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

Met hod for Producing a, P-Unsaturated Carboxylic 5
Acid TECHNI CAL FI ELD The present invention relates to
a catalyst for producing an a, 3- unsaturated
carboxylic acid through Iiquid-phase oxidation of an
olefin or an 10 a, 13-unsaturated al dehyde, a nethod

for producing the cat aDESCRIRTI@Net hod for producing
an a, s-unsaturated carboxylic acid by using the

catal yst. BACKGROUND ART Many of a, p-unsatur at ed
carboxylic acids are industrially useful. For
exdaptalyst ferr Praducing a, Bokinsaturated GarboxyiciAcid, mth@;i for
used in a considerable amunt for the application

sbeadugingtheseptandMethod for Rradueino . pddnsaiurateg Oaskrpylic

exanpl es i ncl ude gas-phase dati on and |i qui d- phase
oxi dation of isobutene an&“ﬁinethod by way of acetone
cyanohydrin as a nmethod for producing nethacrylic
acid, there is not a specifically advantageous nethod

20 and nethacrylic a '%%hﬁ?qﬁgqﬂq@dust rially produced
S

by these several been many

an &, %'Iﬁ'ﬁég'?‘u'f“a{?ﬁﬁc‘ﬁ%‘g??ﬁ. CodfEh 3Ry PRodydhg 8, po
uhkﬁt@rﬁ&eﬂ%ﬁo%ubgﬁ'ﬁd eﬂ‘ﬁou@ﬁ li |dg¢)| id¢/p,idaidh of an olefin or an

a, 3-unsat ur at de"wt ar oxygen.

of-anBaRFatedd dekyde, @lfnbthbd for pheduing tve eatalysy ahd a method
supported catal yst (Patent Docunent 1), a nethod

forprodueingan af-unsatatated cattaixylit acidhyeosing th&cataiystt s
2 to 6) and a nethod using a nol ybdenum conpound and a
pal | adi um cat al yst (Patent Docunent 7).
» 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 as a raw material of synthetic resins.
Although examples include gas-phase oxidation and liquid-phase oxidation
of isobutene and a method by way of acetone ¢cyanohydrin as a method for
producing methacrylic acid, there is not a specifically advantageous method
and methacrylic acid has been industrially produced by these several
methods.
There has been many researches on a catalyst and a method for
producing an a,B-unsaturated carboxylic acid through liquid-phase oxidation
of an olefin or an o,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
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The catal ysts disclosed in Patent Docunments 2 to 7
contain palladium as a conponent of a catalyst,
however, there is no description concerning 5 particle
di ameter of palladium Further, sone of the catalysts
di sclosed in Patent Docunents 1 to 7 are supported on
a carrier such as activated carbon, alum na or
silica. However, as for physical properties of these
Racuments 2 1 6) and @ methad/using adastybdpnunncompeand and a
Docunent | as "it is preferable to use a hydrophobic

Ralladium catalystdbatentiDeguinentaf)r i er subjected to o

hydro_izgobi c treatnent”, and there are no other

descr e catplysts fisclesed indimtantipeumentse? 19 £ fondain palladium
Aot Bl i e & s plonotcag
R pmshere naaBlLR b uRne?. YhG BEtn;sdiBhsts. dsclosed in
R ERuent A2 S et SR lch g1 AR

: . Co 60-
BiBohcabinia oF SpaP Sibdier gs tol Bhyolas pberie B hese,
Garribry, ehetelis ﬁﬁwelrﬁ% Hé%ﬁﬁ%n%-?%%b%ﬁéﬁ??- sPignt
Docunent 7: Japanese Patent Application Laid-Qoen No.

Srable’fd useh RytfdpHidbi ' I iGtEPRaRlér':
%gvm BY THE | NVENTI ol\légézmw gﬁﬁtﬁ“’gfgsem %reﬁbgﬁfed ‘0

hydrdphebic aeapnent’pand thererargmepythen debgriptiosispin those
catal yst produced according to the nethods of Exanples
decumentsdrefemingdogitysibat praperties of thede darrievss f ound

t hat by-products such as vari ous

Patent Document 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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pol yners and ol i goners were produced in | arge anount
in addition to the by 5 products described in Patent
Docunents | to 7 (for exanple, acetal dehyde, acetone,
acrolein, acetic acid and carbon dioxide). In Patent
Docunents 1 to 7, these polyners and oligorners were
not captured, and hence, the actual selectivity to
acrylic acid and the yield of acrylic acid in view of

t heseWhen fheophesent inventots protiucedteeryiRvédid flom prdiiéne by

described in Exanples of Patent 10 Docunents 1 to 7.

Going dbe catalyst producesbatcordingdoftie meethods bf Exaatplésdésiibed

met hod for produci ng an ctp-unsaturated carboxyli-c

indPatent Dpguments bée Wnifiwas found thatby-praducts siichs as various

%at, and hence, further inprovenent on this point has
¥megs and aligomess weye prodiicedip lgrgesamountinaarddition tosthe by-

br3ctidesirbeddn Balens Jerimeriod ton? 4o wrampie.aoateldehyde,
RG3E Abolhn. 18 afid fnd riBorbBikBholn PateTs Srsimans 1 to
118658 POl P AR e Bl P el HBnEs the actual
FeRCERIY 8 act defd RS Mot of Al BRRTD viW BTHRE by-
profatEaverR fguhﬂftb gh%irlﬁ\%r ﬁ%%g%?sggg;gﬁﬁﬁi}(ﬁﬁwﬁs 8f Patent

carrier to be use producin

Dacurnenisar to By omfsaquehqgﬁghe @@Qcttdﬁ’ﬁeﬁﬁﬁ?a%tﬁ&%ﬁ in the

the present invention. present 1 nvento ave al so
rhethuod foh produdiegan peplurdatiratedl cHrbExAR dti@ APatait of

a catalyst, the catalyst perfornmance is 25
Rogwhentsabtoy 7 iwes natrsutficient yetpand hehee duftet Bip@vemeant on
Ballqdlun1|n the catalyst produced, and thus have
toispniet has been desisetht i nvention. 3 A catal yst for
produci ng an a % unsat urated carboxylic acid of the
pr eseHe hipshot e presentiaventjan isftorprovidewctatglyshwhich can
a g-unsatu at ed carbOﬁglic ) )
produce an a,p-unsaturated carboxylic acid through liquid-phase oxidation of
an olefin or an a,B-unsaturated aldehyde in good reaction performance, a
method for producing the catalyst and a method for producing an o,p-
unsaturated carboxylic acid by using the catalyst.
MEANS FOR SOLVING PROBLEM
The present inventors have found that the catalyst performance is
considerably influenced by physical properties of a carrier to be used in
producing a catalyst, in particular, by pore volume, and thus have completed
the present invention. The present inventors have also found that, when
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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acid through |iquid-phase oxidation of an olefin or an
a, p-unsaturated al dehyde and is the followng: 5 (i)

A catal yst for producing an a, p-unsaturated carboxylic
acid, wherein a netal is supported on a carrier with

a total pore volunme of 0.40 to 1.50 cc/g as neasured

by nitrogen gas adsorption nethod; or (ii) A catalyst

for producin% an a, p-unsaturated carboxylic acid,

wher ef\satalystifappiadugingram a. fruasatyeated carboyligiasid-etthe
in the ran | to 8 nmis |o supported on a

Rrgsenkinve &mi%{ﬁ)ea frprodueipgancgaungatyrated carboxylic
5800 8 oBacd SPAGA Blan AR i bnrarel
SbAVT o beBOBOMAT e & R et sl compound 15
oA EtdlySt o proditing Bn3eB 3inesfloliy GArBBRARCadY, YebrahT
ARl i€ ihdtbdoR R AEMARN edotd @p?gpgyrﬁe 8fbhdto 1.86 cc/g

present 1T nvention I's a net uci ng

&Pirdastited Bﬁ’hitﬁfg%kﬁés{‘@dﬁqipﬂorﬁ’m&ﬁéé @ted carboxylic

acid of the above (T1i), erein a p'Z(?I adi um conpound

(iip A eghaded fdnpradusifg drng,paasstitutated BarbU GBS BERI, Whetdin

20 above carrier. A nethod for producing an

paliadium atithr an ederagelpadiclediameterdh thd eange e5tté 8 nm is
invention is a nmethod for producing an a, p-unsaturated

supposteg drca caoier. t hr ough 11 qui d- phase oxi dation of an
olefin or an a, p-unsaturated al dehyde wth nol ecul ar

oxy geh method donpreduning the catalysifonpiaducing apcoprupsatyrated
Giopai e s Eo Rt Srvsinca Sorrbeyang oo ety
for S?oeJ]JciAgngg r&é-%ﬂéa&lrgtaetdaé%ﬁéxy%ia%ri]d 8? tri'lep éggyecﬁ), %vrherein a
metal compound is reduced by a reducing agent in the presence of the
above carrier.

