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DESCRI PTI ON Catal yst for Producing a, P-Unsaturated
Carboxylic Acid, and Method for Preparation Thereof,
and Method for Producing a, R Unsaturated Carboxylic
Acid 5 TECHNI CAL FI ELD The present invention rel ates
to a catal yst for producing an a,s- unsaturated
carboxylic acid through Iiquid-phase oxidation of an
olefin or an 10 a, p-uns ehyde, a net hod

for producing the catal yﬁé‘éﬁgﬁg{r@ﬁhod for producing
an as-unsaturated carboxylic acid by using the

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

car boxRtalyat farsPeadugingus ti-Unisiagurated Carboxylic Weid, and
exanpMethed for Peepaiation Thetduf; antiMetimdiforsPiriutdng o, p-

used in a consi der abnsatwrmed Cdrbbxylie Asg! i cation
such as a raw material of synthetic resins. Although

exanpl es i ncl ude gas-phase oxidation and |iqui 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 nethacrylic aci TEGEINREAD Aipppstrial ly produced
by these several nethods. There has been many

r esear the presert invantionsielstos taargzitdipst fop produchit'ah ogp-
an a43-unsaturated carboxylic acid through

| ynfatdrated carhoylie acisrthredghaliquid-ghiase oxidation of an olefin or an
a, Munsaturated al dehyde wi th nol ecul ar oxygen. 25
eBriprsaiunaied aldehyderaimoethod fonprasucingthe catalyst and a method
3uFEor®%atal st {Patent Document 1), a nethod

o REP 28 @.brunsaiuatachearboxylic aeid bytusing theceatalyss
2 to 6) and a nethod using a nol ybdenum conpound and a

BACKGROUND ART

Many of a,B-unsaturated carboxylic acids are indusﬁaliy 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 cyano'hydt"in 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 fhrough liquid-phase oxidation
of an olefin or an a,f-unsaturated aldehyde with molecular oxygen,
Examples include a method in the presence of goid supported catalyst

(Patent Document 1), a method using a palladium metal catalyst (Patent
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pal | adi um cat al yst (Patent Docunent 7). The catal ysts
di scl osed in Patent Docunents 2 to 7 contain palladi um
as a conponent of a catalyst, however, there is no
description concerning 5 particle dianmeter of
pal | adium Further, saonme of the catal ysts disclosed in
Pat ent Docunents 1 to 7 are supported on a carrier
such as activated carbon, alum na or silica. However,

aS?ocyMets 2ite f) andop srathed using a malybdanurm ecmpauns and a

IS rely one description in Patent Docunent 1 as "it
iQaH%"HF%MEIYét RatgstDacup@ndghobi ¢ carrier or a

conventi onal carrjer s&ﬂak}e&t ed to 10 hydrophobic )
treat -catalystsigigcias atent Racumerits 240 baantaimpalladium

A AT e TR,
CBAtCRE bbbty e 0rDRi T e cafivels cisqlpsed in
abatert dottmidtits 1787 Ate ok of = AARBESHE o8 uitimten,
coarbeBE AR g Bilcal Aowadn A8 o piyREbrofen sl ot isse
Redreieks, tREre 18 Hhelely bité ﬂb@éﬁbtﬁ}izﬁyaggt%bg g%ﬁp‘gﬁiebnr{}'q adWitis

02/ 083, 299. Pat ent” Docunent

Apreiférable usdh di¥c chftte? Or &2cbnvehtishh(Saiher QEb]gcted to
I NVENTION 25 P LEM TO BE SOLVED BY THE | NVENTI ON

\ifygirophebipteetmient’n and there areathothir desktiptiorss:; il tidgam
propyl ene by wusing the catal yst produced according to
tdecumenisdrefefringdarmtysicall prapertiesi of these carriers.

Patent Document 1: Japanese Patent Application Lald-Open No. 2001-
172,222,

Patent Document 2: Japanese Patent Application Laid-Open No. 60-
156,148.

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 §: 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 s
products described in Patent Docunments 1 to 7 (for
exanpl e, acetal dehyde, acetone, acrolein, acetic acid
and carbon dioxide). In Patent Docunents 1 to 7,

t hese polyners and ol i goners were not captured, and

hence, Wien the padsent irlveptors iprydiicedrgérylic ciicfremaitepyieae by
yield of acrylic acid In view of thesé by- products

wasiagitbe catalystiprotneed attendingtesihednethodeast Examples described
Exanpl es of Patent io Docunents 1 to 7. Consequently,

t incPatent Bocumends fl doritoras fourichihat by-productsetichds verious
produci ng an a, p-unsaturated carboxylic acid in Patent
DBelymeis and aligomera wearetpredtidad indarge/amouahth additien to the by-
further inprovenent on _this point has been desired.
TH@C@S}%%@S%M@H@ RateatRecuments 1 & 7i (fortaxappie; aeetaldehyde,

15 produce an a,5-unsaturate

cat gl yst which can, ) d

ca?eﬁeiﬁm aer O!fgfi'-oaqprcﬂ% and garbon dioxide) il fatent Becumants 1 to
otrtheaBauited dhd ORimed ot ndtaariuradh sbaanss: thargetual
dTBEAY 1o HepPleribtd P 98 v ion dE Mook PR olbsee by
BoBIENERru 88 Bl Y iRl Mo G B paten

MeRRhkhest 1 72 G&fsfe'q%nﬂg.yms rléé&‘i’orj ﬁ%gwng% Bftahed in the

catal yst, In particular, pore vo

anBtHoRf fod prédl&:ilgq %Qi]ﬁ-dﬁ(}‘é?.ﬂ?ﬁ&‘ﬁ@%ﬁﬂ%@ﬁggﬁ Patent

I nvent ors have so foun rumis

USecuraents TP e viotaSufficient yéty Bhd Hehbe CRIrMNeY fhprovement on
performance is 25 considerably Influenced by a

dhistpaihthals been desivédpal | adi umin the catal yst
produced, and thus have conpl eted the present
| nventTheobjscrotthegpresent ioveption isiorprowide a catalyst which can
a, f3-unsaturated carboxylic acid of the
produce an a,p-unsaturated carboxylic acid through liquid-phase oxidation of
an olefin or an o,B-unsaturated aldehyde in good reaction performance, a
method for producing the catalyst and a method for producing an «,p-
unsaturated carboxylic acld by using the catalyst.
MEANS FOR SOLVING PROBLEM

The present inventors have found that the catalyst performance is
conslderably 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
palladium 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, f3-unsaturated carboxylic acid through |iquid-phase
oxi dation of an olefin or an a, f3-unsaturated

al dehyde and is the followng: 5 (1) A catalyst for
produci ng an a, 13-unsaturated carboxylic acid, wherein
a netal is supported on a carrier with a total pore
vol une of 0.40 to 1.50 cc/g as neasured by nitrogen
gas adéctgtalyshfomproditing an (i, §unsaturated/carboaylic acid of the
produci ng an a,f3-unsaturated carboxylic acid, wherein
pRrasait invertion isa calalystder praducitigean osfirensaturatedrearboxylic
ran%e of 1 to. 8 nmis 10 supported on a carrier. A

nefiddhraugh uidiobase oxisation ©f Bpalefin or ppadinsgtunated

" BhyAS AndS M AIRBING o pr oduci ng t ho cat alyet for
s S B s i el o] e o
(AR SRR, bR =GB R0 toust neS Sefing 47 649 10 1.50 ocrg
P fiksod By Pittoliet(64% HaSiBfion SREEBEYRLS 5%t e

cffh o Splalyct 6 Sroatibiiolih b AfsallipAbl RS IR  Unidrain

| pallsRuaaatPdn avé%@ﬂg@mhew ig hRe PER3E BF § t8's AfAGs

20 above carrier. for producl ng

aduppurtddiormb@rgg boxyl I ¢ acid of the present
invention is a nethod for producing an

a, f 3- uAsaethodfedproaiusingthe catalgsifot pradiging aaw, g-ursaserated
oxi dation of an olefin or an a, f3-unsaturated
atarbhyylic adid bf thel preseat inveptiemis a méthod fesprodeciig thieecatalyst
catal yst for-producing 25 an a43-unsaturat ed

daF praduaing au iceBwinsahusatedsasboxylicacid of the alewre(y; wdrerein a
THE, | NVENTI ON 4 :

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

A method for producing the catalyst for producing an «,p-unsaturated
carboxylic acid of the present invention is a method for producing the catalyst
for producing an o,f-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 a,p-unsaturated carboxylic acld of the
present invention is a method for producing an a,p-unsaturated carboxylic
acid through liquid-phase oxidation of an olefin or an «,f-unsaturated
aldehyde with molecular oxygen in the presence of the catalyst for producing
an o,f-unsaturated carboxylic acid of the above (i} or (ii).

