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patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.
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ASUNTO Radicacion 06-65492
Tramite 002
Evento 001
Actuacion 430 _
Oficio & - i

Folios .. 012

Patente de Invencion " Patente de Modelo de Utilidad [ ]

Via Nacional |
Via PCT (fase nacional) [ X - Cap.t [} Cap. Il
No. Sol. Internacional _ PCT/GB2005/000041

. Fecha de Presentacion Internacional 7 de enero de 2005

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

1.1. Descripcion: LFolios: | 18 §- 34’ - tal como se radicé inicialmente
1.2. Reivindicaciones: Folios:  35a37 - tal como se radicé inicialm
1.3.  Dibyjos: * Folios 39 tal como se radicé inic’
et Tande . N
1.4.  Prioridad: '
1.4.1. - Fecha 9 de enerc
Pais China (¢
Numero 20041"
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2. Objeto de la invencion

e Titulo de la solicitud (foI/o 1)
Membrana compuesta de metal paladlo (o] aleaclon de paladio y métodos
para su preparacion.

» Las reivindicaciones 1 a 15 de Ia sohcntud en estudlo se refieren a

1.- Una membrana compuesta de metal paladio o aleacion de paladio en dos
capas consistente en un soporte de sustrato poroso y una membrana de
paladio o aleacién de paladio, caracterizada porque el metal paladio esta
presente sustancialmente sobre la superficie exterior del soporte de sustrato
poroso con poca o nula presencia en los canales de poros del sustrato.

2.- Procedimiento para la preparaciéon de una membrana compuesta de metal
paladic o aleacién de paladio en dos capas consistente en un soporte de
sustrato poroso y una membrana de paladio o aleacién de paladio,
caracterizado porque comprende las siguientes etapas consecutivas:
1) enjuagar/lavar y secar el soporte de sustrato poroso;
2) tratar el soporte de sustrato poroso con un relleno de poros con el fin
de decorar los poros del soporte y, opcionalmente, las desfiguraciones de
la superficie del sustrato;
3) opcionalrnente, cuando_esta presente un exceso del relleno de poros
sobre la superficie del soporte de sustrato, limpiar el soporte de sustrato
con el fin de separar de la SUperﬁme dicho exceso de relleno de poros;
4) sensibilizar y actwar el soporte de sustrato decorado con una solucion
de SRS ST paladio;
5) revestir el soporte resuItante con una solumon de paladio para formar
la membrana compuesta en dos capas;
6) secar; y
7) opcionalrnente, someter la membrana compuesta resultante a un
tratamiento posterior en donde los relienos de poros que residen en los
canales de poros del sustrato poroso son separados o reducidos de
volumen por medio de calentamiento o disolucion fisica/quimica.

» El producto y el procedimiento relacionados buscan mejorar las propiedades
de membranas para la preparacién o purificacién de hidrdégeno.

» La Clasificacion Internacional de Patentes (IPC) para esta solicitud es
B 01D 71/06.

3. De la solicitud de Patente
3.1.  Descripcién (Articulo 28-’[3-"%:86)
La descripcion de la sohcntud en estudlo preéenta los siguientes defectos:

* £/ solicitante emplea la palabra "decorac:on” o sus derivados dentro del texto.
Sin embargo, dichos términos no.guardan ningun sentido técnico en relacion
con el resto del documento. Por lo anterior, el solicitante debera
reemplazarlo por un término que tenga un sentido coherente con el resto del
escrito y aclarar el sentido que le quiere dar a la frase que contiene dicha
expresion. ;

Por lo anterior, la descripcién no cumple con el requisito de claridad y/o divulgacion

completa que permita su comprension y ejecucion de acuerdo al art. 28 de Ia
Decision 486 y/o art. 22 del Tratado PCT
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3.2.  Reivindicaciones (Articulo 30 D. 486) -
El capitulo reivindicatorio de la solicitud en estudio presenta los siguientes defectos:

* El solicitante emplea la palabra “decorar” denfro de las reivindicaciones. Sin
embargo, dichos términos no guardan ningun sentido técnico en relacion con el
resto del documento. Por lo anterior, el solicitante debera reemplazario por un
término que tenga un sentido coherente con el resto del escrito y aclarar el
sentido que le quiere dar a la frase que contiene dicha expresion.

* No se precisa la materia sobre la cual se solicita proteccién. Cémo se explicara
en el punto 4), la presente solicitud no posee unidad de invencion, por lo que
no esta definida la materia sobre la cual se solicita proteccion.

e Tal y como se encuentran redactados las reivindicaciones 12 y 13, estas
deberian conformar una Unica reivindicacion pues hablan practicamente de lo
mismo. Se sugiere revisar dichas relvmdlcac:/ones o hacer las aclaraciones
pertinentes.

* No es claro que es lo que el sohmtante pretende proteger en la reivindicacion
15, si un producto o un proceso El sol:c:tante debera replantear la redaccion
de dicha solicitud.

e Expresiones como ‘poca presencia'f no permiten delimitar el alcance de la
proteccién solicitada. Dicha expresién ambigua debe ser reemplazda por los
valores namericos establecidos en fa descripcion.

Por lo anterior, el capitulo reivindicatorio no dumple con el requisito de definicién,
claridad, concisidon o sustento por la descripcion de acuerdo al art. 30 de la Decision
486.y/o art.22 Tratado PCT. >

4. Unidad de invencion (Articulo 25 D. 486)

La presente solicitud no tiene unidad de invencion, dado que contempla diferentes
conceptos inventivos relacionados asi:

* Reivindicacion 1. . N
* Reivindicacioén 2 y sus dependientes.

Entre ellos no existe una relacién dado quﬁ Ia,;mgmbrana de la reivindicacién 1 no
necesariamente puede ser producida por el rnetodo de las reivindicaciones 2 y
siguientes. Obsérvese que uh {écnico podrla considerar métodos diferentes para
llegar a dicho producto sin pensar en las etapas relacionadas en el método
reivindicado. o

Por o anterior, se puede conclunr que la presente solicitud no cumple con el requisito
de unidad de invencion.

5. Determinacidon del Estado de la Técnica

» Lafecha que se ha tenido en cuenta para determinar el estado de Ia técnica es
9 de enero de 2004.
* Teniendo en cuenta la fecha indicada se realiz6 la bisqueda en el estado de la

técnica de documentos relacuonados con la solicitud encontrandose los
siguientes documentos mas relevantes:
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JP 04 349926 Hydrogen gas separation membrane "

‘{_DZ JP 10 028850 Hydrogen separation structure 03:02,1998 |
03] eprsossr | Sorsgere emineninan Veraren | 005200
04| Episaasin | e e on marear | 10092000
D5 EP 1362630 Kompositmembran r‘;?glgfahre” 2u 19112008
{06 ~US6228800 [ Nobel metal support 08,052001 |

6. Andlisis de patentabllldad (Artlculo 14 D 486)

Los examenes hechos en fase: mternacuonal son exphmtos en senalar como afectan
los documentos D1 a D5 la patentabilidad de Ia solicitud. Esta oficina acoge dichos
conceptos. Por otra parte, el documento D6 ensefia membranas compuestas
porosas donde el metal paladio esta presente en la superficie exterior del soporte
de sustrato poroso buscando su no presencia en los canales del sustrato. En dicho
proceso también se enuncian los principios relacionados en la presente solicitud.

Por lo anterior, la presente solicitud careceria de los requisitos necesarios para que
se el conceda el privilegio pedido.

7. Conclusion:

Los requisitos de patentabilidad de la presentel solicitud se encuentran afectados
asi.

"N° | Documento N° Reivindicaciones afectadas Requisito que afecta

! : VR - Novedad

| D1 JP 04 349926 _ . 1-15 Nivel inventivo

| , s ‘ ‘ Novedad

Bz JP 10 028850 o 1-15 AR Nivel inventivo

; i, Novedad |
| D3 EP 1180391 Lo *1 T 15 s Nivel inventivo J
\1 o S Novedad _
'D5|  EP 1362630 o 1-1s ovedad a
: Nivel inventivo |
‘ - 1
D6 US 6228800 115 _Novedad |
‘ _ Nivel inventivo j

En cumplimiento del articulo 45 de la Decisidén 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de SESENTA dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegard la patente.
Notifiqguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero.de la Circular Unica N° 10 de 2001

Concepto Técnico No. 2968 . »iny -y i o f
Examinador Técnico 202003 ' o,
El anterior requerimiento fue notificado por fljaCIOH en lista, de fecha
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5T ARSTRACT

A noble mutal-supportcd artick which comprises a camrier
and-a patiadi -oataioing metal p supported on
the carrier, which article has {A) a layer in which substan-
Lizlly oo palledinm is supported in the inte or of the canrier
amif B) a layer in which palladium is supporied in the region
Trom the auter surface 1 a depth of less tan 100 gam wf the
cacnier.

11 Claims, 3 Druwing Sheets
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US 6228 800 131

1
NORLF. METAL SUPPORT
T'his application is 1he oational phase amder 35 USC &
37F of PCY Intemationad Application No. POEIPYRO 24
which bas an Indernational filing date ol Doe, 16, 1997,
which designated the Pnied States of Amicrica.

DUESCRIPIION

L. Cechoical Ficld

This invention relaics 10 3 metadsupportedt anticle in
which a palladwm-containing metal componcnt is supporiced
on a carrier, a process for producing the above melal-
supported article and a catalysl lor chemical reaction com-
posed of the abowe metal-supporied article.

