fad ta he
intBieR pr¥itee BY s MS%, ¥ fen Y% o BHP BB 9rbiRsE sy by Pa
gty s RPER hHE PR oRbek o precceo
it By ®9NPEl aRd 4a9 epePdlon WaS réfecled 93N THROINIGRRI PrRS8ure

i'ntroduced i nto an autocl ave and t he autocl ave was

righbhaftert thehhtrodGctionbsfernygeh was 4.8MPa! t Afief tHeSiBtH MreBaction
was introduced into it, and the system was stirred

of ainuwhen thd internal ptessare whs@OD MRaythaneadtioatwas tinisB8d.C. The
After the heating was finished, nitrogen was
reactiondiroe svas 90 minwtesaut ocl ave to the internal
pressure of 2.4 MPa and then conpressed air was

i nt r od Aften thentaaction wast finished, fhe inside pf theauteclaye was

MPa. Wen the internal pressure dropped by 0.1 MPa
co?lﬁaebm igedathy  passanepling bagwas aatapﬁe@ 9 fhe gaseviielof the
auBiolila i the.gas BUleicuRs penerand e eMeraing oS yas cfested
i R, o}k A LGRS0, e ool B
cobficd S 7 s uf e BeVE B8 8ot
oSSt i B 51 ik ot oqure | e
redbveréd shdtontikBidand e S&hpRid ddtPwere analyzed by gas
chromatography and the conversion and selectivity were calculated.
Example 2
(Catalyst preparation)

The same procedure as in Example 1 was carried out except that the

amount of telluric acid used was changed to 0.055 part, and a
palladium-containing catalyst of silica-supported type on which palladium metal
and tellurium metal were supported was obtained. Te/Pd in the catalyst was
0.05. |
(Evaluation of reaction)

Using the catalyst obtained above, the same procedure as in
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aut ocl ave and the gas outlet was opened and the
energing gas was collected while the internal
pressure of the reactor was rel eased. The reaction
liquid 15 containing catal yst was taken out fromthe
aut ocl ave and the catal yst was separated with
menbrane filter and the reaction |iquid was recovered.
Example 1 evas earsiedrasdict i on |iquid and the sanpl ed gas
wer e anal yzed by gas chromat ography and the
Exagplessi on and selectivity were cal cul ated. Exanple 2

Cat a reparation) The sane procedure as in
(C@f%ﬁ%ﬁpéeﬁﬁﬂ%‘%carried out except that the ampunt of
Stte luric acid used was changed to 0.055 part, and a

?Pa 1 adi um cont ai ni ng catal yst of silica-supported type

o pm FLa® Rate s B KBy nass Bveiéia #o BRuEBLE soliB6R. 14
patQ% écjr““abov étg@h@%i@egﬁgt%g%ﬁg ;tsﬁerﬁﬁca‘f %Eé’%ﬁlsf‘éwf S
dls‘é@ﬁeeﬁr{de? the@thg. kﬁ%goé/cgbada)fﬁt of4rfA v%&éd’E&rb n

In 60 partso yrrassnva eric aci

(sp@@ummfas:@l hOP80 Mn ég) was hadéd aﬁé'tﬁ@%dﬂﬁhﬁ?ﬁﬁﬁhl% was
(manuf actured by N Chentat Corporation) wa

intrdideised Wrtd amalgtoclaestanttthe Butddlage wakwhuetight. crmas m
of an activated carbon (specific surface area: 780

wasstiedvand tedepeetatured of tiee intemiat liquid wast coodedviss 10 °C or less,
i ntroduced Into an autocl ave and the autocl ave was

and then prapylenerpas wastintnoduceddiptcsit ta thedntardak prepsuratof e5
of the internal liquid was cooled to 10 C or |ess,

MPand msyﬁtgﬁweﬁ gegta@t mscufrm*r bauk e Aftaritovas kept fond hour,

ssure
the temperaturg o? the lnternal Ilqmd was cooled to 20 °C or less, and then the

internal pressure was released. The system was filtrated under reduced
pressure, washed by pure water several times and dried at 100 °C for 2 hours
under nitrogen flow to obtain a palladium-containing catalyst of activated
carbon-supported type on which palladium metal was supported.

