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DESCRI PTI ON Catal yst for Producing a, s-Unsaturated
Carboxylic Acid, Method for Producing thereof and

Met hod for Producing a,j-Unsaturated Carboxylic 5
Acid TECHNI CAL FI ELD The present invention relates to
a catalyst for producing an a, 3- unsaturated
carboxylic acid through Iiquid-phase oxidation of an

olefin or an 10 a, 3-un dehyde, a net hod
for producing the catal?@#ﬂgﬁﬁggcﬁithod for producing
an a, 3-unsaturated carboxylic acid by using the

catal yst. BACKGROUND ART Many of a, 3-unsaturated

car hpatalyse fcﬂfqbr%uéfr@ & EQUﬁéétH?étbd Gh?‘ﬁ& e Ad4 M%ﬁ'nod for

exanpl e,” acrylic acrd acr IS bel

um::'unmg the Rsof i thodPIoR Pibdliaih to!‘ﬁ Uﬁ%ﬂtw%%d @&rb%xyllc

such as raw material of synthetl resins

exanpl es |nclude gas- phase ggjgdati on and |i qui d- phase
oxi dation of isobutene and a nethod by way of acetone
cyanohydrin as a nethod for producing nethacrylic
acid, there is not a specifically advantageous nethod
20 and net hacrylic aciTECGHNIGARKIELDuUstrially produced
by these several nethods. There has been many

r eseal 0 PEesaNtinvantionyrelates ip a aatalyetdor prodqmman oy

i -unsat.ur at ed carboxyllc acid throu
Mﬂ%ﬁv@t% semaliaacidhrough lguigibesa qaadagwn of an olefin or an
SR eS8 hnon1or ApdiiinahhecsaifvaLpad a method
1 t hod
REPREHTa AR b Yemubaed rgpg;i'%”%&tqtba?usmqf% catalyst.

Docunents 2 to 6) and a nethod using a nol ybdenum
conmpound and a

BACKGROUND ART

Many of a,B-unsaturated carboxylic acids are industrially useful. For
example, acrylic acid or methacrylic acid is being used in a considerable
amount for the application such as a raw material of synthetic resins.
Although examples include gas-phase oxidation and liquid-phase oxidation
of isobutene and a method by way of acetone cyanohydrin as a method for
producing methacrylic acid, there is not a specifically advantageous method
and methacrylic acid has been industrially produced by these several
methods.

There has been many researches on a catalyst and a method for
producing an a,f-unsaturated carboxylic acid through fliquid-phase oxidation
of an olefin or an a,f-unsaturated aldehyde with molecular oxygen.
Examples include a method in the presence of gold supported catalyst

(Patent Document 1), a method using a palladium metal catalyst (Patent
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pal | adi um catal yst (Patent Docunent 7). The catal ysts
di scl osed in Patent. Docunents 2 to 7 contain
pal | adium as a conponent of a catal yst, however,
there is no description concerning 5 particle dianeter
of palladium Further, sone of the catal ysts disclosed
in Patent Docunents 1 to 7 are supported on a carrier

mn?én@@ttb@t% a fiéthes 'usiﬂg‘mﬁ’derﬁ% !c%?ns;)’dlﬂﬁg%@ a

as for physical properties o carrier _
ipaliagiue vatalist M@ht gbbgﬁ-,dnqwgatent Docunent 1 as "it

is preferable to use a hydrophobic carrier or a

conveMhecseahlysr disclosed it Paterd Dotuhterity 99PN ebhaiIn pailadium
treatnment”, and there are no other descriptions, |

Bisas eomponemtsottas catabfistriiowever othehy 5 66 ldeBEMtivr t@fcePhing
these carriers. Patent Docunent 1. Japanese Patent
Pepidle diametet of pakguiumNdFurtts soméf2Re catdyststdisclosed in
Docunent 2: Japanese Patent Application Laid-COpen No.
Satent-Dawanents 1 feal are stprentachon & cartprseste afactivated
Ag lication Laid-Open No. 60- 139, 341. Patent Docunent
& éﬁmal@amutsgma- Afewever asfor physical properties ®f these
139, 64 20 Patent Docunent 5: U.S. Patent No. .«
sagiess.ghare s peraly ppe gesatiption infratent DosHment 1 as “itis
' ion_No. 2/.083, 299. Pat ent Docupent, 7:
telatridd o lsd & ndioplictis Cafier ara esibiertignabearter subjected to
) M TO BE SO _VED,BY THE

PieRiPEIq reAtlaih’ e Hetecaia s nir dasErpiimdatnose

' ' ' { : al yst
SELERL R RS Silon Y ke ST BR
PatditiDR¥ment 1: Japanese Patent Application Laid-Open No. 2001-
172,222.
Patent Document 2: Japanese Patent Application Laid-Open No. 60-
155,148,
Patent Document 3: Japanese Patent Application Laid-Open No. 60-
139,341.
Patent Document 4: Japanese Patent Application Laid-Open No. 60-
139,643,
Patent Document 5: U.S.Patent No, 4,435,598,
Patent Document 6: International Publication No. WO 02/083,299.

Patent Document 7: Japanese Patent Application Laid-Open No. 56-59,722,

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
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in Patent Docunents 1 to 7, it was found that
by- products such as various polyners and ol igoners
were produced in large anount in addition to the by 5
products described in Patent Docunments 1 to 7 (for
exanpl e, acetal dehyde, acetone, acroiein, acetic acid
and carbon. di oxide). In Patent Docunents 1 to 7,

a

hence, VR TBE brafhtdby bR frodGEgd ABhyk i St oibiviens by
10 g A6 BB A o
Eﬁ@ﬁiéﬁmeéurﬁéﬁfs”f 1P, iPRad Uﬁ& trgattﬂr? grod%%ﬁk rious

the reaction perfornance ob al ne

g)dmﬂérm@ai@omewawﬁm@ea% Pi?g¥ 'dn’iotﬁﬁiiﬁ aEBitiBﬁttS the by-

cunents 1 to 7 was not sufficien

fprotirets despribse FePate? Dddiinser9itth 7h(¥§r @ﬁé?ﬁpl‘ée%bé&‘l’dehyde
The object of the present invention is to provid

@netong; acvdleinh acetic adid gridcarbenaiioxide). unﬂtehﬁbﬁduments 1to
carboxylic acid through Iiquid-phase oxidation of an

dl, #hese polysners apd wligamers wete abtieaptdeed, rarghbloehdes aisé aotual
performance, a nethod for Frodum ng the catal yst and
&elﬁﬁtlHﬁ!{itﬁ eerylw aaidoandtheryialdof aongdic acid irevieveotthess iby-
aci u5|n the catal yst. MEANS FOR SCOLVI NG PROBLEM
Biodud
meégé ng FR/ENQW%T thandhesa deserinad inHiexaaplesyo Patent
rform} consi derably i nfluenced by physi cal
st Biatad tor7 LCoRpeauNth, theurapstibn par roprance Ohitpined in the
rtlcul or.e vqu us, have
AR B Yo plolBRG At PlnsalriBe Gamlie nelilin Patert
adi.um
CREGMGHS 138 CuRa Tt spteRiect 8 el Whed” Ripirtrroviement on

Bes gi €5ééha§5§$p5|derably i nfluenced by a

par i anet er pal |l adiumin the catal yst

1 S A Mg vt i can
prétfucesan LiBURsataitbaeatbexyfie ia@scplhrélﬁﬁh liquid-phase oxidation of
an olefin or an a,p-unsaturated aldehyde in good reaction performance, a
method for producing the catalyst and a method for producing an o,p-
unsaturated carboxylic acid by using the catalyst.
MEANS FOR SOLVING PROBLEM

The present inventors have found that the catalyst performance is‘
considerably influenced by physical properties of a carrier to be used in
producing a catalyst, in particular, by pore volume, and thus have completed
the present invention. The present inventors have also found that, when
pailadium is used as a component of a catalyst, the catalyst performance Is
considerably influenced by a particle diameter of palladium in the catalyst

produced, and thus have completed the present invention.
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present invention is a catalyst for producing an

a, 3-unsaturated carboxylic acid through |iquid-phase
oxi dation of an olefin or an a, p-unsaturated al dehyde
and is the followng: 5 (1) A catalyst for producing
an a, p-unsaturated carboxylic acid, wherein a netal
is supported on a carrier with a total pore vol une of
0.40 t j :

adsor pe Tl K froddeingafu REthaMuRiid pEbGRGack of e

PréSentimvEntiontis & @awwrigfoﬂfdi a“ﬂf?ﬁ]ﬂéat&%iéoﬁ?ét‘%%ic

Wi th an average particle dianete he range

@chimhrough- g ptisbaskidktion ¢fdr bRfin o difd potnddilrated
produci ng the catal yst for producing an

algehydeand istthe follwihgxy! i ¢ acid of the present
invention is a nethod for producing the catalyst for

i} odl catalystdor progucingednuofi-ansatardted \carisoxadit o, vieein a
above (i), wherein a netal conpound Is reduced by a
meatatisisyippgead dma carigrvdtiea tatabportevolaheadfdk 40 to 1.50 ccfg
carrier. A nmethod for producing the catal yst for
BEJneRsyrgd by nitrogem gas adsertiongnethedyiorc aci d of the
resent invention iis a nethod for producing the -
0l Arcptalystior pradsising A oBrisaluGRted: GarBewdiCRaI BN ereln

id.of the above (ii),,, rein a al | adi um conpound
aliskuitn bl 59 eade bhinge.lametefin B2 range SR adodt nie

' A net hod for producing an

g&%%ﬁ%@?ﬁ%@ﬁ&:ar boxyl i c aci dpof t he gpresent
i nvental i L ' - unsat
car boryTtiot for g fHq SARHAFIdbraBudnd A - it fared
SO B ior 1 pHOSR HiErSEn 1SRN thh prodlRy TE e Catalyst

o _ . ) .
R %r???c;ung ehsd Luringaﬁg_kﬁfE@clr QN@;%‘Y"& éﬁib%f‘iﬁe aBBve iy \WRhéfen a

metal compound is reduced by a reducing agent in the presence of the

[+

above carrier.

A method for producing the catalyst for producing an a,p-unsaturated
carboxylic acid of the present invention is a method for producing the catalyst
for producing an o,p-unsaturated carboxylic acid of the above (i), wherein a
palladium compound is reduced by a reducing agent in the presence of the
above carrier.

A method for producing an o,p-unsaturated carboxylic acid of the
present invention is a method for producing an a,p-unsaturated carboxylic
acid through liquid-phase oxidation of an olefin or an a,8-unsaturated
aldehyde with molecular oxygen in the presence of the catalyst for producing
an a,B-unsaturated carboxylic acid of the abave (i) or (ji).