2. Background Arl

Palladi or a pallad mictal T 1 has beun
widely used as a catalyst g industry for many years.

The term “palladium metal compound’” uwsed borein is
meaot o inchide palladium intermeiallic compounds
which the lattice of palladium is replaced with diverse metal
and palladium alloys whercin the palladivmn aod diverse
metal form 2 solid solutive

Palladium has been used alone as a catalyst; however, in
general, palladium is wsed in the form of 4 dispecsion on a
carrier because palladium is expensive and in wicw of the
purposc of realixing a bigh reactivity. In chunical industry
processes, a palladiem -supporied catalyst has boen widely
used i various reactions such as xidation reactions, rediee-
ton reactions, hydrogenalion reactions and the like and in
catalysts for poeging an awiomobile exbaust or the bike.
Palladium is supporicd 00 vactous carciers deponding tpon

LU

the ceaction charactecislics and uses. With a catalyst in -,

which a poblé metal component is unifurmly supported cven
in the interdor of the carrier, the diffwsion of cactants aad
reaclion procuct can be p i by the resi b line
pares in the intcrior of the carrer. In this case, W follows that
the catatyst components supported in the iotetior of the
carrier are not clloctivedy ulilized. Moreever, in somg kinds

of reactions, some types of reactors aod the like . the catalyst:
components suppored on the particle surface of 4 carrier are™

deactivaied because their active sites are covered as-a result
al adsorption of reaction by-produdis, scuunulal.tce of poi-
sooed substances and the like, or the carrier partickes koe cut
by abrasion duc 10 collision of the carrier pariicles with ong
anothec or with walf surfaces or the like. As a result; the
acuvt, oemponeanu[ Ihe catalyst arc fost, and the catalyst is

I for the pusy of prolonging the life
of the calaiyﬂ while mamlammg Ils feaction activily, it has
been proposed for a Jong time that the active components of
the catalysl be supporied slightty inside the carcier surface
withoul being distributed on the outer suilace of the camicr.
As the catalyst preparation mcthod as mentioned above,
there has been known an bnpregnation method, an on-
exchange method, a chemical reaction muthod {for i
sciuble paliadium is inselubilized by reaction and deposiled
on & carrier) or the like.

An example in which the distrbution of a palladium
componeal on a cacrier has been changed is reported in the
Jewrnal of Chemical Sociely obf Japan {4), pp. 261-268
(1996, It is reported Lherein that when spherical alumina
having a particle diameter of 3 mm (3000 zam} is used as a
carner and palladivm dissobved iao hydrochtlocic acid is
allewed 1 be adsorbed thercoe by on exchange, 1he palla-
dium distribution and the amount of palfadium supported arc
wvariedl with adsorplion Hme, for example, alter ope minte,
after 25 miouotes, after one hour, after 12 hours and alter 20

B

4

st

ol

2

hours, and ihe adsorprion reaches approximately cyuilibriom
in abowt oo houe However, even when the adsorplion tme
is one minule, sulstantialty no palladiom is distribuged Ty
the culer surface of the caricr w0 2 dopth of abaut 300k eem
aadd palladium is disiriboted it the form of a belt in a widih
st abesit 130 @m from snld ahianl 3Kipern depth in the
di on of the caomer . the amnuat af
palladium supporied is increased wilh the dzpse of (me aod
palladivm is wnifermly distcibured theoughourn the camrier
after at least one bour. o said publication, there is on
statement of a case al withio one minute; bowever, when st
is taken inle cousdderation that afler voe miwie, substan-
Gally oo palladium s present in the areaz Trom the ouler
surface o 4 depth of aboul MM jem of carricr and palladiurm
is distcibuted in the form of # bell in a2 widlh of abeut 150
gon (rom said 300-pm depth in the dircetion of the Carrier
inlerior, it is actually difficelt t0 control the distribution by
this method so hal the pailadium s altowed (6 be substan-
tially preseni withia the very parrow range liom (he ouler
surface 1o a depth of 100 pm of carrier. Also, an example of
Ibe preparation of a catalyst (0 which siliva gel is used ax a
carrics and paltadium ioos and ium ions are allowed
1o &g xist &5 known, bot in this case, pallagium s unilform|y
supported in the carrier particles.

Mo palladium-supported anicle in which palladium is
present ooly in the very namow ratge from the ouler surface
1o g depth of 100 gmn i the camier bas been kaown

BISCLOSURE OF INVENTION

This lgvealion aims al providing a suppoded articke in
which the distnbution of palladiem in & camrier is conlrolked
and Pd is allowed to be sclectively present in a specific range
i order o effectively utilize the noble metal Pd supported

on_a carricr. This inwotion also provides a highly active:
s palladivm-supported articke by allowing palladivm 10 be

present in the vicinity of the surface of a4 caoricr but not 0
b present i the intertor of the camrice Ia addition, this
invention is direcied o a noble metal-supported compasition
having a long catalyst Jife by further providing a layer in
which oo palladium is present as the outermost layer when
accumulation of substances which would peisoo the catalyst
and the loss of the active components due to abrasion may

"be encountered.

The present inventors have cooducted research on sup-
ported catalysis and 1he reaction characlecistics 1berool
based on many reaction examplks. In many cases in which
expemsive aoble metal < such as pallad, and
the like are used as the catah lllS ialto
supporl the calalyst componcats on a carrier. 'The present
Inventors have found that i is effective 10 suppon palladiuvm
in such a way 1hal ihe reaclaols can react insiantly. That is
s say, when the diffusion rate of the cactants in the fioc
pores af he camrier affects the reactioa rate, the invenotoes
have Tound that it is effective 10 provide a catabyst whercin
the distribution of a noble metal component, such as palla-
dium or the Like is as close as possible o the owier surlace
of Lhe carrier, and no noble melal component is present in the
center poctioe of the carner where the influcnce of the
dilTusim &5 preat. In addilion, in a palladivm-containing
neclal-supported article cffective for heavy il celormation,
reactions is which the accumulation of poisoned subslances
takes place such as in a combustion catalyst or the like o in
the case in which abrasion of calalyst particles is possiblc as
in a fluidized hed, a babble column, a stirring type reactor or
the Like, the inventors have found thal the durability ol the
calalysi can be greatly imp d without a red i
af reaction activily by supporting 2 nobk metal component

US 6,228 80X B

3

wherein 4 thin layer frec len palladivm s used as
oulermost layer with the calalyss particle. )f 1he durability
can be impraved without radocing e readtion a
catalyst life could be greatly prolonged and Lhe co
could be improved. Herctofore, oo technigue foe obtan
metil-supporied article in which a noble metal compoocnt is
distnbuted in a very thin layer of less than 100 microns or
technigue lor ablaining a metal-supported anicle which has
a wery thin layer substantially froe from palladium-
containing metal on the surdace witheu! reducing the reac-
tion activity and whorcin the palladium is supy d in th
surface Eayer baving & thickocess of less than 1K maicoons but
is ol present i the inferior bave bee knowa e the asl

Thus, the present invention is directed 10 @ ecthod for
preciscly comrolling the vicinity of the surface of a carrier
lor palladium- or a pallulivm metal compound-supporied
catalyst.

The invention comprises lhe Following:

{1 A nohie lea! wuppurluj anicle which comprises a

carricr and a pall ing mutal p sup-
potted on the camier and which arficle has (A) a layer in
which substantially ao palladium is supported in the interior
of the cardier and (B} a layer in which palladium is supporied
in the region from the auter surface 1o a depth of less than
1080 g of the carricr.

{2} The noble metal-supponed aticle according to (1}
above, which has (Al} & layer in which substantially o
palladium is supported on the outer surfacs of the cartier and
has (AZ) a layer in which substantially no palladiem is
supporied in the center portion of the cacnier.

(3) The roble metal-supported articke according o (1) or
£2) abuve, wherein the thickness or panlicle diameter of the
carrder is nol less than 200 wm.

{4} The noble mrlal-suppuried article accordiog tw {1} or
{71 abowe, whetein the thickoess or panicle diameter of the
varnier is Jess than 200 g aond which articie has the layer (13)
in which palladivm is suppored in the region from the ouder
surface 6 a depth of less thae 8¢ gm of the carrisr.

{5) The noble metal-supported article according 10 any
one of (1) to (4} abcuve wherein the palladivm-conaining

metal o is dium or the pailadium mtal com-
pound. |

{6) The noble metai-» 1 anticle fing 1o (5)
above, whercin the pailadi melal comp d is a

palladium-lead intermetallic compound.

{7) 'The noble melal-supported atticle according to {3)
above, wheeein the palladium metzl compound is a
palladium-bismuth ictermetallic compound.

(B} A process for producing the noble metal-supported
artick: according to any one of {13 and (3} o (7} sbove,
which comprises instantly introducieg a dricd zndfor cal-
cined carrier conlaining a basic melal salt compoocol of at
keasl one melal selected from the group coasisting of alkali
metals, alkaline carth metals and rare canh melats into a

adi d solution i 1ala p e
of oot kess ﬂl&ll HE .