Step 2:

The catalyst obtained in the step 1 was added to 40 parts of pure
water and the resultant mixture was stirred for 15 minutes. Further, an
aqueous solution obtained by dissolving 0.055 part of telluric acid in 10 parts of
pure water was added, and kept at 100 °C for 1 hour while stired. The
resultant liquid was evaporated to dryness and 1.9 parts of 37 % by mass
formaldehyde aqueous solution was added to it and, to the resultant system,
30 % by mass potassium hydroxide aqueous solution was dropped to adjust pH
of the system to about 9.0. The resultant system was kept at room

temperature overnight, and filtrated under reduced pressure and filtrated while
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MPa and the system was kept at 50 C for 1 hour. After
it was kept for 1 hour, the tenperature of the
internal liquid was cooled to 20 C or less, and then
the internal pressure was released. The system was
filtrated under reduced 15 pressure, washed by pure
wat er several tinmes and dried at 100 C for 2 hours

waghed with 1.00§oartsiaiot walen aiTheseaftar) theiresvitan syptermwyas

.catal yst _of activated carbon-supported type on which .
d”ﬁ‘i@? 188k ff?é?eﬂ"%&'“é%ﬂ'&mg@ﬂ fio tgppbzalrrmégl&qw;gqntammg

coBy il B b G Ak bl
0 e PSPPI PR AR PR BECE,

(=W added, and kept at 100 C for 1 hour
‘E‘ﬁ!‘@‘edﬁ@{’ﬁera\é@‘?" he resultant |iquid was evaporated to

drynes . t ol A EARY

aqueougss Htéi%rt]ﬂgéatsébg%@gg atboévigttang, ?E’Pé@u?ggéﬁt?ant
Exaple Mwabcatfiedodul eXBest tRat agenWay fHitduesd 305Hes!S

sol ution was dropped to adjust pH of the systemto
Exatpldg 49. 0. The resultant system was kept at room

tenperature overnight, and filtrated under reduced
(Catalyst preparatibri)i | t rat ed while 21 washed with 1,000

parts of hot water. Thereafter, the resultant system

was dfhesame pogedurecas in Exampleshwas cearied guhexdepithat the

obtain a pal |l adi um cont ai ni n cat al yst of activated
ameyphehtellufie acidusad was shanged to PdilIpart, @ndréet al  and

ol a8 AR S P sl o

t.al yst obtai ned above,, the ne pr re,as in
ang IR miefhaEr s et was obfiac s Telby Ui catdlyst was
01i ntroduced 5 tinmes. Exanple 4 (Catalyst preparation)
10 The sane procedure as in Exanple 1 was carried out

(ERGRRIn 6M3bclidy)

Using the catalyst obtained above, the same procedure as in

Example 1 was carried out.
Example 5
(Catalyst preparation)

The same procedure as in Example 1 was carried out except that the
amount of telluric acid used was changed to 0.275 part, and a
palladium-containing catalyst of silica-supported type on which palladium metal
and tellurium metal were supported was obtained. Te/Pd in the catalyst was
0.25.
(Evaluation of reaction)

Using the catalyst obtained above, the same procedure as in

Example 1 was carried out.
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amount of telluric acid used was changed to 0.11 part,
and a pall adi um contai ni ng catal yst of
silica-supported type on which palladiumnetal and
telluriumnmetal were supported was obtained. Te/Pd in
the catalyst was 0.1. 15 (Evaluation of reaction)
Usi n% t he catal yst obtai ned above, the sane procedure
Examnl$6 Exanple 1 was carried out. Exanple 5 (Catal yst
ration) 20 The same procedure as in Exanple 1 was
(Cgféf)&?gae%g% cept that the ampunt of telluric acid
used changed tq 0.275 part. and a .
oal | ad! [F-SRON BrageRyre.as i EXemple’L was carder oyt pxeent fiat the
' I ' I ' | were
anRfit AR B a8 0 B8 AADAIREL v
- ili - I
pafchin GARIRLOARST LSRN bt W SRR meta
andAsIiviRIn histalOlére i £s Bbfdirfdd WPBW@B%@&JEQB’? was