EFFECT OF THE INVENTION
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According to the present invention, a catalyst which
can produce an a, s-unsaturated carboxylic acid

t hrough | i qui d- phase oxidation of an olefin or an

a, 13-unsat urated al dehyde in good reaction
performance, a nmethod for producing the catal yst and
a nethod for producing an a, 3-unsaturated 5 carboxylic

For A8 19 fie PRESHY Rive BRn. S cptelgtitich Sy prblile an
s oA e Y Ty o
am &,tﬁ?ﬁnéah@raté@ alfehy8Blin ?6&6 %é?ﬂ]:sr( pEfGImmaidea method for

sonmeti nmes expressed as "Catalys s a catalyst
(producing thebatalys andsainetiid e fbr ro8geiby ah @pLEhdRIel
I'i qui d- phase oxidation of an olefin Or an

aathoxylia el dsingdhb cdtalpsttanshe provided.| owi ng: (i) A
catal yst for producing an a, 3-unsaturated carboxylic
acid, wherein a 15 netal is supported on a carrier
with a total pore volune of 0.40 to 1.50 cc/g as
measur ed BESHiMOSEe FOFhCARRYING QT THEINVENTION ) A
catal yst _for produci n%_ an a, p-unsaturated carboxylic -

aci d, (Whepalyst forprodycing an eif-unsatueatad caghoxylieiasid
diame roi Itheran f 1 to.8 nmis upported on a
carrlgﬁe‘i%aﬁt{% 'f‘WléQ 35&;@?—%&5#!'4"% c d&V'}F(sj@‘?id&“he
P e ARG b B SHS58 i .
SRRV 6 GrOoRkETNT B SRtk Bl BB ZSLE PGS tadid®
PhEBE Aot ey B 455 LB o0 Ko gTe i

fdllowingcr ol ei n_and net hacrol ei n among a, 3-unsat ur at ed
al dehydes. 5 The catal yst of the present invention is

) sA patilyst docrodlLgitlg ara\BiLRSatarated carboxylic acid, wherein a

metal is supported on a carrier with a total pore volume of 0.40 to 1.50 cc/g
as measured by nitrogen gas adsorption method; or
(i) A catalyst for producing an a,p-unsaturated carboxylic acid, wherein
palladium with an average particle diameter in the range of 1 to 8 nm is
supported on a carrier. |

By using the above-mentioned catalyst, an o,B-unsaturated carboxylic
acid can be produced through ﬁquid-phase oxidation of an olefin or an o,f-
unsaturated aldehyde in good reaction performance. The catalyst of the
present invention is especially effective for liquid-phase oxidation of
propylene and isobutylene among olefins and liquid-phase oxidation of

acrolein and methacrolein among o,p-unsaturated aldehydes.
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metal is supported on a carrier. Hereinafter, a
carrier and a nmetal, which can be used as the

catal yst of the present invention, wll be explained.
(1-1) Carrier 5 The kind of the carrier of the present
invention is not particularly |imted and typical

carriers such as activated carbon, carbon bl ack,

| *
1 oy The GRS hERSHEEnyeRidH B 2 SudgdHuFodiBlist in which 2
hétafis dupporRUYRE 'c&rrié?eql-leréﬁdﬂéﬁta?éaﬁ@'r %ﬁ a fetal, which can

general ly produced through the processes of

G set asteotatalyspotinet préBentiavemtior, Wil bd@xpRERedg.

drying and pul verization, and these producing

proceg$dd Cardenot particularly linmted in the present

i nvention. A carbonaceous material which is the raw

mat er iTdle kind af thescarder obtheopresenhinveption iscndtaparticularly

limted either, and various raw materials such as

dtited andstypical cawiers suchyas activiatedyoarben,i carbes black: ailica,

be used. The process of activation is not particularly

Biyminag maanesia, caldin, gircapiacand tiigpia cambpdised Admeag them,
ch] ori de -

Bk T e o ek
ﬁ?p@? G tRousnelPraressas ifrcgﬁ?n'%ﬁ”%gawﬁlgndaatrvaéian,
pr Yashind diyibg &ﬁ?j’&"ﬂi%ﬂh e fié%r%’?’@péﬁpg’e'?‘&é%eé e ot

or| nrg;hsrgﬁr#é Hr@g @%ﬁé@s‘ﬁg@@h fec s on ct%r?lag Hﬁ%lai wp ich
i@!hfe(}’am'ﬁ‘é?enaTB? h&ﬁ\?&t&d cAfbai iLAaMPimRtea %8?" and

by using zinc chloride o roc loric aC|d I'S

vafbes W mmatesale duehfds ddc.%htjt ¥hélP doalllighin &MWE synthetic resin
cont ai ned chl ori ne. The shape of 'the 'acCtivated car bon

can het ugeal. t Tioe! prodess df iactivatibreistrive patticliladelimited either] and
carbon having vari ous shapes such as 25 powder,

watten vapapetarbon alinkide, kmygeanpbesphorid. acTcth,qJImﬁmpee andizinc
surface area of the activated carbon is preferably

gblorige/cgandre used for@metivatian.alThe aetivatedatarhon after the activation

process is washed with mineral acid, hydrochloric acid and water, if

necessary, and dried to be put to use. Among impurities contained in the
product activated carbon, it is preferable to keep the amount of chlorine as
small as possible because chlorine sometimes causes bad effects on the
catalyst performance. Therefore, an activated carbon produced by using
zinc chloride or hydrechloric acid is preferably washed sufficiently to remove
the contained chlorine. The shape of the activated carbon is not particularly
limited either and the activated carbon having various shapes such as
powder, sphere, pellet and fiber can be used. The BET specific surface area

of the activated carbon is preferably 300 m2/g or more, particularly preferably
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600 n2/g or nore, and preferably 4,000 n2/g or |ess,
particularly preferably 2,500 n2/g or less. One
enbodi ment of the catal yst of the present invention is
to select and use a carrier with a total pore vol une
of 0.40 to 1.50 cc/g as neasured 5 by nitrogen gas
adsorption nethod. By using such a carrier, an a,f

190U d/ Qg‘% Fegia,? teﬁaagf‘fj g@ﬁﬂf&epﬁfe%?“éﬁﬁtcbﬁrrﬁﬁgferably

@ ﬂm d al dehyde in high selectivity and high
prggﬁctl Ptskgkbrelnafter the constitution of the

above @aA¢é bhffodiment @ﬁher%ﬁlgﬁ cff(tﬁe é’é&fﬁ'u‘i\ﬁéﬂtﬁﬁ is to select
e

carrier will be explain tlcu ar, to obtarn

aridugeh cabistugith & fotal ﬁ@re&ﬁil@ﬁ‘ab'dﬂd 20 to 4 50scc/g as measured
preferable to select a carrier with a total pore

\by! nitregen gas 4dsbptidndfethody . By lsiagisuchla garier,var ajps | s

nore preferably 0.47 cc/g or nore, further preferably

wunsaturatey carbbwgﬂm: acichdan betmeducedatmoagl&Ilqbidyplﬁaswomdatlon

cc/g or |ess. using a carrier which fulfills such

@@rﬁi qlefimatr an oagtmg&ratadoaldelnydmmrhlgh se&czhmty ahd high d

or nethacrylic acid can be obtained in

Juoduestivity Herpingfter,the sonsiiutien Df)ﬂ‘lﬁﬁb%gﬂ ?ﬁmn and thehe

sel ct|V|t of th tar roduct is Inproved because
ﬂ@p fﬁ@’ew iber@¥plaingdas or enent i oned

2328?4&&%{@ of%ﬁ*eﬁaﬁﬁéia Beietin BB oty tis

B fBPEp S st BRariey Wil a el Bfee, PR30 4830 s fora.
preferaﬁ&é%%]ﬁ ess Fe‘?ex{a?@@ﬁ?ﬂc]%%f@o\}'%ﬂd}rﬂeﬁ%rhgre
préfePABIP0Y70 &8 Oér% aﬁﬁa m&H?erabl % ?ezrgb @B?@d%apleéb By

or |l ess”and pa tlcu pre Yo OF

uglrig'e barrtéwvrﬁawﬂﬂwmrbqgnem‘enw% RPGé prebusesuth as

the mesopore is preferably 5 % or nore to the total

peryic\agid oemetacyitbadid ebartadbitaihet inrgooel seleciivity with little
furthernore preferably 9 %or nore. In this case, in

fenmatian ofrhy-progiuctsh eThe selectivityeofithe targed peodudt is hnproved
the carder with

because selecting a smaller range within the aforementioned range of the
total pore volume is supposed to suppress the formation of by-products such
as oligomers. Further, in this case, a proportion of the pore volume of the
mesopore having a pore size of from 2 nm through 50 nm to the total pore
volume is preferably 40 % or less to the total pore volume, more preferably
35 % or less, furthermore-preferably 30 % or less and particularly preferably
20 % or less. Further, the above proportion of the pore volume of the
mesopore is preferably 5 % or mare to the total pore volume, more
preferably 7 % or more and furthermore preferably @ % or more. In this

case, in particular, when the total pore volume are the same, the carrier with
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7 lower proportion of the nmesopore is supposed to have
the tendency to form |esser anount of by-products
such as oligonmers, and hence, inproves the
selectivity. Further, the BET specific surface area of
the carrier is preferably 600 n2/g or nore, nore
preferably 800 nR/g or nore, and preferably 2,000 5

L e
TR e Ao S BGG b, et e
Aol FuHAbL e TRl SseRbedo e et vy

embBlgedranakd Ynére"&ref‘éi'éﬁlggﬂsqd @3@ oriflofd! féﬁﬁ&fé@m 2,000

preferably 1.30 cc/'g or using a carrier

/g ior I 6ss; wedre prefuthbIgESOG m?fg bAfed8! product such as
acrylic acid or nethaCrylic acid can be obtained in

good [in qawibdilan, toy obiaii ahhijet peddudt iy high producisy ks -
The productivity of the target product is inproved

iprefenabledesetct the eafrier gdith a tatalgsoreivichime i0fi@.70 to 1.50 co/g.
af orementi oned range of the total pore volune Is

dineptetal pors volume is=miore prefarabiy0800¢d/g os morepfurthermore
reactants and products easy. Further, a proportion of
{prefesably 0,90 oaig arrmere: argdbpte prafierablyy1.40/06/g: 08 less, of
from?2 nn1tE;ou h 50 nmto the total pore volune. is
SidremprePreterably 30,08/ o lene Bydising B saiaroviue fulfils such

03,158 D o2 B SRR PFSCEI B
B e ot analag R Ol el BE R b T
SFGASERAY by g A58t bR ARk SRR b,
Yande Wﬂh&ﬁheﬁéf@%éﬁtﬁh ralhﬁt@ of'iﬁ? waal ﬁoﬂgfsf w IBg% §ppOsed

have t he tendency to make ernal pore I ol
a5 Piaie infitAalsorediffiision OF PSadtiftsRiPpioduets eddy. Fiser; a

Further, the BET 25 specific surface area of the

peoportion lof ths pbry wdllimeléiGthagsaorehia®ing ® pore size of from 2
nm through 50 nm to the total pore volume is preferably 10 % or more to the
total pore volume, more preferably 20 % or more, furthermore preferably

30 % or more and particularly preferably 40 % or more. Further, the above
proportion is preferably 65 % or less, more preferably 60 % or less and
furthermore preferably 55 % or less. In this case, in particular, when the total
pore volumes are the same, the carrier with larger proportion of the
mesopore is supposed to have the tendency to make internal pore diffusion
easier, and hence, improves the production efficiency. Further, the BET

specific surface area of the carrier is preferably 100 m®/g or more, more



8 preferably 300 n2/g or nore, and preferably 5,000
nm2/ g or less, nore preferably 4,000 n2/g or less. The
total pore volune, the pore volunme of the nesopore
having a pore size of from2 nmthrough 50 nmand the
BET specific surface area of 5 the carrier are
nmeasured by, for exanple, Surface Area and Porosinetry

A 0T 900 o AT BBT a0 5 e
et 00T HRRBLRAE" L0% S S 1%L e ae o
o2t 21 Vit Rl MG Fio B of 1 RappBRPheng

_FP’dPé %'iz%%ﬁr&ﬁ%ﬁﬁi thﬂ?dgm’%b fim 8R4 thé Bkﬂ rﬁed?ﬁ@&@?@&% ﬁ;)ea of

he net al ~can be used one or I1n co atron
5 Qhe aFferkdreGheadutel by forldd@nplb 2SufBde ARSA ﬁit'tﬂ gfﬁ%ﬂ@éiﬁﬁe’try

metal which does not function as a catalys
IArral%zér' TAStar@00datriade nahhe), aviiudadturdd by MisRintéritice

whi ¢ dges not #ﬁﬁ%tion ;@@g cat al yst ofﬁliquid-phase
dnstazmenhCorpqratiérer ably 50 atomic% or | ess fromthe

vi ewpoi nt of catalyst activity. One enbodi nent of the
cat al y(3t2)dflethe present- invention is a catalyst in

whi ch palladiumw th an average particle diameter in

the r élprr@en@taliob@ uppertedonstherartedisdot pacticulardy limided as
el ectin alladiumas a netal, K and 20 controlling its

10 834 THactiong as aicatalyshofliguidsphase oxidation,ipweser nebje
FufBlishrltBlBeaslb o % S o P BRI e
HoBeulart Breeell 7Bk BllEFoart BE 4R8R HO0E Bt b Ripination of
K95 ARG EUARGY she ey IR, iy 0B HhRER Bt coes

#oe ftﬂ&ﬁ’loﬁgeieé 4 ehaphit I G- pHadedtidstion! TRe SHhRI of i metal

above range,
15 which does not function as a catalyst of liquid-phase oxidation is preferably

50 atomic% or less from the viewpoint of catalyst activity.
One embodiment of the catalyst of the present invention is a catalyst

in which palladium with an average particle diameter in the range of 1 to 8
nm is supported on a carrier. By selecting palladium as a metal and

20 controlling its average particle diameter to fall in the range of 1 to 8 nm, a
catalyst which can produce an a,p-unsaturated carboxylic acid from an o,p-
unsaturated aldehyde in high yield can be obtained. The above-mentioned
average particle diameter is preferably 1.2 nm or more, more preferably 1.4
nm or more and preferably 7 nm or less, more preferably 6 nm or less.