EFFECT OF THE INVENTION
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According to the present invention, a catalyst which

can produce an a, p-unsaturated carboxylic acid

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

a, 3-unsaturated al dehyde in good reaction performance,

a method for producing the catal yst and a nethod for
produci ng an a, 13-unsaturated 5 carboxylic acid by

using the catal yst can be provided. BEST MODE FOR

CARRY! Kecorging iethenpesentinveption, @acatialyst which pam praducg an
ag&g,g-unsaturated carbox¥lic acid The catal yst for _
pPdtiRsalraled casbondisagiditvauan igddyphaseaxidation ofan olefin or
10 prgsent i nye tioH éherein fter, sonetines expressed
a@nEulsatyraieq aldgny %!%99@3 reagtiopRarfarmagcana method for
a, 3- tyrated carboxyli¢ acid throyugh |Iiquid- phase
Rt s ST ard & et fof piadieih o s frnseBatpt

a | St o) | ow A A catal yst. fgr produci ng an
Caigiti B Bt Bl oty oRB % B 2" 15 et

is supported on a carrier with a total pore vol unme of
0.40 to 1.50 cc/g as neasured by nitrogen gas

2. p- unsat ot b SRR PARERANG GRIT TRE M1,
i th . . . . . -
R i A e e

above- Theicatilpst foppRId(RIng &M ofB-Dnsarritel Aaploxylic acid of the
carboxylic acid can be produced through |iqui'd-phase

opliesant imvenfiom(hareifafter 0sornetimes exprovaedraat ‘%étﬂt@teahs &
I n good reaction performance. The catal yst of the
peatelyst farpreducing anso, fsynsaturated edrbexylio/acitidhrough liquid-
| i qui d- phase oxidation of propylene and Isobutyl ene
dhase exideation oban oleftpuetanm nf-unsaturated @idetydesand is the
gpboleip and nethacrol ein anong a, p-unsat ur at ed
PAeWes. 5 The catal yst of the present invention Is

a(i)sxpga%fyg{i fo?%trgclia(cshtlg apw aQ, 1ucnhsa?urated 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,8-unsaturated carboxylic acid, whersin
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,p-unsaturated carboxylic
acid can be produced through quuld-phase oxidation of an olefin or an ¢,p-
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 a,f-unsaturated aldehydes.
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nmetal 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,

silica al um na, magnesia, calcia, zirconia and

titani dhematalystefdbe prasen) invention isa suppostedoeatalyst v which a
silica is preferably used. Activated carbon is _

g Emtakis|sppPpFed R Camiesy hlereinafter, a-eqrsies and a metal, which can
csrbonizatgon, %ranu tion, activation, 10 washin
dP§iusgdathe satdlypefithe present invrrsiony willibe iexglained.
procesiﬁﬁ %re.not particularly limted In the present

i nvent Lb11) ATl honaceous material which is the raw

oLt She gl ihee£l B8 SeRThy GRS Shany
B b, e A oA e ol PP
SRS, R, BaKel DBl arkoRe G BERsHE g .

castiied e8ebdntsr Siidd Mjﬁrb{%@at&\%‘%ﬁgﬁ?%c}tﬁh%ﬂ Eérrb%ﬁrlg i*ﬁgh%i'ally i

the activation proce m neral a

hyriduekti ehioughahe procbssat F catonifgfots Frdnulafen sttivaton,
to be put to use. Anong Inpurities contained In the

pwashiag, doting ane puberization, ldnd thepe Prodadihg procécser dréqot
anount of chlorine as 20 small as possi bl e because

chardicutagly dionited indbe paasant inentiohf ¢k carbomacbous asaterigbwhich
performance. Therefore, an activated carbon produced
¢ theiray materisl ehaclivated carbonds oohparticalastyi lumited either, and
preferably washed sufficiently to renove the )
AHiousTaY watesialnsuchras conapidl el pealaligninanstisythelin resin
I's npt particul arl limted ei.ther and the actiyated
SADB% WaG: T poekes Otﬁ%'@%'ogd% HO&Ea"z‘QUf%bod@er &hfer, and
r ellet and fjber can be used. Th ET cific,
SReh Sl cafborT dwices 8y g8l aiboshPaf ek pRopeRgl gnd inc
EHloASs BaR be' TR foP BEfivdiion? The BER=T6d RhthorPafter 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
zZinc 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 m?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 catalyst 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,-

unsat uy at ed carboxylic acid can be produced through

| BGQira~/gleaseorex add preferaluly 4:00mivdig or less,ararticularly ﬁreferably
a, s-unsaturated al dehyde in high selectivity and high
pPERE /g onlessier ei nafter, the constitution of the

above carrier and the nethod for producing the
car ri ePnR embpginesan ofithe gatalyst jof theaprasent invention ibteaselect

Ao uiEin BAFlBY Hiinet otal Rae MoBimaiof 140 oot D qsig es measured
B BtFacingis posdpllon cesifod; Bycieind Sush aarmipn Sna b y
ey Barb G5 s8Rt o BRI BIGR R haSd ot
CSFeh PRI o 8.0 A SBLr A AkidngB A 1 gRlaBfi/ s g
BRI Hheiten Hefcon el ing sboye Bablib kL inl
Sivlefiidd i pRo&Uidihg e 5&;}@?\%{" Bgieﬁpfa'i}?ecf‘f or ement i oned

range of the tolal pore une 1s supposed to

suppr elpspariieulbptoRIbtaIR Plarget proadetah high SBlectivity, Jtis

ol igoners. Further, in thisS case, a proportion-o

mereterablaivesaléctieneartier withaptotal fureivolurae P 028,801 cc/g.
from2 nmthrough 50 nmto the total pore volune is

pFhke totalpgreadmiumeris nere preferatsly 004 2 tc/goranurd, forthemor e

pr ef er abl 35 %or less, furthernore-preferably 30 %
drefarably£hd0 sefa oclesar and furtiesmane prefetably 6167 ec/g.or less. By
Furt her, the above ﬁ‘lri oportion of the pore vol une of

tYSNG aecaniiRy which Tulfils skl requirerpents @ targebprasiuuct sueh as
pore.vol.yne, re 25 preferably 7 % or nore and o

P Yiceroit o e Brenlis Apichoan By obtaiaed fmoped Selestivly with it
?ﬁéﬁéﬁ% ?pr“@ﬁh&ge The'sediiy o¥ﬂ‘leutré?geairﬁ'otdﬂgt i8 fmproved
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 more to the total pore volume, more
preferably 7 % or more and furthermore preferably 9 % 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 anmount 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

n2/g or less, nore preferably 1,500 n2/g or less. In
plawerqubportioncofihe mesapdraig supposetito have thedendency to form
productivity, it is preferable to select the carrier
wiesseramnuat op bypreductssuch 8. dligomers, &td behge, imPreves the
total pore_volune is nore preferably 0.80 cc/g or
nelectiyity. : Fether; the BETtspesifio/s\ofa® arsagpfdhe warrier iapdeferably
ngégéﬁgeferably 1.40 cc/qﬂor | ess, 10 furthernore

p 490y morgpMeke greferakly 8008p°/g i mgore, endrmireferably@,000
fulfills suc equi rement s, target product such as-

allt q)rclsegg,‘- 'E'_gfﬁfi’ 9% y1509 @%ﬂd’fdﬁﬁﬁ- be obtained In
TS
ARS8 Bk B 1.0 .
TERe Retaodre VuFRE rdteirBfiraffy b culd & (B:8 furthermre
{SISIGIGb 0,90 887y 6 mighé, &% RRApDrofYARY Lad BEG o1 885!
mﬁh@fmbl‘é’pﬂe@el"éb% 1 5?2‘?”%{ 143 Bfggbﬂo%%&rié? i Tu)l/ﬁlls such

nore preferably e, fur re prefera

Jequirements, & targetyRotiictduth as BElieasf or ﬂx%tﬁécgyl&sdf&g;& can

Furt her, the above 20 proportion is preferab

dre obtainedrir goqut ploalustivity @ith High atidty ofitble chitslysteThY e
preferably 55 % or less. I-n this case, in particular,

preduethdtytafithe tanget produictiiscimproeed becanse selebting arlaigsr

with |arger proportion of the nesopore |Is supposed to

Halge within tieiatesementioned rangecetithe total pose volumeis supposed
asi er, . and Tence, i nproves the production efficiency.

make internal pere diffusioagireactants aed Products pasyie Further, a
‘b%ﬁti)ﬁfoniosf the %fo?é 38Hu¥nelgip thrgz_r/n sgéorrénﬁg\iingngrp%re 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
mesapore is supposed to have the tendency to make internal pore diffusion

easler, and hence, improves the production efficlency. Further, the BET

specific surface area of the carrler is preferably 100 m?/g or more, more
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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
Anal yzer, Tri Star 3000 (trade nane), manufactured by
Mpseferatly GO0/t mens: Bhd FReRAABIYIS000 (/g br Misanotge
nmetal to be supported on the carrier 1's no
pprefecablpdl000 nifid exless. 10 long as it functions as a
catal yst of |iquid-phase oxidation, however, noble
met al ThertotaleplowIvel,unnmlthe(ﬂidmvommbﬁthesmﬁgbeore havmg a
preferable and palladiumls particularly preferab
TRereveizalof feam Renmdkrbughdstnor and theoBETspdffic Qiﬁade/\@rea of
or nore kinds. Further, the nmetal may contain another
nthexrarfier are measured by fonexampley Surface Ategsaind Porosimetry
i hase oxidation. The content of the netal 15
mﬁﬂél’:’zég ISiar 3000 drade name), manufacturestby Microtheastiies e
tIOI’{ s preferably 50 atomi c%or |ess fromthe
r@\%ﬂg’?ﬂ Qéﬁtiﬂryst activity. One enbodiment of the

cataly ] f&kﬁ e present invention is a catalyst in
whi ch ? mW|th an average particle dianeter in

