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DESCRI PTION Catal yst for Producing a, R-Unsaturated
Carboxylic Acid, and Method for Preparation Thereof,
and Method for Producing a, f3- Unsaturated Carboxylic
Acid 5 TECHNI CAL FI ELD The present invention rel ates
to a catalyst for producing an a, 13- unsaturated
carboxylic acid through Iiquid-phase oxidation of an
olefin or an 10 a, p-un grated al dehyde, a net hod
for producing the catal iﬁ% ERIPLION: hod for pr oduci ng
an a, 3-unsaturated carboxylic acid by using the

catal yst. BACKGROUND ART Many of a, 13-unsaturated

car bolatalyst foxiBreducingou-UrsdtyratedCarboxylic ASid and
exanMethoddioy Rreparation Thees sfanyl Metiisd for Brétidifg o, B-
used in a consi der YnsaturdtedCarbeixylibeagar! | cation
such as a raw material of synthetiC resins. Although

exanpl es i ncl ude gas-phase oxidation and |iquid-phase
oxi dation of Isobutene and a nethod by way of acetone
cyanohydrin as a nmethod for producing nethacrylic

acid, there is not a specifically advantageous nethod

20 and nethacrylic aciTECHANICAEFIENgUStrially produced
by these several nethods. There has been nmany

r eseaiTtiegresentinvantidry rslatesdo a catalystifor Produsing dAid)p-
an a, s-unsaturated carboxylic acid through

uhsatuiatedcasbaxylidacidthroogh liquidipHdase exidation of an olefin or an
a, 13-unsat ur at ed al dehyde wi th nol ecul ar oxygen. 25
afHpsatirated aldehydera methddfor peoduaing theecatalygband a method
E&&Rorted catal yst (Patent Document 1), a nethod
irgdecipgian-aifcvnsatucated sarhopylic aciditahusing th catalyst.

2 to 6) and a nethod using a nol ybdenum conpound and a

BACKGROUND ART

Many of o,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 Vas 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 cyandhydrin 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,B-unsaturated carboxylic acid through liquid-phase oxidation
of an olefin or an a,B-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



10

15

20

25

pal | adi um cat al yst (Patent Docunent 7). The catal ysts
di scl osed in Patent Docunents 2 to 7 contain palladium
as a conponent of a catalyst, however, there is no
description concerning 5 particle dianmeter of

pal | adium Further, sonme of the catal ysts disclosed in
Pat ent Docunents 1 to 7 are supported on a carrier
such as activated carbon, alumna or silica. However,
Bocuprents pPtods)| anst & prathod sistg a molybderaum iconpounideared a
is merely one description in Patent Docunent 1 as "it
ipalladivey eatalyst (Ratent Bogument @phobi ¢ carrier or a

conveﬁgi@?nal carrier subjected to 10 hydrophobic _
t r eat ¥ catalyptg disclesed iePatens Dasumants 2itet7 eenrtain palladium

S oA bl B, i
AR Rlensitel Bt alRen) ek aormé 2168 catalvibgisioged n
RelertDecUines 1 toc), BF¥ rpPOOBETbn & carfBF BIRTAs Helithind,
Yoty A faich <ilte. MBotdh a8 Mot PySe BloPRye8 Bt these
GartiSrs, HBre RIRERY RS E88fiofon AT DGeltlent 1 a5 “tis
pesiersbie tdase at hyﬂi’oliﬁrﬁéﬁlé cafidrr & tRVentiBnaPearfi8r sdfected to

DI SCLOSURE OF I'NVENTI ON 25 PROBLEM TO BE SOLVED BY THE
hydificlhibbls treatiifent’, ahd thersar nd otrirideseripliciis) ¢¢ those

acrylic acid from propyl ene by wusing the catalyst
flocuinents, sefeting tagphysicei properties of tHesexcarmbrs

ggfc’ecnrt Iéjo%%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, acrolein, acetic acid
and carbon dioxide). In Patent Docunents 1 to 7,

t hese polyners and oligoners were not captured, and

hence Whéar the Pr@ent frileptdrs \produded ashit ESidaﬁ?érﬁ dpagﬁgbhs by

yield of acrylic acid in view of these - pro

wsing thewadalyst predlioee acttvaling toothe rMetidsisfEtamples described
Exanpl es of Patent 10 Docunents 1 to 7. Consequently,

imBaters Docusnents i tor frahwas éduired thesd biyrprotactsrstichass Varfous
produci ng an a,j-unsaturated carboxylic acid in Patent
pebimenstandioligonreraanerecprogucéd i lange amound indaddition to the by-
fﬁggher inP[ovenent on_ this point has been desired.
PrRAugls descrined indPateat Bacuments i to 7 (fer exampley acetaldehyde,
cat produce an a, 3-unsat ur at ed

é‘&?@’l S%F%A?ﬂélg ah ﬂgﬁa{nlﬁ %Rﬁé ingd; Gasbao gindde)oyln PateaiDecumants 1 to
7 it BRrandplGSars el et camtiischandhanoenthe actua
Sfegf itk BB AR yidlo3y oM i B viaw.atthese by-
MR RO\ ST 41 v BBy i RSGRAES ofPaten

CRRS . LA RSO BRI Binds e

reethod forgirodidding @hea, BlinyiRurated cé{ﬂé;lixﬁ@é(&d‘iﬁ e

the present invention. The presen ventors have al so
Documentsat to wheas nobsufidientryéts andeéne, mzrgfémb&wen?ént on

a catal yst, the catal yst performance is
this\poitt has beenrddsiredced by a particle dianeter of
pall adiumin the catal yst produced, and thus have
conpl Ehe@bject of thespresenhinvention is © providesd gatalystiwhich can
grodUCing an a, s-unsaturated carboxylic acid of the

roduce an a,B-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 a,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 alsa 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, 3-unsaturated carboxylic acid through |iquid-phase
oxi dation of an olefin or an a, 3-unsaturated al dehyde
and is the followng: 5 (1) A catalyst for producing
an a, j-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

adsor g catalystfar@rdoducing an)o,f-ursatiratsd éarboRrylidasii of tive
a, | -unsaturated carboxylic acid, wherein palladium
wesendinventionde acatalyst for produetng an o, f-basatunatedadarboxylic
8 nmis 10 supported on a carrier. A nmethod for
peisieough iquid-phase pxidation gf andelefimgr an o,B-unsaturated

a, p-unsaturated, carboxylic acid of the present

Pk&%ﬁ p&nd ig the fRlloNdRg'f or produci ng the catalyst for

B e5telse o togliing i paunsasasen Gartoy liaeic whprein a
A RO BN e b AR A ote Hork Seudme 4R oo 1.50 ool
B Rfeaurda B0 itroaet 388 BB R Ian FBRAGRYBLS: ng the

B &' chpalyst 16 pRIGIHG 8 offtulsdudiadSS b SR AE, vl
ggumam au_@efﬁg%@@%&gﬁ{etéﬁnghs_raﬁ&é 8¢9 & ni1§

above carrier. or produci ng" an

suppomedibh @adatflecar boxylic acid of the present
invention is a nethod for producing an

a, 13- Amaethodsfoe grathucimythel catalgsi for phodudiig ahaypdmsatmated
oxi dation of an olefin or an a, 13-unsaturat ed
earbokyliteacid of the prasentinvertige is a methed foeprmtiteiraf theteatalyst
catal yst for producing 25 an a, 13-unsat urat ed

fas prestyging anwi, A-ussatureteshearboxylic agid of the abeve g, Wierrein 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 a,f-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 a,B-unsaturated carboxylic acid of the
present invention is a method for producing an a,B-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 g,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, s-unsaturated carboxylic acid

~through |iquid-phase oxidation of an olefin or an

a, (3-unsaturated al dehyde in good reaction

performance, a nmethod for producing the catal yst and

a nethod for producing an a, p-unsaturated 5 carboxylic
acid by using the catal yst can be provided. BEST MODE
FOR CARRerding tutheTpiesent/anention, g aatalyst whickt cdroproduce an
produci ng an a, f3-unsaturated carboxylic acid The
Seft-Binsaturated qarbempicagichthreugh liawdtnhasesaxidatiarosian olefin or
acid of the 10 pr i nvention (hereinafter,

t
%&PT%’“&?&%%‘Q@&S@S in geqd reantion perfosmangeap yrethog for
Brefiting PheSustiysi a8 Butieflodtar Braskicing, i &b-unsaturatea
- ' . d.is the.faollowing: (i) A
BafbaIg bR AR SN Cah e piBuidefea car boxy | o
acid, wherein a 15 nmetal is supported on a carrier
wth a total pore volune of 0.40 to 1.50 cc/g as

measur ed gESTIMOBEFOREARERANA DUT TRERWERTION ) A

catal yst for producing an a,f3-unsat ed car boxylic

aci d, (W eatiyat fdiqirbaaéihgﬂe){ﬁ c%,g-%aw%té&sa ltu,g &d

dianeter in‘the range o 8 nmis suppo on a

car ri The catalist fusbrwm:nq ab ayBuRBalur tedtarboA/li Heid 8fthe
a, 13-unsaturated carboxylic ‘acid can be produced

preseny inventjon ¢rereirafter xsaineiimes @kprassededs ftatalyst’) is a3-
unsat ur at ed al dehyde in good reaction performance. The
catalysy for produting apr e feunsaturated carboxylicacidthrdugh liquid-
effective for |iquid-phase oxidation of propylene and
Phasg pyidatien afienglefincer ar ofirtinsaiywated#idehydedndis the
g{ 25 acrol ein -and net hacrol ein anong a, 3-unsat ur at ed
lg¥iRMes. 5 The catal yst of the present invention is