25 When the average particle diameter of palladium is outside the above range,

the activity of the catalyst containing the above palladium is liable to be
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the activity of the catal yst containing the above
palladiumis liable to be 9 | owered, and hence, the
yield of an a, 13-unsaturated carboxylic acid is liable
to be lowered. At this time, the catal yst may contain
a nmetal other than palladium however, the content of
the netal other than palladiumis preferably 50

ToBRH pRanerd, Ingvie 35%'9& ﬁb”%uﬁ%@é&%%&fvbgﬁcydisdmme

15 e (B WESed BY Fig T 1 pH@YS s Gatitaf A miatal e

?H"Q Hided, A PELQJ%V ofieftbrthemen W@?%B@ﬁ#{'ﬂﬂ?
PAEToraflp €Y stofribist 85s B 1 PR R bBl Boudll |

ggchhglgfél g%#ﬁ%é lpééﬂ‘élé W ERA DY bﬁL@:ﬁDH t‘hbﬁ |9h§€”§b§(/e ?rfleans a

I on; neasure the part |ced|ama

s fezisteed with padiadiuni in e catalvsﬂ Wtrbﬁ’@rﬁls%ﬁ)ﬁ ét@ctron
shape of the palladiumregion is alnost circular; and

aaicrgscope, whichds epacrstelyrcaloviatedas foltows. of vi ew and
average the nmeasured values to obtain an average
par t i Arintdivhantimagexd transmissior efdotranvmidroscdpe with the same
transm ssion electron nmicroscope is carried out with
nagnjficatiareas that of the observationcand-eandosy sampie 50 points of
pal I gﬁq&lm particle dianmeter, i s possible. The averaé

ug taaions indhe figld atiview and measues pagisle diameder of

depﬁ”d' 3 edou ToeRRE thoraricls slamates Pycasuang s shape

18 b8 ARt ealsp s endfe pEMe Bafadiinied ﬁﬁi%a?'apﬁw%#ar

e UG A i sl
URSEAIBA Ve i B e OB U

t 0 CO'Hér@! t%%ﬁbﬁ&hﬁéﬁi@t&i 81eRtrBh microscope Is carried

out with a magnification under which the measurement of a palladium

particle diameter is possible.

The average particle diameter of palladium in the catalyst varies
depending on various conditions such as a kind of carrier and BET specific
surface area of a carrier to be used, a kind of solvent and mixing ratio in the
case of mixed solvent to be used in the preparation of the catalyst, a kind
and 6oncentration of a palladium compound which is a raw material of the
catalyst, and temperature and time of reducing the palladium compound. In
the present invention, it is necessary to control the average particle diameter
of palladium in the catalyst to be obtained to fall in the above-mentioned

range by properly selecting and setting these conditions.
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25 of palladiumin the catalyst to be obtained to fal
in the above-nentioned range by properly selecting
and setting these conditions. 10 (2) A method for
produci ng a catal yst for producing an a,f3-

unsat urated carboxylic acid In the next place, a
nmet.hod for producing the above-nenti oned catalyst for

T Al
part| cu%%mPﬁﬂ]@éé‘at of the present |nvent| on i s not

however, it is preferable to

sel eCtIthéTﬁbF&PﬁlabB é\’ﬁhéth%&foﬂﬁ’oﬂhclﬁ@r{lf‘i@é%vé?né%&%d

by a reducing agent In the presenceof a cafrrier

Gatslyst fol produting ah ¥, g-thsafpates ﬁrﬁé’:ﬁme Geid 6f the'preBbat

by a liquid-phase 10 reduction net In mhlch a net al

doverttiondwil euéxplained! h di spersed carrier is prepared
and a reducing agent is added to it to reduce the

net al Theomethodlfarprogucing tve patatyst otthecpiesantieibotion is not
which a carrier inpregnated with a netal conpound
$eiriiculany limitad; kowevet, tt ieprefatable toeselect a srbibod imwhichea
reduci ng at nosphere. Anong them the |iquid-phase is
magfat compoLHpd meedt@egrtwr@rem:@g ggertindhe wesemmfraaqamer.
f or rodu0|ng the catalyst by the liquid-p

eledh the eatalystican besdrepared, feexamplen by meltcmid-phase
STAION mefhatEindeicha iatel Ompginarsalurfar.vith siwarsed carrier
TS Bkt aodict te i s PEPR IS recitty PR Betdl "

?‘"ﬂﬁﬁ’r FYh G Helsb Telietin flsthdt frwhieh Q@?ﬁ%}a'
Egl‘éﬁr&ﬁe Wwithe él%o nﬂmsaﬂf@?m 8hd § ected to

ne or n co natl o) two or nore |nds

?é%tgég%‘iﬁn@feﬂucﬁ@ﬂ%tfs%eréi Arfort) thenh)'thé ﬁ&ﬁi&'—ﬁéeﬁe use
reduction method is preferable. Hereinafter, a method for producing the
catalyst by the liquid-phase reduction method will be explained.

As the metal compound to be used, it is preferably chlorides, oxides,
acetates, nitrates, sulfates, tetraammine complex or acetylacetonato
complex of the metal which becomes the catalyst, more preferably chlorides,
oxides, acetates, nitrates or sulfates of the metal, furthermore preferably
chlorides, acetates or nitrates of the metal. These compounds can be used
alone or in combination of two or more kinds-

Further, as these metal compounds, it is also preferable to use those
which do not substantially contain chlorine as an impurity. More concretely,
it is preferable that chiorine content in the metal compound is 1,000 ppm or

less. In other words, it is preferable to use metal compounds which do not
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whi ch do not substantially contain chlorine as an
inpurity. More concretely, 25 it is preferable that
chlorine content in the nmetal conpound is 1,000 ppm or
less. In other words, it is preferable to use netal
conmpounds whi ch do not 11 contain chlorine such as
acetates, nitrates or bisacetyl acetonato conpl exes.

mﬁﬁhﬁmé@cﬁ@ S%gﬁe'éj ritratbd or Bﬁtg@%tryle{c%rtoﬁe Bhiplexes.

i um acet a adiumnitra

hihaAYIaNbARM %ﬂ@él@@@lhl e e fpﬁe%g%b b&llét?iﬁfﬁ adétate,
compbund, it Is

the solvent to dissolve the neta

[patiRgiuny ntRite o MibacetyldcetbRstophiidfilimddr by softablf@ised.
nmetal conmpound and the reduci ng agent and

di sperAg thie sdlyemftotdissohay theahetal\sbripouad R Ppoperly selected
ket ones, organic acids, hydrocarbons or m xed sol vent

drh viempobsolability éf thesmetall eompduhd amdithe seduging agentand

be used. As the solvent, at |east one organic sol vent
slisparsibility of the cardey r Water, aleuhols, kgtarfesabrgsanic acids,
ketones and organic acids is 1o preferable, and at
lhydeacashens pf aixed selveatef twel eronere kindsselestast tiam these
consi sting of organic acids having carbon nunber of 2
@Eogps €8n 8%3@% a K solyent, ptlegatans arganic selveatselected

R B Bfouh iy P AE0R4E GlaReind bndaS il
i§Riatie, a4 ¥ Wast 81P 235 g S8R0 Sbiolles oot e roue
3004538t oty o128 R OB ARNOAT s 2,83 butanol
gﬁ@gﬁgﬂ@@b&ﬁhg%ﬁma%@ bPaRo i%ﬁ@?ﬁﬁieiﬁg;é?&ble

etones and organic acids is er abl e.
Among | i8&iRo preTerddie teQse AHhixel soieht ofWaterarldas brgitic

organi ¢ solvent selected fromorganic acids 1S nore

soifeat batsusea cabdystiviitnbettepetformizinck mtbe)?@paman When
acid selected 20 fromthe group consisting of acetic
the hixexd splvent of waiet and-drudnganic salveht is ased baimixed solvent of

acid, n-valeric acid and Iso-valeric acid is

waterand atleashong organic soiventselecieddoon the gamup consisting of
IS particularlycfrefe(abLe:_In this case, the anmount
alcohols, ketones and organic acids is preferable. Among them, a mixed
solvent of water and at least one organic solvent selected from organic acids
is more preferable. As the organic acids, at least one organic acid selected
from the group consisting of acetic acid, propionic acid, n-butyric acid, iso-
butyric acid, n-valeric acid and iso-valeric acid is preferable. Among them, n-
valeric acid or acetic acid is particularly preferable: In this case, the amount
of water is not particularly limited, however, it is preferably 5 % by weight or
more to the weight of the mixed solvent, more preferably 8 % by weight or
more. in addition, the amount of water mentioned above is preferably 60 %

by weight or less, more preferably 50 % by weight or less, furthermore
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of water is not particularly limted, however, it is
preferably 5 % by weight or nore to the weight of the
m xed solvent, nore preferably 8 % by wei ght or 25
nore. In addition, the amobunt of water nentioned above
is preferably 60 % by weight or less, nore preferably
50 % by weight or less, furthernore 12 preferably 40 %

yeﬁéﬂlgﬁe h@f@?pehlt gir?g?s YA the ‘&Eséﬁgi‘ﬁﬁxéd)’g&&gﬁ, é‘i‘%t is

efera olvent i's hohogeneous

rﬁi‘éfegg%lgahﬂ e is ﬁoﬁ*ﬁftgbhﬁbgé,'\gtgfévigma‘y bé ﬂﬁ%ﬁe’g%ec?us.

are to the above-nentl one In a

or der MafrieNahbiaAieidl conisouicCa &dded i hb dhavatBAtiored
solution with dispersed carrier. Concentration of the

sehaint ivaRizsihred iorder &f simuitayiebudly to prepite @vherdl coRipdund

nore preferably 0.2 % by weight or nore, particularly
isokitionawitly dispersédoparvier.oGonoeniration oBbeimetal compound is

concentration of the above netal conmpound is
prefiecably0y1 90 byveightsdrghorey motequreferablyd. P 06 byvedight di0
% by weight or less, furthernore preferably 7 % by 10
morgn padicularlyspreferaplyrQ.6 S byrweight of mor| Besidesby
wei ght or less. In the next place, a reducing agent is
gapeentrationeaf herahoviesmptal sempasingtis srefarably ag_s%a weight or
el e bl B £ g B bl 7% b
pier. Th duci t d.i t
g iiess G PRt B84 S Vo dhsse used
| : : o hafiae
oxi i JUTE et R fodling bdatls aREEA T i Fiche) donddiine
FYRHRA A gish SIST CRMEF 2 (R R B eihbBlng, 19 optein e
eafaps infich thEnnetdl e SupSértd £ 8 thé BamfgpTPOUNd

sel ected fromthe group consisting of formaldehyde,
pr opy Mheeredusplligart te bedised is et pagicardlydinfitéccansd any

preferabl e and formal dehyde, propylene or isobutylene
nrateralecaim bé esedlas.long as it has the ability to reduce a metal in its
oxidized state in the metal compound. For example, hydrazine,
formaldehyde, sodium borohydride, hydrogen, formic acid, formates,
alcohols and olefins can be used. Among them, at least one compound
selected from the group consisting of fermaldehyde, propylene, isobutylene,
1-butene and 2-butene is preferable and formaldehyde, propylene or
isobutylene is more preferable.