Serect THE istaf td e SupBEEd oP dRE Zakies 8 RefpaBiculatly rmlfed as
FoRG T Riidioft 5o ﬁgggﬁ%@g taihels gl Howdvet, cbie

s s BB 0§ g g

Tﬁm:o@aw?pmamaeor heatYﬁiél%nFlfH Eléé"t? o‘i‘lLl d 1%?rﬁb°lnatlon of

preferably 1.2 nmor nore, nore pre

rtevocoromdre kiskds! Furthef, the rabtdl Bty cortam ansther ﬁ’@téﬂ WwhieR'does
or | ess. 25 Wen the average particle dianeter of

potifaniction as acatalysoft liquidsphase oaiigtion. The content of the metal

which does not function as a catalyst of liquid-phase oxidation is preferably

:)L

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 110 8
nm is supported on a carrier. By selecting palladium as a metal and
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 «,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.
When the average particle diameter of palladium Is outside the above range,

the activity of the catalyst contalning 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, p-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
atom c% or less fromthe vi ewpoi nt of catal yst
atoweretlyand héhee ahenaald wmta,ngsat@@eé@éamo@@ baagl! i Nable
menti oned above neans a val ue neasured wth palladi um

| to badowerteal. YAt thisptire athendatalyshmeal eoht0n a rietd] GikePhan
which is concretely calculated as follows. Print out

apalladige, bbwevan the sentemt of e matalathecthapnsalisdiumtisie

same nmagnification as that of the observation, and

r eraierably 6@ atoraicss op tesstisorofthe Viewpointel dedalystactidiyons
inthe_field of view and nmeasure particle dianmeter of

each pahe&yerage patisle diametern of nai@dtum mentiontcaletve means a
b%%assunin its share, to be circul ar because the

sY@iHe reeasyied ydth paliagitm dg ths catalyst by dransmissiparelecteor

out these,o s Wth fiel ds of view and

Zar. ! éﬁ%oﬂ% IR i elﬁé{gg\{]g%lgu!pgecggg Iollowss aver age

Pr e Buf 4 S} Bhagd i WtsThisaiioIRetod Ricdcobguwity the same
rBAfoRGR o iat Gr4RE, oHSefRsioNC o BEUIGTHR tarbiclho pgiots of
gggtédnaglhauﬁﬁ F65bRS irPihefait Hf MR bfid WiSadiith Hatidle YidrhEor of

Ing O arious conditions such as

cddh ﬁauamwn%éiohp ﬁféafsh?? tr?&?égfgffa%&tsﬁm%séum{q ﬁ% Ehape

to be used, a Kind of solven mxing ratro 1n

dosie oifculirisetaAletAB ishapeldt the lelédlufrhl%gg?r? Eaaélﬂic%sg g_ireﬁlar;

the catalyst, a kind and concentration a pal I um

cancheanmyl ouhtheseldperationg whh Srficilis of vieeand alefage theand
tenperature and tinme of reducing the pall adi um

doeasuned. values tohabtpireae averageeparticle, diameter. necessary

‘e Conlfltrar%[ ttgep gbggrsgfilc?: b??rratnis%isesigril %;gecttl%rn 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 concentration of a palladium compeund which is a raw material of the
catalyst, and temperature and time of reducing the paliadium 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,-- unsaturated
carboxylic acid In the next place, a nethod for
produci ng the above-nentioned catalyst for producing
an a, p-unsaturated carboxylic acid of the present 5

i nvent (YA methoddorpradaicingra catatystéommrdduoingraroeifsi ng
the catalyst of the present invention is not
pHpsattpatad carboxliceaeid however, it is preferable to
select a method in which a netal conpound is reduced
by a r bhthe nextniace, a methad forareducing theuabave-mentioned

Concretely, the catalyst can be prepared, for exanple,
SGRLEE RN RIPBHEIE ArbefounsAtHEHorsrRIyin acld ofthe presat

L L A AL ol

e 2 TAREHRNES X B el B o o
S0 i B R NN e LD o
o el B A BSG aBl arie
o L e e T

dd idh ibRiwifPamE) i
aeddeton mstRbE§® HhicH éhﬁ’ét&ﬁccrﬁﬁb?ﬁ& Qﬁgml?ﬁgﬁlmﬂﬁ%dcﬁmer

conpl ex or acetylacetonato conplex o

lis poeparetrandaredycing agentisrdded @l 1o dueeithe netal
oxi des, acetates, nitrates or sulfates of the netal,

faprapeundtoeby acgjas-phase rexhictionansthodde wiictsa @arrier
nitrates of the netal. These conpounds can be used

dmpregrated withbatnetal campotind wolulionris deet iamdsthBnrsubjacted to
?%gégt?osneinngtrgcliué%r?gng%gggﬁerief Al\r%ogglg ?I'?enqr tﬂeﬁgq%?clﬂ-%h;ge e
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 chiorine as an impurity. More concretely,
It is preferable that chlorine 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

I mpurity. More concretely, 25 It |Is preferable that

chl orine 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.

When palladiumis selected as the netal, for exanple,
pabhtaih dnforinesach as aoetates) nitrates oabiSaOQtEv)lacetonato complexes.
bi sacetyl acet onat opal | adi um can be suitably used. As

t Wheyopaliadiumds setented as the matak foromapaplegdpaliddium acetate,
properly selected 5 in view of solubility of the
nbakadiv@rsateionbigacetylacettnatopaliagium cande suitably used.
dispersibility of the carrier. Water, al cohols,

ket oneAs the ga%eet ta-digsolve the metal eempownd, it iscproperly eatected
of two qr re kinds selected fromthese groups can

ol View et salliifty of the, Biftal campeund apd the raguding agentand

BBty ot 3he st oY Bl ioabols, Ernas: @ gapiceess.

e fbHp8 e HihE 3RERR by e, B Mitre iR sl fctbiaidrp these
P S R S
g o 0 60050 e ps
erefarabRy) afdGi ledt dNeOIaAR soffét sleilerbtéél1 frof tgroup

sol vent of water and an~organic solvent Is used] a

néorstbtingl ofenganit avdehaving catbdreAginbePef 218 @) tértiary butanol
sol vent selected fromthe group consisting of

ancbketoses havingesarbon nuntssriof 310i 6lis Mmore paiferdie.c.
Among them a m xed solvent of water and at | east one

or ganiltissalse prefetable do eide far mined splvent af water ahd amoorganic
preferable. As the organic acids, at |east one organic
&alvers Hesause axatalyshwith betfenperfennanes canybefprepatédc When
gﬁid“ Eropionic acid, n-butyric acid, jso- butyric

¢ iixgd saivent ef water anhian stganie spivenbisiuseds a mixed solvent of
preferahl Anong them n- valeric id or acetic acid
VS E AR a8 fedat P ardaplaisoivent relasfed Faguie gloubwalsting of
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 acld 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 welght 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 addltlon t he anbunt of water nentioned above
Is preferably 60 % by weight or |less, nore preferably
50 % by weight or less, furthernore 12 preferably 40 %

oPesterahly B ety waiahlor tass I dheeas ohmixed solnehteltis
TPlerdtals %t"tﬂ%&e 55 & O0BRELS, S e gy beheieE0ganEouUS.
S0t i arodrBahR 2 Rets teiqﬂn%f’é‘rre‘éq%@ﬁﬁbﬁ'ae SbAVGmentioned
nEbRent iR AKRRe BrfiiarzimRlngodsyy o tishare B upetat Spmpoynd
EeLgbR Wit depeeRicaified L@Oﬁé%@f’étfoanoﬁiﬁw&@ compound is
EPRIcy B, P4 By WEIGHR o Mhors! mdrE Prefelig gl % 6y w%{ﬁhf@r
o patieRay F’?@“*f ‘%%2% By WGt A% BenideEl . 1
acmmmmrohe;frmé abov@ WStENGomBOlind | evérhlalydae? vebﬁ%ugm or

carrier to reduce the netal conpoun to o

dass) iyste prefettlity 101% byavelght 6r lees PRIHh8ANSTR [Sﬂé?erably 7 % by
carrier. The reducing agent to be used |I's not

paeight or tesisyarid partiedlasty prefeyably 3 %ethyeweight oalesee used
as Ion%uas it has the ability to reduce a netal inits

oxi di Z@dhetnext place; adeducing ag@nptandﬂed:torthemewl eompound
hydr.azi ne, . formal dehyde, sodi um borohydri de,
r%ﬂﬁ'%bwﬂhfddﬁnﬂr@e%@merﬁ@ reducssthe mptabhomposnd, to ebtairsa
S st e%ja@ﬁ psue%tﬁsle&%%?@%?c%réé}?pngf'(ﬂghyde
or of or L ted Y SaBG e s 5 peefiaiary tinbed angiave
rRatdraf ch Sg‘ﬂs%t&l &s 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 formaldehyde, 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 préssurize 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 |I's 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
pressure; hereinafter, pressure is all expressed in
gMide (gpuge prassyre; Wareinalter, préssineds afl xpressedi in gatger
solid, reduction can be carried out by adding the

r PERRSUIB).agent in a metal conpound solution with 5

di sper eﬁacarrier. In this case, the anmount of the

reduci pihe reducing agentisiliguid eosalig, reduction camipe cafried
the t%l.co ound. Tenperature of the systemat the
t PHEPSRAdING the; ieHUSING adattién Agnetaksompogngisoluionnvith
ERHRS RoR T iecage b Sfapualir ha Foaunion ageant

| i 0_absol ut el id. Inth
cBietelibiy 14 Bl P el i PRIR RuRci ng
t - ' ! .
or of o1 A pegerB of K et & el oF BcaPBraft spoyging time
Cerdmesént Gl 6 Ao ok NS calfl B 2 gt
OgorpVBhd t6ReRUSIl) solvief® d ?ed?lcﬁf%é@%lr/aerﬁ tbgh@(‘érarf& cannot be

nore, nore preferably 0.25 hour

fabsdlatelpssidpriaftne 2abE of liquidiphase reditfion AEthbd, reducing
preferably 24 hours or less, nore preferably 4 hours

clenperaturés preferabiy -§ FEfarhigher, hdre lp”réfe@ﬁbl?@S‘EC dPHigher,
particularly preferably 2 hours or less. After

riswtiiermore pesferably ¥5t°C or highet) ankdepretarablyi £505 20 peldvest, more
on the carrier Is separated fromthe dispersion. The
rifefRyabl 18Q parcutewar, ifurthermoremrpfarabiy 8t C wr lowert eRleducing
ﬁﬁg, for exanple, filtration or centrifugati on can be