ﬁ) wggt%[fs?gorcp%gtljgiﬁtg ainna,\g'jtimcs%tt?rated 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 liquid-phase oxidation of an olefin or an o8-
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,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, alum na, magnesia, calcia, zirconia and
ti t aniTieccatalyst oftbe presentdnvention is acsupparted catalystinowhich a
silica is preferably used. Activated carbon is
fmatal is|suppoped ainca garrier o ttgeinafiep rrocarsier andfa metal, which can
ggrbon'zation, ranul ati on, activation 10 washing,

P;Hﬁ%g{ ahtresatalyst ofthe sresentdnyention, wilbbe exatgined.
proceifgid’;\re not particularly limted in the present
i nvent!dh~8r bonaceous material which is the raw

articul

R e et B e B S b e B 5 Sy
IR0 4 4 PB4 BcROMe KBHES, Koy G
B b, oo, 1Sl R oA 76980 iy rom,

aafivated earshr & sinéd isV&bfé?HblyUé%d@%étKé&é’djc&r%qu g?.hb?éuy "

the activation process I1s washed wth m nera

brotiueeld throughathie (hracssser!ct icarb dnizati e Franvation cadlivagien,
to be put to use. Anong inpurities contained in the
wasHing, dedng ant ediverizhtion, arid msarprbawh? procedsesare ot
anount of chlorine as 20 small as possi bl e because
partisulasly liitest inthe presentinvantionf fA catbomacebas nuaterialwhich
performance. Therefore, an activated carbon produced
thegawgnatariat ot activated carbonia net padidularlydinited either, and
referably washed sufficiently to renpve the . )
R4S ra materials such agcosaauishall, caal, ligninandsynthetie resin

tdn Bg e, 11 bifceda of aflipliondsant RaniEyiardiated efther, and
VR Mol Bon ARpude S5oS ki sl AposPORRYA Hhe
EMBridE/cdnYe IR tor RREVATIH. 2Fhe aBliveitsh ¥8¥on Sfter the activation
process is washed with mineral acid, hydrochloric aéid 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 chilorine 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 m?/g or more, particulatly 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,3
unsat%rated carboxylic acid can _be produced through
B0guntigisinasereo and pirefenably 4,000 oi’kf omless, particularly preferably
a, 3-ungaturated al dehyde in high selectivity and high
SAYLBY (90 I@SS.Her ei nafter, the constitution of the
above carrier and the nethod for producing the

car r i @nepmbogimentnfiha eatalyst of thepresent invention ists selact

a target product in _hjgh selectivit it is
BPQbe‘ﬁ%aﬁ‘)Pg"ieé“é |2 iqtalporg,volume gf OiGita H69)cof@ A measured
A5 o b v e 508 b v
Hndahufiiefl 2ooRlE agh] oy He pafd ok o ar e s igation
OFEH I ATESH n o LAGAIBEatBl vl idh s g8l and nigh ©
BRIGLEHIAN. Yehhitter G EonstRidlh! oe ol Gg Sidin e

ARItREd Forpradaanbtes caﬂrrmvngfpbf&@léiﬁ@d.af orement i oned

range of the total pore volune'I's supposed to

suppr ksparticalal Otoretitainna RirgdprdtaguiRttighs selectidify, it is
ol igoners. Further, in thrs case, a proportion of the

preferabie torselett 4 barrizd withs® fotakpdrawohgme of @.40 0 0B0odc/g.
from2 nmthrough 50 nmto the total pore volune is
Pheftelehpose viaumeds merespreferably Q.47 at/goarmore | furtker nor e

pr ef er abl 35 %or less, furthernore-preferably 30 %
Breferably Q%@ qs4a or lagsaang furtharmare ipyeferablyDb7 celgwr less. By
Further, the a ovF, groporti on of the pore volunme of

V$IB9 ACHP8F which tyifills sughiroayrementsy g targed product sugh as

B4 SR e B Shsbadnteedf HoBse iliou i e
f@)ﬁ@'ﬁ(‘ggﬁ b?@y—%ﬁﬂctgh THeSdtbctRAY Bt 1% taFGefhrddultisiProved
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 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 n2/g or nore, and preferably 2,000 5
n2/g or less, nore preferably 1,500 n2/g or less. In
tawei praipartiort of thetraesopore s geppesetieciavetheitahdency to form
productivity, it is preferable to select the carrier
paser amastrdiof byrprodutts sachfastoligdomers, lafidhents). impFoves the
total pore volume is nore preferably 0.80 cc/g or
gelestivity,r Fuaher the BirTespacifid surtackoaree/ of the carriar,is preferably
nBre preferably 1.40 cc/g or legs, 10 furthernore
£P8:mai/aarynaregnare ngeterabli 860 mYgwesimerea abd mreterablyi2s000
fulfills such requirenents, ,a target product such as

m./9,er l?sﬁcmrﬁgprﬁéf%ﬂﬁq(kmalﬁ @rles$ be obtained in
Tre B Baticilel {2jodhin s vtst Bdust ihigh preduibitpas
BRéiBHT BF SREH 0, GuhBf With 2 G Bore yplimie ptfizo 0 1.50 g
THERGEA Bore v B ot GreRanRil Bparid 4Pbfe Jurtheomom
Pi‘hﬁeﬁ&ﬂlfow O?Encg'g?aﬁ& me{@etbggglpgl Ao Be@gﬂgg&i gf

romz2 " nmthroug nmto t por e

furtermdpé bréf@r%lg"l 3P6Ggon 144 . IlBJ)? 9%@? PEAFieY Wfriéiiﬁ@mﬁ)i/l!s such

nore preferably 20 % or “nore, nore pre

Ultenents; ® target pryductslicH &Y aBrylit (crPoY méth3erpi
EFélﬂ‘thef, t he ggove 20 proporti'(‘)y:'1i i's preferablrg%éﬁug/o%an

be obtained ingeot pedductivity with Higlo activitysofahd catalystherher e
preferably 55 %or less. 1n this case, in particular,
Presivctivity otthel targes peodudt isrirspraved thecansenselacting adlargerr
with |arger proportion of the nesopore is supposed to
fange withinitbe aéerementionad sange of thel toalipore ivoiume issupposed
easi er, and hence, | nproves the production efficiency.
ﬁm@_ﬁ% intenal pererdiffusigieef feastants aRd Pregduats sasyh&urther, a
ﬁl%rpro'rt?c;n of” th%rfgrg rv%Pulere %9 &en%{e ogarenﬁé\?ihg gnrgc?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
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
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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

Wreferatly B00GR%/g /0P ThéreTBAN prefopati Tsi.dnq :ﬁ% @ 1e¥e! Rbrd Ne

netal to be supported on the car?| er

peeferably 4000 /g éreidses 10 long as it functions as a
catal yst of |iquid-phase oxidation, however, noble

net al The tptad perebolemeyahé porevolamenof #he rRes@pcre having a
preferabl e and palladiumis particularly preferable.
pote sizeaf frosmn 20em dbredighl Sthemoand thecBETispacificrsurfacetarea of
or nore kinds. Further, the netal nmay contain another
the earrigr ace measured by, fonexampie, SurtacesArsiayand Bbrosimetry
Ii%d-g&ﬁe oxidation. The content of the netal 15
fRabienotiStan 8004 (rade pame) amesufacjureddsy Mictomeritinase
ﬁ{idatio is preferably 50 atomc%or |ess fromthe
StHTRem CUPOratoN. yst activity. One enmbodi ment of the

cat al X _2 mﬂ#ﬂe present invention is a catalyst in

mﬂich ﬁ P mw th an average particle diameter In
arrier. .