When a gas such as propylene is used as the reducing agent, it is
preferable to charge a metal compound solution with dispersed carrier in a
pressure device such as autoclave and to pressurize the inside with the

reducing agent to carry out reduction. The pressure is preferably 0.1 to 1.0
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When a gas such as propylene is used as the reducing
agent, it is preferable to charge a netal conpound
solution with dispersed carrier in a pressure device
such as autoclave and to pressurize the inside with
the 25 reducing agent to carry out reduction. The
pressure is preferably 0.1 to 1.0 13 MPa (gauge

_ e : . | .
M8 uge PReBLIG TinaRer Wdhirbls Bl exprousBaiitalle
gresshrej.eduction can be carried out by adding the
reduci ng agent in a netal conpound solution with 5

di sperwhednahe régucing ageht is ligaiPor $diid, sedustiondfant e carried
reducing agent is preferably 1 to 50 nols to 1 nol of

tdué byedding thepredudingTageritimaunetab tompeuny solutiont witi e
time of reduction and reducing tine are different
dlispereed gagiera indhis casef thecamounioof the reducing agentiisa
metal conpound to be used, solvent, a reduci ng agent
Preferakly |1 oSl th h sooled the meltscampoyndai d. I n the
case I i qui d- phase reducti on et had, reduc

t enperl@npperatuenidhe systepn atthe time o gmqtimrgigred ucing time
7S citsten! dependiie parapienad gt tethictppe Bariasapd o metal”
B 08 o H e G BEAR) QY A i o
SRS 540 G i A R0 oclBy o, recuc
AR AR 8 ST Blatbl - o e,

RavtherPora priferaBlyersiat r ?\iﬂfﬂ#rénd)bréf&%‘bly 166 ©C or lower, more
reduction, a catalyst in ich the metal” is supported

prefebably 90riC6r lowethumthahndrd gﬂ!fetdw 80 sCagrdbwer. Reducing
net hod of separation is not 20 particularly limted

dimb isfpreferablypd.¢ , hdur lor nadrepmare peefierably 0028 hour cramobs;
used. The catal yst thus separated is properly dried.
ﬂmmmmm@retﬁraglu Q.5 hoot or more, and is preferably 24 hours or less,
more preferably 4 hours or less, furthermore preferably 3 hours or less and
particularly preferably 2 hours or less.

After reduction, a catalyst in which the metal is supported on the
carrier is separated from the dispersion. The method of separation is not
particularly limited and, for example, filtration or centrifugation can be used.
The catalyst thus separated is properly dried. The drying method is not
particularly limited and various methods can be used. -

Concentration of the metal contained in the residual solution
separated from the catalyst after reduction is preferably 10 mg/l or less. This
amount can be adjusted by concentration of the metal compound before

reduction, a reducing condition or the like. The presence of the metal in the

14




10

15

20

25

particularly limted and various nethods can be used.

- Concentration of the netal contained in the residua
sol ution separated fromthe catal yst after reduction
is preferably 10 ng/l or less. This 25 anmount can be
adj usted by concentration of the nmetal conpound before
reduction, a reducing condition or the like. The

St CayP e 2RI R Mmidh by Bl ol Fethlcil Gt Suckas 'Y
PYHgzingandite amBuArB e Mot IftEodion b BediHimfBe
YUnYittveRith 8k é:&ﬁenﬁl%ﬁg}i@gﬁémﬁaﬂmlﬂ' ratio of the

catal yst i's preferably 0.1 5 or nore to

the carté sup Ptﬁ'fslfmetélﬁ‘aﬂ@bﬂihd GatBlyRPR/ preferabRf ®1 % by weight
preferably 5 % by weight or m)tj@ l?th rg.rﬂﬁ; y welg

or ehereaiol the Ladfidnbefeictiie metalvs suppshed aﬁéﬂeCpHeﬁérhmy 0.5%
preferably 4 % by wei ght or nore. Besides,

dyppeight dr mere,| furthatroreopreférabbat s bytwelghmraherahhd
40 % by melﬁht or less to the weight of the «carrier

mﬂﬁtdanlmpr y 4 S bypyrightor, more.cBpsidis; thisl sumtriadayetal
ght or 10 less, furthernmore preferably 20 % by
% At the catalyst ﬁrnretﬂabiv&ﬂ % Dy wejghsfos legs tp the weight of the
FRuTRT halohegnetal s Supmara ‘ég&%tér‘éfqﬁéﬁnz&ié’éélﬁh%&%w
o BTGP tre REFISP DI 20 oS I o s etk %yfgv
:b?%fe?#‘rﬁkﬁ%%ﬂéw@i?ﬁ 55+ e SRl 2B e e oblnga from
ﬁthtﬁ thé %ﬁf'rié?rhqeﬁ ihfifie ﬂ‘éﬂﬁ’%e ng@g@%@h&g M?él@ﬁ{dof the

|ng w th a sol'vent 0

fﬁt&l AVthe GRSl bél‘r'lgébhﬂ A wéig bf 6Pﬂ1ie°rﬂetaTgSnfé?ﬁé’d N‘?ﬁe

may be activated previous to-bel ng serve I QUI

pésidealasolatisn separatri fieinhe datdlysicdfterabd@dtiors not
particularly limted and 20 var i ous net hods can be

used. The dalalysiethbe producet triaydie used forithé hedctidn in the state
of dispersi‘on after washing with a solvent or in the state of isolated form by
centrifugation or filtration.

The catalyst may be activated previous to being served to liquid-
phase oxidation. The method for activation is not particularly limited and
various methods can be used. As the method for activation, a method of
heating under reducing atmosphere in a flow of hydrogen is preferable.

(8) A method for producing an o,p-unsaturated carboxylie acid

In the next place, a method for producing an o,B-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an a,g-
unsaturated aldehyde by using the catalyst for producing an «,p-unsaturated

carboxylic acid of the present invention thus obtained will be explained.
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heati ng under reduci ng atnosphere in a flow of
hydrogen Is preferable. (3) A nethod for producing an
a, p-unsaturated carboxylie add In the next place, a
nmet hod for producing an a, 3-unsaturated carboxylic
acid through |iquid-phase oxidation of an olefin or an
a,s 25 unsaturated al dehyde by using the catalyst for

BISSS%@“@%&?‘?@W PRA MR & nedRitPPand ofipliof ndlif,

Bilefd, %Bbhf}ﬁ‘ecﬁé‘&h@'zf’é 1ten&’ Examplés! fﬂﬁe%@ﬁ&ﬁ unsaturated
OX|dat|on i nc

propyl ene, 1so uty ene

Zlfeteiinclogeadrofeinf mbﬂﬁcf@é{nacm&ﬁ‘ﬁébw& @methylacrolem)

al dehyde include acrolein, nethacrolei

cna cinabheidelsy FSﬁqﬂiérwImﬁI@irgl Mhe Wol@flﬂ DR e PRk
n

(S—phenylacrolel The raw olefin or the raw a, 13

wnsatunatecbdldehydé yoisy centaitoa smiall amourst of imparitiés slich as a
impurities such as a saturated hydrocarbon and/or a

saturated bydrosarbarl ard/ipda saturatedlones aldétadean ol ef i n
is used as the raw material, the a, 3- unsaturated
car bodfithe cage dhatcarbelebn@sjua,e@ apthe n@mmafarial, m@.geﬁ
oxi dation has the same car bon skel eton as th

dinsgiyrat efbﬁ%ﬁbpmh%md e be praduerd e m&i—paasqexidaﬂon has
T8 same b skelhsS &b s ctiolfial glediy triiyietgralp casethat an
@sﬁy%éﬂiréfe%t fdepig Bedd adiitd t°n€a?eaﬁt§ Eo%%apl‘b?oup
ehERdes odeliol ardi AbBATbRIRENIBRE BRI &id1o BE

#g{, |'iquid-phase oxidation. As a source of
ecul ar oxygen to be used in the reaction, air is

econonTH@Béatafidt ofthieOpriddbht IRVERTSh R suabRfos %?odlfcu?g Ecrirl ic

and pure oxygen can be used. |f necessary, m xed gas
iatiddrorpraipylerie dridcroleiny, &?methadiylidiaeitl ftbinlisobiitylep@adr,

car bon d|0X|de wat er vapor or the |Iike can be used
troethacrolein through liquid-phase oxidation.

As a source of molecular oxygen to be used in the reaction, air is
economical, and also pure oxygen or mixed gas of air and pure oxygen can
be used. If necessary, mixed gas in which air or pure oxygen is diluted with
nitrogen, carbon dioxide, water vapor or the like can be used too.

A solvent to be used in the liquid-phase oxidation reaction is not
particularly limited and, for example, water; alcohols such as tertiary butanol
and cyclohexariol; ketones such as acetone, methyl ethyl ketone and methyl
isobutyl ketone; organic acids such as acetic acid, propionic acid, n-butyric
acid, iso-butyric acid, n-valeric acid, iso-valeric acid; organic acid esters such
as ethyl acetate and methyl propionate; hydrocarbons such as hexane,

cyclohexane and toluene; or a mixed solvent consisting of two or more kinds
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20 A solvent to be used in the Iiquid-phase oxidation
reaction is not particularly limted and, for

exanpl e, water; alcohols such as tertiary butanol and
cycl ohexanol ; ketones such as acetone, nethyl ethyl

ket one and nethyl isobutyl ketone; organic acids such
as acetic acid, proplonic acid, n-butyric acid,

TR LB oA TR i i

organi ¢ aci

Bl Yo Iventatiedtal frorh ¥ B .is?tl(le’@hbsf??c&lﬂé‘.%tones, organic

cycl ohexane and tol uene; a mx vent ‘consistin

Gicid¢\an® brgaHie aKidléléierslig préferabléCang at RlaRF bRE sbivemt selected

these groups can be used. Anpbng them at |east one

Srdmené gesurecomsistingof srganity adids haﬁiﬁg&tﬁrlﬁtﬂ'\ Alimber of 2 to 6,
al cohol s, ketones, organic acids and organic acid

dettiarg butanol ehdkebdres Raving catbemshurmber 6103 We6tis more
selected fromthe group consisting of organic acids
Huefergbleaand a salvantrcontaigingarsy, orte obtertiany\butanainaceticratid
ket ones having carbon nunber of 3 to 6 is nore

ANk Rnvalerie acighis partioulady preferakie niFwgthenya oixedsolvent of water
terti arg but anol , acetic acid and n-valeric acid is

ik atdapshone spluert spleeted fiam the groupeonsisting efaleohsls,
S5tes, St BN ot 0 sl TR bafali bt
IeToliriie ot e fiaaiinbe PidiBo s Mttt iebesy bl Bk this
SORISRECT s Baseinb Urfou e ifior s dbt g AT jpitel owever,
Wi GRS 2 Refr VLG 155 BRI s,
Phorepreferably PuebywWaight of Mndked undireftiraBly 70 %35y Weighher

wei ght of the m xed solvent, nore preferably 50 % by

\essolot therwdight efsthe rhixetd Sotlesmit mbteepieieiablyhs0 96 by avdightor
honbgeneous, while it can be used Iin a heterogeneous

$ess. dt isrdedirabdd thetdhé isqlviedt istormogenetus, whiledbean be used in
may be carried out either in a continuous system or
arheteregesieosgstat, a continuous systemis

Although the liquid-phase oxidation reaction may be carried out either
in a continuous system or in a batch system, a continuous syStem is
preferable for industry in view of productivity.

The amount to be used of the raw olefin or the raw o,f-unsaturated
aldehyde is generally 0.1 part by weight or more to 100 parts by weight of the
solvent, and preferably 0.5 part by weight or more; and generally 20 paris by
weight or less, and preferably 10 parts by weight or less.

The amount to be used of the molecular oxygen is preferably 0.1 mol
or more to 1 mol of the raw olefin or the raw «,B-unsaturated aldehyde ,

more preferably 0.3 mol or more and particularly preferabfy 0.5 mol or more.
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preferable for industry In view of productivity. 20
The amount to be used of the raw olefin or the raw

a, P-unsaturated aldehyde is generally 0.1 part by

wei ght or nore to 100 parts by weight of the solvent,
and preferably 0.5 part by weight or nore; and
generally 20 parts by melght or less, and preferably

ﬂepé’dcfv% éi?‘uoiﬂﬁf e Gé J@BW Igfbgs bPIe@% @ﬁ;‘?é* pPéferably

ar oxygen S pre era

P8 rhoRWr |84s, iRhémiore! ;ﬁb\‘é}aﬁg 20‘&0‘@&4‘ RsB; b‘éﬁiéﬁ!ﬂﬂ?t ed

al dehyde , nore preferably or nore and

preferably 45/ oBorliesahd ntbst pmleramy TOrMolslor Id§s above
anmount to be used is preferably 30 nols or |ess, nore

pr ef eThiel gatalPst isgjenerdally wsesi infaidispersen staty mfaermtipn:liauid
noss or less, particularly preferably 15 nols or |ess
imwhiohsltquid-phasebkidationiw carried ¢utswhild itenaybelused ina fixed
generall used in a dispersed state in a reaction
eduiThe gnpkintef thie catalysiiofreassedis preferebly @ 1qart byeweight
out, while it may be used in a fixed bed. The anpunt

oF mare a@éhmcﬁéaly%t@%mgs@dhegemt@f i 409 paps pvwelghbgf
56e5,e3ingd %%?%écqﬁs,crﬁ‘ér%' Blebly b Pty W F@spﬁwe
TR e B B LBy PO ey
e gt 3Py 0 e
PO 6B oy 5B PR
react TRB reééﬁtﬁvfe?nﬁér%n%c&?ﬁﬂh)é l%%tlori’EF%%@ ﬂr@ﬁr&&éﬁl set

solvent and the raw materials to be u erea

tiepondifg WretheSsaWetit @ndthe ra@ rhatdrial®tocbe BBEQ. The reaction
preferably 50 C or nore, 15 furthernore preferably 60

femperature ia prefeealily 30| °Q by moref moedb preféfably 50 *Crarrmore,
The reaction tenperature is preferably 200 C or |ess,
furthermore peefabably 660Conmore and perticulaty prefarghlye38 GCeor
is preferably atnospheric
more. The reaction temperature is preferably 200 °C or less, more
preferably 150 °C or less. The reaction pressure is preferably atmospheric
pressure (0 MPa) or more, more preferably 0.5 MPa or more and
furthermore preferably 2 MPa or more, and preferably 10 MPa or less, more
preferably 7 MPa or less and furthermore preferably SMPa or less.