The sane procedure 'as In Exanple 1 was carrie
0.38xcept that the anmount of telluric acid used was

changed to 0.363 part, and a 5 pal |l adi um cont ai ni ng
(Evaduatiorsof eéactioh) ca- supported type on which pal | adi um

metal and telluriumnetal were supported was

obt ai nddingntheRatalyst dhdaicatdalboyve, thessarfe pBocedivelasan i on

of reaction) Using the catal yst obtai ned above, the
Exampie prwasccrrriedaut iexcept that oxygen was introduced 5 times.
Comparative Example 1
(Catalyst preparation)

In 10.0 parts of acetic acid, 1.1 parts of palladium acetate
(manufactured by N. E. Chemcat Corporation) was dissolved. The acetic acid
solution was added little by little to 10.0 parts of a silica carrier (specific surface
area: 450 m?/g; pore volume: 0.68 cc/g) and shaken while these operations
were repeated. When the amount of the acetic acid solution equivalent to
about the total pore volume was added, once, evaporation of the system was
carried out. The remainder of the acetic acid solution was treated in the same
way, namely, added little by little and shaken and these operations were
repeated and, after the whole amount of the acetic acid solution was added,
evaporation of the system was carried out. Subsequently, the system was
calcined at 450 °C in air for 3 hours. The silica carrier thus obtained was
added to 25 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.

Thereafter, the resultant system was dried at 100 °C for 2 hours under nitrogen
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10 Exanple 1 was carried out except that oxygen was
introduced 5 tines. Conparative Exanple 1 (Catal yst
preparation) In 10.0 parts of acetic acid, 1.1 parts
of palladium acetate (manufactured by N. E. Chentat
Cor poration) was dissolved. The acetic acid 15
sol ution was added little by little to 10.0 parts of a
flow;tpiablain & palladiyrs mestainingsatalystofilica-summries) type gorwhich
U@# : 0.68 cc/g) and shaken while these operations
pa ‘E”T'@B@éf‘@? suURtORtedhe ampunt of the acetic acid

| ution, equ lent to about the total pore vol une
(E\ﬂég %‘HH@H %Gh@g evaporati on of the system was

car e afiine FARRSEIARSY eyt e bbbt Beth

Ex t 8&(}? en and these operations were
H y!éa?éb an ,'eaf er the whol e anpbunt of the acetic

é}aﬁ\qg Es(gﬁ]g,lé/\gs added, evaporation of the system

vvas carrie Subsequent ly, the system was

Canl arhtichp0 Cin air for 3 hours. The silica
( caryr%:tg?bt hus&gbt ained was added to 25 parts of 37 %

by nmas¥héeani piitedearegs et step UtofExanipien was cahied out
system was heated to 70 C, kept at 70 C for 2 hours

andiai padlasiium-cedtaifingtoatdlpst of actieatedashinbentispppoted typrsh
filtrated while washed with 1,000 parts of hot water.

whlnlmaimﬁiwn meiabwaessuppartedswmepam dried at 100 C
for 2 hours under nitrogen 23 flowto obtain a

(Evaiuation efreasherli ni ng catal yst of silica-supported type

on whi ch pal | ad |umc;:§tal was supported. (Eval uation
reaUﬁineﬁﬁe@atalgstt aipgd abpye, %arn@@r%sﬁme aﬁm

%i‘l??ﬁ%ﬁ’ AHR PR A evoeptthaf Sygen e bUfok RS HHEs s ame
Coﬁfﬁ%SM Ex&%pié“e,t he step 1 of Exanple 1 vvas carried
(Catalyst preparation)

The same procedure as in Example 1 was carried out except that the
amount of telluric acid used was changed to 0.55 part, and a
palladium-containing catalyst of silica-supported type on which palladium metal
and tellurium metal were supported was obtained. Te/Pd in the catalyst was
0.5.
(Evaluation of reaction)

Using the catalyst obtained above, the same procedure as in
Example 1 was carried out.