sel et aana ﬂ%? spafied o R3hiehds Rt RefiBilarfigimifR as

BT R TRAUAS 8, GROBToL e o er e

A% Yordne pdledindro 9684 e B

particalelynretarable. dftiRietd] dah by G8&d aling dr- iR d&?ﬁtﬁﬁ tion of

nore, nore preferably 1.4 nmor nore and preferably 7
two or mioee kindsorFurthez| theaiaktal tnaycontalreasothep méiainwhibh does

average particle dianeter of palladiumis outside the
aolduactiemge a catalyst of liquid-phase oxidation. The content of the metal
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
controlling its average particle diameter to fall in the range of 1 to 8 nm, a
catalyst which can produce an «,B-unsaturated carboxylic acid from an a,B-
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 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, 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

towvéned; Bnd hehbe, MeafiadofRm & polimsatirated Eérb%?yﬁ@ia{:iﬂgé H4ble
I pal [ a

menti oned above neans a value neasured wt um

to belewersdal Atthistime| thescatalysPmag ! contdina metal & Ran
which is concretely calculated asS follows. Print out

palladiugy howevenrtheicentam of tiee irietal other thangraladiurh i he

same magnification as that of the observation, and

prefatably 50atpinic% or pessiframdhe vidwpdint gfgdtalystiactivitgi ons

inthe field of view and nmeasure particle dianmeter of

each fHeIaverage padiclendiameieuotpalladiyra mentionetl abmteemeans a
assumltrllr%gi ts shape to be circular because the

gﬁ'&ﬁé‘@@s with paliadivirie dhe gatalyst birdeansmission glectramd
iEiotgEpt h s SaRtand Pctlaten s ellawan aver age

P ans FBLBURE rBhgs AR uARGPisslol e8pEsE ilbraborh it e same
Phediietioh s/ 4HE! gt Bn3ARNBREr Srble. S papes o
i Rl r8gRns In e gt gt vielahd mddeié Pl didfbfit o

tégcrg palladidsh fégiorf; Pr&aduré the Etaﬂk':lé &i%ﬁw’ié?ﬁ}rr Qgsgmlﬁ‘y ﬁgﬁape

e used, a kind of solve and m xing rati

toelse oivulat becassd thershdpe dfahd patladint fien I%Pélh?ds{t gg_celfar;

the catalyst, a kind and concentration of a pal I um

andparrydutthese dperatiorswithtEfields ob Viewand agbrigesthe and
tenperature and tinme of reducing the palladium

measgurattvalues ta bbtain an average/particlendiamietérs necessary
to control the average particle dianeter

Here, the observation by transmission electron 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 compaund which is a raw material of the
catalyst, and temperature and time of reducing the palladium compound. In
the present invention, it is hecessary 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, f3-unsaturated carboxylic acid of the present 5

i nvent2)oA methodter produgingeal catbingst mtme_duémgtam e@-ci ng

the catalyst of the present invention is no

pasaturatedrdayboxylictamid however, it is preferable to
select a method in which a netal conpound is reduced
by a iethenex plaesta methodfarpreducing thie abeve-mentioned
Concretely, the catal yst can be prepared, for exanple,
gatalyst ifawr@dyﬁm&mg,ﬁf@awuramd atbaxylic acidofdhe presant|
Congﬁund,?gluti with di spersed carrier is prepared
mygnion willbeexpialaed. i s added to it to reduce the

o oh TH BRSO el SRt o eSS RuAen & no
patIGY el RS B eiBhR iR ot f Pt Bcwngn
Ao 00 YoctuBed b tes o dbrtif i Blmefof Br damier

CHSA TP S 58, o o
fRtudEdn memdtah %icﬁ‘htrhé‘lfaféem’iaﬁhﬁ&*sﬁﬁjftioh%fﬁé | F’s%ﬁli carrier

conpl ex or acetylacetonato conplex of the net

iscprepared dnd aaedlying. agemt 5 adddédtoil to/ retliicerthd #hetal0
oxi des, acetates, nitrates or sulfates of the netal,

¢oempbundor bya gasphbbe redudtioni rdethoddnathitie s carrier
nitrates of the netal. These conpounds can be used
impregnated with amital compovindtsoiution isutrieddnditheRusubijested to
as these netal conpounds, it is also preferable to use
radyiction in a reducing atmosphere. Among them, the liquid-phase
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
compiex of the metal which becomes the catalyst, more preferably chlorides,
oxides, acetates, nitrates or sulfates of the metal, furthermore preferably
chiorides, 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 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
inpurity. 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,
cahtain chiorinessutheas agstates(nitrates br bisaceétylacetonato complexes.
bi sacet yl acet onat opal | adi um can be suitably used. As
Whens palladiun is stlacted as thaé enetal, for exampplenpalladiuinsacetate,
properly selected 5 in view of solubility of the
palladiugbhiyeim ar hisacetylacetonatopajladiumtcanrie suitably used.

di spersibility of the carrier. Water, al cohols,

ket oné® thgselvand te disgolve the anelehearppound, itis@ropedy selected
emo or nds sel ected fromthese groups can

BLviatice Soidbiliy.ot doe atal compewd andite Baduing agentand
RiBpBfBliy,of P e Wtk REBhas, KeoBeacpianimsice.
bifeetity BB ATl 198 o Kbl B gpese
bibulhs 64 b By AR sol Y b AfEne GbeRE &g betected
PO feiotplcniing o e kikplosting BRI

PESTERILIE R &E18abEoms ng’ﬁn?&sol%ﬂ%?lééea %nm'tﬁégrouf

splvent of water and an organic solvent 1Is use
consistirgpof/erganidf asigé havingtarbon Aafibe? 0F 220 B2 Rekiary butanol
sol vent selected fromthe group consisting of

ahd &etdnes heating earbamchumieneofc3 &6 ds mote prefleealsis) e.

Among them a m xed solvent of water and at | east one

or ganltds aisovpreterabledotuss 4 mixed sglventofwatds andsamorganic

preferable. As the organic acids, at |east one organic

selvanthecausen catajyst withrhetigr perforpasce can dpeasreparad. cWhen
n-butyric acid, iso- butyric

cid, propionic acid, | y
&@ 'a‘,'xeﬁ{*iﬁﬁv%ﬂicg waipgaad aniarganigiseivept kuged, a1 mixed solvent of
Pafes it afeast G piiiid smvent Seieotpd Tomm 6 grtuipensRENg 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 organfc acid selected
from the group consisting of acetic acid, propionic acid, n-butyric acid, iso-
butyric acid, n-valeric acid and iso-valeric acld 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 %

b i@ht or less, In the case of mxed solvent, it is
ﬁ%ﬁa ¥140 torat weight oplessntnithe pase gbmbxadssolvent] i is t

may, be .h }1er?I en?ous., A carrier and a netal conpound
pidelahied ld Brsolans leDamegPDRQYs, Wile.itimeyihe beltagansous.
col 1t iﬁéa@ie?“ﬁhb%;‘%%fégﬁvw%t °| ckre asiled b g’éhﬁ‘éﬁﬁsﬁé’%ﬁe”%m%d
' 0.1 % [
SEhvaht FEFBBNRPY ornd G Sh0favesislyto p%e%%ﬂrséef%ﬁ c@ingpipd
BofBh it olSpars e Yarhel, SChnGlnttioR g nigtacompound s
Ond ' 0
BrTRAAY O, H 0y WRGHr oret Inore ERaterdtill §.275°b7 RN
Wire h?ag?ﬁ:uea‘?ﬁ%ré{éﬁatﬂlﬁrﬂ.ﬁ %”tb?[) éi%ﬁ’trcﬁ'frﬁbfét." Bedldel Oy

m5|gh ess. e nex ate, a reducing agent is

ednieghttationsf the adbove ey Bempsahd id ﬁ»éféﬁabg/ 3o ngwtght or

carrier to reduce the nmetal conpound, to obtain
lessamose preferdbly 1 0t%cbywbight of lessplptheAflofpidigrably 7 % by
carrier. The reducing agent to be used i s not
peight elless and paiticataryrpreterably 4%y weight o fassbe used
as long as it has the ability to reduce a netal inits
oxi di lethesnext plage, @rredusing agantisadded feothearatad compound
hydr.azi n%, . formal dehyde, sodi um bor ohydri de, ]
ﬁ%t’%@ ¥ith dispersed farier todeduee the metal eempoundd topbtaime
can, be. used n hem at |east one conpound
Q%Pyﬁ%wﬁlcgmﬁgoﬁﬂ [FL3HRRRGAON the carrieh mal dehyde,
pr opy I tylepne, 20 1.-buten n - butene, i s
o of of AR educiR8 AG¥RE R fed s Ref ity iy e
tatéPdl Sah 6 GSGPhS tong 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-butens is preferable and formaldehyde, propylene or
isobutylene Is more preferabie.