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

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

EFFECT OF THE INVENTION
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a, p-unsaturated carboxylic acid through Iiquid-phase
oxidation of an olefin or an a, p-unsaturated al dehyde
in good reaction performance, a nmethod for producing
the catalyst and a nethod for producing an

a, p-unsaturated 5 carboxylic acid by using the

catal yst can be provided. BEST MODE FOR CARRYI NG QUT
THE | NVENTI ON %1) Catal yst for producing an

a, p- uhseerding tedthe fresedti inventising atiatalyst whighbtcanoproduce an
produci ng an a, P-unsaturated carboxylic acid of the

af-yneaturated gadraxytis acdhequaly liquid-pbase oxidationgfanseletin or
& gt SetFatedAadhyssin aaocrsagtion PRUGI AR meshad or
SRl e Cardlfrii Indthp@ o LBl 45 5 i ndetralgd,
CarBoHIE A B ot St 6, By ORBLY o7 Vol e of

0.40 to 1.50 cc/g as neasured by nitrogen gas
adsorption nethod; or (11) A catalyst for producing an

a p- unsaBegy MODEFORGARRYING OUTCTREINVEANTRINU

with an average particle dianmeter int range of 1 to

8 nr n{1)) TatalyBPRr pPedwing afat, pluiisatutBiddy carboRglic &¢id
above-nenti oned catal yst, an a, p-unsaturated

car boXkeé icatalystifor pradubingrarod|fsansatarated lcarbexylid-aelthetthe
oxi dation of an olefin or an a, p- unsaturated al dshyde
presgobimvestian {hereipafteorsamnetimes lexpressed st “catalystd is a
present invention is especially effective for
catglystifgspreducing aata,ﬁmnsaturptecgga@nuylamcid Shenugh tisuid-
anong ol efins and |iquid-phase oxidation of 25
plasq exidation ofan wlafinPream ofirinsatirated aidehydsa apd is the
é}deh des. 5 The catalyst of the present invention is
lig rted catalyst in which a netal is supported on

@a aéartiaﬁ/rst folf'l%rrgéﬁ]gﬁé %h’a, -ucnas%itijr%{eoa 8grb%xynﬁ:t gtl:id, mie%}n a
metal is supported on a carrier with a total pore volume of 0.40 to 1.50 cc/g
as measured by hitrogen gas adsorption method; or
(ii) A catalyst for producing an o,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 a,p-unsaturated carboxylic
acid can be produced through liquid-phase oxidation of an olefin or an a,f-
unsaturated aldehyde in good reaction performance. The catalyst of the
present invention is especially effective for liquid-phase oxidation of
propylene and isobutylene among olefins and liquid-phase oxidation of

acrolein and methacrolein among o,p-unsaturated aldehydes.
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be used as the catalyst of the present invention, wll

be explained. (1 -1) Carrier 5 The kind of the carrier

of the present invention is not particularly limted

and typical carriers such as activated carbon, carbon

bl ack, silica, alum na, magnesia, calcia, Zi rconi a

and titania can be used. Anong them activated carbon

or silicais preferably used. Activated carbon is

gener B Wtqhﬁé@ummseabgwenm ;sr%upa@ée@pataiyst in which a
car onlzatl ranul atign, ~activation, 10 was

metal iysupreriad 9 @i Gagtien Hergipattayea cagiesAnd ﬁgnetal | Which can

t art I t h, t
5%, 0563 28 iné eralvah on Bis b enElinvbnlipf iiche Sxadingl T aw
mat er q % tivated carbon is not particularly
Iin1tg %¢ H@§ and various raw materials such as

oo’ nathe Riftd pﬂn%%%*neroéfqﬁé PréSht HPnah € nbEpaticufily,
irhiféd §Ad ?¥1d|@élrcarﬁé}‘§ slég%t ﬁéﬂv&ﬁéﬁ’éarb% r BQbon mﬁp@' Sllica
oxygen, osphori c aci te an Zl NC

Samive magﬁbéarc%m b anahﬁamstdahadéedsé@r hﬁﬁhrﬁg‘mﬁn

the activation process is washed with m neral acid,

dotivatshtabon GrGilitads preferatily ustd. Aetieaedrsarbenis gemaﬁlty
to be put to use. Anpbng inpurities contained in the

proddoed through dhe gracesises of carbonizatiehe gedriutation, laetipatiors
amount of chlorine as 20 small as possi bl e because

washing ndryingrand pulvedzation; anddthesé producing pracesses arg sot
performance. Therefore, an activated carbon produced
mamg@!aﬂg limitedldn dhe presest mveﬁ»yanea]caﬁbpaaaews material which
preferably washed sufficiently to renove
i8dhe kAW teripket adivatadcarhgpds pet pﬁ@lcaarwlare'@ﬂ eitheyoand
i S, not art u arI limte her ap th ctiyv ted
Ve rahapele a5 bych s RepEd diainCoal yntfietic fesin
et _and fi T
%ﬁf%@éeﬁrﬁ 1% pyPne L ECERPn € ot ﬁ%wcy@?ﬂﬁﬁﬁiﬁﬁé“ find
r
SRR ol Bt o B SRR eSS s an
Hblidé Bhﬁﬂeyuééroeﬁ)? %@ﬁvéﬁon. The activated carbon after the activation
process is washed with mineral acid, hydrochloric acid and water, if
necessary, and dried to be put to use. Among impurities contained in the
product activated carbon, it is preferable to keep the amount of chlorine as
small as possible because chiorine sometimes causes bad effects on the
catalyst performance. Therefore, an activated carbon produced by using
zinc chloride or hydrachioric 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, peliet 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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2,500 n2/g or less. One enbodi nent of the catal yst of
the present invention is to select and use a carrier
with a total pore volune of 0.40 to 1.50 cc/g as
nmeasured 5 by nitrogen gas adsorption nmethod. By

using such a carrier, an a,P_ unsaturated carboxylic
acid can be produced through |iquid-phase oxidation

of an, olefin or an a,p-unsatura;ed al dehyde i n high

600 atv9 or mprenand pegferabiyr4.000i mt/g\or less, panticulanly preferably
constitution of the above carrier and the nethod for
O08URI/aPriess.carrier will be explained. 10 In

Bel ecOnoianbodimans of e aimlylf of s wreseet nysaden fsto select
Hhd le8 o Sarflor @ o8 e VpibielPr g g 56 Ecft s fidasured
Y Plirogelf st dgadfbiof lff@é**%%‘%?%lﬁ&fi&%@?%?@r- a%ay .
Gt itk Bkt o BroU R AR i g idation
6Pdn Bféfiﬁkﬁradfrf‘%‘?-uﬁ‘s Gﬁdtieé AldRhyosiih hiQHVéélebtiJiﬁa't 4hd high

formation o -products. The“selectivity of
produetivify. dderinaffer] e COMRUtULIRACETURE abRve Tarriér dnd the

smal l er range within the aforenentioned range of the

tetidd foriprodudingrthe sasiep WilbBe eiplaingtr ess t he
formati on of by-products such as oligoners. Further,

i n t hinsparticglar,dopbiginra fasgetqirodbet indiigh selectivtyft ishe
20 nmesopore having a pore size of from2 nmthrough 50
pigferablente selectia panrier withl aitatali porpvelumeiaf 9.4Dto/H &0 cc/g.
less to the total pore volunme, nore preferably 35 %
‘bhe tetakporevaluae s morgnsetarably\0.40 coignr mees; furber

SRt b e G5 et e peSGradiyD s Tes. By
AP A0BLME LB o hlpidh ono
S5 Ba ReeBAE hfokonR18pebl BBy Mo

{¥rinBtior of by-products. The selectivity of the target product is improved

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 o 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



10

15

20

25

| ower 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 carder is preferably 600 m2/g or nore, nore

preferably 800 m2/g or nore, and preferably 2,000 5

n2/g or less, nore preferably 1,500 n2/g or less. In

loaveriprapantiontas tid mesopare s spppaseddo diave thétesrdency to form
roductivity, it is preferable to select the carrier

Sar amosntpf byrprodsts sucty aas @ligomers, Brethengey imprives the
t ot al gﬁre volume is_nore preferably 0.80 cc/g or

selestivityy (ryrtherothe BT specilis suriace@rea of the camies is preferably
8B 81 Jrotechions Pefarati 830 /G e Mg aaba praTerabn 2200
Gitd 1 I8, P pretemble F IO M Las 88 b8 obtai ned 1

4 ol Uil o .
The’ B GatEba: hotthing fridh Al bihidh otdcRiRg LR

bRA&EHe foe.%éﬁegi g caanli%;&ﬁg th&f gﬁréf%lmr% {)ﬂ?ﬁgoitg 1.50 cc/g.

af orenent| oned range pore vo

THE @&%P?on%’i/ﬂﬁwﬁ% ?nér@tpﬁéfé?hb%.tﬁg gFfd &srinﬁfb,‘?ﬁrthermoref

reactants and products ‘easy a proportron o

biefeiRBIE0 00! d/@ o ndrB carek Afdre rp?eﬁ?dﬁl?@ 40 BE/gordbss, of
from2 nmthrough 50 nmto the total pore volune is

furttieemabs pref@ralily 1 . I00c?g 0P I6d3e By Qsinh adcdrfier whittefulfills such

nore preferably 20 % or nore, furthernore preferably
uitements,raetaxget productslcr &y aprfic acidbdryméthadrgic acid €an
Further, the above 20 proportion is preferably 65 %
be obtaised irpgeog prnductivity with high activitysofahe catalysth dheor e
preferably 55 %or less. 1n this case, in particular,
prosictivity @ldhgtarges peodust isrisspraved hiesauserselecting @dargesr
Wi th Ii%ﬁer proportion of the ~nmesopore is supposed to

Fge Within dbe gioremangionad sange ef the tola more veiume imsupposed
BliheReintefinl baRs SyeiLet Eelaris Badaranuds sesy Eurthel, a
GpoHfn bR 5 VaRlnte b thdhidspSle ARVifg a'Bore sife 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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preferably 300 mig or nore, and preferably 5,000 m2/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
preferably 800 av’/g bnatoreyand preferablys)000. mt/g orJessyirheve
The netal to bg supported on the carrier is not
peeferably 4,000 mi/giardessas 10 long as it functions as a
catal yst of |iquid-phase oxidation, however, noble
met al The tetebpeiewlumenthe perewvalemecfithe imesapate having a
r ef er abl ? and palladiumis particularly preferable.
@ sies of Tomh2ien ihyeuoh Boam snd the &b shaeifie sugace afea of

fir G Pl e UrSc o, rf%%z?aemﬁﬁ. Suracd Aran i Rerosimetry

SR8 B, 300 Rladnente. R BBl eBa sy Wickimatiesc

%irgmérﬁ@dr of Ittaplerabl y 50 atornic%or |less fromthe

Int- o st activity. One enbodinent of the
cat aI P{ he present invention is a catalyst in
whi ch’ pa } lumw th an average particle dianmeter in

the ryRgemétkl tb b@sdppéied &n i r{{??gsoﬁgto %@g{:{éﬂg finfted as

sel ecting palladlumasamaa a gits

langradie furitibhs lae leataRiseof kquidphiask dxiditiohaReweVér, hobm
8 nm a catalyst which can produce an a, p- unsat ur at ed