(9 A process Tor preduciag the aoble melst-supporied
antick avcording 16 any ooc of 42) to (7Y above, which
comprises inslantly inireducing a dried andfor calcined
carrier coalaining a basic metal sall component of a1 least
ooc metal sclected from the group consisting of alkali
metals, alkalioe earth metals and rare carth metals o an
alurminem compoul solution maintained al s lx.mpc,rzlllru

w

il

L5

40

45

Si

)

2
&

4
saludion, or allernativety munentanly intslucing Lhe aboove
dried andior calelmed carrier o a solution of a mixlure of
#n alumiaus compueid and g pailadivm componnd,

{10) A process. tor producing the acbic metal-supported
aicle acoording w oany one of (1) and (3} w (7} above,
which comprises dispersing a dricd andfor calcined carmier
vontaining a basic metal sall compooent of at least onc metal
selecied lrom (e group consisting of alkall metals, alkaline
carth medals 2nd e sarth mctals ina solation containing a
sall of at least one melal selected from the group coosisting
ol alkali metals, aikaline carth mc_[al_s and rars carth motads
Aol then conlaciing the ¢ [ with a palladi
compound solulicn al 3 tlemperature of oot less than 7 C.

{11} A process Ior praducing the aoble metal-supported
aricle according 1o any one of (1) o (T above, which
comprises dispersing a dried and/or calcined carrier con-
laining & Dasic metal salt compopent of at least one motal
selected (rom the growp consisting of alkali metals, alkaline
carth metals and rare carth metals In a solution containing 4
sait of at least ooe metaf sclected feom the proup consisting
ol alkali metals, alkaline carth melals and rare earth metals
and then contacling the resalting dispersion ficsily with an
aluminuo compousd solutiva at a temperature of not less
than 7 . and sccondly with a palladism compound
solution at a lemperature of oot less than 70° C., or alier-
nalively coatacting the above dispersiva with 2 solution ol

4 mixiure of 4 palladiven compouod and an aluminum.

vompound at a cmperature of not less than 70° O

{12} A process for producing 20 acryliv acid ester and/or
a mcthacrybic acid cster, which compitses readding an aleo-
hol with acrolein andfor methacrolgin in the preseace of
oxygen using the aoble metal-supported article according Lo
any one ol {1) to (7) abowe as a catalyst.

Sioce in the poble metal-suppored article of this
inveation, palladium is allowsd 10 be prisent 7 a region
cHective for the ceaction in the carvier, the catalytic activity
is high and the expensive nohle metal can be utilized
cilectively. In addition, by providiog a pallsdinm-
unsupported layer as the cutermost layer, it becomes pos-
sible o utilize the noble metal-supperted “article in many
rcactions as a catalyst which has a long lifc and is highly
n,umwr, Lo poisoning and abrasion. Moreover, by providing
a pall Iree jayer oo lled to a very thin
IthkI‘lciS on the surfaoc of the carrier, & great reduction of
catalytic activily can be prevented.

BRICF DESCRIPTION OF DRAWINGS

¥IG. 1 shows the resulis of line analysis of 1he particle
sections of the palladivm-supported catalyst in Lxample 1
using an X-ray microprobe.

FIG. 2 shows the resulis of Hoc analysis of the panicle
section of the pallzdivm swpported calalyst in Comparative
Exampk: 2 using an X-ray micropmobe.

FIG. 3 shows the results of line analysis of the particle
section of the pzHadium-supporied catalyst in Exampk 2
using an X-ray microgobe.

BEST MODE FOR CARRYING OUT THE
JNVENTION
“This invention relales o a noble metal-sepported anicle in
which pailadium is supported oaly io a specific cegion of a
carrier in order w eflicienty and effectively wiilize palla-
dmm and which artick: has a layer in which sabstaniially me

ol not less than 70° C. and the It 1y -
ing the resulling mixture inte s palladiom  compound

is supported i the imterior of the carrier
Mnm(]vc,r, il redates 1o a noble enetal-supportud article in

Ly
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which ‘Jalldljlllﬂ'l 15 supparkeed o6 o3 carsicr e o
padladium & distrilmted and suppored ooly
region of ¢ rrier and which article has layers in which oo
paliadium is supported in bth the culermast portion ami the
interier o the carrier. Hereinafles, the lawer in which sub-
slaimiafly mo palladium s supporled is redorred 1o as the
palladivm-urosupported layer or mercly as the wosupported
layer in some cases, Furthermore, the layer in which palia-
divm is suppoited is hercinatter referrid to as the pallaciium-
supported layer or merely as the sopponted layer a0 some
cases.

As o the thickness of the palladium that is supported and
the thickness of the layer in which no palladiuom is
iuppor!cd lhe Aptiomm ranges are selected dt.pc..ndmb upon

:h s o pachick: di; of the carrier. Flowever, it
s p(:.vsﬂ'rle I scparale the case where the thickness or
particle diametcr of the carrior is not less thao 200 gam from
the case where lhe thickness or particle diameter of the
varpier is jss thae 200 pan and to defioe the pertineal range
in cach of Ihese cases

For example, a large carrier having a padticle dizmeter of
aot less than 200 gm, for cxample, several millimelers or
mone is general ly used in a lguid phase reaction ia which the
reaction s relatively slew or in a gas phase reaction.

Acoordingly, a catalyst which is hardly allecied by ihe .

diffusion rate of the reactants can be prepared by supporiog
4 catalysi compoaen! participaliag io the reaction such as
palladium or the tike in the rapge of lrom 1he surface 1o a
cepth of tess than 100G g of carrier and providing @ layer n
which na palfadium is suppened in the ioterios of the camier.
Consequeatiy; 1t follows that palladiurn can be efficicndly
utilized,

©¥a the cfbet hand, when unall panu.k:s having a particle
diagmeter of-less than 200 git are wsed as a carricr, particu-

larly whea the doble metal-supporied article oblaioed isvsed 3

in a liquid phiase reaction, the iaflucace of reaction rate dnd
diffusion rate of reactant .in the fioc pores in the interior of
the carfier appears, 0 Ihal such a design has herelolore been
made thatthe particle drameter is made small acvording to
the Feattion:dirthis inveation, by making the paltadinm-

supported layeribin, a highly active catalyst can be obtained
without makieg the particte diameter small. That is to say,
this invention vis: advablageous in that the separation of
calalyst by seltling becomes casy and the separalion hy use
of a separator baving.-a small volume is made possible.
However, - when- the volume of the portion in which no
paliadium is supperied in the supported arlicle becomes loo
lacge, the volume unnecessary for the reaction per rcactor
hocomes farpe and 2 uscless portion is caused in dhe sep-
ported zrticle in some cases. Therefore, it is preferable to set
the particke. diameter of camicr accordiog 1o the type of

1
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region From the ouser serface o oa depth of 10 gm of carrier
amd o form o layer in which palladiume is supported al a
depth ol 141 1es 25 gm from the sueface. On the ather hand,
whuon There is oo abraston but the infuence of 1he difusion
rile i the e pores is 2 prohlem, the palladium component
van be elficetvely wsed by sapponliag patladium o 2 nar-
rower cegion of 1 gan i width in the vicinity of the cacrier
surface.

When dbe particle diameter of the camier is made smatler,

* pamely oot oore than 10 pan. the infuence of diflusion is

lessered and hence the effect of Ths imvenion beoomes
small in some cases. However, sioce i is possible to provide
the unsuppoted layer as the cutermiost layer of ool mors
than 1 pm in thicknuss, a groat improvemment effcet on
durability caa be expected. It is preferable 1o set, in the
carnier, the palladium-supported layer, the layer in which
substzatially no palladium is suppored io the egion from
the auter surlace to the specilied depth and the wasupported
layer in the interior bascd on b purpose and ccaction
characieristivs, sclect the oplimum coostruction thereof aod
then wiilize the resulting palladinm-supporied article,

1n this inveotion, the teom “subsizntially no palladivm is
supporied” means that substaatially oo peak showing a
palladium distribulinn of a relative intnsity of not less than
10 is presenl in the conventional X-ray he zna-
Iytical method as stated bereinalier or in the secondary
slkectron reflection image of a scanning 1ype eleciron miceo-
scope of a high cesolving power ’

I this invenrion, carrives having such various siges (hat
the substantial thickness or particle diameler is in the onler
of from gm W mm or vm and having various shapes can be
ulilized. Specific cxamples of the earricr shape include
spheres, ellipsoids, columns, tzblcts, . hollow colsmas,
plates, bars, shects, hooeycombs and the like. The carrier

shape can be appropriately varicd depending. upon the

reaction Lype, aod in, for cxample, a fixed boed reaction, a
shape which gives only a small pressurc loss such as a

helkra column, honeycomb or the like issclected, and under

quuid phase slurry suspemsion cunditions, a spherical
is generally selected.

The kind of carder used in this iovention is aat cnucal as .
far as it is a conventional camier such as siica gel, alumina,

activated carboa, silica-alumina, siliva-alumina-magoesia,
zeolite, crystalline murasilicate or the like or a porous
maierial baving pores inthe order of 3 nanomeier. {iencrail v,

when @ large surface area of carricr & required, for cxample, -

activated carbon is u<ed whl.le when a mm.ham(.al steength
is required, for ¢ P sili silica-

alumina-magnesia, zeoliw, crystailine merasilicate and the
Iik:. arc used. Thas, the nobh: metai-supporied article of this

reaction and sel 1he necessary thickness of the im-
supported layer and 1bc necessary thickness of the layer in
which oo palladiem is supported.

1n the case 0[ a carrier having a partick: diameter of less
than 2000 gem, preferable 1o distribute palladivm io the
region from the surface 1o a dopth of 80 pm of carrier.
Morcover, when a layer in which substantially no paliadium
is supported is provided in the region from the ouler surface
tor Lhe specilied depth of carrier, il is preferable o provide a
layer in which substantially no palladium is supported in the
region Mrom the ooter surface to a depth of 30 gm of camrier
and to form a laver in which palladium is supported at a
depth ol 30 1 80w from the surface. When abrasioa is
highty possible and the diffusion rate in the inlerior of the
carrier is small, il is preferable in some cases to provide a

oI}

can be produced by varying the shipe aod kind of
cartier ux:nrdmg o the purpose of utilization.