When a gas such as propylene is used as the reducing agent, itis
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

pressure; hereinafter, pressure is all expressed in
dMidg {gaygeprassaje; haheinafter pressure igalherpressed lin gauge or
solid, reduction can be carried out by adding the
PERBSUrAly agent in a netal compound solution with 5

di spersed carrier. In this case, the anount of the

r educivM@en s reducingagentria linyidiorspligpradsiction san betarged

the netal conpound. Tenperature of the system at the
PPFerEV éﬂgrr&jh%@trﬁeklmas@m inametal gempgyed gplutiopayith

AEREPSSd Sarmlorn i s Base,dbh mGyBhind dlidng pagidsont
Bedtdfy 1 SRR Rl gt o meidadpoundiicr ng

br of e anhisTatite 8 B 6ot attns bl B I toR Bypgucing dme
o B A4 i) B
86mip@ Rl to BRAYEd) SoVehi®y fe?:ljd%fr@ %éélﬁnlﬁhg)th%gmlﬂndoéannot be

nmore, nore preferably 0.25 hour

absolotalysaid. Ahahe icabe wf flqGidishesedediBliéh nigiNod, Seducing
preferably 24 hours or less, nore preferably 4 hours

temperaturefis préferably e5 pCeadrdiigtry nibré preferatily 0e°G ophigher,
articularly preferably 2 hours or less. Aiter
miooe prefecably1$°C onhighex, mndpreferably 150 % op lowerdmore
on the carrier is separated fromthe dispersien. The
prafernblyy10Q Egardowen fughewnoreguefarablydn %5 oy laweri. tReducing
and, for, exanple, filtration or centrifugation can be
tieds preferably 9+ 1 bpur aumoseJapea Breferably @25rhaur rinaere,

l;lrjr}t edIr oirerz] %rer}g}arbw 0'53 hgt?rt 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/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

solutionroan ey easilyi cunfirmeddcadding @aedusingagent such as
hydrazi ne, and the anmount of the nmetal in the solution

bydrazine] @ndrthe repdounfuafithe rastaliel the \solutionrcer! bedetermined
anal ysis such as | CP. The supported netal ratio of the
gaealitatvely svithr an elexnentabanalysissushiesHCP.5 or nore to

the carrier before the netal is supported, nore

pr ef eFTQmsymoste%mgtpl m@mthercatﬁvat is preferabiydi £ % by weight
greferabl 1 %Db ht or npre and particularly

f BY0Ee 9 the gaujes emmghe rmtah@r%lppgetgdd@@re pn@ferablv 0.5%
5 W et rutheroacrermuetereblih S8 welah B aarerand
&ﬁ‘t&hﬁrﬁfﬁf@%@& 4 % BY PRGNS ondfB. dSifes 6‘8'%%8&1 etal
th8rca]lt§l§s°t 1§f§ﬁef@§éﬁ)k ‘ipt Gﬂsy\g?@j;? g? {??,g 18 5%? éj@ﬁ of the
ae S Yo o1 RO, HERE gty BORpVogR o

leaSPRHGRBSS BrifefiblP 206 by Wéight 60853 aR8hariiclilfly

residual solution separate m t he cat al' yst

preferabhots % by Welghtorlbss.t Thbtprbﬁdu ¢afib BAN becobtamed from

for the reactlon In the state di spersion after
waight ofjthe carrier ased émtheopreparation of thecatdlysts alefgindf the
formby centrifugation or filtration. The catal yst
mejalie the: metak campownd and weightsifithe seetabcontaineiddnitie
phase oxidation. The nmethod for activation is not
r,9§|quaé §pmp9 separated feata the oatalyst after reduction. can be

used. ? t hod E?r activation, a nethod of
The cat alyst thus produced may be used for the reaction 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 & flow of hydrogen is preferable.

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

In the next place, a method for producing an «,p-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an a.,f-
unsaturated aldehyde by using the catalyst for producing an o,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 acid 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, 3 25 unsaturated al dehyde by using the catal yst for
produci ng an a,j-unsaturated carboxylic acid of the

pr eserixamples of the tdwielefintafithe tiquid-phase edgatiomiediuded
Exanpl es of the raw olefin of the |iquid-phase
propjienarisobutylede and 2ibuteme, Examiplas/dfthe rawdy, f-unsaturated
2-butene. Exanples of the raw a, 13-unsaturated
aldﬂtmd@dnclude @eeolairy, onethacrolsinherotanaldehyde (B-methylacrolein)
cr ot gnal deh (f3-nmethyl acrol ein) and ci nnamal dehyde
and %{pﬂlﬂéhwde Mﬁ*phenm cralaind| 'efhierrawmlemor the taw e.f5

ﬂnsgfquétaebe gé@&a&' Gball et aall paci o IORUER SHchsas a
Bt e Sie Pﬁ'ﬁﬂ?@%‘feﬁ safutatedtones gidefitar ur at o

ot ot W A8 thelsBn el BEUKERHak Bnd i el S,
Bhigfated Refbokl o5 RFhe prdudcat AIRE ipde: %ﬁv&m@sﬁi‘?‘é‘fn has
tHeSs@ndcdtreén Skeleton g‘ﬂ?ﬁﬁlglhﬁi Qefif! Further, e gh@erﬁﬁgi an

a, 13-unsaturated car Iccacid to be pro uce

&?ﬂ-ﬂhsémr@t%dtdleew&si%ﬂlse'dréﬁﬁe' raw materidl ! italdehpde group
producing acrylic acid from propyl ene or acrolein, or

chahges intd carkoix grow inthe ud;ty-bnaatwateaﬁzaMMcra@kmdbe

t hrough Iiqui d- phase oxidation. As a source of

produceldar oxygen to be used in the reaction, air is
econom cal, and al so pure oxygen or m xed gas of air -
and plhe Qa;tg{gstmfdha presentdmvention issuiiablerfor pradusingiacrylic
in which air or pure oxygen is diluted with nitrogen,
asidfrrmdrenylgae qn@pé«?lemapb methaenylic priddreraisohuitylead or

me?hacrolem 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; alcohoals such as tertiary butanol
and cyclohexanol; 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,

i so-butyric aC|d n-val eric acid, iso-valeric acid;

of seiventssslected frans ttmsﬂwgn@ﬁpacaatbqbseﬂ: eAmiongsthem, at least
met hyl propi onate; hydrocarbons such as hexane,
epesolventrelestad fromibegroup cansisting of elcobols, ketesiest organic
of two or nore kinds 16 of solvents selected from

apids @"Gr Ygphiccagid pstays dyipr Q‘ﬁi&b@e,t&mt lgast anessolvemtsselected
ﬁolv nt sel ecte fro t he oup consi sting of

@S0 EOBREYNO B gronn ag] SRR e of 2106
Gy hundl i ?%5' £5 B oarb &R PG O Saih Is merays
E@%&Z’é& AR 88%%‘3’?%!5@@ Anyjong qtfié%fa?é Byl et 2ia
FH6 reldion acild pRrar) Prefeiabit, "G S iRBaFalvent of water
Qﬁ& Gt Fé&s?ghéé SBF east‘s@@cf‘ed fr iﬂl‘nt 'Jf‘u‘ér%roﬁgc X egﬁ lﬁg 'oY?L&)hS

wat er one sol vent

REtOHBS Cavgahid Adids ahdWr§ahielazid ?@?ﬁ@ﬁéﬂéﬁ%@%@gb%

and organic acid esterS is pre

perforonariecef b ligid- hase dxigation |s>fumlnmprov%dfw wﬁg this
I nproved by using t solvent. In this case,

sotoent, Infthisadase, the awbunaot watdrds hpt pariculadl Iimimuhbwever,
it is preferably 2 % by weight or nore to the weight

ibis prefenable2 % by weeight ommore tor thieeweighty obthies mixedesofyrent,
or nore, and referabl¥ 70 % by weight or less to the
mere preferahly 8 %ibyoweigh oemore.rmdep erablu B0 o by weight or

ht or ?lﬁ; It is desirable that the solvent is
'ﬁﬁﬁgfg; theweight M%mwettﬁwve@t (e Rraterably &G:Tedyewelaht or

t at ase oxidatio act i

35S B cebifRtiy Yont the safuent f RoRagdinenhayNgie f eab e Hsed in
éﬂe?ergaéﬁgo@/gtta?én 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,B-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 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 a,p-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, 3-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

The above ameuntdq beusedsispreferably|30 Mols omless,2hore preferably
to 1 nol of the raw olefin or the raw a,j-unsaturated

ad mols @& less, futhermase erefergblp 20 mols arrless particularly
BikGeraby 15 plolf SE lesscansl most aistorakly G reois of lasss, ot <

ol oSS cbtalystf Befeiiy upd »aazéémgﬁrsi@t‘éhﬁfair%%ﬁguid
PR R B85 et B80S R b 5 e