metdl ix preferaide,cpdlladiomor goltt isunord prefératlicaanie paliedium is
hi gh yield can be obtai ned. The above-nenti oned

particulady pueferable. dinemetal can her esexd alohg or.i@ combimation of
nore, nore preferably 1.4 nmor nore and preferably 7
iWa oF moge kindso rurthest theapetal maysantaineznathesmeta)whibk does

a&uqﬁ%%ta' gaitgwgégftﬁ&i?éyﬁf@w OKeiabaRaTe TRt HhAgnetl

Puch ooevsen §9onug§; ascataiyst oef |lC|UI(P -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 paliadium 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 o,p-
unsaturated aldehyde in high yield can be obtained. The above-mentioned
average particle diameter is preferably 1.2 nm or more, more preferably 1.4
nm or more and preferably 7 nm or less, more preferably 6 nm or less.
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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9 I owered, and hence, the yield of an a, p-unsaturated
carboxylic acid is liable to be Ilowred. At this
time, the catalyst nay contain a netal other than

pal | adi um however, the content of the metal other
than palladiumis preferably 50 atomc% or |ess from
the viewpoint of catalyst activity. 5 The average
&arti cl e dianeter of palladium nmentioned above neans a

wened,nant heace, the lyield of anioypalinsaturatedtarbgxylicacid is liable

transm ssion electron mcroscope, which is concretely
to-be lawared. Al thisitinasvdhe patalystanay geniaimgdnetal other than
transm ssion electron nmicroscope with the same
PRladiyme hewenrera dhe pantept of the Metal otharitoan paliadiuamifon y

FB7S0 R s i o i S e

basun b SvpEle By R B il Bt B b speans a
Biu6 Medd et ARMGR i, v Mt By bl Hissiod Beriidi !
fiGos _,%&1 r@wfc?ﬁfeﬁy g@&a:hiboaas fhage par ticle

dianeter. 15 Here, the ‘observation by transm ssion
el ect paRt &Mrﬂjﬁ%@of frafdhissR el@éﬁoﬁ"tﬁi&o@cop% with the same

magni fi cati on under which the measurenent of

mighifidation asahii 6f thebbsepiation, and earddmiy. salhipleBEHoiBts of
particle dianmeter of palladiumin the catal yst varies
thepailaidium vagioas imthe fielddif view and mdasise pakiicle didmeter of
carder and BET specific 20 surface area of a carrier
eachhpalladium reglom megsuge the: partisleddiametenby assuming itshshape
case of m xed solvent to be used in the preparation of
torke eisgular becausetheshapenidbe palladium wgien issalpast gircular;
conpound which is a raw material  of the catalyst, and

R FRIY OYt thesePREratons Wit R iields of view,and avetade the
compound. In th resent invention, it is necessary
BRSO VAIUPR 1 A5ielhgE Sparada batEREmStens of

|to ﬁlel gﬂ'gtjeg] thgﬁi’?gﬂ’c to%' St}'a%s%its)e%oﬁbe gt':tpoendmtlé)rog&l);l)e s 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 ratic in the
case of mixed solvent to be used in the preparation of the catalyst, a kind
and boncentration of a palladium compeund which is a raw material of the
catalyst, and temperature and time of reducing the palladium compound. In
the present invention, it is necessary to control the average particle diameter
of palladium in the catalyst to be obtained to fall in the above-mentioned

range by properly selecting and setting these conditions.
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range by properly selecting and setting these
conditions. 10 (2) A nethod for producing a catal yst
for producing an a, p- unsaturated carboxylic acid In
the next place, a nethod for producing the
above-nentioned catalyst for producing an

a, p-unsaturated carboxylic acid of the present 5
invention will be explained. The nethod for producing
t he ctR)dh mathod feryrogueingra catalyshiar producing an o,p-
garticularl limted, however, it is preferable to
e3aturatgd cafbeylic Cithi ch a netal conpound is reduced

e ISR B b mfioliah pradising thecabouenimeatia
%;thgﬁiwg-ﬁhase 10 ?edl{étié?n rr?i)rggd.i n’.‘\glni ?h a P‘rrgqt’e@lml’
N F gpgﬁuw%pﬁggzdggég%gaitﬁrﬁ%TZdﬁgemige
in%}?gﬁr’ﬁ @@ﬁ%%%%a@%féb‘oy a gas-phase reduction nmethod in
1 ohfaREEE fof SRR B Rl prasfRflfon s o
pRYEGIaNY IitERS PoWeRer, th38)dct ?%dmmﬁ%g@a

: etef&ble
reducti on nmethod 1's pre ?r}ak!l?e. Herel nafter, a ne

lfr!etalWmistrbgucwbg|mﬂubbﬁgt5§édt irfitHeChriaBas&e of a carrier.
reduction nethod will be explained. As the netal

Conpreteld, the dutalystean bé prepared| foraxaynplé) sy & dlgeid-phase
oxi des, acetates, nitrates, sulfates, tetraamr ne
regiuctien methad dn whichea ometabcoropophd solution vdttmaisperseldi aarrier
becones the catalyst, nore preferably chlorides, 20
isprapared:and atreducing agentis agded tofihtoreduce the matahl |,
furthernore preferably chlorides, acetates or

¢PmpavRd opbyEngasrbhase reductiendnethedria whichagarigred

al one or jin.combinati on of 't or nore kinds~ Further,
ipreqpated it A et} sampeUndsoiution 1§ srigpnst thensibiedied to
l{gﬁ%ﬁ:ﬁg@ﬁ'ﬁ&_@dﬁﬁpgo @ﬁgsﬁé@l{“ ,r%lolné tﬁgrrﬂt, ﬁ{enliqcuqcl:l-%wagg as
reduction method is preferable. Hereinafter, a method for producing the
catalyst by the liquid-phase reduction method will be explained.

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

Further, as these metal compounds, it is also preferable to use those
which do not substantially contain chlorine as an impurity. More concretely,
it is preferable that 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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25 it is preferable that chlorine content in the netal
conpound is 1,000 ppmor less. In other words, it is
preferable to use netal conpounds which do not 11
contain chlorine such as acetates, nitrates or

bi sacetyl acetonato conpl exes. \Wen palladiumis

sel ected as the netal, for exanple, palladiumacetate,
pal | adium nitrate or blsacetylacetonatopalIadlun1can

eantain @M@Iﬁl}e guehi as acetates.sytratestorthisatietyacetonatoecompleixes.
ound, operl sel ected 5 in view of

@@1 ?'lqdjﬂ-'"ﬁfls ﬁﬁ@ mstalnter sxample, palladium gcetate,

Sl S l'eétﬁ A4S L wor

ar ouras Big Sfvefl i ASs@ve 6 ustoliamdind: o8 propen vsﬁgfted

I8 f sORIpNRY B BE. 5508 Somnlinc i HeCtdR ERCaders B’

g?gﬁgﬁbii %?tthé’ﬁﬁrr%rrgthérSQwﬁ&lB dl?&hﬁ&é ‘?ﬂ'géﬁﬁrﬁc‘i&?

of organi c acl avi ngTcar bon
KydrBearehs DrikixBd isém of Ywd BF ATtRé K & %nh‘iw W

car bon nunber o? IS nore pre eraE IS a

groapercablise QQedJSAthmslS%nﬁ Gt Vst 0Pl OFIARIC s@!\%rﬂ%elected
organi c solvent because a catalyst wth better

foemfthergroue coasistieg pf ajgahold, kElones alid drganit acids is

sol vent of water and an organic solvent is used, a

prieferabls; landrat ledstvarntecorganit salvéntssleatedt fronythe group

sol vent selected fromthe group consisfing of

eansigtingsof arganiesacidsmbavng garhompumber of §te Betartiary. butanol
them a m xed solvent of water and at |east one

Ar%&%m% saying carbpasusebernaf 3 f@r@ mr%retgram@ mor e

preferable. As the or nlc aC| , | east one organic

hei d B eispauetasableda, .%ftwatgr an rggnic

aci d

i Becaheg A %at%@ﬁgwgﬁ&%\*@ﬁpeﬁpmeé%m begreBared. When

SRRt Vs SR o orSBE P, Al b of
\g%\tef%hﬁrart Ié%éi‘yrbe"&r\%h%cﬁvéﬁi JeldBte§ fron Y Bup ddnsisting 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 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. {n 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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nore to the weight of the m xed solvent, nore
preferably 8 % by weight or 25 nore. In addition, the
anount of water nentioned above is preferably 60 % by
wei ght or less, nore preferably 50 % by wei ght or
| ess, furthernore 12 preferably 40 % by wei ght or
less. In the case of m xed solvent, it is preferable
that the solvent is honbgeneous, while it may be
prefenablye4Q Su by weightroriless.alidthe casexf mixed solwenkritis

ed to the above-nentioned solvent in a desired

ad

oot o AL ANA R ENGIRL GamRaIYd Gre 895690 1l ahevemendoped
Sl G568 oref of siulirisbliy o praBaf.a BRI Gomptuna
$66T Wi digfbriba Lafidt RdndErtBliof SRS Ribiaiicomnound ig,
GleRaB) 9199 dy WeGht of HidrErHIERS Brab by 0,2 s by Mgl £
iRt €l ParBEulafty prefefathy 0.8/ % by WellHt or tndr8cl odidediocrt 19

to t ound” sofution wth di spersed

Edtidentiatibf of #sk! &BoVé PetRf BdmpPeIme 18 stefdrabRBERY bR weight or
catalyst in which the netal Is supported oOn the

less dmore praferabiy 0 9¢ byoesight or less, fartHefroreopreferably 7 % by
particularly limted and any 15 material can be used

weighboyless and particulaely pveleralyly dsrmdweightonteissl in its
oxi di zed state in the netal conpound. For exanple,
hydr alni the next place, agpgdueingsgent is addashipdthedsetal compound
hydrogen, formc acid, formates, alcohols and ol efins
saiution witbalispetred garmiante reduce the: metal copResg to obtain a
s%%ected ﬁrﬁnbthe ngu consi sting of formal dehyde,
¢8I inwhichdBe metakissupported qnineardda 2- but ene i s
pr ef bl e.and fornmal dehyde, . pr | en r. Lsqgbutyl ene
<ol B prafiha, pientinye Lseq L arie ety e Aid
afstiaitah b (SH'SE IhES Rivas'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 pressurize the inside with the