8 Is prefetably Py houmermers dnatepraferabl | Rouair saore,
The, dr i th t
furetheFr}/l'oPegprqa?era%?y bs‘s tqgur or more, and is preferably 24 hours or [ess,
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
particularty 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/i 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
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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
presence of the netal in the 14 solution can be easily
cselutionwandye easilyepnfirmediny addiagentedsicing agent such as
hydrazi ne, and the anount of the netal in the solution

chydnggines asdiha emountofithe anetabintheisolutiom edrebe dstérmined
anal ysis such as | CP. The supported netal ratio of the
c%%%ﬁ@i vely with-an ptamental anstysls sush@s ICRB or nore to

the caryier before the netal is supported, nore

pref er ib?)ﬁ”@.p@rt%‘ rB?“i@tﬁ:h@f e oatalyst is prefesably0e1 % by weight

g{;@&g@&k yfﬂeicéf;ib b&ici?rgm\e gr;e {sgsu%%ggwggrg{c;rg %gfrelrgbly 0.5%
HPRBI TR, P orb a8 B ol
S R BRI e 5068 b oot
VN 56 LSRN bty BFL 5 b e o e
faarrier 6108 e dtlts SUpbbRbTRfe PRofbRbIPBARA A el br

the catalyst, weight o

desgdurtiienore/sietérabli 20 b6 byRieighicor1bas aﬁﬁ pelttic §r|¥

resi dual solution separated fromthe catalyst afte

prdferablynl 5 ¥6by weighttarllgss. The SUPpOﬂUG eatigean be ottared from
for the reaction In the state of dispersion after

wegighhof thetcardersusadin therprepardtisnsafthe catalystpwelght of the
formby centrifugation or filtration. The catal yst
ragtabist the metal sompasindanrd weightiof he metalicartalnediin dhe
phase Exidation. The nethod for activation Is not
pesidralselltion sepatated fom theocatalysbalientedustioncan be

used. ‘IAhSe tt:ahtglyg'fa{hhu%dprfo%cg& trﬁg)? }Jle %géd ?orntvla'utehr%gcgcfm in the state
of dispersion 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.

(3) A method for producing an a,p-unsaturated carboxylie acid

In the next place, a method for producing an «,8-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an o,B-
unsaturated aldehyde by using the catalyst for producing an ¢,f-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, 3-unsaturated carboxylie acid |In the next place, a
nmet hod for producing an a, s-unsaturated carboxylic
acid through |iquid-phase oxidation of an olefin or an
a, - 25 unsaturated al dehyde by using the catal yst for
produci hg an a, s-unsaturated carboxylic acid of the
pr esentExanyales obthe tave otefincofribe liguid-phaseeaxitiatiore thelude
Exanpl es of the raw olefin of the |iquid-phase

oRreeng, isekutylene ancPhiutens. Examples eftheaaw o,p-unsaturated
2-butene. Exanples of the raw a,f3-unsaturated
aﬁﬁ’&t#véé inelude @eraleino methacielginagrotonaldehyde (B-methylacrolein)

crotonal dehyd éf -met hyl acrol ein and ci nnanmal dehyde
(fad W%%‘PEV e i@-ﬁvﬁwa{%{ﬁ@p eflihg 18w elgtin ppiheravi e, fs
RShated adedal ey Sohaing sk pmai o SrpHisssuch s a
| dehyde. | ‘ | efi

- sy P ln S era spflraigd léﬁéiafetq%&ggﬂr ated |

b . . : Cnah el
car bOXI e AR BRI G A0 i P AR
ahsaRtel ISGNE I be bodbed A Ui iasriggtion hes
I Raftso b b . i
e or SR Btor & R ariginb ol hy Fhithofl 8o bise it an

capaliysdturited afddHyeeas lused\«y theTaw matetid i ﬂdléﬁme group

produci ng acrylic acid from propyl ene or acrole

nehengasyintaccarbogylf groapiirs tielbyf -ansataratéd dﬁ?ﬁé)@?b@cﬁi @ be
0

t hrough |iqui d- phase oxidation. As a source

roducedr oxygen to be used in the reaction, air is
econoni cal, and al so pure oxygen or mxed gas of air -
and puflae eataleat of ive presant énventibnrie suitabie for piodedingeacrylic
in,@gjch air or pure oxygen is diluted with nitrogen
a9 fom prnvirne apasoleifper methaarglic asid from isabulidede or

t oo . A . .

methacrolein 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 alr 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 cyclohexanol; ketones such as acetone, methyl ethyl ketone and methyl
isobutyl ketone; organic acids such as acetic acid, proplonic acid, n-butyric
acid, iso-butyric acid, n-valerlc acid, iso-valeric acid; organic acid esters such
as ethyl acetate and methyl propionate; hydrocarbons such as hexane,

cyciochexane 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 add, n-butyric acid,

| so-butyric acid, n-valerlc acid, Iso-valeric acid;
ophspiventsseleced diam these goups cantye usedt Amongnthem, at least
met hyl propl onate; hydrocarbons such as hexane,

cOBe Salvent selested fouthe; oreup gonsisting of laloahols; ketonas, egganic
of two or nore kinds 16 of solvents selected from

¢ Relds %‘F&rggn@aﬁpfa@swﬁdﬁ preferable,rand atieastena solyaet selected
ﬁ? sel ected, from,t he group, consi sting of

R PSTSKBCoRRsIng A o aeda naifag srdion mmbeor 2o 6
Sy AhferRi o] Relofies FRVicdiearbSR y ee_r‘?’a‘*aét,:qi”é SdBRER

SEIR0RE T OB Oy afy obe  RiRlY Hgfat@?)ﬂoace?ig acid
PR Rk oo BaERUIGY BBl A edlsopen ofwater
Rfd BEleadt bie RoRieht 3BlcRted” Fbﬁﬁﬁbgﬁu@“cégggsﬁﬁmb? %‘COWO!S,
water and at | east one sol vent ecte rormthe

Kerones, WrghAic dld® andloPganit Boid SKbRNRrefraBR E%%Qlfgsthe

and organic acid esters is preferabl e because t

Esrfarmentecofthetigeid-phaseloxidation ffutttier fhpidveldwy Gisihg this
i nproved by using this solvent. In this case, the

saivent. dn thiscase] thenamopat of watenis pot particakriy ievikeds however,
it is Preferablg 2 % by weight or nore to the weight
dtistpretarakiyR Soby weight aronereptocthervaight of etmixedi syifvent,

or nore, and greferablﬁ 70 % by weight or less to the
VBPLshRrederabhes % bywelght enmoresmns preferabhbT§ % bywaight or

fER e tBrweions AT e mixecEahiant, G110 proTokebIL G0 Bgdnbalabt o
T8 5 b PAHE Ao B RO RSB eat il B bt used i
'fhgtep@éﬂboﬂésétﬁfg. 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 «,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 parts by
weight or less, and preferably 10 parts by welight 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 o,B-unsaturated aldehyde ,

more preferably 0.3 mol or more and particularly preferabiy 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, s-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 weight or less, and preferably

10 parts by weight or |ess. The anbunt to be used of

t hiee ghpwe @murﬂgg berused igmsetarably\300mplsrot lesgsmore praferably

;f 1 I ?f the raw olefin or the raw a, P-unsat ur at ed
%mjger lesspirthasmare preferakly 20mmplsoer lass.cparticularly

particul a referably 0.5 nol or nmore. 17 The above
S lstareblyla indls 618 atmiestbiajembivED Sialp ardass. mor o
prefer S or er nor.e preferabl

bl 10| | o f .h A )
ot ofte batalVas i oSndialy Fsed in & Usparbgd sthladn & wachied Jauid

s JRTeR B lodRaT ufoe 8 Sk 60 Labo i oo
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569" T B G NETREA b S o
i R

" ISONKION eXiStiddth 1Parbacty, yeré feglfega.béy? 9'.51@5@ 'by‘%éigm 8more,

in the reactor, nore prefera par y Twel

rm‘@parti@ﬂldrlg Préfepabiprtl pare b?f\ﬁigﬁd oF rhoPéll ThBabdve HHho@t to
nore. The above ampunt to 10 bé used is preferably 30

e isechis prefayhblyB0 parts by waightaoibes aabre Fféfeﬂtﬂyﬁzmpans by

wei ght or less, and particularly preferably 15 parts

iweiglet grHiessrandeparticlitaslyrprefarably 15epars by weightnor ibbs.

reaction pressure are properly set depending on the

sol verfthesiggction terperatuee and the eantiongrdssinecarequopedy set
ture |I's preferably 30 C or nore, nore

SIEPPBAMS On He sSlventand.iherry matedalnde bepaster Hne geaslion
eBpeEdifs Grprelainbl %6 of sicsee Maraingfesably 0:iC pegiore,
ﬁﬁ@gﬁ%ﬁﬁ%&%ﬁl@&é p‘f b‘lclorgsasﬁd ng%cﬂlg%tﬂrgfér lglye(%uJ(f or
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 5MPa or less.