60 ol 6o M e 0 1 S8
& mbﬁ@ as ‘iﬁé‘ E&Fa‘ieystt @x Qﬁ 435 91:% )ﬁ%afb"t&f t%rﬁw %arQs i!)y PGt ot

cata exi

écﬂaﬁér@ éxfsﬁnéﬂpthﬁ'fefa’étd?)’m&é gﬁ?fePébl . Péh‘i:@r \ﬁéipﬁtblnﬁhore

in the reac nore prefer

amd partichlzHysrefdrablyor ?drt M@i ﬁbbb/mbr@afrhe@bdw'aiﬁéurﬂfto

nore. The above ambunt to 10 e used is preferably 30
paused ig/preferably 30 paets by weight or leks) miokey Bm«ammy 20/parts by
ht or less, and particularly preferably 15 parts

wglg?uebg lesspand pamculaﬂy preferablyn1§ payis bytweighbordes$ie
reaction pressure are properly set depending on the
sol vehite reartiondemperatire andithe readtion predsurerarerprapeity set

erature is preferably 30 C or nore, nore
éﬁl@@%w the) seﬁf@nt abd éhe naywv m@fteﬂelgrt@rb@ ysad. cTh® rgecav@n
d 70 C
Snberaties o pretSably 38 tforobis, arueniierably <8 o5 o sxie.
@F‘gw&ﬁ él%f@%h&_é@ pggrﬁﬁorleeasﬁd pathu[arf’J1 pre?eraglryefbs% 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 iess 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
function. EXAMPLES Hereinafter, the present invention
invemiiontie not lipited e thasenexamplby. I tive followiref examplestand
exanpl es and conparati ve exanpl es, however, the
geEnaiativesexamplesi (part"means partbygdass t hose exanpl es.
In the foll ow ng exanpl es and conparative exanpl es,

" par t (ARBAIS of & ravpinaterta) andmpragdiict) of a raw nateri al
and a product) Analysis of a raw material and a

pr odu eha rawdnalgrial,gnd giprgdugiwasscarried out by using gas

(o GEIRAY The CInMEIRPRAT 4 @iotia BE af & Prinsaturated
BIeRyRR; e SREg 4P S Bolianialod S4BV ae taiBe stocuenst the
BEIOERU e pofn i oot B Bl e B SEMAR R -
Snfetiaei b i Yokt bl and IRV ERY sy o
ah cip-unsaturBtetf carBbRlicAdE Ry B8 p?oé&déj ard d%fg/rygoézs f(gg!ﬁyvs:

selectivity (%9 to an a,(-unsaturated al de

B) X Th8conVessicre (%Ebf #h ‘olefin’ar ér@a?uﬁsﬁukﬁtﬁétﬁlﬂﬁiﬁfé =(B/
carboxylic acid = (D/ B) x 100; 15 The selectivity

AYX 108;a pol ymer/oligomer = (E/ B) x 100; The yield
(%9 of an a, f3-unsaturated carboxylic acid = (D / A
x 100Theselectivity (%) to an a,p-unsaturated aldehyde = (C / B) x 100;

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

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

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

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

In the above formulae, A represents mol number of an olefin or an
a,f-unsaturated aldehyde supplied; B represents mol number of an olefin or
an o,f-unsaturated aldehyde reacted; C represents mol number of an o8-
unsaturated aldehyde produced; D represents mol number of an «,p-
unsaturated carboxylic acid produced; E represents reduced mol number of
a polymer and oligomer produced based on an olefin or an «,8-unsaturated

aldehyde, which is calculated by dividing total weight (unit: g) of a polymer
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The productivity (g/(gh)) of an a,]j-unsaturated
carboxylic acid = F/ (GxH) 20 In the above fornul ae,
A represents nol nunber of an olefin or an

a, p-unsat urat ed al dehyde supplied; B represents no
nunber of an olefin or an a,s-unsaturated al dehyde
reacted; C represents nol nunber of an a, 13-

unsat urated al dehyde produced; D represents nol nunber
@ndznligamer pradacad by enbleculaoweight ofahdlefiroduae @;p-E
represents reduced nol nunber of 25 a pol yner and
snsgturaiedaldehydaisupplied; &represeints weight (amit: g) of an o,p-
a, p-unsaturated al dehyde, which is cal cul ated by

&ng wiralgd:carbexyliciagid praghiced; 6 representis weight (uaitr gjrof a

ol i.gonmer produced by nol ecul ar weight of an olefin or
H?P‘gf)@@"tﬁﬁ@gﬂﬁ adgatalyst st andstl sppresentsreastien sime @nit:
1B el Pl cRop BT SR e
DBt SRBLADT, B €8 2LV Eaeto L e esent s,

al denyE SRR Bt pATaEEbhed o fyenca - "
Pr opeMdadrétheftsS g 'rSrwbldYﬁééﬁﬁeﬂH?Bts&eO&isf\x@rygo}é;ﬂlf A Cayrier

and pore size distribution of a‘carrier

wete ohfried ém%tﬁ/ﬂkédmolﬁﬁ{é“ﬁfétﬁﬁﬁﬁ%éﬁ‘oﬁ i&ﬁt@%‘ﬂ%ﬂé‘ﬁdsomtion

adsorption 10 nethod by using Surface

Retieod by usingBalfaee Ared Bh&Fdrosiftéitind Ahay2er) TStar 3000 (trade
manuf actured by Mcroneritics Instrunment Corporation.

namepcmanufechaedibysMiordmeritiss iristrtinmerit bfatioh. tTife pore
range of about from1l to 100 nm and all the pore
§ige measwabileday thisimethed ist inithe ranges oflabout frerd 1 © 10GNM,
gresent i nvention were cal cul ated based on changes in

R ali the pore velumest ansh porel size distritiutionsdassripeddn the present
i sot her accor%n to the direction of raising the
inypation, werp galey 63 hased gn anegsiin the quanetityof sittagery

t ted . .

adsotbéd ?adé’oa}'B%n 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
gadtdaricestdlya calcatated apdbliaws. uPtinho@t an image of transmission
pal | adi um contai ning supported catalyst) 25 Average
elaction miatbseapecwitib thexsimadhagnification as that of the observation,
pal | adi um cont ai ni ng supported catal yst was neasured
RNdrapdemiyhsarmplen5@ peints ohthel palladiop eegions imthe field of view
concretely, calculated as follows. Print out an inage
anaypeasyreparticle diareter &f each pedladivm ragion;tmeasuredhe

ation ,as that of the observation

PaHlRHRastBr by Saliing ks S6APS ubp areular bacaes iesshape of
i natdichdeginr RSt L anfl %}écéﬁaﬁé%néﬁﬁ'{a&‘ﬁéﬁ Hth 3
8T R Bt ot e RerSufie lu S 1o TR Bn rat ot

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

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

aqueo{Rreparationost catalpsy)t of pal | adi um acetate
(manuf actured by N. E. CHEMCAT Cor poration) was

di ssoTeds paiteof 889 byweight nvalefic\wid aguésul 'seldtion! Ppart
an autoclave to which 5 parts of activated carbon
otpialladiumaoptatedrianefactaredchby biE.SHEMOAT Cotparation) was
vol unme: 0.64 cc/g;, BET specific surface area: 1,313
dissglved, Jier nesultantrsaiution was introduced into an autoclave to 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 filtered.
Finally, palladium-containing supported catalyst, the supported ratio of which
was 10 % by weight was obtained.

(Evaluation of reaction)

21



10

15

20

25

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
and reduced for 30 mnutes. After the reduction,

pal | adlohesautpolaved1 3&paiy ot 88/ byakéidhacbtitdci
filtered, washed and tr‘)epl aced byyggéa) by Wen’?ég‘fq'g aqueous

solution coritaining 200 pprrdfparasmetoxyphendlgpemerizatioh inhibitor)
pal | adi um contai ni ng supported catal yst, the supported
wasi ibtroduced,@nd S&sparts 6bthe abeivgithentionerbpallatigm-cintaining
é_EvaI uation of reaction) 21 To the autoclave, 135
HPparted catalystthevaupportedaetiv of which was 666 by weight was

cant ai nj ng 200 _ppm of par a- net oxyphenol
899pdrEiurther 45 nans of methacraleis wes added it anddhe reactor

alsistek bght SThieg.he Tompecalniseivas asleadito 90r Gl sieig. Alr
REE BTt o, 8 syt Do o 1% W% 8 Piicign geaptian of
i - ., . i d 9Q C whi
e A e oS
Oy S SR 378y ) B
AREDRTR teaRfloh Was hisHdd! Eli%é %P%%%WQE c%[hooto@'o[mh thé room

1 nol of nethacrol eln. € reactlron was

fenperaaste dritbthatreaeli®y Rquie wazPRkef éﬁﬁwag'hﬁ%ﬂcﬁcf}‘?lidilﬂ%ﬂgm

tenperature and the reaction |iqui taken out.

whishithercatalyst ihd been separated Wascaf2edwillgageen
separated was anal yzed with gas chromatography. As

chremadegiaphyt he conversion of nmethacrolein was 84.0 %
the 15 selectivity to nethacrylic acid was 83.2 % and
t he pASHIR result shecomarsionrofimethacrolein 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 carrer.