reducing agent to carry out reduction. The pressure is preferably 0.1 to 1.0
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preferable to charge a netal conpound solution with

di spersed carrier in a pressure device such as

autocl ave and to pressurize the inside with the 2s

reduci ng agent to carry out reduction. The pressure is

preferably 0.1 to 1.0 13 MPa (gauge pressure;

hereinafter, pressure is all expressed in gauge
ressure). Wen the reducing agent is liquid or solid,
tu(gauge rresswe; barainaftero pressyreiscalhgxpreesed ingauge

agent in a metal conpound solution with 5 di spersed

PEBSSEFE)- I n this case, the amount of the reducing agent

of the net

PRSP ek ST bl R e B i
BAEHY hiufRgRg ol Beht Fia nfbithl SArmbiid SoES Watn™
R R
preterelbyp #3550 RfiH' DholBl fHfmeldl BfiInd, =PSB (7e

hi gheTemderafié bffﬂ{eesgrytéheétatﬁé Xin?esoﬂ@d%tigli\ 3?\? ggdgéclﬁg time

preferably 150 OC or 1Tower, nore prefera

aredifferdntr ol aahethdld of réduéliom'a ¢avef anfadretald

time is preferably 0.1 hour or nore, nore preferably
Corapobindto be uszde sol/enf, & teaeicing agantaherthbllike Gnd dammot be

or nore, and is preferably 24 hours or less, nore
pbsolutedpsaids Ihdbe sase of liguid-phasetreductien prettiad, abtycifg
hours or |ess and particularly preferably 2 hours or
temperatyreds preferahly on ’Cordigher, sore preferatily OHE oxhigher,
| s, supported on the —carrier is separated fromthe
ﬁm@é @ Rreferablyd 61 6uordhighen angipreferably R0 °Gor lower, more
articul y~limted and, for ex e, filtration or .
Beerabiif00 Vorrlaneh didbemcrenuelabayag 'G efwer. Hoducing
ted | roperly dried. The dryi t.hod i s _not
B3 Brezray B FRBLL e oS dneis BreferbhBba BBl or ind3.
furthermore preferably 0.5 hour 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
particutarly limited and various methods can be used. -

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

reduction, a reducing condition or the like. The presence of the metal in the
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Concentration of the nmetal contained in the residua
solution separated fromthe catalyst 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 confirmed by adding a reduci ng agent such as
solution can beseasilyloonfirmed by ddimg aredating mgehtsusch asi on
can be determned quantitatively with an el enental
Ryriegines and dhe asnquob of themataljo the solwtion canzhe determirtes
catalyst is preferably 0.1 % by weight 5 or nore to
'le'r%ntEéWe'\éw' anelemarttalanalysis sueh gsdePed, nore

SRR IO T LT L
8 gt Rt dartr BoltFe 816 midtal 8 sEippiac. dre, beeratiy 9.5 %
LS hEhete, ttnerfrtie sioterdb T v Feiabl G ristaang
SO BRI ot A 1 g mot
Mo IFithe catfivst is FF&eF&B?PQDt% Cbg{j \ﬁ?iﬁﬁtt ﬁ@l@s?% e %gﬂ‘ of the

from weight” of the carder us e preparati

¢dreiec bbfry the m&agbtsv.?boﬂbd, mioRé preferabily80 6 ¥ weight or
conmpound and wei ght of the netal contained in'the

less, firthermoteaipreferabbp20 86 by vieight érfless ahdipasticuidnyer
reduction. 15 The catal yst thus produced may be used
preferably 1% 5% by sreight arlesst The suppoded patics cam bafabtained from
washing with a solvent or in the state of isolated

weight pi thecearrier usedin the-preparation efithe catalyst, weight pf the

may bhe activated previous to being served to |iquid-
'aﬁé!én the matalsompeindandg a\@lgmrofage matal egntaineddn the

articularly limted.,and, 20 variouys nethods can be
(88lhi=T Sotiipl soArIad 1B g Patelies AMBn eRueABE: of
236/3: 'oglg% %3%?%1 iﬁ@sf é'{ﬂr@c%td”rﬁg? Bgruese'dnfo?tﬁe! Pevgc%n 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 o,g-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an «,B-
unsaturated aldehyde by using the catalyst for producing an a,B-unsaturated

carboxylic acid of the present invention thus obtained will be explained.
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(3) A nmethod for producing an a, p-unsaturated

carboxylle acid In the next place, a nethod for
produci ng an a, p-unsaturated carboxylic acid through

| i qui d- phase oxidation of an olefin or an a,p 25

unsat urated al dehyde by using the catal yst for

produci ng an a, p-unsaturated carboxylic acid of the
present invention thus obtained will be explained. 15
ExanpExamples dtthezrawoslefin of the liquidiphase bxidation include

oxi dation include propylene, isobutylene and

thmylm Iscmtaylpnegndm BmeneavEmrppbssﬂttm tAw o, p-unsaturated

k%% i ncl ude acrol ein, methacrolein,
8 |'raréw%1 eC(qbelﬁemﬂ}h\%ﬁfplﬁlrbqutonamlwda {Brraethwilacaaein)

SR oS B S
BB A BT PR S
8 O e 25
o Sl 8 268 iy ST, E B Byl Vi

origina I'n the case

BnSatipnad %ﬁﬁcﬁgyhé'a@ﬁf;mﬁe gﬁ)db%%ﬁ lﬁih% ﬁgu DM Bliddtlon has

its al dehyde oup s Into car group 1n the

thePsaime aariei @l@biéwrbwmc; Grigifiacolbfin bFurtnépciqu%icaJ@mat an

catal yst of the present invention is sui table for

ffednsaturated ydehydeds iudel rasthprrapyatetial) fitsedld ehgdengrovp

nmet hacrylic acid fromisobutylene or 15 nethacrol eln

cirangeshinta carboxplgreap dn thiatifunsatarated carkoxylic acid to be

nol ecul ar oxygen to be used in the reaction, air is

psiieatical , and al so pure oxygen or mixed gas of air

and pure oxygen can be used. |f necessary, m xed gas-

i n whi Bf catalyghof the presenydnvandiopiis ﬁuéablmfomrqqupmg@whc
Qon di oxi de, water vapor or the |like can be used

£98 7rorp PRORYIPIR A acEoleip. bEmethacrykapindir isabitylene or

%)é'tﬁjé?érbf)eln {hergﬁéﬁ ?Sufdspt{]ase oxidation,

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

A solvent to be used in the liquid-phase oxidation reaction is not
particularly limited and, for example, water; alcohols such as tertiary butanol
and cyc!ohexahol; 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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particularly limted and, for exanple, water; alcohols
such as tertiary butanol and cycl ohexanol; ketones

such as acetone, nethyl ethyl ketone and nethyl

i sobutyl ketone; organic acids such as acetic acid,
propionic acid, n-butyric acid, iso-butyric acid,
n-valeric: acid, !so-valeric acid; organic acid esters
such 25 as ethyl acetate and nethyl pr opi onat e;

of splvenisiselacted fomtheasexginups cap bedisedandmang thein, ahteast
or a m xed solvent consisting of two or nore kinds 16
one solvephselestadireradhe asonp ﬁeaﬁswigagbalceaﬂlsmset@gem organic

S i i o
G SRS cBEnBeREF ot B o b o
TR A
e, T s g By B 6 BT BB

é‘lg(il ﬁ-\}affergl?éélu%‘ PQHEG&&&W@T&QB% Iﬁhﬁﬁ(%?e& mﬁeH‘s’bﬁ}ént of water

vent 'east one solvent selecte

an@ Bt [dast BhE SBIVERN SbRRCtréi thbRbEp %ons.hﬁﬁg Bﬁﬁlcohols

organic acids and organic acid esters 1s preferable

ketonus corghnicldtids ahd lorgasie aeld édterd isprefbrabletsocause the
oxidation is further inproved by using this solvent.

performancecsithetligaicaphase oxitlation & furthen improvedi yulising this

limted, however, it is preferably 2 % by weight or

snjvent: dnithis megthe amouhtohwated is not/panticulanly dimnited, however,
referabl 5 % by weight or nore, and preferably 70 %

lggs mfe;ab Yo? % bwsreelgbt qmor@tcgm weightef wﬁxuutedaov@m

nor e eferabl 50 % by weight or 15 | ess.

(OL9 PIAIPEALY, 3% taweight enmore, anﬁ@@éﬂmm%bwelght or

eneous st at

BB e Welabt Gt . isd ?@ge'etp iorauayetoiatly S 4cbiweiant o
B T By elint e sy} BRraehBon fhfe'y B4R Ledlt n
2hetdrBgHrddld Site.