| The results of the above are shown in Table 1. It was found that
methacrolein and methacrylic acid can be produced in high selectivity by using

the palladium-containing catalyst of the present invention.
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and a pal | adi um contai ni ng catal yst of activated
carbon-supported type on 10 which pall adi um netal was
supported was prepared. (Evaluation of reaction)
Using the catal yst obtained above, the sanme procedure

-
D

Evarmnml A 1 A ConO rr| d obt—except + h

aﬁ LI ) I_I\uII’JI \ >3 . vf.l.\." \w e A\ A .\41 UUP C TTUCT J7 ygen
W;SI roduced|5 tifmes.| Conpanative anplle 3|15
(uatgl st preparatijon) [The {samg praoceddre as in
Exa 1 s ¢arriied out except that the acrLDunt of
tell: ai s&d cflangtd [t® 0. pRrt, Ssand a
pal | um o%t i ni n\é\giat 5‘3) s%dof ggsi I% -guppﬁrt ed type
o h palladi umnmetal and tell yriumneqfal Were
suppo ed was o¢btailned.| Te//Pd ifn the catal yst was 20
0{5 val yati @on of redcti on) ing the catial ygt
obt§|-n albove,| the sane procedurefas iin Exanple 1
|ed ouf. The resultfs off the above are gshown in
T‘ $ Fodn¥ th 25 halr ol & n Fnd
met Iasr %ﬁi d~c an®be gﬁod@ced i n %i h©sel gctivi ty
b {he pal |l adi upr cont ai ni ng|cat &l yst of |t he
pLe tlnention. 24 8 CDINcb c9]/1- ¢NInm MY C .=
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Exanple 7 (Catal yst preparation) Step 1: In 60 parts
of pure water, 6.46 parts of palladiumnitrate 5
(manufactured by N. E. Chentat Corporation; palladium
content: 23.21 %by nmass) was dissolved to prepare an
Exampdei7sol uti on. The mixed solution thus obtained was
i npregnated into 30.0 parts of a silica carrier
(C?'g@ 9RargtiPMace area: 450 n2/g; pore vol une: 0. 68
cc/g) and the system was evaporated. Thereafter, the
St%%/%t emwas calcined at 200 Cin air for 3 hours. The

of 57 18 PRES ST pum R b A PR reElimesle Then”
(m3reH TR By 1 CRCA} Pofisriion HteBhund oot a2t v by
MRl s S W el AN e it e3P Ay Sondph thus
obfindd ¥as WRAPREdritded YRS 300D bﬁiﬁ_g i H%Ji|icacﬁdméﬂ&§>%gifi%ﬁﬁace

supported. 15 Step 2: One-third by mass of

areza l459dn¥/a} pord vol0ied 068 ed/san@the systbRawas BRapérated.
type obtained by the foregoing preparing procedure was

Theresfier,sthd systed waardaicinéd at 200 °@rid airt for BHouts.s PEhe sitida
a solution obtained by dissolving 0.054 part of

canrier thus abtainedl was addpd to 90qrarisuofs8 A%k by mass farmoaldebyde
and 20 the resultant m xture was added to 1.9 parts of

aquegous sglutiens Themtheisystem 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 palladium-containing catalyst of
silica-supported type on which palladium metal was supported.

Step 2:

One-third by mass of the palladium-containing catalyst of
silica-supported type obtained by the foregoing preparing procedure was
dispersed in 50 parts of water and, to the dispersion, a solution obtained by
dissolving 0.054 part of telluric acid in 10 parts of pure water was dropped and
the resultant mixture was added to 1.9 parts of 37 % by mass formaldehyde
aqueous solution. In order to reduce tellurium, the system was heated to 70
°C, kept at 70 °C for 2 hours while stirred, filtrated under reduced pressure and
fitrated while washed with water to obtain a palladium-containing catalyst of
silica-supported type on which palladium metal and tellurium metal were
supported. Molar ratio of Te/Pd in the catalyst was 0.030.