When the reaction is carried out under pressure, it is preferable to use
an autoclave having a stirring function.

EXAMPLES
Hereinafter, the present invention is further explained concretely with

reference to examples and comparative examples, however, the present
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pressure (0 MPa) or nore, nore preferably 0.5 MPa or
nmore and furthernore preferably 2 MPa or nore, and
preferably 10 MPa or |less, nore 20 preferably 7 MPa or
| ess and furthernore preferably 5MPa or | ess. Wen the
reaction is carried out under pressure, it is
preferable to use an autoclave having a stirring

Pttt ot st e s b it BTG elifbtes &
%’?ﬁﬁi‘%@‘ B R ReBiEPRIILmBE ™ hote' oxampl es.

I n the{Aﬁﬁys%‘%Wr b A %gl?yy 3 j at i ve exanpl es,

"part ns part y nmass. of a raw materi al

and a AHIHIS bf aABd MatetiaPand & prodiBt ﬁhg ehridifod by using gas

product was carried out by using gas

chrermatogpapinfy Thd Renverici 61 &M oRffinast aH &/f-OnSdtufited
a, p-unsaturated al dehyde; the selectivity to an

aldehyuhaathe seledtivitydtelarde, }i—mﬁ&tuﬁt@d afdahydeio be produced the
0

selectivity to a polyner/oligonmer to be produced; the
selestivity 1a g potyraer/eliggmentedie prideded pthlecselédtivity o @ntmp-
be_produced, and the yield and productivity of an
alnsawa@maabewl@m{qbe Preduced, anddgheryield ead productivity of

defined as follows: 10 The conversion (% of an olefin

80 &f-unsatyrated crrhoxyliaciditg de proguced aﬂg definedas fellows:

| d al dehyd
By . 108 comviEsion sl gl o o eabiralesialeaydar= (8 /

I (lic acid = (D/ B) x 100; 15 The selectivity
?ﬁ 'a polyner/oligomer = (E/ B) x 100; The yield

(% Oraidteivit) 1%) tb 3h°sl paitidaRinate S affehfas (€ / 8) x*100;

100;
The selectivity (%) to an a,p-unsaturated carboxylic acid = (D / B) x

100;

The selectivity (%) to a polymer/oligomer = (E / B) x 100;

The yield (%) of an a,8-unsaturated carboxylic acid = (D / A} x 100;
and

The productivity (g/(g-h)) of an a,p-unsaturated carboxylic acid = F /
(G x H)

In the above formulae, A represents mol number of an olefin or an
o,p-unsaturated aldehyde supplied; B represents mol number of an olefin or
an a,f-unsaturated aldehyde reacted; C represents mol number of an o, -
unsaturated aldehyde produced; D represents mol number of an a,p-
unsaturated carboxylic acid produced; E represents reduced mol number of
a polymer and oligomer produced based on an olefin or an o,8-unsaturated

aldehyde, which is calculated by dividing total weight (unit: g) of a polymer
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The productivity (g/(g-h)) of an a, p-unsaturated
carboxylic acid = F/ (Gx H 20 In the above
formul ae, A represents nol nunber of an olefin or an
a, p-unsat urated al dehyde supplied; B represents noi
nunber of an olefin or an a, p-unsaturated al dehyde
reacted; C represents nol nunber of an a, p-

S RHGSHhEr bRclea 2RO GG Malgh ctansiphnon G BE -
PR a8 Yy BBl RGeS R LHIE) oo -
Jrisaiasq eqbBlyCacld ofiaced of PedrbaSls waigh T ahot a
Thi CBRR i Carityel BBl et S ko rMlBrTime (hie
WRILGNt Fhrmért in e @lsedy I%pﬂéﬁﬁ#ﬁ?ﬁﬁﬁ {?gg%tfzmé& ggsf B-

aci d produced; G represe

nisaturated aldekyds, 'C/8 i6d, al yst used; and H represents
reaction tinme (unit: 5 hour). Further, in the case of

l'i qui dMelasamentdasfiphysicabgiopertied offd casrfer) Unsat ur at ed
al dehyde, C/ B is 0. (Measurenents of physical

pr opeMeasuremeatsaf poreryolitae srdporet sizoHishibitiorob i Barrier
and pore size distribution of a carrier were carried

Yiarewarmied pubwitl fxedvolume oethed besed oninitrogem ggs aidsorption
adsgrati on é% met hod by using Surface Area and
Fegtaed hyiysingrarface AreqandRorosivuetry Anatyeen JiriStar 3000 (trade

PR rarutoswradtinclicrBmentss instaimentisernosatian. . ke pore
SR dfied ARy i Metnod is 1A tpeTaad chiabewt bem ' 6@ nm,
g ¥Athe pofd TGRS 45 B 8 SEuPBuIS eBaddn The present
v erg S8 el o, i g bl ube
aaéerbetiqad¥&pasn isotherm) according to the direction of raising the
relative pressure (adsorption equilibrated pressure / saturated vapor
pressure).

In the above measurement, total pore volume per unit weight of a
carrier and BET specific surface area were measured by using t-plot method.
Further, pore volume of pores having a pore size of from 2 nm through 50nm
(mesopore) was calculated by using BJH method, and a propottion of the
mesopore to the total pore volume was calculated.

(Average particle diameter of pailadium in a palladium-containing
supported catalyst)

Average particle diameter of palladium in a palladium-containing

supported catalyst was measured with transmission electron microscope,

20



10

15

20

25

pressure). In the above nmeasurenment, total pore volune
per unit weight of a carrier and BET specific surface
area were neasured by using t-plot nmethod. 20
Further, pore volune of pores having a pore size of
from2 nmthrough 50nm (nesopore) was cal cul ated by
usi ng BJH net hod, and a proportion of the nesopore to

:éa}ﬁ #@?@%ﬁi’l :?%{ééﬁétgﬂ%\ﬁﬁgﬁgh gl"én toﬁfj an grﬁé’t&é %9 ?ransmission
%éﬁﬁg’? g@@gﬁ%@; rWitH $he %ﬁﬁfaégﬁtgﬁlﬂ[fﬁgggﬁ %8 thatst thé Bb8Ration,

part of  pa

Rtid RACGRIE SAiHIE 50 Doirty RIF B @gléést@%@g‘é&o?gqg %@E ik 6fliew

wth transm ssion electron m

eprioheashis patbruWiaiterst daeh! paadidph irsggiﬁﬁg@eeaggirﬁg%e

of transm ssion electron mcroscope w

pagiivlé idisaheter bysassfing its shape b6 Be\eiculit becali¥e the shape of
random y sanple 50 points of the palladiumregions in

tihe palladidrofegioreis alamodt ckasdar, andcedrichét tHoseeberatdins with 3
each pal | adium regi on; neasure the particle dianeter

igldssefiviewdind average the measuréd valles td ebtmirs antdveradepearticle
of the palladiumregion is alnost circular; and carry
giamet@Ese operations with 3 fields of view and

aver age. the neasured values to obtain an average

parti cE¥ampl@det er. <Exanple 1> 10 (Preparation of

cat al iét To,. 55 part gﬁf 88 % by weight n-valeric acid
aqueods’ rﬁtt“?'bﬂ,cﬁtag t of palladium acetate

i s o ca b8fla Bf 88 ey reIGhY novRldtel e Aalies selution, 4 par
STRRMAGHUSIA Whlflactydfbl ) EICAEMCAT RrBaIIER ves
gﬂ%‘/sg%gr %@{%Sg} %té&?%isfihﬁo&dﬂéfﬁ?o 8h Sitoctavi b which
5 parts of activated carbon made from synthesized raw material (total pore
volume: 0.64 cc/g; BET specific surface area: 1,313 m?g; proportion of the
pore volume of mesopore having a pore size of from 2 nm through 50 nm to
the total pore volume: 7.8 %) manufactured by KURARAY CHEMICAL Co.,
Ltd. was added. The resultant mixture was stirred. After propylene was
introduced to the system pressure of 0.5 MPa, the resultant system was
heated to 50 °C in 30 minutes and reduced for 30 minutes. After the
reduction, palladium supported catalyst thus obtained was filtered, washed
and replaced by 88 % by weight acetic acid aqueous solution, and fittered.
Finally, palladium-containing supported catalyst, the supported ratio of which
was 10 % by weight was obtained.

(Evaluation of reaction)
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pore vol une of nesopore having a pore size of from?2
nmthrough 50 nmto the total pore volune: 7.8 %
manuf act ured by KURARAY CHEM CAL Co., Ltd. was added.
The resultant m xture was stirred. After propyl ene was
introduced to the system pressure of 0.5 MPa, the
resul tant systemwas 20 heated to 50 C In 30 m nutes

pal | aa AR, ToR BAF:of 44, by HBlorh 26l a3 aqueous

I

s oS DAl Byl gion
Rl et

(Suppoviet czalgst, terSUpHeRed datibofvitfich Weaact @é%ys%@@[hit was

parts of 88 % by wei ght acetic acid aqueous
catded. rFurthetDd. parto bf retisadrleiwaBeiteled to it and th5e reactor

(pol ynerization inhibitor) was introduced, and

peas shuftighte Thieay theremparade wedd ibadmo@ @iwhikGstiring. Air
supported catal yst, the supported ratio of which was

MRS jroguced to e systeneressier oft6:2, MRa andaoxidation reaction of
nmet hacrol ein was added to it and the reactor was shut
tmehacrofeiawas sarriedrais far 20 sinutesr Fhscampanbof molddular
stirring. Air  was introduced to _the system pressure
&¥Ygen “%PQ iR Hae exidation mactionwasA. 76 mohis: hawl«f eethaceslein.

R b DS e S v room
el B 58 sl S o e AR o
AIBEY CABNAP ol e B B A Lt T

SRS pRE anal yzed wth gas chromatography. As
the resdlt, ‘the conversion of nethacrolein was 84.0 %

e Lalres o dtiaadioh 5 i % i
selectivity to methacrylic acid was 83.2 % and the productivity of methacrylic
acid was 23.1 g/(g-h).

<Example 2>

The preparation of the catalyst and the evaluation of the reaction were
carried out in the same manner as in Example 1 except that coconut shell
activated carbon (total pore volume: 0.49 cc/g; BET specific surface area:
988 melg; proportion of the pore volume of mesopore having a pore size of
from 2 nm through 50 nm to the total pore volume: 10 %) manufactured by
KURARAY CHEMICAL Co., Ltd. was used as a carrier.