In this inventior, # basic metal salt component of at least
one metal selected from the yroup consisting of alkali metals
such as 1.4, Na, K, Rb, (s and the like; alkaline carth metals
such as Be, M, Ca, Sr, Ba and the like and rare carth metals
such as La, Ce, Pr and the like i previously supporked on a
carrize. As the basic melai sall componeat, those which arc
converd inte oxides by an operation such as calcination or
the Itke, lor example, nitric acid salis, acelic acid salls and
the like are pocferred.

The cardier used in this iovention is obtained, for example,
by supporling a solubk sall of a1 keast one metal selected
from ke group consisting of alkali melals, alkaline canb
metals and rare canh metals on a camrier such as silica geb,

layer in which substantially na palladium is supp 1in the

| activated carbon, silica-alunmina, weolike, crystal-
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line metasilicale or the Bike by enpregnation, adsonptivn or
b like, and then subjecting the same o drviege aod clor-
aalion. Abse, 2 silica gel baving an cerbanced degroe o
dispersion of a1 least ane melal selected Trom e wreup
consisting of alkali metals, alkaline carth melals and rare
carth melals can be obtained by unifiwmly dispersing a
seluble sall of al least one melal sclecied fom the group
comsisting of alkali meltals, alkaline carth metals and rars
carth meials i a silica sof solution and spray-deyisg the
resulting dispersion, and thea calcining the doed dispersion.
Silica-alamina i which as least one metal selocted Trom the
group consisting of alkali metals, alkaline earth metals or
vare carth metals are dispersed can be ob: by dlispursing
a soluble sale of at Jeast one metal setected from the group
consisting of alkali melals, alkaline carth me and rare

carth mcfals in a silica and slumica sol solution, spray- °

drying the resulting dispersion and then calcining 1he dried
dispemsicn. Silica-aluminag in which at deasd one mutal
selected from the group consisling of alkali meials, alkaline
carth melals and rare carth metaks s disporsed can e
obtaised by disporsing a soluble salt of at least one motal
sclected from the group consisting of atkali metals, alkaline
carth metals and rare carlh il'bldl.‘s ina xalu._:—alumma 50,
sSpray —drymg the r-.,sulLulg 106 and then ihe
dried di Sil Tesia O ining at keast

ooc metal selected from the group consisting of alkali

metals, alkalige canh mielals and rare catth metals cao be
ablained by dl.ss(:!t ing and dispersing soluble sales of mag-
nesium and al such as ium aitralc,
ailraie and the like in a silica sol solution, fucther unifomly
dispursing a soluble sall of a1 least nne metal scicoted from
the group consisling of alkali metals, alkalioe carth metals
and rarc carth metals therein, thorcalles spray~drying the
resulting dispersion and then caleining the dried dispersion.
The drying of the cammier on which a basic metal sali

componenl af al least one melal sckected from the group

consisting of alkali mclals, alkalioc carth mctals and rare

warth mctals has been supponied s conducled af a fompera- |

wre of not less than 1O0F O, preferably eotl kiss than 110°
., for 1-48 hours. The calcinaton is conducted al a
temperature of 30G-800° (., prelerably 3(0-7KP C., awre
preferably 450° O, for 143 houss.

I the production of the roble meizl-supponed anicle of
this invention, any camicr oblained by proviously suppuorting
thereon a3 basic metal sall component of at least one metal
selecied from the above-mentioned zlkali melals, alkaline
carth metals and rarc carth metals and drying and/or calein-
ing 1he same can be used.

The paliadivm compound used io this invention includes

soluble salis of palladinm such s palladium chloride, pal-

ladiwm acelaie and lhe ke, and palladium chloride is
particularly prefecred.

Since pafladium chloride is notl compicicly dissolved in
waler, il is uswal o sufficicnlly dissolve palladiom in an
agqueous hydrochlorie acid solution or an aguecus sodium
sall solution to prepare a palladium chloride solution,

As bt aluminum cempound solution used in this
inveniion, an agueous solution of & soluble alumioum salt

such as alumi <hleride, al milezte or the like is
used.

‘The production process of this mvcnh(m is hased on the
principk: that the paiadium o is lubilizcd and

immobilized by a chomical coaclion between the soluble
palladium compovnd and the basic metal sall compoaneat ol
at least one melal selected from the group consisting of
alkali melals, alkaline canb meiais and rare cardh melals
previvusly sapporicd on a carrcr.

3
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Maorcover, The prodection process o dhis lovealion in
which a palladiven-unsupported layer is formed as the oul-
vrmosi layer is also bascd on the above-montioncd principlc
of insolubitication acd immebiization. Vst of all, as the
aluminum compound, a soluble zluminum salt such as
aluminum chlomde, aluminom nitrate or (he like is osed, and
slumigum is allswed 10 react with the carvier oo ils outer
surface through a chemical reaction between the soluble
almiquin sall and a basic melal salt compooent of at least
one metal sclecied from the provp consisting of alkall
muials, alkaline earth metals and rarc carth matals, bercly
consumieg the ceaction sites of palladium, and the basic
nrclal sall compooeo of al least eoe metal selected from the
proup consisting, of aikali merals, alkaline carth metals and
rare carth metals in the interdor and the palladium compo-
acnl in lhe iaterior are immobilized by reaction.

The amouel of the alumigum componeat is waried

ding upoa the thicknes of the layur in which the
palladlurnwmmnmg mutal component is nol supported and
determined hased oo the amownt of the basic metal sall
componenl of al kast one metal selected from the group
consisting of alkali metals, alkaline canh metals and rare
warth metals previously sepponed on the carner. Usually, i
is (WOOL o 2 moles, preferably 9.005 o | mole, per molc of
the hasic meral sall compogent of at least oae metal selected
feom the greup coasisting of alkali metals, alkaline earth
metals and rarc earth mctals proviously supporied op the
carrier.

There are many woclear points oo the details of the
mechanism by which the paltadium distribution of Lhis
lavention i achieved; bowever, the prosent ioventors have
infersed thar the diffusion cate of the palladium-cootainiag
solutrle component in-the carer interior and the tnsolubi-
lizalion rate of said componcnt by a chemical reaction are
well balanced, whereby it has been made possible to immo-
bitive palladivm in a very narmow negion in the vicinily of the
carrier surface. Morcover, when the carnict has on its owter

-surface a layer in which sehstamially po. palladium is

presend, the ‘prosent inventars have inferred that when alu-

. arimay 35 allowed to react with the basie motal salt coempo-

nenl-in the' vicinity of the outer surface of the carrier to
consume the basic melal salt component capable of reacting
wilk the palladiv’ componeat in the vicinity of the outer
surface of Ure carnier, and subsequently, palladium is
supported, palhidlurn reacts with the basic metai salt com-
poncol i the carricr inkerfor bevause tke reactive basic mulal
salt componeat in Lhe ity of the outer surface of the
carricr has alrcady been ‘hereby the palladi

s immobilized io the carricr interior.

The noble mclal-supporlcd article of this & mvenlmn canhe
ubtaincd by momeatarily lucing & carrier ot 1 by
previously dispersing therein a basic metal sali component
of al leas! one metal selected from the group coasisting of
alkali meials, atkalioc carth metals and rare carth metals and
i g the carrier to drying azodfor calcinalion, iolo a
solution @l a palladium compound such as palladium chlo-
ride or the like maimained at a lemperature of nol less than
e C

‘The noblke metak-supported sniicle of this invention which
alse has the unsupporied layer as the outermost tayer can be
oblgined by instanily inreducing a carrier oblained by
suhjecting a basic metal salt compooent of at leas! one melal
selected from the proup consisting of alkali metais, alkalicc
carth melals and rare earth rm:lal.s 10 Previous dJ.spcﬁlon and
thun 1o drying and/for calci ioko 4o ab solulion
maioiained 21 gol less than 26° C. to allow the canier 1o reacl
wilh the alumioum o forme a surface fayer in which sub-
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stantiafly no palladium s supporicd, and subscquently con-
lacting 4 sclviion of a palladiom mmpnund such as pralla-
chium chlonide or the dide with the careice 21 oot Less than 70°
€. Mhe supporicd artiche Lhus ubtained has the pabladivm-
uasuppirtel layer as the cutenmost laver and the thickness.
al lhe supporied laver is less than HK g,

The production provess of this invealion utitizes immo-
bilization duc 4u chemical reaction and ihe reaction is
complcted ia a short time, and besce, is an epoch-makiog
pracess which, unlike suppon obtained by means of iwn-
cxchange, dows pol tequire the carmier mtroduced iato a
reactant solution 10 by takes out from the reaction mixture
i a short time afler the introsluction, cnables the palladium-
supparted tayer and the palladium- unsupported layer o be

5
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the emperstere i preferably not less than 80° O, more
preferably nol less than 90° C. The reaction can be e Fecled
ar 4 woperalere ool lewer than the boiling point of the
solution under peessore, but it s usually preferable o
coaduct the reaclion al a lemperature nol highes han the
boiling paint for faci m ihe operation.