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

EXAMPLES
Herelnafter, 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
functi on. EXAMPLES Hereinafter, the present Invention
i nvientiohds nekmhaedwtlmmoemnmps win the flowirigeegaraplesand
exanpl es and conparati ve exanpl es, however, the
pFeRwaralive exarplesofpart means pantbgdnassthose exanpl es.
In the foll ow ng exanpl es and conparative exanpl es,
“part " (Aaalisise e rawmeterial apdreapiesustiof a raw materi al
and a gnﬂgct) Anal ysis of a raw material and a
pr oduc Sicah A ram namensgama PEOdes was carried out by using gas

chy omat .0 The conversi on of an olefin or

- Chromatadt Fﬁt edThexForyaraian af an alefia or Ania.§- unsedrated |
safﬁswﬁ%% FEciBR K brrgaminadigehyie i be aroduesd; the
pEER b§wﬂ*§rﬁ’g99rﬁfﬁ5’?bﬁb?é&@%épﬁ{tﬁé’éélécﬁv@v"ﬁaﬁ ap-
qubsiiRgy CARIIE RSN rofficlo. dnd ﬂze%ﬁﬂ#*ﬁriﬁi PEpdgtiyiy of
O&n &%-@n@a&fﬂ&l@ﬁ%ﬁbgﬁrliﬁlﬁ?&“tﬁjﬁ cﬁldgd% y de ag @‘ﬂpws

seleCtivity ( unsa

B) x 19Re coaibersf@i c(ag 4/waﬁ me(fﬁ@ortah &p-nsdtl étu ra{ed %‘id&rgfa%d— B/

carboxylic acid = B) x 100; ect|V|

(Aj xt100a pol yrrer/ol igonmer = (E/ B) X 100 The yi el d
(%9 of an a, 3-unsaturated carboxylic acid = (D/ A x
100; THimelselectivity (%) to an a,f-unsaturated aldehyde = (C / B) x 100;

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

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

The yield (%) of an o, f8-unsaturated carboxylic acid = (D / A) x 100;
and

The productivity (g/(g-h)) of an o,p-unsaturated carboxylic acid = F /
(GxH)

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 a,B-
unsaturated aldehyde produced; D represents mol number of an ¢,8-
unsaturated carboxylic acid produced; E represents reduced mol number of
a polymer and oligomer produced based on an olefin or an a,p-unsaturated

aldehyde, which is calculated by dividing total welght {unit: g) of a polymer
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The productivity (g/(gh)) of an a, 3-unsaturated
carboxylic acid = F/ (Gx H 20 In the above
formul ae, A represents nol nunber of an olefin or an
a, 3-unsat urated al dehyde supplied; B represents no
nunber of an olefin or an a, p-unsaturated al dehyde
reacted; C represents nol nunber of an a, 3-
unsat ur at ed al dehyde produced; D represents nol nunber
ofngpligomerpsaduced by meletuay weight of anmiefivordn obB-
reﬁresents reduced nmol nunber of 25 a pol yner and
oHNgREated aldehyde supplieds i represents weight 4unit: g) of an o,p-

a, p-unsatyrated  al dehyde, which Is cal cul ated by
dPsﬁ%ﬁUFé}EHaaalpom@pmd Praducedy (3 represess weight (uait:giof a

B RS SR o i
o8 Fulfelcin e BasP S Bauic-0Rss evidelion reagfioniot an o,p-
e R

al deny (eERfERIErEbY BRySERtirBRnEs Y Brdpl ™ ™ ©

Pr oper MedSuftiménts i ddre .)Vohﬁ@? ‘a\gﬁ ??r?l? I%:eiréf digf?irbﬁt%&ob‘ Iggcciarrier

and pore size distribution were

werwémeﬂimWMixéﬁdeeWﬁ?éﬁh 8@2% , § adsorption

adsorption 10 method by using Surface
Rostiaidby ugingr8unace Ardd A5d ForsdRfbtlyt ARdIgze12TAStar 3000 (trade

manuf actured by Mcroneritics Instrunent” Corporation.

mamep manufectired by Mizhdraetitics nstrunisrit @brpérationt Hehe pore
range of about from1 to 100 nm and all the pore

\&ire) measkireble biydhis methiidsisrin e ramge diaboutifrom ifrtot 168 nm,
pre eEt i nvention were cal cul ated based on changes in
and L e perg \sHiumes esgporessizel distitudionadiascribed in the present
is%%%equ aq&grding éo the direction of rai;ing t he
RYeRtanvere.calguiatqdbasng en shapges in tiexguantily of sitogen
Hsorsed ?a&’s%?&fon 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-plbt 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 proportion of the
mesopore to the total pore volume was calculated.

(Average particle diameter of palladium in a palladium-containing

~ supported catalyst)

Average particle diameter of palladium in a palladium-containing

supported catalyst was measured with transmission electron microscope,
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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
the total pore volune was cal cul ated. (Average
pandi cansretelhsalouladed palfollawsinPtint aut an image of transmission
pahladiun}containing supported catal yst) 25 Average
p&raGtaneminraseans with thexsamei agnification as that of the observation,
Iadiaa} ontainin supported catal yst was neasured

I
\%I%PFI ap gamgle 27 peinty af thecpallagiyra regivasamthe field of view
congretely, ca%hc'ul ted as follows. Print out an inmge
o%"ﬁr'ﬂﬁ%#gé? Cea?%@temf #eeh padagiumregion;Hoegsune the
i §1 At t hat . of . the ob tion, d

5 TRRflsls GREGHRr B9 565k & Shann be chreai hepase s sirpe of
t | f Vi ticl ' t f
oM Pl ebloftl RS (BRUHE P ol i Shésopeations with o

; | ' I he sh .

o8B ATl R PART NG B e A G et e Bl articte

odiamidiepe operations with 3 fields of view and
average the neasured values to obtain an average

parti ckExafipfgser. <Exanple 1> 10 (Preparation of
catalyst) To 55 parts of 88 % by weight n-valeric acid

10 aqueouePrapia.l':Itioﬂrt:ufc”ataly\st?E of pall adi um acetate
(manuf actured by N. E. CHEMCAT Cor poration) was

di ssol Ted5 prirts 0k881%4 by wedghtui-valerivasid aqueslitrsslution, o1 part
an autoclave to which 5 parts of activated carbon
iralipdim agetate {manufactvedenyeNi BICHEMCAT Gorporafion) was
\r@l urIe: 0.64 cc/ %; BET specific surface area: 1,313
$3pveRl.o dbetresuliant sofidion was introduced into an autoclave to which

5 parts of activated carbon made from synthesized raw material (total pore

15 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 resuitant system was

20 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 welght acetic acld aqueous solution, and filtered.
Finally, halladium-containing supported catalyst, the supported ratio of which
was 10 % by weight was obtained.,

25 (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
i ntroduced to the system pressure of 0.5 MPa, the

resultant systemwas 20 heated to 50 Cin 30 m nutes

and reduced for 30 mnutes. After the reduction,

pal | adi hthapdorieve, 135 partstof86L% ybwaight dcetis acid aqueous
fil er ed, washed_ and re{)l aced by 88 % by wei ght
acoy @naqqraalam%@@ PE8 Ot paa; matm(ypheneir(eolmeIMbhynhlbltor)

P Rasgnspel C°€$‘rﬁ]ﬁ§n¥s"$’€r {paviicye:mandoned paliadiunocotaining
o SHPLOBpl SRy, FRCs Hoecale afarniChuaecinse byoreightwas
o nif””?‘&@-ﬁﬁ"ﬂﬁf%?f@?%%@%@?gﬁaeeao g soactr
ok JoRE, T RNt Pl ThiseIo00 heMe atisng. Al
rlrgigﬁg%tr o e‘:lg:'lrg’.I %“@%a%g?%ﬂﬁagee{dfé% %gﬂa %3@6[95"3‘1%%85 repgion of
ts?l@???ﬂgm %dsmés?%ﬁ o ucedv}?ﬁe% he gsasrﬁggﬁt fg‘g@%cg%r
0oxyeh 6T T Whe sl didrPfealhs W 0.96 mRb ARG bF hbtEtolein.

carried out for 20 m nutes. The anount

oAflgetheursadtion wasdfirisheth the Butedsld Was\tdoldd t6ardBhdtRe room
1 nol of nethacrolein. 10 After the reaction was

fmmnﬁfawretam thetreattioreliquid wamtakdntoutaTheneattien fi r@m&‘from
nperature and the reaction |liquid was taken out.

neBishitan catajystchard been sapaatedwasatralyzed witligasen
s arated was anal yzed with gas chromatography. As
omadegraphyne conversion of methacrol ein was 84.0 %

the 15, sel ect i to nmethacrylic acid was 83.2 % and
t he pr%%ﬁ}ﬂ nyy rig?rGt‘p\!a_a-(li}q%u@FI)qf.nzgethr:tcmIem was 84.0 %, the

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 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 %) manufactured by
KURARAY CHEMICAL Co., Ltd. was used as a carrier,

As the result, the converslon of methacrolsin was 89.7 %, the

selectlvity 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 sane 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

nk/ g; proportlon of the pore volune of nesopore having
a pore ze from2 nmthrough 50 nmto the total
por e vcﬂgﬁ?@'PQ@W@ manuf act ured by KURARAY CHEM CAL

Co. 2'%& s used as . a carrier. As the result, the
conver rPrSPaF?é{Oﬁ'h rtbﬁléiaﬁa Vﬂs%rlibthﬂ e)saltﬂatmmefdthehreactuon were
84.7 %
Bl dul 4 s8Fis Riofer B T Exampla exgent Gt gRpL-derived
h d th
STEHE o ol PR P 1 S P ot
279 VB onBR ot PR B dobon Bk 8 i sz o
f
ol 2 o, rbLQR S0%iido the {0l BielioinBPRS ok hheRuragtived by
NDAINENUCD, a.Ormrmvaeubaaa%%ﬁeé re volume: 33 %

manuf act ured by DAl NEN was used as a

car ri eAs the rédiat, s bbhversio &Qﬁéﬂa%r]a&n%aﬁh'@?r %3' n

was 84.4 % the selectivity to nethacrylic aci &

stelactiityrtd méthaprydid aeid wab B80T %BhH .
was 22.4 g/ (gh). ry(gExanpl e 4> The prglggpgdt’%cgw%?hgethacryhc

Aidwasi 2244/ (k). eval uation of the reaction were
carried_out in the same manner as in Exanple 1 except
t hat Xarapedtxar bon made from synt hesized raw
mat er 'ﬂ. t ot al or e volune: 0.75 cc/g; BET

e reparatl n 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: 0.75 cc/g; BET
specific surface area: 1,613 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:
4.0 %) manufactured by KURARAY CHEMICAL Co., Lid. was used as a
carrier.