As the result, the conversion of methacrolein was 89.7 %, the

selectivity to methacrylic acid was 84.7 % and the productivity of methacrylic
acid was 25.2 g/(g-h).
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acid was 23.1 g/ (gh). <Exanple 2> The preparation of
the catal yst and the evaluation of the reaction were
carried out in the same manner as in Exanple 1 except
t hat coconut shell 20 activated carbon (total pore

vol unme: 0.49 cc/g; BET specific surface area: 988
nR2/ g; proportion of the pore volune of nesopore having

a pore_gy fa.from2 nmthrough 50 nmto the total
por e v%?tén@p%%% manuf actured by KURARAY CHEM CAL

Co., L ' ' : .
conver-g?% ﬁ%’ﬁﬁ‘?ﬁgﬁﬁfgﬁﬁ%@ﬁ% ﬁeﬁélﬁ%@? gt{he tdition were
S A e e R S P

<ictizatgdecaiboit i talymre \valuree; @.hstda:fg;%%psééiﬁé%ﬁrhgs area:

eval uation of the reaction were carried out in the

F&8emfiign peopartion of theapplesvolumecsiithe sdptre HaMNgI& Y& Size of

activated carbon (total pore volune: 0.46 cc/g; BET

rasa i nro throughcs0 amets the 1368 pofd yolume 3 %) emartifatited by

Eﬁ*e vol ume of nesopore having a pore size of from?2
INGN G5, 300 Wasouseaskas etcarieror e vol ume: 33 %)

manuf gct w ed by _DAINEN CO, LTD. was used as a

carri &S thegesyl, thesanyversion of Bielhacrplein was84.4 86, theei n

to nethacrylic acid was

4. 4. % h | i vi
SBectiymta metiiRcry ediinas 5041 % and ey brtctivi elamathacrylic

<Exanpl e 4> The preparation of the
g@a@%#g‘fwé’wm eval uation of the reaction were

carri eg@Hipth 3t he same manner as in Exanple 1 except
t hat actlvz?t!%g%ar bon nmade from synt hesi zed raw

mat er rak drbphritioRYrthy Ratiifst dhd the GW/afliatidhi 'of the reaction were
carried out in the same manner as in Example 1 except that activated carbon
made from synthesized raw material (total pore volume: 0.75 cc/g; BET
specific surface area: 1,613 m2/g; proportion of the pore volume of mesopore
having a pore size of from 2 nm through 50 nm to the total pore volume:
4.0 %) manufactured by KURARAY CHEMICAL Co., Ltd. was used as a
carrier.

As the result, the conversion of methacrolein was 78.3 %, the

selectivity to methacrylic acid was 80.1 % and the productivity of methacrylic
acid was 20.8 g/(g-h).

<Example 5>

The preparation of the catalyst and the evaluation of the reaction were
carrled out in the same manner as in Example 1 except fhat coal-derived
activated carbon (total pore volume: 0.92 cc/g; BET specific surface area:

2. $
1,345 m®/g; proportion of the pore volume of mesopore having a pore size of
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15 specific surface area: 1,613 nR/g; proportion of
the pore volunme of nesopore having a pore size of
from2 nmthrough 50 nmto the total pore volune: 4.0
% manufactured by KURARAY CHEM CAL Co., Ltd. was used
as a carrier. As the result, the conversion of

nmet hacrolein was 78.3 % the 20 selectivity to

A 5o 15 BB A
PDAINERICON 19D.W4s G8b@ LY caﬂ'ﬁghéﬂg 5%&@3%? r\m%% 1 L'ﬂﬁnutes.

reaction were carried out I

Exanpl As ihe 1ttt tHJ‘@én\Fe‘?ﬁanﬁH%Egc%'l—’eiﬁﬁéé’%ﬁ%cﬂﬁ’on

(total pore volune: 0.92 cc/g; specitic surface

asedectivity 18 ArethBéglic BERPRAS 7918 o ahd ﬁ'ué’ﬁfdi‘idéﬂ{/i f Rethacrylic
23 fro rough

nmesopore having a pore size of 2 nmt

Hrichwasod2. he/tgh)al pore vol une: 52 9% manufactured by
DAI NEN CO., LTD. was used as a carrier and reaction
time velsxampkeiGmutes. As the result, the conversion of
met hacrolein was 90.3 % the selectivity to
net hackig pepacatiprvetthercatalystant tHeceyaluation of theyreaktion were
net ha rﬁljc 5 acid was 42“15%é69h)' <Exanpl e 6> The
&aé’;!)%& QU Brthgrsame magingr pstin xample 1eaxcephthatractivatedecarbon
Eﬁ% %on mers carried out, L? t he same manner as in
o118 SEitBenizod rat materiahitatal Bare wolumesd 27 Fol BET
j r i as, (total,. pore volune: 1.27
SPPLI RS FHaT2 BBY Bliot bRbOHIRRS  hehero iy of mesopore
[ .t S.0Nner avi ng a
HaOff & bBFe Sizp o fralft 2 i il 0, riBe fotal Botd Foidmmes
P8l %R CH .
R oY e fadllrd by KURARRY CHERHEAL Cos i, et yiBa 25 =
carrigreghd reaction time was 11 minutes.

As the result, the conversion of methacrolein was 89.5 %, the
selectivity to methacrylic acid was 78.3 % and the productivity of methacrylic
acid was 42.3 g/(g-h).

<Example 7>

The preparation of the catalyst and the evaluation of the reaction were
carried out in the same manner as in Example 1 except that charcoal-derived
activated carbon (total pore volume: 1.30 cc/g; BET specific surface area:
1,692 m?/g; proportion of the pore volume of mesopore having a pore size of
from 2 nm through 50 nm to the total pore volume: 58 %) manufactured by
Norit Corporate was used as a carrier and reaction time was 15 minutes.

As the result, the conversion of methacrolein was 86.9 %, the

selectivity to methacrylic acid was 76.2 % and the productivity of methacrylic
acld was 29.3 g/(g-h).
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As the result, the conversion of nethacrolein was 89.5
% the 15 selectivity to nmethacrylic acid was 78.3 %
and the productivity of nmethacrylic acid was 42.3

g/ (gh). <Exanple 7> The preparation of the catal yst
and the evaluation of the reaction were carried out
in the sane nmanner as in Exanple 1 except that

charcogbgq.%rcc/ Eg%ga%tijvat ed carbon (total pore

vol une: ecific surface area: 1,692
T PHEBEGRA oA b WOF G 40U N s BTGP BRI LD were
Pedrfied Aut ifpthedarfe rZndr iH@E&n&ﬁeﬂWée&ﬁ?&i@fH&?—H‘énved

was used as a carrier and reactl

racrtlwhm carbohh(foth tvoldrfie; ¢.67 :
was 86.9 % tﬂe 25 selectivity ;t%y thacPeFﬁc aC| %ir@a

731 Z4?mzcigpbmertmmdﬂmtelpdré yoRimeéret hl%%bhbrechaﬁﬁg% Mﬁ% size of
29.3 g/ (gh). 24 <Conparative Exanple 1>

grapL am through 50 anvta tieytetal pode vbienw: &ﬁsu%t) inanufbctunéd by

reaction were carried out in the sanme manner as in
BERIANBAL CEUE ANRICHEMICALSIG@J LTéx Wasused aambearrier.
(total ore vol une: 1.61 cc/ BET specific surface

ar ea: erresulipthe, cosvepsien methacrhieipwas 350 Fhpthef

? (gore haV| Eg Bé)ore size of from2 nmthrough 50
ARG H Ao Mathecrylic acidovaga4.33% apd tmrﬂmducwl%ofwethacryhc

Fq W AND CHEM CALS CO., LTD. was used as a

) result, the conversi on of methacrolein
vvas 3% Aot V|tyto met hacrylic acid was
24. 3 OZ 'éf’?ﬁdggﬁr%ﬁ%\ﬁ ty of nethacrylic 10 acid
was 2.ghe ,@9@,% |
prepar at i & on e cat CI%;%IYQ W &g@%ﬁ“@\? ‘Heaﬁa?*f%‘ were
icapidd o0t nehe same manner as in Example 1 except that wood-derived
activated carbon {total pore volume: 1.61 cc/g; BET specific surface area:
1,680 m?/g; proportion of the pore volume of mesopore having a pore size of
from 2 nm through 50 nm to the total pore volume: 68 %) manufactured by
Norit Corporate was used as a carrier.
As the result, the conversion of methacrolein was 83.1 %, the

selectivity to methacrylic acid was 54.5 % and the productivity of methacrylic
acid was 15.0 g/(g-h).

<Comparative Exampie 3>

The preparation of the catalyst and the evaluation of the reaction were
carried out in the same manner as in Example 1 except that activated carbon
made from synthesized raw material (total pore volume: 0.37 cc/g; BET
specific surface area: 690 m%/g; proportion of the pore volume of mesopore

having a pore size of from 2 nm through 50 nm to the total pore volume:
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carried out in the sane manner as in Exanple 1 except
t hat wood-derived activated carbon (total pore

vol une: 1.61 cc/g; BET specific surface area: 15 1,680
n2/ g; proportion of the pore volune of mesopore having
a pore size of from2 nmthrough 50 nmto the total
pore volune: 68 % manufactured by Norit Corporate

V&7 WP R | chh |

0BT KF el By RURARAYCHERACAL Oby B1f S ised s a
nedrfiécrylic acid was 54.5 % and the productivity of

nmet hacrylic 20 acid was 15.0 g/ (gh). <Conparative

ExanplAs five rféseitpthencoriiersion of nidthasidleéih Wis 5019 % Nhe
eval uation of the reaction were carried out in the

seiactivity te metbacnyliEaciiphas 652<%emd tHeprodtictivit 6methacrylic
carbon made from synthesized raw material (total pore
wsidwas 10.8a/(gdl)g; BET 25 specific surface area: 690
nm2/g; proportion of the pore volunme of nmesopore

havi nd* Bupenerysifiee physicahprepariasfdbg icasieramsed anddthe

t ot e volune; 25 2.7 %9 manufactured by KURARAY
eSilisSthe seacianin Bxamplasd to? andiGemparativadxarapies 1 to 3

256 ShbivpiiDyTaHIS YR ExapirleS Tup 4 Whereus carriar in 2 fatal pore
SRS 51 ! Y, o e sy
e 8 250 Lo 81l AR e,
I EXBPIAY P AG3 Whir® of ok S & Sfiat 1oflinbré vl e was
Usedct waatfolie thetlthe Seldctivity fo ARUTBDRCE ;vg%sgﬁmcaraﬁy

the productivity of nethacrylic acid were

good hMoreover, Bx Expingriesls te 7AvNRr £ carrieR Withes IaMyéftofal pore

smal | er total pore vol une was
volume was used, it was found that the productivity of methacrylic acid was

particularly good.
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used, it was found that the selectivity to nmethacrylic
acid was particularly good. Mreover, in Exanples 5
to 7 where a carrier with a larger total pore volune
was used, it was found that the productivity of
met hacrylic acid was 15 particularly good. 26 Table 1
Physi cal properties of canjej Total Proportion of

1~ to Selectivity to Productivity of pore otai
pore Size of tine nethacrolein nethacry |c add

ret hdemy;ibamrom&ofcérﬂ‘diol 2 o 50 rxn (mn) (9 (%

of (M) N A i of

§. 49 (10 2@ 89. i

22. 4 | pergvolng: 'o(n;@ i : 11

90. 3 [77{9au2. 26 1 8‘) 5 (7’3 3 42. T

1361583584 203 corp- Ey Ex 1 81 35 2()

REXA (24084 ¢ . 849 6] 6$3® 83 1 BUI5

| 6x23 | COMP. | 2@0J |5088.765] 2 1470 [Ex. .2

Ex3| 046 20 84.4 80.1 224

Ex4| 075 20 78.3 80.1 20.8

Exs5| 092 11 90.3 77.3 42.1

Exs| 127 11 89.5 78.3 423

Ex7| 130 15 86.9 76.2 203

Comp.

Ex’f‘," 1.61 a5 20 36.0 24.3 28

Comp.

Ecy| 161 68 20 | 831 54.5 150

Comp.

) g 0.37 27 20 50.5 65.2 10.9
<Example 8>

(Preparation of catalyst)

To 20 parts of acetic acid, 1.05 parts of palladium acetate
(manufactured by N.E.CHEMCAT Corporation) was dissolved. The resultant
solution was added to 10 parts of silica carrier (total pore volume: 0.68 cc/g;
BET specific surface area: 450 m?/g; proportion of the pore voiume of
mesopore having a pore size of from »2 nm through 50 nm to the total pore
volume: 100 %) and shaken. The resultant mixture was evaporated. Then it
was caicined at 450 °C in the air for 3 hours. To the catalyst precursor thus
obtained, 13 parts of 37 % by weight formaldehyde aqueous solution was
added. The resultant mixture was heated to 70 °C, and kept for 2 hours

while stirring, filtered under reduced pressure, and the filter cake was
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<Exanpl e 8> (Preparation of catalyst) 5 To 20 parts
of acetic acid, 1.05 parts of palladiumacetate

(manuf actured by N. E. CHEMCAT Cor poration) was

di ssol ved. The resultant solution was added to 10
parts of silica carrier (total pore volune: 0.68 cc/g;
BET specific surface area: 450 nR/g; proportion of the

ma@ewhmlt@fedwwaﬁ{%d@fé ?982 %&é@&%@ﬁﬁﬁg gcf%@k%olution.

nm t hrough 50 nm’to e tota

amdamwadiuﬁh@on&wg%gn%pahéa CafBSyRY haﬂ%ﬁ?gt@@?%hich

it was calcined at In the alr

twas 686 dyywseight, as sistaiiddys obt ai ned, 13 parts of 37
% by wei ght formal dehyde aqueous sol ution was added.