1t is pecessary to use a camrier io which a basic metal xall
component of 4t least ooe metal selected Trom 18 group
consisting of alkali metals, alkaline carth metals and rarc
carth metals bas prcvmusi) been dispersed. o the produc-
tion provess of this invention, by the insolubilization-
immabilization reaction between 1he basic motal salt com-
porcnt and aluminum aod paliadiom, the palladium-
unsupn(med 1ay=:r is pr(w-:ded oo the carder surface aod

is in 1he iaterior of the cartice

sharply conuratled with a good p 1, amnd blcs pal-
ladium to be supported on a carrier in a maonor that the
palladium distribution deviates in the dircction of the vicin-
ity of the surface. Upon er(t(lucmg IhL carrier inte the
palladium compound sol or al d
solution, this compinnd reacts wiih such a oumpun::ul a% 4T
alkali metal or the ke in e wuml\r uf the carnier surface
30 25 10 be insolubilized and i hilized, whereby the
palladium-supporied layer and the pai!ad;um —umsupporkod
layer are formed. Accordingly, when this insolubilization-
immebilization reaction is slow, the palladivm or aluminom
cemponent diffuses in the fine pores of the carrier 1o |Ls
ceater portion and it iollows thal the paitadi

15
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[urlhcrmun, the carrier musi peeviously be subjected 1o
drying and/or calcinaiion before its use. The fine pores of the
carmicr which have becn subjectcd to dryving andfor caleina-
tion are liiled with & gas component such as air or the like
and this gas compooenl prevents (he palladivm compound
soluiion and alumioum compound solution lrem diffusing to
the center portion of the carnier through the fine pores. This
is buticved to e one of 1be Mactors for making the distribe-

tion sharp.
As in {iif} above, it is neceskary to add the dried andfor
c,a]cmed carrier o the palladivm compound sofution or the
compeund solotion. By previously dispersing the

fayer o0 palladium-unsupporied layer on the \urfac,c is
broadened. :

That is to say, in oee mode of the production process.af .,

this invention, cach of the following conditions is satisfidd::
{i) The teap of the palladi d soblution’'is
maintained al ot less rhan e C (u) A carricr havig
previously dispersed therein a basic metal sall componént o
at least one metal selecled {rom the group coosistog. of
alkali metals, alkaline carth metals and rare carth metals is

subjected to dryiog and/or calcination and then used. {iii):

‘The dried andior caicined carrier is added to a palladivin
compound solutiva. (iv) The carricr is instaotly added. tv'a
palladivm compound solution.
Mogeover, when the palladium-unsupported layer is pro
vided as the outermaost layer, cach of the following condi-.
uons is satisticd: {i} The of the alumi

compound solution is mainlained 41 nol less than N° C. (i)

A carrier having previously dispersed thercio a basic metal
salt comporent of at least one metal selected from I group
consisting of alkali motaks, atkaline carth mcials and rare
carth metals is subjected fo drying and/or calcination and

30

carnier in (mly waler (:r the like and then adding thereto the

Ladi P hu or the alumi compound
sn]uunn, il s alse possible 10 ahlain the noble metal-
supporicd article baving a relativily sharp disteibution of the
palladium-supporiéd layer and the palladive-vnsupporied
layer as far as the above (i), (i} and {iv) condilions are
satisficd. However, a part of the base caomponcat io the
carrier is dissolved inthe liguid in some cases, whereby the
deterioration of lgquid properties and the deicrioration of
operability are caused in some cases. Therctore, such. an
addilion method is ool desirable,

As stated ia (iv) above, the introduction of the camier is

~effected. instanily. Whes the intcoduction of the carriér is

womducted over a boeg perickd of Limae, it follows thal there is
obtained a mixture of carders having various distribution

- States which are probahly due o the time history necded fur

.- dbe: inroduction. In this iovention, the term ‘inala.nl]y"

45

means that the time needed for introducing the carrier is
within 15 scconds, preferzbly within 10 secomls !h(au.gh i
mayh:.vmed' ling upon the thick s and 2

ol the carrier inlroduced. 1L is more prel'erablc o

thea used. (i) The dried and/or calcined cartier is added to
an alumicum compound sulunon {iv) i} The carrier is

ity added 1 an al q:hmun, and
then a palladium salution 1 at a em-
peratuze of oot less tban 70° €. is momeutacly added
thoeeks, or 2) the carrive LH momenrtarily added 1o a solulion
of a ms of zn al P i aod a palladi
con porund.

‘The reaction temperature in (1) above is one of the control
factors and is varied depending upon the amount of the basic
melal salt component of at keast ore melal selected Crom the
group consisting of alkali metals, alkalioe carth metals and
rare carth melals previously sepported on the carrier;
however, wheo the lemperatare is 100 low, the reaclion
becomes slow and the metal disteibution is broadened. 1n the
preduciion of the poble metal-supporied article of this
invention, the tcmperature is preferably so high that a high
reaciion rate is obiained io order o obtain a sharp layer. It
is important that the lemperature is not less than 70° ¢, and

pt
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bring the time of introduction as close to zeo skconds as is
paossible.

Ancther examphe of a production process of this invention
in which alumiosm or both aluminum and a pafladium
solution are added 1 a camier slurcy is shown below.

In this mode of 1he production process of the invention,
cach of the (ollowing conditions is satisfied: (i) A solution of
a sall of at least one meta) selecied from the group consisting
of alkali metals, alkaline carth metals 2nd rare carth metals
is maintained al a leuperature of not less thaa 707 C. (i) A
dricd andfor calcined camricr in which a basic metal salt
component of al least voc mctal selected feom the group
consisling of alkali metals, alkaline earth mclak and rare
carth metals has 1 1y been disy disi added
to the selution mentioned ia {i) above 1o prepare a shrry. (i)
A palladivin compound solution is instantly added o the
shocry.

Furthermore, 1be palladivm-supported anticle baving the
palladium-unsuppornted layer as the outermost layer can be

A ird
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whstained by (i) maintaining a sulution of a sall of al least one
mretal selecied from the group consisting of alkali metals,
alkaline carth melals and rar: casth motals &1 @ wmperalure
of ool less than 70° O, (i3] instandly adding 1o the sulution
ol (i) above a dred andfor el cardier in which 1 hasic
mita sall compoaent of at east ooe mela b selecied Mmom the
froup consisting, of alkal: metals, alkaline earth metals and
rare earth metals has previously been dispersed 1o prepare a
slurry .'md thereafter (m] momentanily adding to the sluery
4n conmp ion and then a palladium
comporsd solution or 4 mixed solulion of the aluminum
compouad solution and the palladium compound solution.

As the salt of at kast one metal sclucted from the group
consistiog of aikali mectals, alkaline carth metals and rare
carth melals used in the zbove step (). there is used at keast
onc member sclected from the group consisting of ocganic
acid salts, inotganic acid salts, hydroxides and the like of the
above melalks; however, acotic acid salts and aitric acid salts
which are canverted info oxides upon calcination asc pref-
crable.

In addition, since in the noble metal-supported article of
this inventioe, an aluminum ion and 2 palladium oo arc
allowed to neact with at least onc metal selected from the
group consisting of alkali metals, alkaline carth metals and
rare earth mctals, the amount of the hasic metal sall com-
ponent.of al least ooe metal selected from the group con-
sesting of alkali metals, alkalime canth metaks and rare earth
meials dispersed aod immobilized o the carrier is varied
depending upon the thickoess of the palladivm- unsupportud

10 be supported oo the carrier; however, il is selected from
the range. of from 1 w 106 moles, preferably from 2 to SO
males, per mole of the pal[adrum supported.

[o the prostuction proccss of this ipvention, the amount of
the carmier wsed is usually 5 to 200 times the amount of
pallad:um#}.lmmrud

L Mext, a0 method of preparing a metallic i)d“ddll.lm—
sl.r:ppq[‘kgd article by subjecting a supporied articks in which

e surfao of the carrier or the amount of palladium -
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2 pallagivg;compound is immobilized in a reduction opera- P

tien is described. The metallic palladivm-suppocted artick:
<an be abtaised by d.mpc:smg the wpp{!ﬂed article in which
a palladi 5 dlisp d and i bilized, in an
lquulu,s sulul.um or 1he like, and then subjectiog the resull-
1 100 with stm'mg lo reduction ireatmoent using
. [orngic acid, hyd hanod, hyd: gas ar

1he like.

As deseribed abowve, accurdiog 10 The process of this
invention, it bas, tor the first time, become possible to oblain
a palladium-supporicd article which has a palladivm-
supporied layer in a specific shaliow region in the viciaity of
the vuler suace of the carrier and which further has a layer
in which no palladium is supported on the outer surface of
the carriee.

Furthermoee, acoording 1o the process of this invention.
there can be produced a noble metai-supported anicle in
which a palladivm inturmetallic compound ia which the
lattice of palladium has been replaved with 2 diverse metal
or a palladium alioy in which palladium and a diverse metal
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an alcahal by an oxidative carbooylativn Raction in the
presence ul exygen,

an a cardier by the above-mentioned process For prod

a noble metal-supported arlicle of 1his invention. In s
stage, the distribution of the palladium compeoent has been
conlrolled. Subsequently, using 4 solution of a seluble lead
salt such as lead nitrate or the tike, the fead component is
supporied on the carrier. By the subsequent roduction
trsatment, 3 palladium-fead intermetallic compound-
supperied article can he obained. Morcover, the \-c.rv high
purity palladium-lead intermetathic compound catabystof the
mvention exhibiting excellent performance in the carboxylic
esler prowducing reaction can be cflcetively obtained by
subjecting e supported pzlladivm ions and Icad jons ©
reduction reatment in the presence of bolh kead jons and at
least ane compound sekected from the group consisting of ()
1o O, fatty acids, alkali metal salis and alkaline earth muial
salts.