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 a,p-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 preferably 0.5 mol or more.
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20 The amount to be used of the raw olefin or the raw

a, P-unsaturated aldehyde is generally 0. 1 part by

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

generally 20 parts by weight or less, and preferably

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

t he nol ecul ar oxygen is preferably 0.1 nol 25 or nore
The abave apijourt ¢o i/:ewsades ipreferahly 80rmolsnriess) Jaore prefarably
al dehyde , npore preferably 0.3 nol or nore and

%’amql% ar lsﬁasyfw'é\oa@; pieterably80 raelsasless, particdarhhove
b f er abl |
bybf@m%i%ﬁe o8 %egﬂgrﬁér@ﬁ&wr 68 abl”ErEo
rml S particu

T e cBRlyst PEGeOSRT ke bR J'mrseéﬁﬁe&e 2 roBFtigrLiduid

ATER bt kel T REERTE DG et B S L g e
LT O A A A By B
Ianekd as te earaﬁys@%xfshgywtr% p%a@&bﬂtqoﬁﬂwbg ight of

reactor to 100 ‘parts XIS I ng

" dolufidrPexiSBng Y the'feastd?! fioké ?Péméblﬁ OB part By weigehér More,

nore, and part|cularly preferably | part by weight or

anud partitorarypreferablyunpart byl weight osmdre.s The elbovalznyouit to
parts by weight or less, nore preferably 20 parts by

beuged isopreferably m\panarblyl weilht oi/leps ahere pteferdblypad parts by
by weight or |less. The reaction tenperature and the
weigbt polespr ard padiculariypreferably teparts byeveightordess.he
solvent and the raw naterials to be used. The reaction
t enpel3@ [Ractios tﬂmeéafalm and dhw%ﬁthmrsssm@e properlv set
referably 50 OC or 15 further ref
depading, ot 15a 80KaRt ABQIIH 9w alpERRIPpPerSRs: The reRston
The re ction e i s preferab
R ISPralFBE0 IE on o B, SnSieriarelerabl ¢ oe oidiR
P,

"Hﬁbéfrﬁﬁﬁé GrseBh B3GRl pre i Befpulaty rdterbiy 7S % 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 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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furthernore preferably 2 MPa. or nore, and preferably
10 MPa or less, nore 20 preferably 7 MPa or | ess and
furthernmore preferably 5MPa or | ess. Wen the reaction
is carried out under pressure, it is preferable to use
an autocl ave having a stirring function. EXAMPLES
Herei nafter, the present invention is further
expl ai ned concr et el y with 25 reference to exanples
iventomimnat limitediaingisesxamples.c in therfollowingexarmples and
invention is not linmted to those exanples. In the
Pampawtwg @S@dﬁﬂpﬁs P@Rd menaRArk by reass«anypl es,
par f mass. (Analysis of a raw nateri al
and a(ﬁaﬂﬂé 'S@F%!"aé\a daBodvgterial and a

Chr onABER. rHﬁiﬂ* dhigtind Bﬂr&ggfwﬁﬁsﬁﬁmﬁdwtmumg gas
Ehorieg étﬁf@i cthe PobVf¥R of ARl eb i blsindttod
A DB il
B@Ie@f\ﬂ%eéigoggﬁc of 18 bR laBEEYIGhb Seletiithy 18 a.p-

a, p-unsat ur ar oxy ic a e pro

detatorsted TatlshlyivGicidl D Brodricear ahe 'lhé %elwénarprémﬁfﬂvny of

or an a, P-unsaturated al dehyde = (B

arloefunsaturatet cdrbosylicaacidPto be @iroldl?datﬂa@ G@ﬁneﬂ?affdllﬁ\ds
B) x 100; The selectivity (% to an a, p-unsaturated

car boi‘bleloonsrersmbn:(%pof aBplefin dikén a)fbunbatusatedatidenyde = (B /
9 to a polyner/oligonmer = (E/ B) x 100; The yield

2\)/% 180; an a, p- unsat ur at ed carboxyllc ac:ld =(D/ A x
100; _and The productivit of

2. P uTBASeleatulty () EAY o, 6-haatsrated aldehyde = (C /B) x 100;

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

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

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

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

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

aldehyde, which is calculated by dividing total weight (unit: g) of a polymer
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(Gx H 20 In the above fornmul ae, A represents nol
nunber of an olefin or an a, p-unsaturated al dehyde
supplied; B represents nol nunber of an olefin or an
a, p-unsat urated al dehyde reacted; C represents nol
nunber of an a, p- unsaturated al dehyde produced; D
represents nol nunber of an a, P- unsaturated
carboxylic acid produced; E represents reduced nol
andrioligomier peduced| ynmoleoutarovéighhet am okefincrdarbaged on
an olefin or an a, P-unsaturated al dehyde, which is
unsaturaied aldshydesuppligd: B represenigiweighh(unit: g) oban a.B-

ol 19 and ol i gomer produced by nol ecul ar wei ght
@?S%Hf%ﬁ@parbqawh%ﬁc@ moduﬁ%t@ ﬁap@;eatwaggm (it @) |0éa

wetalFepiained in C%F%uéﬂ%ﬁtd eMti S FertBs et epgian ﬁ%\aqt anit;

By EQrnGF. i s BASS of ﬁ&u:@-ﬂm%[sféét Webioin ragtion fg an'q,g-

%’E%ggura?%gd %Eh%??@fsof'sdgt' e e et o of : P

Py o deadlireRfits BPoRysical Hippedies dfaaifignT > ©f POre

carri ﬁléaguie:ﬁ\ér‘itg df ipePél VBRINGTBndplohe glzgacﬂﬁ?'ibgpoﬁ lof hg%?fibr
ea an

gas adsorption | o nethod by using Surface

Wereocarmietiraut AVithl iRt vollineThathod s dd 6 ARrdltedas adsorption
manuf actured by Mcroneritics Instrunment Corporation.

Miethqubby usimgZSurfaces Aresbhrd Pprﬁﬁmtﬂaﬁrliulrlzeﬁ TriStar'8000 (trade
range of about from1 to 100 nm and all the pore
Nanehevanufachued by Mieratnstiticsimstromend €orpotationi (Thepore
present invention were cal cul ated based on changes in
SiFR nm@ﬁwably byrthis methashisie thelsangeedf abeigdramiiote 100 nm,

[ tF according to the direction of raising the

the Pprevalumes anepens: sizs distibutionsdeseripeddn thepresent
|fc’1%rlljtﬁgr¥ St%ré/ ggl%{tlatgé gased 021 changes in the quantity of nitrogen
adsorbed (adsorption isotherm) according to the direction of raising the
relative pressure (adsorption equilibrated pressure / saturated vapor
pressure).

In the above measurement, total pore volume per unit weight of a
carrier and BET specific surface area were measured by using t-plot method.
Further, pore volume of pores having a pore size of from 2 nhm 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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In the above neasurenent, total pore volunme per unit
wei ght of a carrier and BET specific surface area
were measured by using t-plot nethod. 20 Further,
pore vol une of pores having a pore size of from2 nm
t hrough 50nm (nmesopore) was cal cul ated by using BJH
nmet hod, and a proportion of the nesopore to the total
pore vol une was cal cul ated. (Average particle dianeter
and pancretelycaloulateshas toliows: dRrintasutiangmagengfdraraission
catal yst) 25 Average particle dianmeter of palladiumin
elegtipD faictescopatwithihegsanse pragnificationtas fhat oftte observation,
g?e]@sur d with transm ssion el ectron mi crosg:otpe,_ 20
f%‘?ﬁ%&'?"é’t%ﬂ"?l?leéiﬂ Reinti &ftha palladiusmsegions in the field of view

i e of transm ssion electron mcroscope with the
a0 s ARG Slamiiler Gheag PaKRIGBU@OIAT: ropasure foe

V.S |l e 50 ppints of t al | gdi um regi ons .in
PR ATy assurhifg cstiinel oo Bredler breausifecnabe of

' Leqion. r 5 ticle dianeter

8RR 4B € Bl BB Fod Ry E s SoerafeRain o

; r : .
s of Sl and BbiBgeti e S Tafles o1 n, RYere afice
dixgiadge the nmeasured val ues to obtain an average
particle dianeter. <Exanple 1 > 10 (Preparation of

cat al ¥yBikamplke P> parts of 88 % by weight n-valeric acid
aqueous solution, 1 part of palladiumacetate

( manufPreparatidniof citdfysBHEMCAT Cor por ati on) was
di ssol ved. The resultant solution was introduced into
an aulo&bparts of 88 by weightmt-salefic acid aqueslscsolotion, 1 part
made from synthesized raw material (total pore 15
ofpalisgiung agetate (mansfactyieddry NE.SHEMEATaComoratianewas
(ﬂﬂéqq; roportion of the pore volune of nesopore .
8 H@g-a §rresuitant sgjutionoias intraduced iate avauiadaye 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)
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the total pore volunme: 7.8 % manufactured by KURARAY
CHEM CAL Co., Ltd. was added. The resultant m xture
was stirred. After propylene was introduced to the
system pressure of 0.5 MPa, the resultant system was
20 heated to 50 OC in 30 m nutes and reduced for 30
m nutes. After the reduction, palladium supported
cat al ﬁ'St t hus obtained was filtered, washed and

r epl ad@dhgyauseciaye,,t 3-pats ot88 % by weight-ageticuacid aqueous
b il 56 i Rt
P b eyEat Bog R aelsosce abiove seeiaries BAlagisagptaining
SEncHed Cotan ot AL S RBHERY Fa1d B b vis 0%, By ibigwas
S s A S0P 8
o i T Wl |53 8B g, o

wasaitfodlised AR Syste pr e BEQ%MPHWW okidftion Jeaction of

tenperature was raised to e stirring.

methacrblelnl wastaried bat foy P0ARIMAES SThE adhountdfYialeddmr
oxi dation reaction of nethacrolein was carried out

oxygerousachim the. oxXidetiomreaotion (vastd. 26 malto 10Mmpbenmelisstrolein.
in the oxidation reaction was 0.76 nmol to 1 nol of
Atentne reastion wes fitished, the autontaveowaseeofddiosarednd the room
aut ocl ave was cooled to around the room tenperature
iemperature ane therreaction tiauid wasdaken eut.. Thegeactian liquid from

whidhhe sefalyst ip beem senareid woeAnahgreduith Gga 1 . tho
GHBEEBYEY: o mot hacry! | ¢ aci d vas 83,2 % and the
Pr OdURE Yd Felsulf LS driohf risthacidisinwas 8d/0'%. He
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 conversion of methacrolein was 89.7 %, the
selectivity to methacrytic acid was 84.7 % and the productivity of methacrylic
acid was 25.2 g/(g-h).
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<Exanpl e 2> The preparation of the catal yst and the
eval uation of the reaction were <carried out in the
same manner as in Exanple 1 except that coconut shell
20 activated carbon (total pore volune: 0.49 cc/g; BET
specific surface area: 988 m g; proportion of the
pore vol une of nesopore having a pore size of from?2
nm through 50 nmto the total pore volume: 10 %

manuf sExample By KURARAY CHEM CAL Co., Ltd. was used

as a i_arder As the result, the conver3| on of
net ha F‘SIPé?!P\afﬂél@n obthe ogtalyst apd tae evaiuation wf the reaction were

net.h ac:ld was 84.7 % and the productivity of
FRiriRddin ihe’Sarme RS AP 1 $xcapdibafsastsierved

%E%?#@ha&ean"&oteﬁ% eilhe! P erea Y Snebhe Slathoe, area:
ﬁ%ﬁs@pﬂéPéé@@w@boﬁ%e@gﬁgé b s0REld YR acE e of
AT om ek o T B fod b olUmBoS S el inBisRuge by
DAINENLDO. tth@"Wé’é’[ﬁe(‘!%?T@amél?’ % manuf act ured by

DAINEN CO, LTD. was used as a carrier. As the result,
tfie Aot resutntiy cﬂNé?éi@hQif@hé‘th&@l%léﬁ véas/sz; uhg the

selectivity to nethacrylic acid was 0oand t

gelectivityitoimethatryiie aeRtwis 80.1 ¥and ltl@b Pm utivity 8t frigtherylic
<Exanpl e 4> The preparation of the catalyst and t he

MMZ&Agtfgh)he reaction were carried out in the
sane manner as in Exanple 1 except that activated
car bofExample 4x om synt hesi zed raw material (total pore

volung: 0.75 cc/g; BET 15 specific surface area: 1,613

n g; mﬁ?%B!’ﬁRﬁ"%‘i‘P’be ﬂ'ﬁecqi@hléf aodl thecevaluation pbthe 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 %) manutfactured by KURARAY CHEMICAL Co., Ltd. was used as a
carrier.