The r dEvbluation of x¢actionpdas heated to 70 C, and kept for
2 hours while stirring, filtered under reduced

pr essuk@an gutpalane, the whole eatalysi 125 pextsh ebtained in the
filtered by water and 75 % by wei ght t-butanol aqueous
fboyermgntionadmethiod, A0 partsiaf 220 by waightdpdanolatjusous
cai Jyst, the supported ratio of which was 5 % by
S0l ufioh 2,2 Leartion selvent aneh. 62 nashoLp-melayphanol were an
t.he whol talyst (10. t bt ai ned i
FHtORLEED anirdfe AifhstviEvas shus B, aHian o 757 Bats o) sobutylene
Yot BT oL FRLA B SR Pumber o
' , iaht. Th
PSUION5 4000 b End & il S sk el et
Povo T e 1EpFAEre VIR 90°F: ritbaer WER Bjrtcbd into
thesagtoclave toahe asteiral pPessure Bhem &/2’;?, i%nt Oﬁﬁéﬁ%‘)@ﬁﬁesse{j air

reached 90C, nitrogen was introdu
was dotreshecedbintdithd autotizeb to1tes WémaPPré’ss%lré/BM.@Wat. "every

conpressed air was introduced into the autoclave to

time wheretheaintermnebpressurd droppeliftsy 0 BVAPR with the progress of the
reaction, oxygen gas was introduced to compensate this internal pressure of
0.1 MPa, and this operation was repeated 10 times. After the 10th
introduction of oxygen, when the internal pressure dropped by 0.1 MPa, the
reaction was finished. At this time, the reaction time was 56 minutes. In the
oxidation reaction, 3.48 mols of molecular oxygen to 1 mol of isabutylene
was used.

After the reaction was finished, inside of the autoclave was cooled in
ice bath. A gas sampling bag was attached to a gas outlet port of the
autoclave and the product gas was recovered by opening the gas outlet port
and reducing the internal pressure of the reactor. The reaction liquid
containing the catalyst was taken out from the autoclave, and the catalyst

was separated by using membrane filter to recover the reaction solution,
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-area: 6

time when the internal pressure dropped by 0.1 MPa

wWith the progress of the 15 reaction, oxygen gas was

i ntroduced to conpensate this internal pressure of

0.1 MPa, and this operation was repeated 10 ti nes.

After the 10th introduction of oxygen, when the

I nternal pressure dropped by 0.1 MPa, the reaction

WER vered i i
e S VBHES reekHioh Hoular Bind M ediRRRd, 58k WellF aHBfyzaf wirh

A chioRiatoyd®y drid the'E?inv_@Fsri]élg aRd N Sg%gﬁQIméré‘éﬁﬁulated.

After the reaction was finished, 1nsi

aut ocl Ay theessultptheecbriversion f Ribuitylénd WasB0P % Ntheladectivity
was attached to a gas outlet port of the aut ocl ave
dodnethacroleimuwas 882 %a the selectivindtohmetheeniii®acid waga2B.6 %
outlet port and reducing the internal pressure of the
rangt ther prodiletivityaftmethacnydiciati® &as @:2 gi(gth)g t he

catal yst was taken out fromthe autoclave, and the

cat al ysExample $epar at ed by using nenmbrane filter to

recov t he reac&‘i on solution. 28 The recovered

react i UIf SYMGTE o8 A$ infexaraplet wag cgeriedweribexpait fhaida
Sl 83 P4 PR HEBERY 3 o el B0 5O 0.0
L 6 i - I 0.7 % .th | ecti vit
YT HEL 3Bafitc sDHALS B0 SRR oimckton Bt i Gore Vollhe of
I . 0 tivit f
RO el frot5128 ¥ hofh 2 IniodB et bigl thaadielpere
i io, i . I
Yol 29, SHR AR i SHOFRIAQ:F il tang 6f Jhjr| wak 200, 1o
. |Y- . A _ P " 1
i g L S G R f R
paliagiaremiedal was supportedsi ze of from 2 nm through 50 nm
to the total pore volunme is 42 %, silical/alumna
(Si C2/TRezesytionwasazried butby abingathe 2atalystobtaipediin the
Y-type zeolite su;ﬁport ed pal | adi um cont al ni ng cat al yst
apo{\gprbthe same method as in Example 8 except that the reaction time was

38 minutes. As the result, the conversion of isobutylene was 75.2 %, the
selactivity to methacrolein was 49.9 %, the selectivity to methacrylic acid was
19.0 % and the produciivity of methacrylic acid was 1.9 g/{g-h).

<Comparative Example 4>

The same method as in Example 8 was carried out except that a
carrier to be used was changed to H-ZSM-5-type zeolite (total pore volume:
0.20 cc/g; BET specific surface area: 343 mzlg; proportion of the pore
volume of mesopore with a pore size of 2 nm to 50 nm to the total pore
volume Is 29 %), sllica/alumina (SIO./Al:03) mol ratio of which was 485, to

obtain H-ZSM-5-type zeolite supported palladium-containing catalyst in which
palladium metal was supported.
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pal | adi um netal was supported. The reaction was
carried out by using the catalyst obtained in the 15
above in the same nethod as in Exanple 8 except that
the reaction tine was 38 mnutes. As the result, the
conversion of isobutylene was 75.2 % the selectivity
to nethacrolein was 49.9 % the selectivity to

met hacTiyé reactiondwi e
met hacrylic acid wasa"{ibg’ %}t%ﬁ]ﬁfnghﬁb eéﬁg‘ﬁbbtﬁlﬁéfd i the

Fabzowe ie the s2fnel hetisodras WEhammslékcErsﬁﬂfﬂlt mesré%ﬁon time was
carried out except that a carrier to be used

chdhgdnutes. AsABBrBsuly,dhe zenlvetstor( bbbabutztdrtb wab evm %, the
0. 20 cc/g BET specific surface area:
0

pﬁQj@@Mty nagthackolgio veas 5 (épthef setestivityrte methlacwllc Qckl was
of 2 nmto 50 nmto the total pore volune is 29

/*5 43p ﬁr@éhmnnﬁﬁiu@tlvetslo@methgwjuc acld was 06 gf{gwihi ch was

485, ?525 obtain H ZSM 5-type zeol ite supported

pal | ad SHMEBSRYAfihe physical E@PBHHBW tha capiersaisedrand the
B@E@tﬁ HEhesréBBlon i Examplen & 00 aant Conpasative Fxemple 4 are
t M Tae 2" I8 dnd ilkre @ Sarrer bhvrcicsaiGrore
l'Lacr ol e‘lkﬁfbew!a\s%yq W%SO/ ﬁweéh i‘é‘Y %s {O?‘\/%at[ba %e selectivity to
SOt s snd iy ARGt

physi cal properties of the carriers used and the
results of the reaction in Exanples 8 and 9 and
JalbfmPat i ve Exanple 4 are shown in Table 2. In
s-8 and 9 where a carrier with a total pore

Vol ujftkysisel popertiesiotratiels0 cc/lg was (sed, it] was founfl

t hat [t he  sel Bddoiibd of : 3 Seldcliviy 18 'sele@iif ol B uctivity of
pr odyct ﬂtz pore SERIN ACiMe! i Sobibrtd [mMstizero ‘?ngcryllcadd

(onlg) 210 (% nm | (min) (%) (%) (%) (glgh)

Ex.8 0.68 100 56 - 80.7 28.2 28.6 22
Ex.9 0.50 42 38 75.2 45.9 19.0 1.9
Comp.

eeel 0.20 29 107 | 67.4 59.1 15.4 0.5

<Example 10>

(Preparation of catalyst)

X To 60 parts of 88 % by weight n-valeric acid aqueous solution, 1.16
parts of palladium acetate was added and stirred under heating at 80 °C for
1 hour and dissolved. The resultant solution was introduced into an
autoclave to which 5.4 parts of activated carbon made from raw coal (total

pore volume: 0.43 cc/g; BET specific surface area: 840 m?/g; proportion of
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Physi cal properties of =ft Proportion of on
Selectivity Seleciviy to SelectMy to Productty of
Total size of time isobutytene methaa~ein nmethacrylic
acid nel ayiic acid pore ( volunme 2 to 50 nm (m n)
(%9 (%9 (% (9/(g'h)) N Ex.8 0.68 100 56 907282
28.6 2.2 Ex.9 0.50 42 38 75.2 49.9 19.0 1.9 Conp

tﬁecbo?fg voRimMé€ 6 ﬁ?es@:g%?e ﬁ?élﬁg‘h(s@or% sn?@ﬁf‘ﬂBbﬁZ j)ﬂ'?tﬁ'rgugh 50 nm

(Preparation o cat al yst par

oiths total p@+eev¢|9rr@qs@ea%y%§a&d&dﬂm@ ﬂ{g %"uFrédCHta

pal | adi um acet at e was added and stlrre eatlng

aurfiberCof revolutiohs of 4004pMi, andliMsitde o?*ﬁﬁ‘e b&ﬁi&lé\ﬁﬂ‘\h{as replaced
solution was introduced into an autoclave to whic

hyinitragen byfinrodicing eddadisdiergimadiitrd Eq_éﬁfgaQWewﬁl times.

(total 20 pore volune: 0.43 cc/g; BET specific surface

drrepyledsmaswas intragjucediinio ibfo the(prebsurecsfd. 8 MPamnafthe
nmesopore having a pore size of from2 nmthrough 50 nm

tf GS%" tisystam waschaated te S0 Coedycing sempedsatureftamd kept at the
was stirred at a nunber of revolutions of 400
gmp?rﬁéw&ef%ﬂ hawe (&@@mmemﬂeémear@eatnowas
' by i.ntroducin and dj schar g njtroegen g
3’5\?@1%%? ﬂ?‘? eITewas 689 55 3\%%&1\5@@@ heaitoelave
sul t ant

ﬂ%ﬁ'?éf@%??@o‘ﬂ& W@@%@?ﬁ%%ﬁﬁfeﬁa The susknaidy wagifitered

‘a?uﬁ é)r R r eac ﬁhurs%gwfleﬁ c%ﬁ%{gst( g@éﬁq‘?ﬁd %&; of which
e ﬂﬁ% By %l@t (ﬂ'!e&jvg tggéallélﬁhﬁﬁo # a@é@ﬁ%ﬁé’aﬁneﬁ’aﬁas

di scharged an uttocl ave was
sbtgeedi on was filtered

The average particle diameter of palladium in the palladium-
containing supported catalyst thus obtained was 1.5 nm (magnification of
observation by transmission electron microscope: 1,000,000 fold).