Uhe priaciple of 1he pn-ducuun process of this invention
is appiiest (o palladi
paising palladivin and lcad and a wincr amount of al feast
ooe other diverse clement, for exampic, mercury, thallium,

Mic comnp s com-

. bismuwh, tellurive, nickel, chromium, coball, indium,

lantalsm, copper, zine, ziccomium, hafoium, Tungsen,
manganese, silver, rhcnmm anlimony,. lin, thodivm,
rutheni: iridivm, gobd, Llanigm, aluminum,
boroa, silicon or the like, and acoosding 1o a metbod based
o the above principle, there can he obtained a-palladium
et compound -supporied article in which thi . metsk dis-
Izibution ia tbe carrier has becn controlled. 3

As the compounds of lead and mercury, -thaltium,
hismuth, wllurivm, naickel, chromivm, coball, Sedium,
tantalum, ‘copper, dinc, icconium, haloivm; twegsten,
mangancse, silver, rheolum, aglimony, tlin, chadium,
cuihcsinm, um, platisum, gold, tlanivm, alemisuo,
horen ot silicon, there are mentioned organic. ackd salls,
organic compiexcs. inorganic acid salls, hydrsides and: the

Like. As the lead compound, there are suilable; forsmmph_. .

lead nitrate, lead acetate and the ke,

Even in the palladium-lead intermetalli d &hc'
amounl of palladmum supported is pot critical; Imwtwe& ikis
usually 0.1 te 20% by weight, proforably 1 e 10% by
weight, based on 1he weighl of the c:rm:r TFhe Faiovat of.
icad supported is akso oot critical, and i is bsuall y.110. 0%
by wwight, preferably 1 to 10% by weight, based oaithe
weight of the carrier.

In the case of 2 pallsdinm-kead ineometallic compound
which is particularly cfective as a catalyst for obtaining a
carboxylic acid cster from ao akichyde and an aloohaol,
impartant is the atomic ratio of the supportcd palladium amd
icad ralher 1han the indi 1 amounts of supp d palla-
dium and lead. “Ihat is 1o say, in the case of a pafladiem-kcad
inrmutallic cormpouad, the Pd/Pb atlomic rativ of the cula-
iyst oblained by supporting palladiem and lead on a carrier
is selected Fom the range of feom 3401 o 373, preferably
Lrom 3.1 10 3/2 0 and more preferably from 3406 10 3715

As the O -C; lany acid & be added in lh-. reduction

have furmed & solid solution is supporeed. In this i
the palladium intermetallic pound and the palladi
alloy arc the palladium metal compounds as deflined burc-
inbefore.

This i i is oow explained helow using as an
example a process E:)r fucing a patladi cad i
tallic s a lyst o be wsed in the

P Y

production of a cachoxylic acid cster from an aldehyde and

o)

!

n

step fur T 2 the paliad I allic
compound, there can be usul propiomic aod., acelic ackl,
butytic acid, makic acid, acryiic ackl, methacrylic acil and
the like: bowever, casily available acetic acid is prefecred.
The 1 -C; falty acid can be added in an amouai f preter-
ably LT to 30 moles, more preferably 1 to 15 moles, per
moke ol the supported palladivm of the catalyst, and can be
used wilhia the range of the solubilities of lower falty acids.
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Ao the alkall or atkaline carth melal W be added dn the
reduction eatmenl step {or (orming 1be palladim-lead
nlermelallic compound, thoee can be used caber by i
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Acccleraling vollage: 15 kY
buu method: Stage scan

or fatly acid salis; however, Tally scid salls arc prolomed n
view of operability and the like.

The reduction reatment Tor forming the palladiam-lead
intermetallic compouad-segported article of Lhis Dveation
<an be conducted # a p ol room 1emp € Lo
200° C. When the tempesatuee is not lower than the boldiog
poinl, 1be pecessary pressare for keeping the figuid phase is
applivd. Preferably, the seduction is carceed out woder the
conditions of mom wmperatere o 166° O and sormal
pressuse ta several atmosphercs, Morcover, the Lime for the
reduction treabmuent may be vasied depeoding upon the
erealment conditives; however, it is generally (0.5 0 S bours.
Usually, (1 is profecablc o sol the conditions s thal the
treatment s completed within 24 hours in view of the
aperahility.

In the process of 1his nvention, in addition to the palia-
dium metal compound conlaloning lead, there can be simi-
larly vsed the palladium mctal compounds containing
fismuth, thalliom, mercury, ollurium, copper, gu]d uv the
Lke as a melal species, therehy odtaning the
melal compound-supponted mn:h in which the distribution
af these metals has been coalrodled on 4 camier.

“The metallic palladium-supportcd adicle aml pallsdizm
melal compound-supporied article obtaincd by the process
af this tovention can be broadly wsed as calalysts i Catalylic
reactions. They can be used as catalysis for such reactions
as, for example, oxidalive cachoxybic esicr-producing reac-

sbop space: 0.2-0 3 gm
Measurcment timeisiep: 150 oo

Setting oF ekectron beam diamcier: O pm
Electron heam current valuc: 2x (-84
Spectral erystat: Pd=PETH, Po=PETH, Si=TAP

Carrier Prdluction Reference Example

Aluminum nilexle and magnesium oilrale were added @
SNOW TEX N-30 {Sif), contcat: 3K by weight) {a trade
name of Missan Chemical Indusiries, Led) as a silica sof sa
that the AVS+AL) proportioo became 10 mole S and the
Mp/(Si+Mg} proportion became 10 moic %%, respectively,
and dissolved rtherein, amd thereatier, the vesultimneg solution
was spray-dried in a spray dricr sel at a wmperaiure of 1340
. o oblain a spherical carricr having an average particle
diameter of 6 gm. This sphorical carrics was caleined o air
a1 300° C. for 2 hours and then at G007 . for 3 houss. This
was used as the canricr in Hus invention.

LEXAMPLE 1

Palladiurn chloride was added 10 an agqueous sobstion of
15% by weight of palladium chloride and 109 by weight of
sodium chloride with stiering so thal the proportion of
paliadinm became S parts by weight per I[lE] parts by weighl

uons between aldehydes and aleohols, partial byd jon
ol acelylencs for wlefins,oomplcle hydrogenation of zocty-
lenes o paraffins, conversida of diclefins 1o mnuooleﬁns.
selective hydi ion of idelins, aliphatic dehal

aromatic dehalogenation, redection ol acid chilorides) hydra-
genation of arcmalic nitro compounds to aromatic’ amines,
hydrogenation of arcomatic carboayls, ring hydrogenation of
bengoic acid, hydrogenation~of phitnol o cyciohcxane,
bydrogenation of aromalic ‘ketones 1o aromatic alcobols,
hydrogeoation of -arowmktie” ketboes 1o alkyl aromatics,
hydrogeaolysis of aromatie eatbionylks, decatbonylation of

aromatic carbonyls, hydrogenation of ardmalic nitriles &~

. aromatic amiges, hydrogenahon of aromalic oitriles o aro-
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ol a carrer 1o plelely dissolve the palladium chloride in
the \olullon, and the lemperalnru lh::rt:ul'waﬁ mainlained at
S0° C. 8 peotly, the carder in the dry state obtained in

the Carrier Production Reference Lxample was instanty
introduced into the above solution. Subsequently, the super-
natan! was decanted and the carrier on which palladium had
been adsorbed was washed with distilled waler sevoral
times. Distilled water was added to the washed cacier and
1o the resulliog mixtere which was being stirred at 9 C.
was d.ropw:sc added an agueous hydrazine solution with
shrrmg in a proportion of‘i mnk:s per mele ol Pd over about
3o The Iting, : was sirhje
tiot freatmeot for 24 hours to obtain § palladium-sipported
catalyst.

The catalysi thus oblaised was emboddud in a mosio aod

matc aldechydes, disp i of oyl ; ransfet
of olefins, ceductive N- malhy}auon of anilines, hydrogena-
tion of acomatic nitro pounds fo ‘bydra 45

compounds, hydrogenation ‘ol oilrohexanes Lo
cyclooxanones, hydrogenation of nilco-olelins 1o
alkylammes, hydrogenation- of oxams to primary amiocs,
debenzylation, hydrogenation of epoxides o alcohols,
reductive amination, hydrogenation of quinones o
hydrogquinonss, ring hydrogepalion of aromatic csters,
hydrogenation of furen rings, ring bydrogenaton of pyridine
compouads, bydrogenation of nitric acid salts 1o
hydroxytamines, bydrogenation o peroxides, hydmogena-
tion of aliphatic nitre compounds, aceloxylalioo,
carbonylation, debydr i dehyd oo, liguid
phase oxidation, deoxo reactivns, oxidation of carbon
moaoxide, reduction of NO, and the like.

‘This inveation is specilically explained helvw by way of
5 ples and Comp r 3 pl
Measurement of patladium distdbulion by EPMA

A sample obtained by embedding the noble metal-
supported article obtained in a resin and polishing the same
was subjected o hine analysis in the depth dicectioa of a
particie section uader the following conditions using an
X-ray microprobe (EPMA) {IXASE00R, a rade name of
JEOL. 14d.):

LU

o)

lished to prepare a sample and this sadiple was sub;cdad
Io line anxlysus of 2 particle scotion wsing an X-ray micro-
probe (EPMA) (DA-SR00R, a wrade pame of JEOL Ttd).
“the results obtained are shown in FIG. k. As is clear from
FIG. 1, il was coafirmed that Pd was distributed and sup-
ported in the vicinity of the sucface, eamcly, in the depth
regicn of nod more than 1S microns and was eol present m
the intcrioc.