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 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
nm2/g; proportion of the pore volune of mesopore having
a pore size of from2 nmthrough 50 nmto the total
pore wixampleB> % nanufactured by KURARAY CHEM CAL
Co., Ltd. was used as a carrier. As the result, the
converldiedpreparation eidhe (catalystandsthe evijuation cfthe reaction were
selectivity to nethacrylic acid was 84.7 % and the

il wvntﬂye @ﬂrnﬁamaaeyas i Examplevh exeepbthat coalyderhad

égﬁ?a[fé %%THPI?E Pb?%n@%tcglza%glﬁg%ﬂcaggﬁégﬁiarea
Z@ﬁ?@“ﬁ%egﬁmofﬁé?ﬁe efaﬁgﬁé‘é hsopgreBadBEg: peersize of
RBAE2 o TUGR D808 me 18 pifeuRer 3354 Gantlacwes by
%Aﬂ?&ﬁ?ﬁ’ﬂeé’ﬁg-” RaRARERSELAARD e Loed o a

carri Ag thé"i’eéd?? thé %Hh@ersfdﬁeoﬁﬂgﬁ%e@fﬂg@r@%s gﬁ;{%g rt@élei :

was 84.4 % the selectivit

Séledti tnéthe t
SIoHDMIRCHI U i 0} ST i

aeldaw@&?.za:rgi(g he eval uation of the reaction were
carried out in the same manner as in Exanple 1 except

t hat sExampleced>carbon made from synthesized raw
materjal (total pore volune: 0.75 cc/g; BET

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: 0.75 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., Ltd. wasusedas 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
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

net hacrylic acid was 80.1 % and the productivity of

FEQM 2R theoughc 5@ niwto the. tetal poge voluniec %) bandfaetured by
%g@\?é afé&g of the catalyst and the evaluation of the

r N LdD.was used ad @ catriehand reactionrtivae was 1hminutes.
Exanpl exceﬁt t hat coal -derived 25 activated carbon

(total repyit the canvessier of methacrolain was©Q 3% athe
ol . 345 [ Q;. proporti of t ore, vql ume of ]
Nelnyind g rpthge i Br8AGRs 27 % and Therosugtivitpumgthecrylic
; g{,al pore volune: 52 % manufactured by
%%f‘ﬂ@ﬁg%g{%{@%h was used as a carrier and reaction
tinme iquutes. As the result, the conversion of
nmet hacrol'er'n was 90.3 % the selectivity to

v hacr ) PEPAB G o AR LB toffon ver
fearfet oLt inth8isaimiemetinet 45tin ERAMIONE 1°@epPitid AchlatbBTarbon

reaction were <carried out in't nner a

Badepfromisynthesized kaw matelEPEeR! pord@lunead o7 egg: BET

synthesi zed raw naterial (total pore volune: 1
spegffic BEMace aspa:c2,587 miigs proportioreot the Tte VBlhe of mesopore

roportion of the pore volunme of nmesopore having a
Bé}/@gsa perepsize of from Brnra through S80nmitotthe tdtal poteavolpmiee
B 7¢] Tiau chactirask b K URARAY CUEMIEALCD ohtd. wes used B a
&Hu%tr 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 mzlg; 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 1 5 minutes.

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

selectivity to methacrylic acid was 76.2 % and the productivity of methacrylic
acid 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
charcoal -derived 20 activated carbon (total pore

vol unexCamparativedExdphplespeci fi ¢ surface area: 1,692

n2/ g; _lproporti on of the pore volunme of nesopore having

a por elhg preparation ohthe catalysr and)thecévalvation ohihetretetion were

pore volunme: 58 % manufactured by Norit Corporate

aagried et insthe saame mannen@srie &xampie fli excephthat Soal-derived

mnputes. As the result, the conversion of nethacrolein

agtivatedocarbon flotalpore veliime: 1.61 ce/grdiBhspecific sudace asea:

/ %zand the ,prguctivit of methacrylic acid was

£1 §4 &73?%@999 lop i the pare %‘umeaﬂfpmesqsormaving a pore size of
[ e catal yst and the eval ion qf the

R Al 40 g5l e it St o

ok i-ed ctivated, carbon,

CHER/NSALCORE AN CHEMICALS QT LTRC Waisi 26 B,

ar ea. X ' : f

mesopare el S coPL8RRA b hefadifBiPihE A5 Hoiing,

SR Mo IR a1 2% 41 (L ELNI o Bathgoryic

agid was 2.8\g/(gg. resul t, the conversion of nethacrolein
was 35.0 % the selectivity to nethacrylic acid was

24. 3 %Comparative Exdmple 2>ty of nethacrylic 10 acid

was 2.8 g/ (gh). <Conparative Exanple 2> The

pr eparT&ei prapafationeofdhe shatelystand theevelattiontofane ebadtivh were
Eggicetdl outin t tt:ee 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 prOGUCtivity 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 mzlg; 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 volunme: 68 % manufactured by Norit Corporate
was used as a carrier. As the result, the conversion
@&.7 et maoufdoturedvinsKBRARAY CHEMICALS.| Lid. wadsoused as a
met hacrylic acid was 54.5 % and the productivity of
eafmeicrylic 20 acid was 15.0 g/ (gh). <Conparative
Exanpl e 3> The preparation of the catal yst and the
eval u#\s e result Hberaosyersion abmethacrolsirwas 80.5 46t the

sapme . manner as in Exanple 1 except that activated
SElactity trmnethaciicgoitivas 658 %ancecproguciidtyofi methesryiic
Vol pne; g. 7,cclg; BET 25 specific surface area: 690
Aeiwag 1 ﬁggﬁggﬂ'of the pore vol une of mesopore

ot ar iy B By oAl o Ui
resisiot R Reagtr i SRS 1. B Ang i tauvadoisnigles 1o 3
SRS Sfbwtin Xabfe 17 4T EXBlHI6s 40 ¢ Where(lcdich 31t & Bl pore
SONINRS Bf 0140 taer .9036%793@%1? RisBBEH WadSfolhd .‘tﬁ&é@g%'ilé;étﬁfgy fo

used and the result's the reaction in

methacrglicraoidadnd theproanbivitylofethachiie ddilPWeré gtoggb'ﬁmher,

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

jroExamplesuhto 4fwiteraG carrier Mithersmaliestotisigsbre Voluae was
found that the selectivity to 10 nethacrylic acid and

used,jt waa dound thatdhe setdctivity ta methealyliveacld sesoparticularly
Further, in Exanples 1 to 4 where a carrier with a
goeg.| Moregyey, i Bxamplgs Brio Rawhere 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 properties of carrier Total Proportion of
Reaction Selectivity to Selectivity to Productivity of
pkabde di ze of time methacxdein methac rylic acid
ethacg is acid pore volyne 2 to 50 nm(min) (A (%

g((Pﬁwmmeesocmed:xlc647820 84.0 B3.2 23.1

1204910% Riotion| 88lectivity B _PProdRubor

R0. 1 |22 F pgmgzeg Atinkl ARetifdroRin okl methacritic Beid) 2

52 11 “‘F?g}ow (@) 6 1.(BY 26 11639. 5| 78gfyhh2. 3

Ex . 7 958 15 (8p. 9| 76. 2 29.3 rrp' 1.61| 35 20 35 g

A 2. T | 3 54 —5115-0 i

ﬁgl} ﬁmﬂ %) ! ia 10847 g 53" e Rl e >

- garQﬁ?on of 1<9ata v§9) 89.7 84.7 25.2

Ex.3 0.46 33 20 84.4 80.1 224

Ex.4 0.75 4.0 20 78.3 80.1 20.8

Ex5| 092 52 11 90.3 77.3 42.1

Ex.6 1.27 26 11 89.5 78.3 423

Ex.7 1.30 '~ 58 15 86.9 76.2 29.3

Cé’x'“f 1.61 35 20 35.0 24.3 28

ng’f‘;' 161 68 20 | 831 54.5 . 15.0

Comp.