(Evaluation of reaction)

To the autoclave equipped with stirring device, 69 parts of 88 % by
weight acetic acid aqueous solution containing 200 ppm of p-metoxyphenol
and 3 parts of the above-mentioned palladium-containing supported catalyst
were introduced. Further, 2.5 parts of methacrolein was added. The
autoclave was shut tight and stirring was carried out at a number of
revolutions of 820 rpm, and the temperature was raised to 90 °C by heater.
When the temperature reached 90 °C, air was Introduced into the autociave
to the internal pressure of 3.2 MPa, and the system was maintained in the
same state for 20 minutes (reaction time). The amount of molecular oxygen

used in the oxidation reaction was 0.77 mol to 1 mol of methacrolein. After
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10 and pal | adi um cont ai ni ng supported catal yst, the
supported ratio of which was 10 % by wei ght (the

wei ght of palladiumto the weight of carrier), was
obt ai ned. The average particle dianeter of palladi um
in the palladium containing supported catal yst thus
obtai ned was 1.5 nm (magnification of 15 observation

bihetreadtidh Hab AishledC iHé’§yéT§ﬁf Was EB?I'ed ho Yfacd O?ofggé Gk outlet

(Eval uation of reaction)’ To the autoclave equip

vparhotthier autosladeyan abséptipAtibe Qﬁth%o%@WgtdﬁhaiBb and a gas
acetic acid aqueous sol ution contai ning 200 ppm of

psarepling/pdgwere attachéd ethisorder! Theitodact G4y wWas eécovered
pal | adi um cont ai ni ng supported catalyst 20 were

iyt oprhing the pas olitiet p@t andaedscing thetritemad prassurdef the
added. The autoclave was shut tight and stirring was
deaetoed Thetreactien liquid evasdfansferret do acentrifiig8 20be i the
and the tenperature was raised to 90 C by heater

ystuas pracinitated by Ccentrifugaimn. CThaisupesnatamt: liquit wes
Into the autoc|av tqg the Internal pressure of 3.2
ﬁ?%‘?"e&ﬁﬁ bypassing @mwﬂ?’sﬂmb{ﬂaﬁﬂt@r madenef PEFE-pere size: 0.5

te for 20 mnutes (reaction tine). The anount- of

écul ar oxygen wused in the oxidation reaction was

P et PansTesyllhe onVElGT O Blucralein as .6 Bodbec
SRR A5 75 BB, ..
polypharsligonterapa£a 3 it the ﬁefc{pﬁne{fr%;%b{qc;é{b?% NeRHER o%.

gas was recovered by opening the gas
r educkEgatripte Hnbernal pressure of the 5 reactor. The
reaction Liquid was transferred to a centrifuge tube

1 |1 st Ry 01 01l
imExgplentOrexeent that am activated cardi-fmadeciremyaaecoddnat shell
ﬂg?a'l pore volume: 0.49 cc/g; BET specific surface area: 988 m¥g;
proportion of the pore volume of mesopore having a pore size of from 2 nm
through 50 nm to the total pore volume: 10 %) was used as a carrier. The
average particle diameter of palladium in the palladium-containing supported
catalyst thus obtained (the supported ratio of which was 10 % by weight) was
2.6 nm (magnification of observation by transmission electron microscope:
300,000 fold).

The evaluation of the reaction was carried out in the same manner as
in Example 10, and as the result, the conversion of methacrolein was
89.7 %, the selectivity to methacrylic acid was 84.7 %, the selectivity to a
polymer/oligomer was 4.3 % and the yield of methacrylic acid was 76.0 %.

<Comparative Example 5>
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As the result, the conversion of nethacrolein was 93.6
% the 10 selectivity to nethacrylic acid was 79.9 %

- the selectivity to a polyner/oligonmer was 8.5 % and

the yield of nethacrylic acid was 74.8 % <Exanpl e
11> The preparation of the catalyst was carried out in
the sane manner as in Exanple 10 except that an

act i vaThe peepdrationrafithd Blyswas 2afiet osiithe shfne manner as
(total pore volune: 0.49 cC/g; BET specific surtace

aindzxarnpid T@éxrepd that@e %oy weight of Besfic HeldWfuedius solution
nmesopore having a pore size of from2 nm through 50

rwas osed asteoselventdor praparation dDcatalysts THe éai/em;feiparticle
carrier. The average particle dianeter of palladium

i flamedersef paladium ivthespalladiyrewontaining supporerstatalyssthus
\(/@%aj ned (the supported ratio of which was 10 % by
taginer (hessunportest ratio(afwdich wast 1% by welighd) wasig nioy
transm ssion el ectron nicroscope; 300,000 fold). The
Qfggﬂqai'ﬂn&f opgervalighydrangmissian electrenmicroscope:s306:000
rfg er as |In Exanple 10, and as the result, the
c ersion of methacrolein was 89.7 % the selectivity

28 pol ESYAadFof wiTRabliol wak deed Syl oy m% manner as
! . el A, e

T EIRAIle 10, Bl B 4RE redlik 116 pon\BRRAL & ifactathifes

oy g e SRR oMokt acd Wa T 8%, A gty o

polyreed/oligomervemat 814 Bnami tﬂé‘&ﬁmﬁyﬁrﬁﬁe&ﬁ@ Was 33.2 %,

particle dianeter of palla mint
pal | adiGompanative Exampieigeor t ed catal yst thus 5
obtai ned (the supported ratio of which was 10 % by

wei ghtfhevpreparationrof tiieregtalyst wts carrioll ot e tHesARe hdnner as
I} BRSMois 1§ excopthat mvalsic acd was used 25 @ sohant for
preparation of catalyst. The average particle diameter of palladium in the
paliadium-containing supported catalyst thus obtained (the supported ratio of
which was 10 % by weight) was 10.1 nm (magnification of observation by
transmission electron microscope: 300,000 fold).
The evaluation of the reaction was carried out in the same manner as
in Example 10, and as the result, the conversion of methacrolein was
45.4 %, the selectivity to methacrylic acid was 65.2 %, the selectivity to a
polymer/oligomer was 21.3 % and the yield of methacrylic acid was 30.0 %.
<Comparative Example 7> |
The preparation of the catalyst was carried out in the same manner as
in Example 10 except that 0.11 parts of palladium acetate was used,

reducing temperature was 25 °C, and reducing time was 18 hours. The
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The eval uation of the reaction was carried out in the
sane manner as in Exanple 10, and as the result, the
conversion of nethacrolein was 10 46.4 % the
selectivity to nethacrylic acid was 71.5 % the
selectivity to a polyner/oligomer was 15.4 % and the
yield of nethacrylic acid was 33.2 % <Conparative
Rrvsrabe particlé e ARG § '

b pﬁm a8 ﬁmﬁ@ﬂé?bﬁbaﬂﬁdl?’rﬁ lgigﬁg?gﬁdfgﬁﬁcdﬁ‘éirﬁﬁ g%lﬁﬁorted

out in the same nmanner as except

neatalyst thtsashtginea Sthesaubptited ratib\0? WhidPwasd 0 % by weight) was
preparation of catalyst. The average particle dianeter

dd.8prh [ {ecdigmification loé obperviation binteamsivission @lestiripomictdscope:
catal yst thus obtained (the supported ratio of which
wh000®0B fold)wei ght) was 10.1 nm (magnification of
observation by transm ssion electron m croscope:

300, 00bhe gvalyation of theateastivn wasfcartied oahirt thersame manner as

c.a(ri___[i ed out_ in the sane manner as 20 In Exanple 10, _
dRPRNRIRL O @w@pt thatheaetion limeicd methaemsieinovas 3hoursmand as

ot SR ST £ e e
L ——
B S B8 Y eyt s BTk 2 O acetate
5 9.0 S i g L
s U S B g 1

\Gompéraitive\Exaeneos b toasarslsHowhnin TasIBid, | matkafpks 10 and 11
observation by transm ssion el ectron m croscope:

whege soctalyst with ah average phtticle dianedtei OEPAIRAIIMT MRS8 nm
carried out in the sane manner as in Exanple 10

wasdyied litwas tund that thenseledtivitytto acethheryiic aeki Wab digrs

and as

Table 3
A .
parﬁmm(bnversoonof Selectivityto |  Selectivityto Yield of
of palladium mgthacrolein | methacrylic acid { polymer/oligomer | methacrylic acid
pe (%) (%) o) (%)
Ex.10 15 93.6 79.9 85 74.8
Ex.11 26 89.7 84.7 4.3 76.0
Comp.
Ex.sp 8.4 46.4 715 15.4 33.2
Comp.
Ex_g 101 .| 454 65.2 21.3 30.0
Comp.
Ex_.,',’ 0.8 425 59.8 20.6 25.4
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the result, the conversion of nmethacrolein was 42.5 %
the selectivity to nethacrylic acid was 59.8 % the
selectivity to a polyner/oligoner was 29.6 % and the
yield of nethacrylic acid was 25.4 % 10 A sunmery of
the average particle dianeter of palladiumin the
catal ysts used and the results of the reaction in

Exanpl &§ n‘i'éhti%ﬁ@d]ajooﬂ'@g% G@Exl@ﬁtpﬁﬁgig‘@gﬁéﬁgﬂé ‘iﬁe%ﬁt‘?n\;ention. an

are shown in Table 3. ere a

Qﬁ,Bahnwtur‘aitédlcﬂﬂboﬁglﬁ a8d dan'be 5+dw_ébaffﬁi§%{ghqwq-ﬁg?se

pal ladiumof 1 to nm was used, It wa ou
tdxidatioreot arv olefintor areé/paensdtiumated afieMydelih god¥eadiidh ©
3 Average pat kde eter Hof nBelectMy Sel éctMyto
erfarmaincef pal | adi um p neai ol | goner nmet ¢ acid Ex. 10
1.5 93.6 79.9 8.5 74.8 Ex.11 2.6 89.7 84.7 4.3 76.0
Conp. Ex.5 8.4 46.4 71.5 15.4 33.2 Conp. Ex 6 10.1
45.4 65.2 21.3 30.0 Conmp Ex.7 0.8 42.5 59.8 29.6 25.4
34 As nentioned above, by using the catalyst of the
present invention, an a, 3-unsaturated carboxylic acid
can be produced through |iquid-phase oxidation of an
olefin or an a,s-unsaturated al dehyde in good reaction
per f or mance.
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35 WHAT IS CLAIMED |IS: 1. A catalyst for producing an
a, (3-unsaturated carboxylic acid through Iiquid-
phase oxidation of an olefin or an a, R -unsaturated
al dehyde, which is used in a 5 dispersed state in a

reaction |liquid, wherein ' upported on a
carrier with a toWH&)B‘gmgiﬁgo 40 to 1.50 cc/g
as neasured by nitrogen gas adsorption nethod. 2. The

catal yst for producing an a, R -unsaturated carboxylic
acid according to 10 claim 1, wherein the total pore

1. Vo gaRiyet fdrf};ﬁoaaéuhg &h @ -Gﬁ@émmddb:arm)tyucm fhasugh liquid-
adsorption method rs O. to 0.80 cc/g

phase sxidafion af@n @lefin o andg, d?n stawratms%lsiQM%levah oUsed in a

dlsp<=.=t6|‘§¢%c‘iJI B%ﬁ%?ﬂ g rgﬁ%tfog} Ilcﬂ@ %é‘ggﬁ?‘?ﬁ%ﬂag}sﬁsgﬁ %E%rﬁgdrpg c%f'nerémth a

total Eéref VM 610400 Y B0 &EgH® mbaslveddsy nitregen gasesdsargtibn
nitrogen gas adsorption nethod to the total pore

methoa| une of the carrier is 40 %or less. 4. The catal yst
for producing an a, R -unsaturated carboxylic acid
according to claiml1, wherein the total pore vol une
of the carrier as neasured by nitrogen gas 20

2.  ady ithiyst fRtpreduding @n&D ﬁ an’saﬁﬁamd/ earbbxylithacid according to

catal yst "for produci n -unsaturated carboxylic
claimgt, wheredoths wgaltn@re ¥p nne @f fhﬁ\%ﬁrﬁﬁhaﬁ MRasYEeE PYniEpgen gas

t sopore having a pore size of
ads°?$§’ﬁlp’§eﬁ1%\$ﬁ %gég f the carrier as nmeasured by
ni trogen gas adsorptl on 25 nmethod to the total pore

volume of the carrier is 10% or |less. 6. A nethod for

produci ng the catal yst for producing an a, (3
3. undw catatystifor predusing 2o ad wr@et;uatﬁd@arb@xadw% @cgprding to

i i s oAl A ek 3 e e

of frofn Paireerough 50 AMUSTithE cafrier, asimeassidusahitdgeardasxgdsarption

aci d throu?h l'i quid-
method to the total pore volume of the carrier is 40 % or less.

4, The catalyst for producing an q, B -unsaturated carboxylic acid according to
claim 1, wherein the total pore volume of the carrier as measured by nitrogen gas
adsorption method is 0.80 to 1.50 cc/g.

5. The catalyst for producing an a, B -unsaturated carboxylic acid according to
claim 4, wherein a proportion of the pore volume of the mesopore having a pore size
of from 2 nm through 50 nm of the carrier as measured by nitrogen gas adsorption
method to the total pore volume of the carrier is 10% or less.

6. A method for producing the catalyst for producing an a, B - unsaturated
carboxylic acid according to any one of claims 1 to 5, wherein a metal compound is
reduced by a reducing agent in the presence of the carrier.
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phase oxidation of an olefin or an a, R -unsaturated

al dehyde with nol ecul ar oxygen in the presence of the

catal yst for producing an a, R - unsaturated

carboxylic acid 5 according to any one of clains 1 to

5. 37
7. A method for producing an q, B -unsaturated carboxylic acid through liquid-
phase oxidation of an olefin or an ¢, B -unsaturated aldehyde with molecular oxygen
in the presence of the catalyst for producing an g, B - unsaturated carboxylic acid

according to any one of claims 1 to 5.
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