(Evaluation of reaction)

Into an autoclave, 10.99 parts of the catalyst obtained by the
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aqueous solution. In order to reduce tellurium the

systemwas heated to 70 C, kept at 70 C for 2 hours

while stirred, filtrated under reduced pressure and

filtrated while washed with water to obtain a

pal | adi um cont ai ni ng catal yst of silica-supported

t ge on, which palladiumnetal and telluriumnetal were
aboy e

-MRIpianeddneodar 00 perts ofi751%/umass thstansl anyeeusas
el B S b P
anfl ¢ SV ES Bt GG, . SomsBRLedC e ety YLRBE iene was
intcbeeBTip i ankl B SHEten WS Fulitey 55yt 1:dtfo rom)
ant RN 106 005 AP IPREEHG WAk Snisheg iy ddeh i nfiBluced
int9 &9 adtdchv@toGhe Mtkfial ?F&i,sﬁﬁé‘bif PG Nffa éﬁd‘irﬂ?ﬁébrpﬂregssed air

ni trogen was introduce nto the autoclave to

walsliheotadedings i to thedinténdl plézsansot 48MPaMPVassEthedhfernal
was introduced into it to the internal pressure of 4.6

pregdare Wappeidtey 011t MPaaduriny theseactich, axpgen Wastnfrotifeed into it
during the reaction, oxygen was introduced into it to

to increasestbetinternaltpressure foye®.d IMBapgndthis bpearatondvas repeated
operation was repeated 10 10 tinmes. After the tenth

10itimess d Afterdhe dentbriplgeductionenf axygen vben the nternalipressure
was dr&ﬁged by 0.1 MPa, the reaction was finished. The

was LieppPew by Ot the reastiom was fipished.  ibereactiantimeaas 46
finished, the inside of the autoclave was cool ed by

MIBESHat h. A gas-sanpling bag was attached to the gas

o Bt R, B e B S R
oD B84k K5 S AR ABEA LSl ffr o e
T, B4 SRb DR GO PR ot

‘”hgﬁ ﬁlgclé’ ggég‘raaé Eﬁf.gfﬁﬁ% rggcf)o;?@gé{i&ﬁbéée‘wi e vdathién liquid
containing catalyst was taken out from the autoclave and the catalyst was
separated with membrane filter and the reaction liquid was recovered. The
recovered reaction liquid and the sampled gas were analyzed by gas
chromatography and the conversion, the selectivity and the productivity were
calculated.
Example 8

The same procedure of the catalyst preparation as in Example 7 was
carried out except that the reduction temperature of tellurium was 90 °C and the
amount of the catalyst introduced into the autoclave was 10.81 parts, and a
palladium-containing catalyst of silica-supported type on which palladium metal

and tellurium metal were supported was obtained. Molar ratio of Te/Pd in the
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20 chromat ography and the conversion, the selectivity
and the productivity were calcul ated. Exanple 8 The
same procedure of the catalyst preparation as in
Exanple 7 was carried out except that the reduction
tamaauneofteHuHumvmsQOC:thhe 25 anount

%byt he taI ysL’él ntroduced into the autoclave was
ca 9&1 lr@ hia calaiysinthe samepregedureffyreactgn as in

silicag-suppo type on which palladiumnetal and
E"PE}H'%?WE%R"& Wy e supported was obtai ned. Ml ar

of Te/Pd in the 27 catalyst was 0.041. Using

Ex%ﬁlfdgé)gat al yst, the same procedure of reaction as in

ot ocedi s <4 fickUfits Gthe AT Frefardiin R Exapie 7 wes
calRl owt é%éégt ﬁ%t tﬂ%{ Te‘if&éﬁ@ﬁ térHBté%e ; ec?ﬁglft?ﬁt{rﬁ Wwas the reflux

t enper at ur urirum was enper at ur

terfipératiiie mar%uﬁm thalcatalgst mt'i’éd&@dﬁﬁfb ih@téhtbélﬁve was

aut ocl ave was 0. 65 parts, and a pal I adi um cont ai ni ng

1065 pdrys;tandfa Falladtan%m@ihmgobatunst asiliodhrseppdredd §pewn

netal and telluriumnetal were supported was obtai ned.

whidhi palladisrnonetial ard Relluriom metalavereystipposted WaktSbtalEdng
this catalyst, the sane 10 procedure of reaction as