Ex 5| 037 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 sllica carrier (total pore volume: 0.68 cc/g;
BET specific 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 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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5 To 20 parts of acetic acid, 1.05 parts of palladi um
acetate (manufactured by N E CHEMCAT Corporation) 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
pore vol une of nesopore having a pore size of from?2
nmthrough 50 nmto the total pore 10 volune: 100 %
arashecandhfiltered byswaler and 75 % by weight t-butqrml agagoud belution.
it was calcined at 450 Cin the air for 3 hours. To
ﬁ#r@lb/apall@@unbe@@m suppertedoatalyst dhe sgpparted ratio af7which
% b gpbght,fornaldehzde aqueous sol ution was added.
\“f?é$ e b waight,weas ablaiRgd. heated to 70 C, and kept for

2 hou tirrjng, filtered under reduced
r

pr less{gég,amgh‘laﬁpiéeqqﬂgp (():alée was 27 vvaghed alnd

sol ut 15 e e, ?Wepmﬁﬁgeé%@%w%’ﬁhﬁﬂf pes) tgﬁ@ﬁbfi%ﬁ e
S, MR 0,040 P50 i oy
S A0 o P

imictilicelt; ARd B9 huRtiRRUvas SRUL 'rﬂﬂ'ﬁénazfﬁ‘;géﬁé’ﬂf isobutylene

sol vent and 0.02 part of p-netoxyphenol “wer

watsrintlodectd wnitl ahd etifriigPe! thessysisin Was cdriéd out (ﬁt&ﬁ%er of

2.75 parts of isobutylene was introduced to it an

gavolutions: 4{000hmns)yandtheresnperatiure &f the systenbas ediséd to
revolutions: 1,000 rpm) and the tenperature of the
89 SCenMhgn thaitemperatureteached/ad?C, nitrdgampeasintroduced into
eached 90C, nitrogen-was introduced into the
Ypsipye e the internal pressupe of 2% MPs; and 3he/Pampressedhair
was i ntroduced into the autoclave to

conpr.essed gai

\“’ﬁgr')’i‘tm@‘??ﬁ '"is} thealtaciave 10 thevinternal pregsure ab4.6MRat Rvery
i ressure dropped b .1 MPa with the progress
S Y BR800 honped e TS st e 685 5 ne
r6REHER SGitygeh et Wik FithitluddiTs Hontpehsate 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 isobutylene
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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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

was finished. At this tine, the reaction tinme 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
Ahetaceyeradhrastion solution andthecsdileciedgas wareanhalyzedwith
was tached to a gas outlet port of the autoclave

A8 ¢ QE@P!"VQ@% tM§onye@m apd e seleativity were caleulated.

Feact é°%gsu&2@%?%‘$%? o & sobibiens m%éée?é’ﬁéf tﬁé selcctiviy
r@ibié\ﬁé%m‘%ﬁ RS L eg#“wqg%ﬁ%t‘h%é@g fﬁ‘?&’a”" 28.6%
ragggbson rbaﬁ?tﬁﬁtﬁ%ﬁ ’ﬁ%&aﬂ%’ﬂa é'gqll |9 Wep gogggg re anal yzed

wi th @t ography and the conversion and the
selectivity were cal cul ated. As the result t he

converiesarfib métBeas |ﬁr2536§fﬁ;t§lﬁ%)wz ?Ete%ﬁ:%tp't Wdta
to nethacrol ein was e se IVI
earierdo\td eseifwes mangéd f %@pé%ohfég(&hPﬁ&g wquhé Bis0

met hacrylic acid was 2 g/(g-h

safg; BET bpecifis surfate argd: 60 mé/g Eﬁmm@h efthepéreRfolume of

that a carrier to be used was changed to Y-type
masopote havingl a porecsize lofi frem 2.rind throagh;508%mh toke tdtabpore
surface area: 629 n2/g; oportion of the pore vol une
yolume j5:42 fek gshna/ajufgma &@dw mufl rétioof @hivh was 20Q/to
B né;o the total pore volume is 42 %,
optaln /‘B[P&rﬁ%’élte( syRpgriedraliadium-aantainings catalystinwasich
- gﬁ J taln Y-t eolite supported
é ‘?qa{ rWaoﬁ"f’H '@&ial yst in which palladium
t al ction d o
B} U W o SR Do
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 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 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 %), silica/alumina (SiO2/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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15 above in the sane nethod as in Exanple 8 except
that the reaction tine was 38 mnutes. As the result,
t he conversion of isobutylene was 75.2 % the
selectivity to nethacrolein was 49.9 % the
selectivity to nethacrylic acid was 19.0 % and the
productivity of nethacrylic acid was 1.9 g/(g-h).
<Comparati ve Exanple 4> 20 The sane nmethod as In
Exanpl Eesraastion avas errriedout byasing the: catalystobiained ia the
&%fd wai changed to H ZSM 5-type zeolite (total pore

QYgdn the samepsthodses insbxample8 sxcepldbatthsareagtion time was

T miepE o AshS résuit §ie Bonwereion efuselutyioneovas 674 tathe
ieeivito MathEdtoiis Wl o Bernetectyli to Eifthaeiic acid was
4P 2% 0 R Ll B RN 8RS 0 3 0oh e
Cbove s SMmer ot e BnjeiCalibiaiEl i ha cBfifhrs Usbd B he
T B AR ot v
showmtih dable 2 tn Exanffled 8%nd 9 Wherb aCddribr With 2 total pore

nmet hacrylic acid was 5 15.4 % and the productivity'o
welunze 0f/0i40 taci.B0\wafg Wab uskdpit Was #OuRHREY theYelddiRity to
physi cal properties of the carriers used and the
mathaerylio Acidrand thecprioductivityofanpthacniicauid Were dood.
Conparative Exanple 4 are shown in Table 2. In
Exanples 8 and 9 where a carrier with a total pore

0 of 0.40 to 1.50 cc/g was used, it was found

he selectivity to 10 nethacrylic acid and the

prod i Ulwuc ctyHre—ac-twete—goed—-iable—2
Physe&d 8 pe’.fg f nkx Total [ Proport|ion of
Reacl i ofy,5ddPropst kﬁﬁ%ﬁ%Sﬂﬂﬂdw Belentidigto  vProductivity of
of | pore volume| PO sizaof | time |isobutylene methacrylic acidimethacnyfic acid
cog | 2P (9543nm {min) (%) (%) (@/gh)

| Ex.8 0.68 100 56 90.7 - 28.2 286 2.2

Ex.9 0.50 42 38 75.2 49.9 19.0 1.9
Comp.

exd] 020 29 107 | 674 59.1 15.4 05

<Example 10>

(Preparation of catalyst)
_ 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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pore vol une pore size of tine |sobutylene neltuvrolelh .
metliac r 4c acid nmeth ryric acid (~9) 2 to 50 rim

(mn) (% (@@ (%9 (.N(9-h)) (%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

Conp. Ex.4 0.20 29 107 67.4 59.1 15.4 0.5 <Exanple

10> 15 (Preparation of catalyst) To 60 parts of 88 %

b ght n-valeric acid aqueous solution, 1.16 parts
6%9;%!"9 yalume ot mesopore bavidg aperedcsiza of frem 2 ndethrough 50 nm

t} in t 80 for 1 hour and di _ssol ved. The

r Qgﬁ? ﬁ&ﬁf PR YRlumR i5.26 %hwa@caﬁosl’&ﬂi- |'I;he)sygst§rra\$ras stizred at a
e rBonBhs 56 e o nd Taside of fé?p”e E&p%faéé’\&"aé replaced
Hinif6es bﬁ@@tg%@t?%n”sﬁ’aﬁ#a@sl chiegg tr\'eorﬂtr?@erbg% Eeﬁe#%?ﬁ%es.
SToBYeReHas Whs InftcfiBel B LGB nfssiRtd SMPE andthe
rEMRt shSon Welk Hoch8ho 80,C (0itn oSl and Kept at the
SarRspAaNILIOP I PR FRaBENE fHhe). | MRSy the BRORYL BB

gas was 1 ntroduced 1 nt pressure

finishieldethe sypstémanas sy6led Ty Was°d) %ﬂfoeﬁle r%assiﬂsﬁe(thgdéiﬁqagve

tenperature) and kept at the sane te rature

weasrdigchatged rpd themutodlave walseneac tTﬁé‘sMﬁfansuon was filtered
finished, the system was coolggjto 20 C, and the gas

and inedadivmn-sontainiag supperedicatdiystotheé orieel r&ﬁbQﬁlmgq
.ﬁﬁened The suspension was filtered 10 and

Py Wﬁml(mweigbppbpaﬂaﬂlmttelme tweighitcofoaprer) f wes
rg*i.o f which was 10 % by wei ght (the wei ght of
‘'umto the weight of carrier), was

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 abave-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
revoiutions 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 methacrolein. After
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obt ai ned. The average particle dianeter of palladi um

in the palladium containing supported catal yst thus
obtained was 1.5 nm (magnification of 15 observation

by transm ssion el ectron m croscope: 1,000,000 fold).
(Eval uation of reaction) To the autoclave equi pped

Wth stirring device, 69 parts of 88 % by weight

acetic acid aqueous solution containing 200 ppm of
gheseastighrwas finished, thepsystamavas teolet to 2017Ent Toteaigas outlet
pal | adi um cont ai ni ng supported catal yst 20 were

inert oidheautodiaye, e absorptipa tube with ebledtwateriimsidaand a gas
addeq The autocl ave was shut tight and stirring was

Samnling hag wate attaghaskin this ordew.oThe inspductigasvas eaovered
Wepering fiefgas ot pottand ssfising ihesinterabpiossets ot be
[l SRSy e oD B i
Safifet s GrecAt By GoRIGARG, T supeimelitiGhides