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

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

<Example 5>

The preparation of the catalyst and the evaluation of the reaction were
carried 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
g&thacrylic acid was 80.1 % and the productivity of

Fa8 & i through B0 nes i thegtotal (nging vokmenr§2 &)Tmanbfactured by
pr, tion of the catalyst and the eval uation of the
P CAINEN ey £ T ¥as wsechés aioartineasd reastiondimeavas 11 minutes.
Exanpl g, 1 exceﬁﬁdghat coal -derived 25 activated carbon
(tot al ASHE esfilinibe Gonyeraien of methagiotaln was 90.81%cthe

ALE A i 45 P/ q: .. proport i of the pore vol ume of .
~sSetvly i eliadviSRERGas 12 ing wiprodketivii ot ethacryiic
5 tal pore volune: 52 % manufactured by
D%Fﬁék#%ébh[sgi@ﬁwas used as a carrier and reaction

tinme Lautes. As the result, the conversion of

nmet hacrolerm was 90.3 % the selectivity to

ot haor b ePErdlio hé chuéiind B Nl &f b Bgtion were
peapiRidedtan tsé shhe mahnaby as _iﬁ‘ESiﬁHb?e ?Vé%!chlﬁ{n {eh:?ﬂ aag&},%tga carbon

reaction were carried out in the'same na

Evnadel feorh syntiegsizédpiw Pedtbial (?&apﬁér@ibl?ﬁﬁ%‘.j?.éf 8%; BET

synt hesi zed raw material (total pore volume: 1.
cepesifiemiace arem: i 587 miyd;preportion: of2h8 HoraVoliime of mesopore
proportion of the pore volunme of nmesopore having a

poAdng igRorefsize offrarmennnittwogph 50 nrmto thé ketal 61 valame:
viég;se: 26. % manufactured by KURARAY CHEM CAL Co.,

1£% e MBRanytaciurgd by KUBARAY GHEMIGAL:Can Ltd. veaswased &s a

rﬂaﬂ'HéF ghd 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 surfacé 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 methacroleln 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 manner as In Exanple 1 except that
charcoal -derived 20 activated carbon (total pore

vol unme: <Qordparativg; Exafplepkeci fi c surface area: 1,692
n2/ g; proportion of the pore volunme of mesopore having

a por e Eiepraparatioroef thercatalystanthtteOevatuation betheoteaiction were
pore volune: 58 % manufactured by Norit Corporate

wkariied qubin thesame Branaed asdaExaoiple ifraxceps thied coal-derived
mnutes. As the result, the conversion of nethacrolein
wEties GRrbom gota) pase velume: 1,61 sci BRT specific sufaceasea:
Z&»?fm@gﬁ%ﬁf&gﬂ 5{2%@ %F%g&fm@én“%‘é&&én%@é"ﬁhg a pore size of
F’Z@?@?ﬁiﬁ&ﬁw&ﬁhﬁvﬁeﬁbﬂbéﬁéﬁaﬂBw a%é?h%%}qtga”adﬁffzé;ﬂ%d by
(3 %Mﬂosréf‘@%éﬁc%@é@@?é B LB e g g,

: T : '
rosopor S NayEadt e sPHRRIdH Gmeinghfisiihe sBcl o B
T B AR R S S o BRI g fuetyacryie

cacil was 2£$gﬁ(%ﬁ)_r esult, the conversion of nethacrolein
was 35.0 % the selectivity to nethacrylic acid was

24. 3 Y=Bothpdrative Bstanipie/2sy of methacrylic 10 acid
was 2.8 g/ (gh). <Conparative Exanple 2> The

pr epar ahpgepdratibe of thebgialyst addtthe evahiatiohigithefeddton were

rgaar?iteldoonut\?ﬁ;hee 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 Example 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
was used as a carrier. As the result, the conversion
of2. Adb haansfagtureabsy BRIRARA Yt CHEMIEALCCOY iLtd. was used as a
met hacryiic acid was 54.5 % and the productivity of
mEEAR ylic 20 acid was 15.0 g/ (gh). <Comparative
Exanpl e 3> The preparation of the catalyst and the
eval uaﬁ%wedfesuﬁethﬁemnwewow aetbaerolein was 50.56 %hthe

sa nmanpner as, In anpl e 1 _except that activated

2PV iRimethashy s Aekonas 65.2 angihe praductivityaof methacrylic
w25 35 6fGitTor “the por o vol e of mosopore

tot o por Rty of i lnisiSHh groRglas e camigrs ornrend the
s a8 readtidh i ERarpRR £ .2 T diniatatd Eipplend to 3
Seksshe TR WESAos T e SV it o

productivity of nethacry

svolomiey/oP0.408 15Y TofivaB U2RE! it wass folink Wﬁg@%{ﬁ'ezés&'h\fity fo

used and the results of the reaction In

7merthiaclyipacidtancethiegroauetvify 6famathadhflicHta Werd tggﬁal. Further,

1. In Exanples 1 to 7 where a carrier with ato

ploriexarplesrietaod whet® a cartieb Withcd Smafer 1688 hore vollifie w.
found that the selectivity to 10 nethacrylic acid an

t¥Reditonag found that therseleativity foomatheibryiy acid aab particularly
Fur t e&r in Exanples 1 to 4 where a carrier with a
HRAY9. cMorepvar, ilExamples e tang vhere a carrier with a larger total pore

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 propertie:of Total proportion of Reaction
Selectivity to Selectivity to productivity of pore
valahie Ipoe of tine nethacrol ein nethacrylic acid

) cid(=9) 2 tnm(min) (gf(g-h)) Fx.1 Q, 64
7]'s 2dPhysicabpreparties obeamel Ex. 4 0. 49 1D 20 89, 7]84. 7 25.
Ex. 3 Q.46 33 PProdiofforfieadion Soldctivites ‘Be@etmgtodf ProdGbivitPof
8p. 1 20 SWI" Borfsitbof b 2tinkel [@athadroiRlnthédyid acid mdtbaclic Acid 7
26 11 B‘ES? Wi &mﬂmnaa EXmn) 1. 3058 [L5 869 76. 2(ghdh)3
np' 1/61 9 20 34D 24.3 2/8 Ex.t Conp. t#x.2 1.61
6B 83 b45“];%u i Ex 30372 —72f 5652
1355'9 Egg.‘llpl p—8> Pr \ﬁ atli 34'gf a_t_ﬁé&?:f\ Rd%a 10!
D Bx2 | 0480: 1. A0 4 | 1205 oa@?-% of p#fiadi Um 25& at ¢
(pBa@f ac0.46 ed| by 3. E. CHEOCAT @b4 pofr at ison) whs 22.4
dj eeel veolys The ragul t Ankg 78.3 80.1 20.8

Ex5| 092 52 11 90.3 77.3 42.1

Ex6| 1.27 28 11 89.5 78.3 42.3

Ex.7 1.30 58 15 86.9 76.2 29.3
Comp.

Ex’“{’ 1.61 35 20 35.0 243 28
Comp.

é’;‘_‘zp 1.61 68 20 83.1 545 15,0
Comp,

e e| 037 27 20 | 505 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 carrler (total pore volume: 0.68 cc/g;
BET speclfic surface area: 450 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: 100 %) and shaken. The resultant mixture was evaporated. Then it
was calcined at 450 °C In the alr for 3 hours. To the catalyst precursor thus
obtained, 13 parts of 37 % by welght 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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sol ution 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 pore vol une of

nmesopore having a pore size of from2 nmthrough 50 nm

to the total pore 10 volune: 100 % and shaken. The
resultant m xture was evaporated. Then It was

calcined at 450 CIn the air for 3 hours. To the

c ¥(aghpehanst iltered by wates andbim byl weight pdvutanal faq@olrs splution.
mE%%ﬂ@ f or mal dehyde aqueous sol ution was added. The

r aRelladiumaeentaicing supperted catalyst, tha suppprted sati®of which

hour s m@ile,stirrin , filtered under reduced
pWES3, 7o Y Yyeioht, wasiahtainedake was 27 washed and

filter ﬁ tm ter and 7? % by wei ght t-butanol aqueous

sol ulti Z va ﬁﬁgfépf 9?“3'82 adi um c?nt ai nihng suppor t ed

nei gnt To,ar AGGRIRBS IS RO ealaRisn 16 P@Eé“famz@jng%ghsn
BRSO oA B g e
o5 Uton s W feBieflon SRR Bnd G0 el bR bttt were

| introeidiee8 Sand b éb@c%%é@ﬁgt’%t? Hitfent ggft?:t Op?@gﬁigobutylene

2.75 parts of isobutylene . roduceé
swas lintngduifed todt 56 EEANEGT thaldysfsin Wes daiHEP Bt ?Lurﬂ@er of
e

revolutions: 1,000 rpm and thé tenperature o

steyolutionas 1,080spdh)tand @ Emplrature lof the SRAEA WAS raised to
reached 90C, nitrogen was introduced Into the

R0 ¥l Woendshe tempeatatureateached D0°C, nftroded WiRint@adcbd tto
Cﬁnpr essed air was introduced into the autoclave to
tthe auieelava to thesindernal pressuee nPA.3 MiPa; and thereomipesssduieair
intekg%k%Prgssung dropped by 0.1 MPa with the progress
a¥es Hurogsiced rio; the aulesigee t¢ the intermahpressurecof 4.6 MPa. Every
te t.his Internal pressure of 0.1 MPa, and
?ﬁﬁ%%&@ ifaieroRlpr P@ﬁ%@@pmegmrpewamm thegragress of the
. - when .the int |
g?%%%%ﬂgn %faﬁ/&g€§ﬁ@ducga to cgmlpnen'e.é.g.ttneathiéJ Htagr%g{ gressure 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 isobutylene
was used.