COMPARATTVE EXAMPLE 1

The same procedure as in Example 1 was repeated, except
Iha! the icmperarun: fer allowing palladium 10 be adsodhed
was ch i o roum temyg 1wt obiain & palladium-
suppcrted catabysl.

Fhe LPMA analysis resulis of the catalyst oblained are
shown in FIG. 2. From FIG. 2061 was secn that Pd was
vniformly distributed aod supporied from the surface to the
inlerior of the camier.

LXAMPLE 2

An aqueous al nitrate  solut in oan

5 corrssponding o .35 pact by weight of aluminum per 100

parls by weight of the carrier of Example | was heated 10 90°
. and stirred, and the carrier in the dry state obtained in the

2l ko reduc-
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Carrice Production Reference fxample was mstantly added
lhereto. The resulting mixlure wis stired for 2 further 15

A90° . Sud Iy. 10 the mixiuee was instamly
added an agueous solution of 15% by weightl ol palladium
chliride and 108 by weigh: of sodium chloride, which
s slion fcated 10 W Cin such an amount that the
proportion o»f palladivm becase 5 pads hy weighi per LN
parts by weighl of the carner amd the resultiog mixtore was
stirred for a fusther ne hour at 907 C. o allow the palladium
chioride tn he complelely adsorbed on the carrier
Nubseguently, the lguid was decanted and the carrier on
which palladium bad been adsorbed was washed with dis-
tilled water several times. Subsequently, the carrier thes
vhlairud was introduced into a 18% by woeigh! aqueos
sodium acctate solution ia such a propodios that the amnoun!
of sodivm acetate bocame 18 times the amount of the
patladium and the sulting mixwee was stirred. Thercalter,
kead acelate was added thersto in such an amount thal Pd/Ph
hecame 3/1.3 and the rz:aullmg m:xum, was stirned at $° ¢

Foc about 3 mi iy, ap ag hydrazige 2

solution was graduaHy dmpwm, adbded with stirring o the
resalfing mixture in such an amounl that the proportion of
hydrazine became ‘! mul.us por oo of 1he total of Pd and
Pb, aod the ! was suby d to reduction

Iccatmicat for 24 bours.

The -catalyst 1hus obtaieed was analyzed by the above-
mentioned methed to find that it was a palladiom-lead
intermctallic compound whose X-ray diffrsction angle (2 0)
4t the maximum intensity peak in the powder X-ray diffrac-
tion pallem was 38.625°,

The catalyst obtained was embedded in a resin and
polished to cbtain particles, and the particle thus obtained

. “was subjecied to line analysis of a partick: scction usiog an

X-ray microprobe (EPMA) {JIXA-8300R, a tradc name of
JEOL. Ltd.). The results ohiained are shown in F1G. 3. As s

" chear from FIG. 3, it was coafiemed That Pd was not prescnt

io the region from the surface 1o s depth of 2 microas, was
supported in the depth region ol not less than 15 microns and
was pol present i the interior.
EXAMPILLE 3
En & stirring type stainfess skeel reactor having a 1.2-ier
fiquid phiase poriien and provided with a calalyst separalor
was placed 200 g of the catalys! of Lxample 2, and an
oxidative carboxylic estecr-produciog reaction betwecn an
aldehyde and an alcohod was carried oul while the contents
wiers stimed at such a rate thal the tip speed of the stirring
blade was 4 m/s. A 36.7% by weight methaoolic methac-
rolcin solution 1o which lead acetate had been added in such
ae amount that the concenization thercof in the reaction
syslem became 3} ppm aod a 2-4% by weight methagolic
NaOH solulion were ceatinuously fed al 954 Literhe and
0.06 liter/he, respectively, to the reactor (the methacrolein
ation in 1he CLIOn SYSILm isting of the abowe

pwo solulions was about 33% by weight); air was blown s

thereinio s that 1he oxygen partial pressure at Lhe outlet of
the reactor became (02 alm, at a reaction lemperare of BO®
€. and at a reaction pressure of 5 kgfom®; and the concen-
wration of MNaOHE fed o the reactor was controled so that the
pll of the reaction system bevame 7.1, The reaction product
was continuously vn(hdrawn by merﬂnw from the outlet of
the reactor and :d to lvativn by gas
chromatography. Aﬂ:,r a lapse of ’7{J howrs, the scleclivity of
methyl methacrylate (MMA) which was (be objective prod-

uct was 91.4% and the MMA production rate was 5.02 s

motes/hr/Kgz-catalyst. Afler the reaction had been effected
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(RTMA) whiich was the objcclive product was 91.8%: and tho
MM A production rale was 5.1 1 eeoles/brKyg-catalyst. Com-
paring the amount o P sepporicd alter 2300 houes with the
taitial amowat of Pd supported, it was lound fhat Lhe loss ol
pabladium was OLESH or fess,

COMPARATIVE EXAMPLYE 2

The wation was conducted undec the same operation
conditions as in Example 3, except that the calalyst of
Lxample 2 was chanped o the catalyst ol Comparative
Exampte 1. After a lapsec of 20 hours. the sclectivity of
methyl methacrylale {MMA) which was the objective prod-
wel was 91.01% and tht MMA production rale was 4.32
molesshr/Kgcatalysl. The seloctivity of methyl recthacry-
Late (MMA) which was the objoctive product alter the
reaction bad been effected for 2,000 hours was 91.3% and
the MMA production ralc was 389 molesthr/Kg-catalyst.
The calalyst was reoovered and the amouat of Pd supported
after 2,000 hours was compared with the Initial amount of
Fd supportcd o find that the loss of palladium was 5.2%.

EXAMPLE 4

100 parts by weight of a silica gel carrier manufactured by
Fuji Silicia {UARIACIT-10, 150 gam in diameter) was intro-
dooed inlke an aquUenus poLassium acelale solulio containing
5 parts by weight-of polassivm, aod the résulting mixture
was subjecled 40 onpregnation and drying The mixlure was
turther caleined at 600° C. for 3 bours in air Subsequently,
m aquenus aluminym nitrale solution centaining (.6 mole of

per mbkeof pattadi was heated to W° O, and
stirred, into which the csrncr wWas momculanly introdweed.
I‘hc resuliing mix@ure was stirred at 90F- (L {or a further 15
The temp of the miikture was 1 d 1o
room iemperature, at which lemperature ap aqueous solwion
of 15% by weightl of palladivm chlonde and 1066 by weight
of sodium chleride was - added: 1o the mixtire with slirtiog, in
sech an amopnd thal. lhe propottion of palladium became 5
parts by weight.per 1000 parls by weight of the carrimr,
whoreby palladivor chiged 11 d to be 1
adsorbed on the carcier, Subsequeml}, the hqmd was
decanted and the carrier- on “which palladivm had been
adsarbed was washed- with: distilled -waler sovoral Gmes.
Distillod water was added theeete and the résulting mixturc
was stirred al 80° £, and 1o.the mixture in this slate was
graduslly dropwise added an aqueons hydravine solution in
such an amount that 1he proportion of hydrazine became 3
moles per mole of Pd.with stirring over aboul 30 minutes
and the resulting mixture was subjecled 1o ceduction treat-
menol for 24 houcs 1o obtain a palladium-supponted catalyst.

The catalyst thus obtained was emnbedded in a resin amd
polished to obtain a sample. and this sample was subjected
1o line analysis of a2 particle seclion using an X-ray micro-
probe { EPMA) (TXA-RBOUR, 3 trade name of JEOL 1) to
determing the distribution of palladiem, from which it was
Townd that the cacrier had 2 paltadium-uosuppured layer in
the region from the surface 10 a depth of 5 microns, and
palladium was supporied in the depth region of 30 micross
and was nul presenl o the interior.

EXAMPLE 5
11K} parts by weighl of a sphenical 2lumina carnicr manu-
factured by bumnomo Chemical Co., Lid. (RHD 3 mm in
diameter) was inlroduced inlo an agueous polassium aitrale
solution containing 4 pacs by wugh! of pom\\mm and the
ling mixture was subjected 1 inn and dr}lmg,

for 2000 hours, the selectivity of methyl methacrylaie

and funher Lo calcination at G00° C. for 3 bours in air,
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Subscquently, a0 sgueons solution of 15% by waght of
palladium chlomide a0 109 by weight of swlivm chlorids
was cd at A Ol and the cartier was instantly adided
lherete i such an amount Bat the poopodoa uf palladwm
hecame 5 parts by weight per 120 pacts hy weight of the
carrier, alter which 1be resoliieg mistere wis sred lor o
further onc bour at 70° O Sobsequently, rhe lgeid was
decanted, amd the carmior on which palladivm had bBeen
adsorbod was washed with distilbed water several fimes.
1yistilled water was added 10 the carrier and the resuliing
mixlure was stirred at 70° C.To the mixiusc in this stale was
gradually dropwisc added an aqueous bydrazine soluticn in
such an amounl that the propodion «f hydrasine became 3
moles per mole of Pd with stirming vver about 30 oninutes
and the resulln was subj d e reduction real-
meat for 24 hours W oblzin a palladium-supponed calalyst

The catalyst thus ohtained was cmbedded in a resin and
polished to prepare 3 sample, and this sample was subjected
o line analysis of a paicle scotion using an X-ray micro-
probe (EPMA) JXA-SS00R, a trade vame of FEOL Lid.} 1o
determine the distribhution of pailadium, from which W was
Found that in the camice, palladium was supportcd in the
region from the surface 10 2 depth of 50 microns 2m! was oot
prescot o the interiorn