P eFed bl Bass i tnflugFnRAiErEhe ifler el P E JPorg wize: 05

pm)t he gas outlet port of the autoclave, an -
absorption tube with cool ed water inside and a gas

sanpl Asdhb2gsuit ke ebhwsrarh 6ﬂnbea%r6]bﬁ'ﬁﬁ/a? 8% 9 He/Ct

gas was recovered by opening the gas outlet port and

seleativitytot methactylicravid WassEoI9 9 dheldefedtivitpéehor - The
reaction liquid was transferred to a centrifuge tube

Ralymerfligoanesiwast 8.5:8 gndthienyieldtafdnbihacsylic fscid was 7408 %.
T outEShapls e 1111 or “made of CHTFE (par b e rel 0.5
g?%. GAi/ﬁ'é’ E,E%éaer;ggé of ﬁ?;&&?@s({r&f& g;% #&%Loajaen:\wnsner as
iRQEQan%ﬁletﬂF e)%gelp??rtiétvair% gctii\;)atgd carbon made from raw coconut 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 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 elactron 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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pol ymer/oligonmer was 8.5 % and the yield of
nmet hacrylic acid was 74.8 % <Exanple 11 > The
preparation of the catalyst was carried out in the

" sane manner as in Exanple 10 except that an activated

carbon made fromraw coconut shell 15 (total pore

volume: 0.49 cc/g; BET specific surface area: 988

n2/ g; Froportion of the pore vol une of mesopore having

a por el Re pesparationaf thertatalyst wag bafiiedouttin the satret manner as
vol une: was used as a carrier. The average

por 10 ¢
ﬂﬁrﬁe’iaé?@edioa??&eef i’lﬂi 96-%| yweight af asetic acid aqueous solution
pal | adi um cont ai ni_.ng supported catal yst thus obtai ned
(YRR ”§6‘E g5 & sQivent fobpreparatianof eatalyst. o7 e average: paricle

. ificati f ob /at i b
Haftel S B0 iy B Riledletsaatainoosupbried cataystisus

[ L ti . |,ed in th

a3l R slprolfeetiBA6 by Whitfivas o Thewilany wae 8.4 °m

TRIBIRROn B oBERNANLA LT fhrifiasioh piddran fiiPecsie; 000

35Idﬁ.0| yner/oligoner was 4.3 % and the yield of
met hacrylic acid was 76.0 % <Conparative Exanple 5>

32 Thearhe eraMitidrost 1k rbB@ticmVEé }‘%Prié’@égfiﬁ{tﬁg t%%ggé‘%dg@er as

the sane manner as in Exa exce

reExampbd 10cand as A Fosull B8 6orM@rsloh Ut mEMBCHSISH vass 2

solvent for preparation of catalyst. The average

Pér4 i the seliestivitycto mbthatryliedicidwias 218 %, the selectivity to a
pal | adi um cont ai ni ng supported catal yst thus 5

gelyinerialigomes wag HaAt%@andtheyieltl oftmethacedic eidivas 33.2 %.
wei ght) was 8.4 nm (nggnifi cation of observation by
transﬁh@l'l?ﬁfaﬁv%gt@ml 2roscope: 300,000 fold). The
eval Uﬁ.hi on of- the reaction was carried out in the sanme
manner NEPreparagon of the ¢atalvst wascarried out in the same manner as

PEXEMPIECTb BLedft thaS- Va2 A was used as a solvent for

preparation of catalyst. The average particle diameter of palladium in the
palladium-containing supported catalyst thus obtafned {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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10 46.4 % the selectivity to nmethacrylic acid was

71.5 % the selectivity to a polyner/oligoner was

15.4 % and the yield of nmethacrylic acid was 33.2 %

<Conparative Exanple 6> The preparation of the

catal yst was carried out in the sane manner as In
Exanpl e 10 except that n-valeric acid was used as a

solvent for 15 preparation of catalyst. The average
rRrerage padiclerdiameter oppallagilimrin the pakadium-containing supported
pal | adi um cont ai ni ng supported catal yst thus obtal ned

(Qﬁi@'y%ﬂﬁﬂ% abiingd (the SstpPOMdd'atlwat whishoway 10e% iyt weight) was
é? Zhgﬁﬂgnlflcatlon of observation b transm ssion '
gam catiern pkobsrvatiooby sleasmissien elestroatmisrossiope:
16003081 6” 0" e the result. the conversion of
ot 222'?‘54 f\eé‘a%ﬁ“‘ é‘ﬁ@‘%é?a#yfw%%ﬁ%@é%ebﬁ’ﬁtﬁg segiemanner as
AR EABRIS 10 HERf L 8 St finderp o Was ppwrsy and as
106 1800 W cbferSion o peBbBroldh 428 % i Stfbotity 0
pRéthachiic Rrid wes B@‘ @%ettﬁé %e ﬂwﬁf'ﬁ)d? Ptn)‘yﬁf’éffdh%gn}] er was

tenperature was 25 'and u0|ng our's.

P95 Band thagRides Mematrﬂioaéma Was?s5.43%! adiumin the
pal | adi um cont ai ni ng supported catal yst thus obtai ned

(the Supyromery of te av@ﬁgaﬁpaﬂiclmmﬂte%bpamlaﬁi ih thas
0.8 nm (magnification of observation by transm ssion
&atalysts used anddbe pesultsiofne reactidroindixarmplse 0 and 11 and
thon of the reaction was carried out in the same
rajive Exmml%mﬁ lte 7:areshowmn int Tabile Be dntExamplesd 0cdnd 11
thacrolein was-3 hours, and as the result, the

¥ PsqaaﬂvsffWM@ﬁ@wagg parigle dian®ter ofpalladisin of itviot8/nm
Idh 3 yas 980/ the selectivity to a
g‘%ﬁ)}%& ﬁ %’%@p &hgtt e se ectivity to methacrylic acid was high.

Table 3
Average .
g™ Conversionoff Seloctivity to Selectivity to Yield of
diameter
pac:fk;:lacﬁum methacrolein | methacrylic acid | polymer/oligomer | methacrylic acid
) (%) (%) ) (%)
Ex.10 1.5 93.6 79.9 8.5 74.8
Ex.11 26 89.7 84.7 4.3 76.0
Comp.
Ex..r? 8.4 46.4 71.5 15.4 332
Comp.
Ex_g 01 L] 454 5.2 21.3 30.0
Comp.
Ex.7p 0.8 425 59.8 29.6 254
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29.6 %and the yield of nethacrylic acid was 25.4 %

10 A summery of the average particle dianeter of

palladiumin the catalysts used and the results of

the reaction in Exanples 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

di aneter of palladiumof 1 to 8 nm was used, it was

f ound Ashmentioned above, by uging cbhereatwysndf it pmsémvarwentuon an
g 15 Table 3 Average Widep d ;teeter ~ m Sdwd* to
wrpattyatqd/ cargoxyic anid pan be nroducedithrough liuid-plase

Sﬁaﬂ %O 1.5.93.6 79.9 8.5 74.8 Ex. 11 2.6 89.7 84.7

afignof anplgfin o ap aBansaturated aldebyde Bgeod agsionEx

ﬁp 45.4 65.2 21.3 30.0 Coonp. 7 0.8 42.5 59.8

f@ §IHENGe. Ex. 34 As nentioned above, by using the

catal yst of the present invention, an

a, 13-unsaturated carboxylic acid can be produced

t hrough |iqui d-phase oxidation of an olefin or an

a, p-unsaturated al dehyde in good reaction

performance. 35 WHAT IS CLAI MED | S:
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1. A catalyst for producing an a, (3-unsaturated
carboxylic acid through 5 Iiquid-phase oxidation of
an olefin or an a, (3-unsaturated al dehyde, wherein
pal l adiumwi th an average particle dianeter in the
range of 1 to 8 nmis supported on a carrier. 2. A
nmet hod for producing the catal yst for producing an a,

R-unsaturated 10 cHATISIGLAMEDAscording to claim
1, wherein a palladium conpound is reduced by a

reduci ng agent in the presence of the carrier 3. A

ad d 1 e st ietiPRuBhad &.4BHSAbH CaBoREE HekE fhrougn
liquidaphabe bkidasen of ah otkfidl sredy depwWinshturateeicald éhydd, wivergpen
in the presence of the catal yst for producin

an a,
pallagiumhwith @neaarage pesicle diameter in hedanae ttte & i imsupported on
a carﬁgr.

2. A method for producing the catalyst for producing an a, B-unsaturated
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, -unsaturated carboxylic acid through
liquid-phase oxidation of an olefin or an a, B-unsaturated aldehyde with molecular
oxygen in the presence of the catalyst for producing an a, B-unsaturated carboxylic
acid according to claim 1.
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