After the reaction was finished, inside of the autociave was cooled in
ice bath. A gas sampling bag was attached to a gas outlet port of the
autociave 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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reaction was finished. At this tine, the reaction tine

was 56 mnutes. In the oxidation reaction, 3.48 nols

of nol ecul ar oxygen to 1 nol of isobutylene 20 was

used. After the reaction was finished, Inside of the

aut ocl ave was cooled In |Ice bath. A gas sanpling bag

was attached to a gas outlet port of the autoclave

and the product gas was recovered by opening the gas
oukhestecyered Eﬂﬁﬁ%%@@mtiﬁ@ antbthencallecied gas were anafyzetavith
reactqr. The reaction liquid 25 containing the

c 488 Gyemaiegrapky ang thercopversien and dhe setectivindwere calculated.

catalyﬁ& was Sﬁp%éated by using nenbrane filter to L
r ecover™t W@ fesylt: thecanversion of isobutylaae wassQ7 8¢, the selectivity

i MeBRctTa R a2 lﬁé}weeaﬁ%'e'pﬁ@%vgtg é‘ﬁ@r“fahi%{&é‘%ezda.s %
c SnFahe rhudRig s BogihaRb ibiacnn 28 Scl oct i viy

to met Lpywas 28.2 % the selectivity to
nmet hacry F@hgggﬁ'mas 28.6 %5 and the productivity of

ot hod 56 SaRERepa o if kb s was AR o e f iy HikT
caarrietitobe Gadwas chﬁﬁ%%@?cgg’/ﬁgpb %@nfg@r;g@tlaf ﬁ&lei Wl%lme: 0.50

(total pore volune: O. C surrace

ace/g; BEPspEditic spiacs aidd 628k m1°'/p(,e PRSI bﬁf% B reé\%bltr:]w]e of

mesopore having a pore size of Trom2 nmthroug

t asieporehavinga porevsize wé from Q%Mhro&'ghismﬁw toth8aotal pore
(Si 2/ A12Q3) nol ratio of which was 200, to obtain
yveliipe iset? 94)esitica/plumiod (BiDH/AOM el matio of whichalvas PeD, to
in which palladiumnetal was supported. The reaction
vaktain Yrypa zeglitesuppeineg palledismedoptainingt critalyst innwhick

"15 above in the sane nethod as I n Exanple 8 except
tﬂ%§54ﬂm?fpe. Wassunpesteflas 38 minutes. As the result,

the c oTH& ?ééa%no\fvais %gpr% (I::L?trl:?y Eﬁ?.g 7tl§é %a:{aolystt%%tained in the
above in the 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
selectivity to methacrolein was 49.9 %, the selectivity to methacrylic acid was
19.0 % and the produciivity of methacrylic acld 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 m?/g; 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 (SI02/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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selectivity to nethacrolein was 49.9 % the

selectivity to nethacrylic acid was 19.0 % and the
productivity of nethacrylic acid was 1.9 g/ (gh).
<Conparative Exanple 4> 20 The sanme nethod as in
Exanple 8 was carried out except that a carrier to be
used was changed to H ZSM 5-type zeolite (total pore
volunme:_ 0.20 cc/g; BET specific surface area: 343

ne/g; privbesaction veas earsied s bywsingthe catalyst pbtained irnthe
a pore .size of 2 nmto 50 nmto the total pore volune

I

egp the same methnd as in Example B@xreptihat the teastion time was
o 19oitiles,af the udswb A cAnMersian of obUblonaER 67.4 %, the
e 3ol RAME I FsgnadBikif vRB ST 3, e salketivia do methAgylic acid was
£ RS 2 Bt e PROFLIELY O pibtnadhylid 80—, Ges 0B G8ML |t he
o et pectnftierk SFRHS Bhieal Bipp8ick ofinp JRrreis ysed dd the
MRESLAGI Of thé ra&d er\g:E)garéEtgeﬁ (E?g/ %@8@ éﬁk?o%gf@eﬂgﬁ\'@ E&Xm%fle 4 are

met hacrylic aci AT summ

pbhiswadh TRbRPZ! Uh Exafipled8 &Rl & ivﬁfe?e gﬂg@g@ghgéetotal pore

results of the reaction in Exanples

Cooipenend? 0.408a1150 ecfy was useloivas folinBltRalthe! sblectivity to
Exanples 8 and 9 where a carrier with a total pore

vilelinecrylic acid@ndthe. grodactigtyelmetiedrylicaol@ wdre ¢odd.
that the selectivity to 10 nethacrylic acid andthe

productivity of nethacrylic acid were good. Table 2

Physi cal properties of Total PropoMnof
Rié@&lﬁns_el edl vfy Sel eci Mito Sel ectlvityto

H )}séé[ of —porejvol-urp—P-—size—oft—tipe
i{ sobuA—ERe-el R ki nethaayli¢ acid thacrylip
gqcid | ( ) | Proporfidd ofyfedqctidniBele¢tivly tof Sdleciviio \\Ggedtityto | Productivity of
mgﬁiﬁ;m poresize of | ime |isobutylene/m methactlic ackdlmethacrylic acid
(cclg) 2to (953} nm | (min) (%) (%} (%} (o/ghh)
Ex.8 0.68 100 56 80.7 - 28.2 28.6 2.2
Ex.9 0.50 42 38 75.2 49.9 19.0 1.9
Comp.
x| 020 29 107 | 674 50.1 15.4 0.5
<Example 10>
(Preparation of catalyst)

_ To 60 parts of 88 % by welght 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 malg: proportion of
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(%9 Ex.8 0.68 100 56 90.7 28.2 28.6 2.2 Ex.9 0.50 42

38 75.2 49.9 19.0 1.9 onp. Ex .4 0.20 29 107 67.4

59.1 15.4 0.5 <Exanple 10> 15 (Preparation of

catal yst) 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 di ssolved. The resultant solution was introduced

i 106 PRe valinae hmesoporh having.aiperer size of frant P\ ¢rough 50 nm

cgrgon rrafle fromraw coal (total 20 _Fore vol une: 0.43
cdpdhe iptal pore yolumeds 26:%) Wascaddesh 0Thesystem wasrdimed at a

of 30 t&ﬁ 0 vol yne_of nesopore having a pore size
o UTBSH O TRNOKKIPRS 6h 406 TR, and insidercs the aptaclave,waseplaced
i 9 dded.. Th ' d
g obe By BFedicnd jﬁﬂz %%”giﬁ%ﬁ%%&év&éaa gtgsgral ies.
. I .

it IORYBYE s Biigag Mol P Hesturect i 5 b armad the

' ' ' h f Q.
ares Uit PR HERhelfed 1 5058 adidh FSaeraling) anefery at the
| SER s ok ool 0Eng D, ATREG L doBub R e
I finishiearlthe SRtemiSLBRd10 BPE [dhdhe aadilidd helifociave

i nside the autoclave was discharged a

wamsatisctetged and2He RefGHaVe Was dpdried! thelQH?’éhsion was fiitered
pal | adi um cont ai ni ng supported catalyst, t supporte

r a0d padadiumi-contairing $0ppohd vatgyst, tHesupiir@d radib of which
pal | adiumto the wei ght of carrlerS, was obt ai ned.

TWas ke Tedlaje wisight i(thlecwelightref pallatfiumablthd wslghtoftdgrier), was
Pbtaied.™

The average particle diameter of paliadium 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, alr was introduced into the autoclave
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 methacrdleln. After
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cont ai ni ng supported catal yst thus obtained was 1.5 nm
(magni fication of 15 observation by transm ssion

el ectron m croscope: 1,000,000 fold). (Evaluation of
reaction) To the autoclave equipped with stirring

device, 69 parts of 88 % by weight acetic acid

aqueous sol ution containing 200 ppm of p-netoxypheno

and 3 parts of the above-nentioned

pdhe frAGlenwas finished, themystam dvascadlgd tto 20 °G:r o the gas outlet
Introduced Furt her, Parts of met hacrol ei n was

a®98Pt the @ut%ﬁjawam/@bwp ign fube withtcoalad waterrinside\smsl a gas
cardig at a nunmber of revolutions of 820 rpm and

t R8m Hﬁ et aftached iadhistardgn Thepreductgas was eecovered

B PR e 6501 Barr e rag e e rasronl presewrerof the

zB@ar#‘ o TAE [ B Wﬁ%")tr”a%‘%ﬁérreﬁf@hﬂ? AiceoiTge ke and the
B P TREBIaRE 6 %ﬁf{ﬂ&? g’ e Pulinetintlglid was

Etﬁﬁ?%“ by o8 KEFEM e Rhafie e ate i T S 8635 vre: 05

cpm)ed water inside and a gas sanpling bag were-
attached in this order. The product gas was recovered

by opeA& itige résuly se @G'ﬁ\béi‘blohcﬁftméﬂﬁcf'@ﬁmag 9?'33% the

internal pressure of the 5 reactor e reac

| sejectivitydo methasfylicaeit wasF 90814 rthé%ﬁ’edﬂ*ﬁﬁt@ad the
catal yst was precipitated by centri fugatio The

Re¥meEoligomer waisB.59 andethe wialdbf buethae@llﬁ @cm§gh 8 %.
menbr ane fllter made of PTFE (pore size: im.