Malgr =tiergsTe/Pd inetheccatalystivas 0,048 argding 1iis Thtalgsithe same
procedure of the catalyst preparation as in Exanple 7

prmur%afraaémoalﬂsle@@mple MWas parredoeitt of telluric

s 0.216 part, the amount of 37 % by nass
Ex?@lp?%mﬁehyde aqueous sol ution was 7.60 parts and the

te 15 of th t al troduced | nt
At oc 108 Salte hipcadlisietEe alavel %%Sa@atﬂn%saa?ﬁ@wﬁg was

caﬁ@%ﬁat#l}‘:segﬁqghti\a# @ﬁﬁ%ﬁﬁf 3\1 t%\ﬂ,él!‘ %3@9&&#@@3% i IalrJn'rgunt of
o7 SR e i T S 5 g

of thRa&th)5t ﬁfrobﬂced into the autoclave was 10.99 parts, and a
palladium-containing catalyst of silica-supported type on which palladium metal
and tellurium metal were supported was obtained. Molar ratio of Te/Pd in the
cataiyst was 0.048. Using this catalyst, the same procedure of reaction as in
Example 7 was carried out.
Example 11

The same procedure of the catalyst preparation as in Example 7 was
carried out except that the reduction temperature of tellurium was the reflux
temperature, the amount of telluric acid was 0.108 part, the amount of 37 % by
mass formaldehyde aqueous solution was 3.80 parts and the amount of the
catalyst introduced into the autoclave was 10.84 parts, and a
palladium-containing catalyst of silica-supported type on which palladium metal

and tellurium metal were supported was obtained. Molar ratio of Te/Pd in the
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Exanple 7 was carried out. 20 Exanple 11 The sane
"procedure of the catal yst preparation as in Exanple 7

was carried out except that the reduction tenperature

of telluriumwas the reflux tenperature, the anount

of telluric acid was 0.108 part, the anount of 37 % by

S forrml dehyde aqueous sol ution was 3.80 parts and

Ca% tXas 064 Usingihisceatalyst the ﬁaw@@gdumref reagtion as in
E pi ave was %0%34 parts, and a palladi um contai ning
xgg'{ § yyageatiediQul. sypported type on which pal | adi um

and telluriumnetal were supported was
E"gﬁf@ﬂ@d Mol ar ratio of Te/Pd in the 28 catalyst was

react | Do PeelRleoh b e dsitBRaRIRR S iuplo 7 was
Ca O e M rPluctf ‘é@bét%‘é“&“‘ﬁﬁ@‘@hﬁ%@%a s

terh SRR tHeCaPbuhebi 1LHEBRRSVADS. dsa aH thé %mﬁlrﬁlw 89:9% by

e amount of telluric acid was 0.054 part e anount
masfs formétdetydeagaedas sekbER YR ﬁggw@ &l thiel @odAcof the

1.90 parts and the anount of the 'catalyst introduced

calalysd irthrdlusetidoioathe awoclads AaspdD.65 paasdarid a
Eﬂé | adi um cont ai ni ng catal yst of silica-supported type
paliadivm-eontainingchitalystet silica-suppatted:typerdruwhiohx falladiume metal
pported was obtained. Mdlar ratio of Te/Pd in the
an@ &@I rw@ metal \@empmedgwsmbtamda| yMolar ratio otFa/Pd in the
ocedure of reaction as in nple 7 was carried

catgiyst waghaPat | Ugmaamaéaustrme §am@ ppeedereref rgaction as in

apation as in the step 1 of Exanple 7 15 was
Exgrg\pfq 2&"%?3”'5 APY: pal | adi um cont ai ni ng catal yst of

CoblAiANEERAREIEH 2 hea Lsing this catalyst, the  same
Procedyhg sand Frckb 8fpreBafatRiRlSin thiers 'dHESNHE 7
was carried out, and a palladium-containing catalyst of silica-supported type on

which palladium metal was supported was obtained. Using this catalyst, the
same procedure of reaction as in Example 7 was carried out.