As the result, the conversion of methacrolein was 78.3 %, the
selectivity to methacrylic acid was 80.1 % and the productivity of methacrylic
acid was 20.8 g/(g-h).

<Example 5>

The preparation of the catalyst and the evaluation of the reaction were
carried out in the same manner as in Example 1 ‘except that coal-derived

activated carbon (total pore volume: 0.92 cc/g; BET specific surface area:

1,345 m¥g; proportion of the pore volume of mesopore having a pore size of
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having a pore size of from2 nmthrough 50 nmto the
total pore volune: 4.0 % nmanufactured by KURARAY

CHEM CAL Co., Ltd. was used as a carrier. As the
result, the conversion of nethacrolein was 78.3 % the
20 selectivity to nethacrylic acid was 80.1 % and the
productivity of nethacrylic acid was 20.8 g/(g.h).
<Exanpl e 5> The preparati on of the catal yst and the

&om gnm dhrogghtdbnmdadhe detahpere valume: 58 %L manufadtured by

er in Exanple 1 except that coal -derived
BAINEN -e[ﬁé’al"@&rﬂs@&%ﬁ coies angl reastion tiowe wasd:1 minntes.
por o (51 URJeSHEIbE sBAversIPE e AL B WS S5 3o om
salREi ol & Mg adtiioid 5% ohe e odiiygy ot Methacryi
PR NS 2 E0lGhcr oTon of mothacr ol cin was 90.3 5 the

sel ectpyl met hacrylic acid was 77.3 % and the
producF%@ﬁ#ﬂég? met hacrylic 5 acid was 42.1 g/(g.h).

<Exanmrhe grepaRftion'dtRAs dhiast Andiths Mﬁé%ﬁtoﬁﬁg r%%@ion were

evaluation of the reaction" were <carried out 1n

samiadneutrin th@same MmyaARB &s i Bxample | kxtepcthiat atMrhted carbon
carbon nmade from synthesized raw naterial (total pore

mnadedeomisyhthesizer rawEaterialtotal poresvwolimes .@7@@:/%;255?7
m g, _proportion of the pore volume of nesopore avi ng
sperifie surface ared:12,582 ;tpropoxiion=¥ thenpore volemebfimesopore
ore volune: 26 9% manufactured by KURARAY CHEM CAL
Vving & pore#ize of famad ren thraugh 50 nimdo the tataloponei valumas
As the result, the conversion of

i nut es. ,
%ét &H%BﬁiﬂqUWBEUB&BAYWEMICAL Co., Ltd. was used as a

carrier and 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 m2/g; proportion of the pore volume of mesopore having a pore size of
from 2 nm through 50 nm to the total pore volume: 58 %) manufactured by
Norit Corporate was used as a carrier and reaction time was 15 minutes.

As the result, the conversion of methacrolein was 86.9 %, the
selectivity to methacrylic acid was 76.2 % and the productivity of methacrylic
acid was 29.3 g/(g-h).
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15 selectivity to nethacrylic acid was 78.3 % and t he
productivity of nethacrylic acid was 42.3 g/(g.h).
<Exanpl e 7> The preparation of the catal yst and the
eval uation of the reaction were carried out in the
same manner as in Exanple 1 except that

charcoal -derived 20 activated carbon (total pore

vol une: 1.30 cc/g; BET specific surface area: 1,692
2/ g; <omparatiee Bxample 1pore vol unme of mesopore having
a pore size of from2 nmthrough 50 nmto the total
por e Jheprepardionofithe eatalysirand the evabiation@fithe reaction were
was, used as a carrier and reaction tine was 15

faffladaut indhe game-manper as in Examples 1 except thal paalrderived
Y0 b BBl e 1 BT ShalCodtade
87174 i pPongrfion Y B BhGLvol iy ATBeshnarg Ve 3 porgsize of
RESGF 212 il s 15 g Yoral orel\ oy SRR 35 3aF Beradslred by
THE RANITORE/ARD SHEWEALS GFF| 106 it 5grier

. = ! O
Mes 0pasahb FusLE the Behﬁel%io?i'?oﬂggﬂ%c?&b% Das BBy Ltr;é

nmto the total pore volune: manuf act ure

Selectivity3e! meBisryiadit s Y. § %5and the laroa@aiv;tg%@ n¥&thdcrylic

carrier. As the result, the conversion of nethacrolein
acid veas B.84/(ghp selectivity to nethacrylic acid was
24.3 % and the productivity of nethacrylic 10 acid

was 2<@ogigajative ExampimPat i ve Exanpl e 2> The
preparation of the catalyst and the eval uation of the
r eact T bR PReparatien of thel catalyst anditbe exatuationof the seaction were

Eé(r?‘lrégl out Jl'n ﬁ%(ec ggrtnetnqgam\a/\? gg fndlg;ajtr\rqgltje 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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activated carbon (total pore volunme: 1.61 cc/g; BET
specific surface area: 15 1,680 nig; proportion of the
pore vol une of nesopore having a pore size of from?2
nm through 50 nrn to the total pore volune: 68 %
manufactured by Norit Corporate was used as a
carrier. As the result, the conversion of nethacrolein
was 83.1 % the selectivity to nmethacrylic acid was
84 %)ynanufaciused bydIBRARAY CHEMIGAL Soy) litd. was usedds a
was, 15.0 g/ (g. h). <Conparative Exanple 3> The
BRE&I®Er ati on of the catal yst and the eval uati on of the
reacti,on,were carried out in the sang nmanner_as jn
Eanpf 16 agsub e carvaraian ol mahan o8 wARAD.§ fo the
SR Db R, 536 e 5 % B P S04y f et

i Lhe pore volune of nmesopore having a
BERR0AS 18 Slg bl

ore Siz m 2 nmthrough 50 nmto the total pore

£ o M oS A

FERINS T itRE rédctionliR EiphiRbs 11857 2Rd @o‘?ép%rﬁgive Examples 1to 3

selectivity to nmethacrylic acid was Yo and t
areoshiown i TrbRf 1.8 BREMPISL1 16 7aMdteiRSartier With/d fbt4) pore

A summery of the physical properties of the carriers
velutheaoti0.#0do 1.88 ctigswas utbd, it aastfoand thatkhe seletdivity i@

7 and Conparative Exanples 1 to 3 are shown in Table
methacrpicagidanditheprodutiivity of methacedic\sicicwere goed. Further,
pore volune of 0.40 to 1.50 cc/g was used, it was
Inderamplest1 thd where & earrierwith aismatiertatal pore vaktimie was

the productivity of nmethacrylic acid were good.
wrd e Toundiia the Selectivituto methacsylicacid wasparticularly
used, it was found that

JR. Block®i: i Brimis S5 fiheraa eeriat whia leéamrcols) pore

volume was used, it was found that the productivity of methacrylic acid was

particularly good.
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good. Moreover, in Exanples 5 to 7 where a carrier

wth a larger total pore volune was used, it was

found that the productivity of methacrylic acid was

15 particularly good. 26 Table 1 PhysW ppxties of

cani er TOW pnpor bon of Reaction Selectivity to

Selectivrty to ProducWly of pore size d Ore

nel | i acrobin nedwa* acid nmeftaWacid pore volunme 2 to

ablenh (min) NN (g((g-h)) (OC4 NEx. 1 0.64 7.8 20
Q2 Ex 2 0O

4 3 1 49 10 20 89 7 84 7 .25 2 Ex

N

0. 46 [Piysloakproperties otparrier 22 4| Ex. 4 0 75 4.0 2p 78.3 80| 1

0. 8 E%go?? Of FMgbokin ok iy tel]2 Sdlectifyto 6| RrodiéivReof Il 1

89. 5| 7892 42| Bore e off 1molwmmmem D .

1.61 M3 spam3| M8 |Ex &) | [COVes) 1. 6/1 Aglad) Ek. 2

68 2p 8371 54. 5(onp| 0.37 2.7 20 50.5 65.p 10.9 Ek.