As t he<slExaple 1the conversion of et hacrol e| n vvas 93.6
% th oselectlwt to methacryllc acid was 79.9 %

|
the sell&Prapar §tl%0tathep@ﬂt9|y§t wasicgeried outit the Savhembnner as

Cr c .acid was 74.8 % <Exanpl e
ﬁ%x\éhieﬂlg 19 exc:ep{1 ﬁ'lat)étn actﬁrated carbon madeofrom rawrgc))conut shell

(total 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 carrler. 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 Exampie 10, and as the result, the conversion of methacrolein was
89.7 %, the selectivity to methacryllc acld was 84.7 %, the selectivity to &
polymer/oligomer was 4.3 % and the yleld of methacrylic acid was 76.0 %.
<Comparative Example 5>
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The preparation of the catalyst was carried out in the
sane manner as in Exanple 10 except that an activated
carbon nade fromraw coconut shell 15 (total pore

vol ume: 0.49 cc/g; BET specific surface area: 988
n2/g; proportion of the pore volune of mesopore having
a pore size of from2 nm through 50 nmto the tota
pore v s used as a carrier. The average

part i cIOtH%I PIBRAN %ﬁ‘@'b ot 14 catalystavas carvied out in the same manner as
%he@%@%c@m et i 38" réﬁg@%tigkéﬁé%&ﬁ@%muon

¢ o Bo G E it 8t %rba?%ﬁfﬁé EealElysh, 508 average paricle

atBer Bt o e ARG <SRtdiniRg ipporteigatalyst thus

- IR NS FRIEREb B TR 1D Ak B ks’

T R ERIOR of B98EAvaNBA bf anshRgioh Wedh @L@&ﬁﬁ?@e-éﬁoﬂoo

3%oldhe preparation of the catalyst was carried out in
the sane manner as in Exanple 10 except that 96 % by

wei ght Tafe atahtattbna@ﬂtﬁe&ﬂﬂ@lﬁﬂﬁwﬁ@'c&?ﬂléﬂ‘ﬂut’ﬁsthé%%%é‘ﬁé?mer as
sol vent for preparation of catalyst e aver age

pin Example 102and as the rezilt, tvé conveisibhat methacrolem was
pal | adi um cont ai ni ng supported catal yst thus

o&ﬁeﬁ %edhfz Sﬁbch‘dhrpiormeﬂ'lacsylnccamd walsi zhswasmb%éh&mw to a

ﬁhﬂg magni fi cati on of observation by

¢ P8 fécglgemeémst 1% %Emdd{aecmdd s neibaorylit aol) wastss.2 %.
eval uat j.on_of the_reaction was carried out in the sane
nmanner Qg HQVWM%ﬁ%W@P 6>and as the result, the

conver$

o e b? 35{/8&86 gﬂ}%?gtg y\ggﬁvg%\%gqé og% w;trrlngmame manner as

o e@girhp 'et1\q EXbebt 4 ffl) lrﬁ?%lrgln%ﬁg\gg% ugpd 85°a Sollent for "
preparation of catalyst. The average particle diameter of palladium in the
palladium-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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<Conparative Exanple 6> The preparation of the

catal yst was carried out in the sane nanner as in

Exanpl e 10 except that n-valeric acid was used as a

solvent for 15 preparation of catalyst. The average
particle diameter of palladiumin the

pal | adi um cont ai ni ng supported catal yst thus obtained

(the supported ratio of which was 10 % by wei ght) was
108VerAge Paitimie tiaraetes of palladivrr indhée pallagiurm-cantaining sapported
el ectron m croscope: 300,000 fold). The eval uati on of

t HeAtagkthusrpblained{tha suppaited ratiorof whichewasritev by weifht) was
i Exa le 10, and ?s the result, the conversion of
n&' mngmgﬁlfwa&oag absgrvalien by teansmission wiectron microscope:
| i d 65.2 % th | tivity t

oot OREIOOB Birer vas 23 3 o and the yield of o

th ' ' 30,0 % <Co ti Ex le 7>
The or ots &yabkfion' 87 e tedctby was gariied pit Ecthe, ame manner as

i | 10 t hat 0.1 :
o TEERIBIE 10rexcefitHaR (o AIBA s ot BisthBirolela was 3 hours, and as
t o i ' 18 houyr.s.
e SESU e BRvErSIch ofHREMEEREN Viad 125 Yame Selkeliv to
P PhethEltyTo oM s 5B 241R etV Bolyrieliigin & des
028.61%% andaine iletdbf ﬁfetlﬁécrghﬁséiaﬁdﬂ‘ihwt ransmi ssion
1 ol'd)y. 8

el ectron mcroscope: , 000, 000 ( 'The

eval uaiA sumuaiery lpé theeavériags particl6 didrhetér of Panéwhhﬂrﬁﬁge
manner as i n Exanple 10 except that reaction tine o
nEal@dats Lspd andshe resultssof thedeactior! InExAples 10 &8d 11 and
cognversi on of nmethacrolein was 42.5 % the selectivity

t YOmRAaratve Examples 8 todwarsShewn intTabls 8| dntExdnples d0sand 11
pobéner/oligoney was 29.6 %and the yield of

nPIRER A\atlYSiwith ap average particle diameternofypaliadiuim of 1 to 8 nm

rticle dianeter of palladiumin the
A&S ?&%d? f'wds éoung Itﬁlat the se?ectieity to rr{elihaclzrylic acid was high.

Table 3
Average .
mﬂhedanaa(bmﬁmb“°4 Selectivity to Selectivity to Yield of
of paliadium methacroleln | methacryfic acid | polymer/oligomer methacryiic acid
o) %) (%) %) %)
Ex.10 1.5 93.6 79.9 8.5 74.8
Ex.11 2.6 89.7 84.7 4.3 76.0
Comp.
Ex.5 B.4 46.4 715 154 33.2
Comp,
Ex6 | 101 o 45.4 65.2 213 30.0
Comp.
Ex.7 0.8 425 59.8 206 254
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catal ysts used and the results of the reaction In

Exanpl es 10 and 11 and Conparative Exanples 5 to 7

are shown in Table 3. In Exanples 10 and 11 where a
catalyst with an average particle dianmeter of

palladiumof 1 to 8 nm was used, it was found that

the selectivity to nmethacrylic acid was high. 15 Table

3 Avwdp, Conversion of particle dianeter Y

Sel ect AS Mgnlioned phove, by using ithel icatalysttdidserpedsent invention. an
met haayrj c add Pol ynmer/oruorner nmethacrylic acid (nm
PN aﬁur%tﬂii carhoxlicaoid gan berwoduged through liguidtphdsed

gg 7 ?4.7 4.3 7P.O Conp. Ex.5 8.4 46.4 71.5 15.4 33.2
Kigatiph of afyplgfin o gn 0, Bansaturatecsaldehyds i goest readios

4 9.6 25.4 34 As nentioned above, by using
tﬁ8§8§ﬁ§$9§t of the present invention, an

a, p-unsaturated carboxylic acid can be produced

t hrough |iqui d-phase oxidation of an olefin or an
a, p-unsat urated al dehyde in good reaction
performance. 35 WHAT IS CLAIMED I S:
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1. A catalyst for producing an a, p-unsaturated
carboxylic acid through 5 Iiquid-phase oxidation of an
olefin or an a, a-unsaturated al dehyde, which is used
in a dispersed state in a reaction liquid, wherein
pal |l adiumw th an average particle diameter in the
range of 1 to 8 nmis supported on a carrier. 2. A

met hod for produci ngpy H)ﬁ-F_@ p §§. producing an a,
p-unsaturated 10 carboxylic acid according to claim

1 wherein a pal | adi um conpound is reduced by a

el hod REPUAVSHIRE PIRALEINGAN &, Friaal aieAiceipnyls APl through

5  liquidphesé xrididn df'Eﬂh%@ﬁlﬁ’B@%ﬁ cP)EI Gﬁéét@i‘ét@& aﬂ:lbl'@'d%f WhicP is used in
an a, p-unsaturated al de yevvlt mol ecul ar © 15 oxygen

a dispersacbstpteea ceaddiont ligplid avkergin paltadiynovtic angvarage, partlcle
diarf MR TBAGE of FHEBNWh'E suBSbdeRER Y SirRgr.! © claim L.

2. A method for producing the catalyst for producing an a, B-unsaturated
10 carboxylic acid according to claim 1, wherein a palladium compound is reduced by a
reducing agent in the presence of the carrier

3. A method for producing an a, B-unsaturated carboxylic acid through
liguid-phase oxidation of an olefin or an q, B-unsaturated aldehyde with molecular
1% oxygen in the presence of the cataiyst for producing an a, B-unsaturated carboxylic

acid according to claim 1.
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