LXAMPLE &

An agueous solution having dissolved therein magnesivm
chlaride in an amonal cquimalar @ paliadium was heated o
90° . and stirred. inte this agqueoss solution was instandy

introduced the carmier in the dry stale oblamed in the Camrier

Production Refereace Exampic, and the cesultiog mixiuce
was stirred at 90° €. for a furthier 10 minutes. The resultiog
carrier shury mainmaioed at a wmperalure of Y0° O was
added with stirring Lo an agueous solution of & mixture of
15% by weight of palladium chioride and 108 by weightof
sodium chloride which solution conlained G2 mok of
zluminune per mole of palladivm, in such a propostion that
the amount of pailadivm became 3 parts by weight per 100}
paris by weight of the carrier, 10 allow palladium 10 be
completely adsorbed on the carder. ‘Thesealler, the liquid
was decaated and the carrier oa which palladium hait been
adsorbed was washed with distdled water scvecal times and
then 1-propancl was substituted for the distilled water. Afler
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oxidalive carboxvlic ester-producing reaclion between an
aldehyde and an alochol was carried oul while the conlents
wore stirred ab such a rate thal te Up spocd of the stiring
hlady: was 4 mis. A 36.7% by weighl methanslic acnlein
solution 0 which fead zociats had been adkled se tha dhe
amouet thercol in the reaction system becatne 20 ppm and
a 2-4% by weight methanolic NaOH solnion were conzinu-
ously fed at 0154 Herir and 006 litershr, respeclively, To the
reacter (the acrolein concentration i the reaction syster
consisiing of the above rwo solutions was sbout 33%: hy
weight); air was blown Lhercinbe so that the axygen partiad
pressure at the outlet of the neaclor became 0.2 ato al a
reaction lemperziure of $0° C. and at a reaction pressare of
5 kgfem™; and the concentration of NaO fod e (e raction
was controlled so that the pH of the reaction system became
7.1. The reacion mixiusc was cootioaously withdrawn by
overflow from the outet of the reactor and subjected i
comparative evaluation by gas chromaiography. Aller a
lapsc of 200 hours, the scloctivity of methyl acrylate (MA)Y
which was the objective product was 92 2% and the MaA
production rate was 5.92 moleshr/fa-catalyst. Afier the
reaction had becn cifected for 2,000 hours, the selectivity of
methiyl acrylate (MAY which was the objective product was
92.6% and the MA production saic was 597 moles'he/Keg-
catalyst. Compariog the amouot of Pd suppoded after 2,000
hours with the isitial amount of Pd supportcd., i1 was Found
That the boss of paliadium was 0.1% or less.

INDESTRIAL APPLICABILY

A ]ibhlc metal-supporied article having a high reaction
activily "tan he oblained by supporting palladium or a
patladivin metal compound on a carrier in the vicinity of ils
surface;'Moreover, a nablé meal-supported article capable
of inhibifing the loss of ‘& palladium componcol duc ©
abrasion ©r the like can he obtained by providing the
oule,rmnal fagér free from palladium. When ihe nobde metal

i1 d 10 be d on a carcier in the
\'u::mlly ol i1s surface, tbe u'la]y:z activily becomes high and
the loss of the catafyst componcal becomes small as can be
seets fmm the examples of the carboxylic ester-producing
reaction between an aldehyde and an aloohol set forth above.
Hence, a grate improvement is coonomics can be obtained
not caly with this specific reaction, as compared with

the carricr was heated o0 60° C., 2 1-propzno] solulioa of
tripbenylbismuth was added thereto in such an amount that
the propurtion of bismuth became 2.3 parts by weighl per
100 parts by weight of the carricr, after which the resulting
mixiure was stirred. To the mixiure in this stale was g:radn—
ally dropwisc added a solution of hydrarine in I-propan(nl in
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con jonal catalysts, bul alse morc broadly with many
reactions in general

What is claimed is:

1. A ncble metal-supporied article which comprises a
carrier particke having an cuter surface and baving a thick-
ncsb ur pacticle diameter of less than 200 pem and a

ining metal p suppocted oo the

such an amount that the propartion of hydrazine b 3
moles per mole of Pd over shout 30 minutcs, and the
resulting mixiure was subjected 0 wduction reatment For
24 bours to obtain a palladium-bismulh-supporicd catalyst.

‘The catalyst thus obtained was cmbedded 1o 2 resio and

pelished 10 prepare a sampile. This sampic was subjected 10
line analysis of a particle section using an X-ray microprobe
(LEPMA) (FA-SSIIR, 2 rade name of JEOT. 1id.), e liod
that the carrier had the Pd-uasupported laver in tbe region
from the surface 10 a depih of 3 microns, and % was
supported in the segion From the surface 1o a depth of not
more than 15 microns and was not present in 1he inferiar.

EXAMPLE 7

In a stiriag type stainless steel reactor having a 1.2-lier
liquid phase portion and provided with a catalyst separalor
was placed 200 g of the catalyst of Gxample 6. and sn

camr:,r. which article has.

(A} a portion in an intecior of the carrier, in which portion
substaatially oo patladium is supported and

(B) a laycr io 2 region fom the outer suelace o a depih
ol less than R gm from the ouler surace, in which
layer palladivm is supporiud.

2. the nohle melal-supporied articke according 1o claim 1,

which has

() an ovtermost layer which is at the outer surface of the
carrier and in which substantally oo paliadiem s
suppozted,

(B} alayer in a egion Fom aa inner side of said culcomaest
fayer () 1o 2 depth of less than #0 gan from the outer
surface of the carrier in which layer palladium is
supported, said layer heing o conlact with said owter-
mosdt fayer {C7) and

Y
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{AYa portisn in an inlerior of the cargier in which partion

substantially oo palladium is supported

3. The nable meal-suppaned article accosding o claim §
or 2, wherein the palladium-containing mutal component is
palladium or 4 palladium muial componnd.

4. The nuble metal-supposted article according Lo claim 1,
wherein the pailadium meta! compound is a compound Lo
which pat of the crysial latice of palladivm has beon
replaced with hismuth.

5 l‘he noble metal-supported arficle dL(J(\l'dlI'l!;. s clae 1,

h the pallad metat nd is a comg i in
which pan of ibe crysul lartice of palladim has becn
replaced with lead.

& A aoble metal-supported articks according 1o claim 2,
wherein layer (C) is nol present.

7. A prooess for producing the noble metal-supporicd
artick according fo claim & which compriscs insiantly
inlroducing a dried andfor calcined carrier oblained by
drving and/or caleining a carrier contaioing a soluble salt of
at least oo metal selected from the group coesistiog of
alkali metals, alkaline earth motals and rare carth mctals inte
a palladium compound solution maintained at a tomperature
af aot less than 760° O o an excessive amount 5200 times
as much as the amount ol palladium supported.

8. A process for producing the noble wetal-supported
arlick: according to claim 1 which comprses instantly
intoducing a dricd andfor caleincd carrier Obtaned by
drying andjof calcining a carrier containiog a soluble sali ol
at least one metal selected rom the group consisting of
alkali metads, alkaline eanh melals and rare sarth metals inte
an aluminum compound selulivn mainizined at a tempera-
ture of ot less than 70° C.in an excess amount 5200 limes
as much as the amount of pallachum wppnned and thereallsr

Iy introd g e into a pailadi
compound so]uncn imaitfained at a temperatire of not less
than 7O €, of instanl§intraducing the above dried and/or
calcined carricr o d solution of 4 mixturs of an aluminum
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M)

i)

vompound anil a palladium compound mainlained a8 a
wmpcratuie of not less thao 70° O

Y. A process foc peoducing, e noble metat-supported
Aﬁn(.ln. dLL,Uﬂ.ll ;, o (.]aum ﬁ wh!ch COmpriscs dispersing 4

= i oa soiuble salt of a1 teast one
melal Iu.[cd {zom lhe growp consisling ol alkal melals,
alkaline easth metals and rare carth metals in an excessive
ameant 3-200 wmes as much of palladium supporned o a
salution cootaioiog a salt of a1 leas) onc metal sciccted from
the group consisting of alkali metabs, alkaline carth metals
and rare carth melals and theo coatacting the resulting
dispersion with & palladium compound solution al a tem-
perature of not less than 707 €

1. A process Tor producing the nobke metal-supported
article according o claim 2, which comprises dispersing a
dried andioc caleined cacrier obtained by deying andfor
calcining a carriec conlaimiog a solohle sall of at least one
melal seleoted from the group consisting of alkali metals,
alkaiine carth metals and rare earth melals in an excessive
amouni 5-200 Limes as much as the amount of palladium
supporicd in a solution conliining a salt of a1 leust one melal
selected from the group consisling of alkali metals, alkalioe
carth mcials and rare canh metais and thea cantacting the
resulting dispersion ety with an aluminum compound
solution at a twmperature of not less than 70° C. and
secondly with a pallsdinm compound solution st & tempera-
ture of not less than 70° €, or contzctiog the above
dispersion with a soluiion of a mixtore of a palladiam
compeund and ao sluminum compound at a tempuralurs of
not less than 70° C. :

t1. A process for producing an acrylic acid ester andior’a
mulhacrylic acid ester, which comprises reacting an zlochal
with actobein andfor methacrolein in the presence of oxygen
using the noble metal-supported arlicle acoonding o claim 1
or X as a catalyst.
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