S t

ectaeek B VB EPR 80 T Mo tR ARy Ol 028 Payts
x2 1" 040 T 5 50T “8e.7 84.7 25.2

Ex3]| 046 33 20 84.4 80.1 224

Ex4| 0.75 4.0 20 78.3 80.1 20.8

Ex5| 092 52 11 90.3 77.3 42,1

Ex6| 1.27 26 1 89.5 78.3 423

Ex.7 1.30 58 15 86.9 76.2 203

Comp.

eer| 161 a5 20 35.0 243 2.8

Comp.

ey | 161 68 20 83.1 54.5 . 15.0

%‘;’_“g' 0.37 27 20 50.5 65.2 10.9

<Example 8>

(Preparation of catalyst)

To 20 parts of acetic acid, 1.05 parts of palladium acetate

(manufactured by N.E.CHEMCAT Corporation) was dissolved. The resultant

solution was added to 10 parts of silica carrier (total pore volume: 0.68 cc/g;

BET specific surface area: 450 m?/g; proportion of the pore volume of

mesopore having a pore size of from 2 nm through 50 hm 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

27



10

15

20

25

(manuf actured by N. E. CHEMCAT Cor porati on) 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 %

and shaken. The resultant m xture was evaporated. Then
washed anddiltered: by avatasandz5i% hyhweight t-butand! aqueaus Salution.
the catal yst precursor thus obtained, 13 parts of 37
Finallyvpalladiummontaining suppaedsatalyst, the supperied eatioeef which
The resultant mxture was heated to 70 CC, and kept

Vas %Y weighlwas obtaifed.ng, filtered under reduced
pressuyre nd t&e fl.lter cake was 27 washed and

filt eFEYAIMSHON.PLIRALHANY S o6 by wei ght t- butanol aqueous

01 U8k oo S0 B, BB e
45050 e BRI R 100 BP9 )y g el
LBt B8 A S8R EhEso 1 eiGof B e

5 |
alodaned aand ﬂveoé’utaeratveqﬁa@sﬁﬁttt@mpgﬂﬁﬁ, 2)&3} [tf‘gnsrﬁf(e irs]?butylene

i ntroduced, and the autocl ave Wwas ut ti

Wag intpoducedab it and stisingsf theaysieh wasueefed out (nl{;iﬁq%r of

stirring of the systemwas carried out (nunber o

reyohitionso h 0001rpat)Ganchiie temperature efith system was rdised to

systemwas raised to 90 *C. Wen the tenperature

9@ 3eh MYheodize temperalure nesschiedt9036, nittbgentwas iritduced into
pressure of 2.3 MPa, and the

ut ocl ave to the internal
@9@#@3@8@ ta the injeraal prassurr oti2i3MBa; aod dbe compressad air
t he.internal, pressure of 4.6 MPa. Every tine when the
Vit intredUcsdota {he atagiaue th heintarmpl pesssuteot 46 MPa. Every
f. the 15 ti i nt roduced
P8 lnteHial Rresiiie iBposr L5 M1BR Wit the mioBiess of the
%t%ﬁtiéﬁ‘,' SxydBR'dis' Whs WitRod RRES Tomperisals Hiis b Hal bisssure of

0.1 MPa, and this operation was repeated 10 times. After the 10th

ppl_

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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i ntroduction of oxygen, when the internal pressure
dropped by 0.1 MPa, the reaction was finished. At

this tinme, the reaction tine was 56 mnutes. In the

oxi dation reaction, 3.48 nols; of nolecular oxygen to

1 nol of isobutylene 20 was used. After the reaction

was finished, inside of the autocave was cooled in

ice bath. A gas sanpling bag was attached to a gas

d el recoyered reactioresolution anddhe cdllected gasdvere analyzed with
was recovered by opening the gas outlet port and

gag chrorgatagsaphy and the pprvrsion arnd thesselectivity wergieglculated.

5 containing the catal yst was taken

bt t ASTneiEsiih the canuerSIaT Ot Isebuianeys SRL%, the Selectivit
TERAAGO wid A2 B aiheraplecshiny 35 piethedle sricke 2B
AP0 sheProficefly ShuRiiedSifotRUAE B SR 2oTectivity
Eéé;ﬁ‘?ﬁﬁ@% 32";7;%8 helte lef:P ity to o

. a @Eg‘a@fpéé% wad ngrfeﬂ cﬂ.ﬂ exce %tya(t) a

nmet hacrylic acid was 28. and t productiv
oatrienes Yol sedoias BRSngetdY (tgpé keolite Ritap Gre VDITHE: 0.50
sane nethod as in Exanple 8 was carded out except that
ac/ge BET spedific berfaceedrasn 820mTgeproportiori sPBiezssteivofume of
(total pore volune: 0.50 cc/g; BET specific surface
mesqpoc2 baving;a porersize bbfroof 2 nivethrough %0Inmo the fdtal pore
nmesopor e having a Po[e size of from2 nmthrough 50 nm
volumeist4? %), pibea/alumainartSi0gALDpnol satic otwhichrias200, to
S}gi myl 203) ol ratio of which was 200, to obtain

ain £ -ype iZeplitessHpportespalladiviacontaininggatalyst inawhicly st

| 1 adi um netal was supported. The reaction

. S oh
lega\%ggﬁmgg’ﬁ&ﬁs $PPRLESy t he catal yst obtained in the

tlﬁ afb?ﬁg r{aﬁg@qe\gﬁg {@Eﬁgcpcfl\g@tdbyaﬁsiing the %gpallfst Sorifed'n 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 productivity of methacryiic 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 (SiO/Al,03) mol ratio of which was 485, to
obtain H-ZSM-5-type zeolite supported palladium-containing catalyst in which

palladium metal was supported.
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38 mnutes. As the result, the conversion of

i sobutyl ene was 75.2 % the selectivity to

nmet hacrolein was 49.9 % the selectivity to

met hacrylic acid was 19.0 % and the productivity of

met hacrylic acid was 1.9 g/(g-h). <Conparative

Exanpl e 4> 20 The sane nethod as in Exanple 8 was

carrigd out except that a carrjier to be used was
changddetrgactionsyas cagried subby usingithe satalystoblaingddn the

0, 20 cch%% BET sgﬁfifiq rface area: 343 nﬂlg; L
FPOYB MM 1M sayme methgd,as indrxArapis:s Aeanidnat therRagtion.time was

S uade, b e PSS RsS ets Wit 48ne
St DB ST Wi S PR s was
TS 45 BRRL iy PP RN SIS, o

sane EpddAhety of thepyEtd pPosertiBs lof iﬂ@%:%rtrfé?s (€86 h@'the

time was 107 mnutes. As the result, e conversi on

eésultsaifihy reastiondn Exaninlis 8 4t 9 SIdeComplalatiie®Example 4 are

met hacrol ein was 59.1 % the selectivfty to
showndn Mable 2cinl Examples.8 ahd’ wheré Aeapriedvith atota pefe
nmet hacrylic acid was 0.5 g/(g-h). A sumery of the
poluseal 04040650 es/goivas used At wasrfound deatthd seleztivity to
results of the reaction in Exanples 8 and 9 and
msipacniic aeidmndhihedroduetivitysfonethagryligiscid were good.
Exanples 8 and 9 where a carrier with a total pore
vol une of 0.40 to 1.50 cc/g was used, it was found

f he selectivity to 10 nethacrylic acid and the

tivity of nethacrylic acid were good. Table 2

Pnyst%Ega, lhﬁ&*l tat—proporhmof

ReacponSereet+wHy+A SeW D Sel eat | vityt|D Produc~ of

por e| sijgy of| Prapprioniok e deir pelestidytp | Productivty of

et whoh \|pore size of | time 1nm#muﬂhaudnwhauwhadd
e(w%g'ﬁ)'ﬁé 2to50nm | (min) (%) (@/lgh)

(%)

Ex.8 0.68 100 56 90.7 28.2 28.6 22

Ex.9 0.50 42 38 75.2 49.9 19.0 19

Comp.

el 0.20 29 107 | 674 59.1 15.4 05

<Example 10>

(Preparation of catalyst)
N 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 volume 2 to 50 rim(mn) (%9 NN (g((g-h)) N

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. 0.20 107 67.4 59.1 15.4 0.5
Ex. 4 <Exanple 10> 15 (Preparation of catalyst) To 60
parts of 88 % by weight n-valeric acid aqueous

solution, 1. 16 parts of pall adium acetate was added

and stirred under heating at 80 OC for 1 hour and

dhe pore volumEenef mesapaorerhaving atpiore sizesofi fram @nmettirougho50 nm
an autoclave to which 5.4 parts of activated carbon

tadhe tatalpargwoliae ig 261%) waa added. e systern. was siirred at a
RS e a5, o oot lchdocky v e
PRAA Wit SRl
FEAPyho 338 s (HURRLRGR 6 B toitie Piethurhet or M2 8hd the
RSB e fen Wab BRefieg e{ﬁiF%ivec‘%ir%%e%?Péhé@%agat the
?9@%%*?2&%3@2! holP tBELUAY L) HAftering Jefbtion was

finished athe systérh wad'esbled t6 @90"(‘,‘q Gnid tﬁB T&iﬁg thé %élboclave
C (o] ¢}

reaction was finished, the systemvva

@a@s discharhed aad the autmamwaufc?&ﬁue ThESusPersi WaS filtered
and the autocl ave was opened he suspensi on was

and pallediutibcantaining lsagporied catadyst; the supipePledattio of which
cat al the supported ratio of which was 10 % by

wasdﬁf% by weight dtine weightiof palladiumdotthe weighttof cafrier), was

grrler) was obt ai ned.
tained

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

(Evaluation of reaction)

To the autoclave equipped with stirring device, 69 parts of 88 % by
weight acetic acid aqueous solution containing 200 ppm of p-metoxyphenol
and 3 parts of the above-mentioned palladium-containing supported catalyst
were intfroduced. Further, 2.5 parts of methacrolein was added. The
autoclave was shut tight and stirring was carried out at a number of
revolutions of 820 rpm, and the temperature was raised to 90 °C by heater.
When the temperature reached 90 °C, air was introduced into the 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 methacrdlein. After
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The average particle dianmeter of palladiumin the

pal | adi um contai ni ng supported catal yst thus obtai ned
was 1.5 nm (magni fication of 15 observation by

transm ssion el ectron mcroscope: 1,000,000 fold).