The results of the above are shoWn in Table 2. it was found that
methacrolein and methacrylic acid can be produced in high selectivity by using

the palladium-containing catalyst of the present invention.
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The results of the above are shown in Table 2.
f ound t hat
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Table 2
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5 0.001 to 0.40 nole of telluriumnetal to 1.0 nole of
pal | adium netal. 2. The pal | adi um cont ai ni ng cat al yst
according to claim1, wherein the palladiumnetal and
the telluriummetal are supported on a carrier. 3. The
pal | adi um cont ai ni ng catal yst according to claim1,
conprising 0.01 to 0.09 rmle of telluriumnetal to 1.0
mol e of pal |l adi um met ¥Yhat ig glaimed fg;

pal | adi um cont ai ni ng catal yst according to claim 3,
wherein the palladiumnetal and the teIIurium met al

ot ar y ot - PRl conidibiocatan S BF Il S8 P kpsdtirated
oo Ty PP PR LR o OBRG) ne
0.004 ioa@ 40 hoRtGH enarﬁm@ m%gl r%p@b '@ﬂer elp%lﬂ&{llﬁ

catal yst accor |ng to Ié\di um

netal and Thb?)éllﬁhldr'ﬁhbﬁid’ﬁh@'ca?dlf’st%&@ﬂf ﬁg?fb QI@urﬁ 1, wherein

carrier. he pal | adi um cont ai ni ng cat

thexpaktadiumometal ahdithe %elluritGifidtali 48 stppartbe 09| @Qamé‘re of
telluriumnetal to 1.0 nole of palladi um netal

The paBl adhempalladiumn-containiag Tatalystaccording to t:l@umHal m
7, wherein 20 the palladiumnetal and the tellurium
compriging0.0140 6,09 made ohtedluduny netal to 1.0amoie bbpaltadium metal.
produc:| ng_t he pal | adi um cont ai ni ng catal yst of any
one of 4cl Jhﬁ@ailadwn%coatwmng satalyst acceyding to elair |aqgvrwrem
the PR AN OR £ 't%eaﬁah}na%q%‘éi‘@artg%ﬁebgeéé 90 eamipra
o o Pl i SR el
calfnh; RO Feoled SEAFHAY. oHERY B g0
ol R 1 B by ® = e o
Pl O S B A ol
thecdltaiilth tiletal and the tellurium metal are supported on a carrier.
7. The palladium-containing catalyst according to claim 5,
comprising 0.01 to 0.09 mole of tellurium metal to 1.0 mole of palladium metal.
8. The palladium-containing catalyst according to claim 7, wherein
the palladium metal and the tellurium metal are supported on a carrier. |
9. A method for producing the palladium-containing catalyst of any
one of claims 1 to 8, comprising a step of reducing a compound containing
palladium atom in its oxidized state and teliurium atom in its oxidized state by a
reducing agent.
10. A method for producing the palladium-containing catalyst of any
one of claims 1 to 8, comprising a step of reducing a compound containing

palladium atom in its metallic state and tellurium atom in its oxidized state by a
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pal l adiumatomin its oxidized state by a reducing
agent followed by a step of 5 reducing a conpound
containing telluriumatomin its oxidized state by a
reduci ng agent. 12. A nethod for produci ng an
a, 3-unsaturated al dehyde and an a, 3-unsaturated
ar.boxgl ic acid through |iquid-phase oxidation of an
re‘gtfcé@gﬁ #Mth ol ecul ar oxygen by using the

R T U LA N T T K T
on Ui 108 chrab A Mk B R BT E R
paliddiléh 413 RAYS BRILEL Ry 4 PG bysht RlioRBY b s of
reducing a compound containing tellurium atom in its oxidized state by a
reducing agent.

12. A method for producing an a,-unsaturated aldehyde and an
a,f-unsaturated carboxylic acid through liquid-phase oxidation of an oiefin with
molecular oxygen by using the palladium-containing catalyst of any one of
claims 1 to 4.

13. A method for producing an «,g-unsaturated carboxylic acid
through liquid-phase oxidation of an o,f-unsaturated aldehyde with molecular

oxygen by using the palladium-containing catalyst of any one of claims 5 to 8.
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