(Eval uation of reaction) To the autoclave equi pped

Wth stirring device, 69 parts of 88 % by weight

acetic acid agueous sol ution containing 200 ppm of
therseastioptwas finished, thesystem wast ¢ooled to 20 fENt Tetivwlgas outlet
pal | adi um cont ai ni ng supported catal yst 20 were

PR fdhe aytoglave, lesy absorptigmtube with cooledowateeinsideand a gas
adde? aut ocl ave was shut tight and stirring was

&amnling % wate attagheskdn tais ordex of e peeducs gaswas fmeovered
W paiing s ailist oo cand imrisin e infemataresaurantibed
(8ot g ARG Bid e Warkrarodl o Beriaing s and e
Eafit s it ét%l i Gofifigan ik f%%grﬁa%‘?ﬁﬁhk@&es
Poctlefe bl abstifth{UugFnB RGN tifler MleldBor FRFE oy size: 0.5

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

sanpl Asghbagsuit tiee abhvsreRm 6ffmbea%rélbﬁ|ﬁﬁra? 8% o, R Ct

gas was recovered by opening the gas outlet port and
selectivitytotethacryicradid Masszoue ¢ athetdetediivitpéshor . The
reaction liquid was transferred to a centrifuge tube
RAbmeriligemeswas 8.6:% andutiepieldtofanéthacaylic sicidiwat 7408 %,
The supernatant |iquid was recovered by passing

t hr ougR>*@&Wi8 3h2 filter made of PTFE (pore size: 0.5
1AM the conversion of nethacrolein

_Eﬁs the result ) | ( :
was 93N8 RigPargHon péﬂaeepetemsma; qasried ouhity ei samae imanner as
UEclh T b Bl B S s e S
(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 electron microscope:
300,000 fold).

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

<Comparative Example 5>
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<Exanpl e 11 > The preparation of the catal yst was

carried out in the sanme manner as in Exanple 10

except that an activated carbon nmade from raw coconut
shell 15 (total pore volune: 0.49 CC/g; BET specific
surface area: 988 m 1g; proportion of the pore volune

of mesopore having a pore size of from2 nm through

50 nm_to the total pore volune: 10 9% was used as a

car ri gme nlneara&@ernge ﬁatalvséweaajﬁ%meﬂautm theasameiranner as

SRl ORI bR S8R Sl kSt Sl

%ﬁ%@?éﬁ%&eiﬂzfqr&reﬁﬁ%b“ s !s‘?éloSftaé’)%?&%é%;da%e
E’E%’héf?e" o Ba%d@%{;ﬁé%%ﬂg&gﬁﬁégﬁéi b8 BuBibried chiyst e
PERAALE (N8, ppReH3anS o WRiRgad fpce iy @@@p@w@gw
Uwal Eﬁlfh(:ﬁﬁéri of bséﬁﬁéudﬁby‘iraﬁsrﬁ@éwn teh’-f‘c'(IBI:JnEJ;Zﬂ:rB%copg. 300,000

thacrylic acid was nparative anpl e’'5>

Tald).pr epar ati on of the catalyst was carded out in the
same manner as in Exanple 10 except that 96 % by

vei ghiThefevalietion afthd reactionuwas ehttiddoout inake €aAfe Manfer as
sol vent for preparation of catalyst. The average

ﬂhEKamp& 1Qi antbag theofesudt| thedcanuersiohof methacrolein was
al | adi um cont ai ni ng supported catalyst thus 5

Gﬁﬂa?/méfap seleetiviyteanethacryliciacid wasti 6 %thelseléstivity to a

magni fi cation of observation by

PPié{ﬁ’ﬁd@'QPm?féYae%ﬁ 6(°° NS Beatpld.of soetheowylic fasidiyvas #32 %
manne LRI ANG EXRB6. ang ac the result the
Co oAb oP TR bl Sy buln same manner s
FEERSThbI 10 k&bt that n-valeric acid was used as a solvent 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 selectivityto 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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pol ynmer/ ol i gomer was 15.4 % and the yield of

nmet hacrylic acid was 33.2 % <Conparative Exanple 6>

The preparation of the catalyst was carried out in the

same manner as in Exanple 10 except that n-valeric

acid was used as a solvent for 15 preparation of

catal yst. The average particle dianeter of palladi um

in the palladiumcontaining supported catalyst thus

Gvetageparticledismeter-afanalladiun inthe pallagdiumecontainingsupported
ht) wa m (magni fication of observation b

' 10. 1
CRIAShtaUS shtabied (the suppered selir.of Whishowes 161%)by Weight) was
i rhaniBeatan of digarvation B ansissiRg plestipp mirscope:

j f h | ei 45.4 % th | i Vi

HeRIEDROIAGF: . "Bei'd vas 65. 2 9% The selectivity to a

| ' % ' f
et s SUANSEIREY of 8 edcton b3 ol $lihing spme mapper as
L ERANEAG 10 Aebtifaf Haibh fnl6 by rfadBiefs s hdrs, and as
B ESsUM tr@bém@rsiﬁhﬂﬁ%ﬁhgcmn Wetle2 5'G o é@gct‘i%tgrtg

tenperature was 25 CC, ant ucing tinme was 1
Tiethalrytiv ackeaP891s %, thelsaleetivity ©fa Paiyhféildﬁgbrnhrtﬁ@s

pal | adi um cont ai ni ng supported “catal yst thuS obtai ned

eere%an the yidld aft methdcrylivi adid was 254 % by wei ght) was
0.8 nm (magni fication of observation by transm ssion

el ect Aosumimery ot thecaverage partide disvheter of paliadium in the
eval uation of the reaction was carded out in the sane
ralahsts ysed apdithe fesultsiaf the reactiarintExamples dd andrd 1 @ind

t hacrgl efn was 3 hours, and as _the result, the
Comiraye, Egamplas .69 15k shaue inTable3. (InExsenples 16 and 11
PPN R TS e
Wakhae liwasfoufld 1t tha sbiedivity to methacrylic acid was high.

Table 3
A . . .
mmm Conversionoff Selectiviyto | Solectivtyto Yield of
of palladium methacroiein | methacrylic acid | polymer/oigomer | methacrylic acid
prs %) (%) (%) %)
Ex.10 15 93.6 79.9 8.5 74.8
Ex.11 2.6 89.7 84.7 4.3 76.0
Comp.
Ex.sp 8.4 46.4 715 15.4 33.2
Comp.
Ex.g 101 .| 454 65.2 213 30.0
Comp.
Ex_.f 0.8 425 59.8 29.6 25.4
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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 anmeter of palladiumof 1 to 8 nm was used, it was

found that the selectivity to nmethacrylic acid was

hi gh. AssmentioRedapove,dyy @ing the catalyst obtheprasent inveation, an

Sded*tD Yield of Parlide diamew of palladium
uRsakkategdearboxyic acd gan beprrgueed through liguig-phasen)

NNNN Exiq~.593.679-9 8.5 74.8 -Ex 1-1 2-6

Qé%?“&ﬂﬁf a dlefimpgap d, ungptyrated aldghyde in gaod reastion

i%”ér gﬁgg. 10.1 45.4 65.2 21.3 30.0 Ex.6 COW. 0.8
NOMgNe®29. 6 25.4 Ex.7 34 As menti oned above, by

usi ng the catal yst 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-unsaturated al dehyde in good reaction
performance. 35 WHAT IS CLAI MED | S:
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1. A catalyst for producing an a, p-unsaturated
carboxylic acid through |iquid-phase oxidation of an
olefin or an a, p-unsaturated al dehyde, wherein a 5
nmetal is supported on a carrier with a total pore
volume of 0.40 to 1.50 cc/g as neasured by nitrogen
gas adsorption nethod. 2. The catal yst for producing
an a, A-unsaturated carboxylic acid according to claim

1, wherein the total VWHAd RoCLAIMED IShe carrier as

nmeasured by nitrogen gas adsorpton nethod is 0.40 to
0.80 cc/g. 10 3. The catal yst for producing an

ey oi - SRl F bRiing ark e unSitHEe SAridiic Bcld Grough
TRERRGN s BbRRoRoP B BISTHEG &) onl-AruPibd idkt e, wrbfiein &
AP SuproftBaigtt & kalfrSutDa K0t Borel iumBrd,£6 16 3.8 corg
SelngeaTo, fopen s kP naff 00,0, " -
eas U ATy catalyst 45t broateing B @ Bltibatinehed cabdiyiat i

1.50 cc/g. 5. The catalyst for producing an

acpoudingtaiclained, adebainthe totarpere whgmedifile carfdraism 4,
wherein a proportion of the pore volunme of the 20

measyoed by anitrogeregas adsarption shethodris 0.40m0t (BOURYG.50 nNm
of the carrier as neasured by nitrogen gas adsorption
net hod: t the eatalyst for prodecing lanne ainsaturatedhcatbexylicadid
Wbor&hggs. 6, A catalyst for producing an

I to ¢!

gego aim 4. wherain A propagion ofithe pgine volume of thease
0 oSyl of L VA ik v
e ol o G85 eSholod oo e EABERR vt e
BAPRY T B 950r fuds:

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

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

6. A catalyst for producing an «,p-unsaturated carboxylic acid through
liquid-phase oxidation of an olefin or an a,B-unsaturated aldehyde, wheréin
palladium with an average particle diameter in the range of 1to 8 nm s

supported on a carrier.
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unsat urated carboxylic acid according to any one of
clains 1 to 5 wherein a netal conpound is reduced by
a reducing agent in the presence of the carrier. 5 8.
A net hod for producing the catalyst for producing an
a, P- unsaturated carboxylic acid according to claim®6,
wherein a palladium conpound is reduced by a reducing
agent thehgaggence of the carrier. 9. A nethod for

pr odu j i nr@ mgt rpreducingthe catalyss ton produeing amadirgh
Rt e BATRSe Oy e Gerbreliano sy mesetaima 1 fo 6 wherein a
FRBaP3B86 B b Ep Bl Lk it B B e
gh@eps 1 to 6. 37

8. A method for producing the catalyst for producing an a,p-
unsaturated carboxylic acid according to claim 6, wherein a paliadium
compound is reduced by a reducing agent in the presence of the carrier.

9. A method for producing an a,p-unsaturated carboxylic acid through
liquid-phase oxidation of an olefin or an o,p-unsaturated aldehyde with
molecular oxygen in the presence of the catalyst for producing an a,f-

unsaturated carboxylic acid according to any one of claims 1 to 6.
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