WO 02/ 078843 PCT/ US02/ 09632 A PROCESS FOR PREPARI NG A CATALYST, THE
CATALYST AND A USE OF THE CATALYST 5 FIELD OF THE | NVENTI ON The invention
rel ates twoorgsagess for preparing a catalyst, to a catalpstyshiosdsz2i s
obt ai nabl e by the process of this invention, and to a process for
prepari ng an al kenyl carboxylate conprising reacting a 10 m xture
conprising an olefin, a carboxylic acid and oxygen in the presence of the
cat al yst. BACKGROUND GF 3?@C$NéERﬁ$CRB%%%%¥§§t% 8%?A¥ﬁ§T reparation of an
al kenyl car boxyl at e THEo R AR LIS iAND & Fetb &y L &ATRT 15 oxygen are
known in the art. Such catalysts are based on a Goup 8 netal as a
catalytically active netallic species on a carrier. The preparation of the
cat al ystss i sFweLD dBCDHENCEUENE@ONexanpl e, the process for preparing the
20 catal yst of US-A-4048096 conprises the. steps of selecting a carrier,
precipitating a G?BEpl@VﬁﬁF&Pn-dﬁﬂﬁgﬁﬁﬂ'ﬁﬁté PREESSr it BY tH%g the
preci pi tated; GLeuRBrTelEd SOMRRURNYskNtG iR i i 6,8R86L83e #RM the
subsequently purifying the catal yst "by washing with 25 water. Simlar
schenes for phecggeparéti ohisf iheentatal yseardareokndwnpfeeesUS-105179057

and US-A- 5189004. .The_l atter docunents highlight the renpval, . fromthe
catal ysts of P55af um* ons, a\/l\/?ﬁewgarcé_’lr % Etaggdlfg)én(?r usrlinr?g ]f%aethlé}gaI%/st

prepar at i®©n, mi Rt urexamieriasi rag pant idrefifn,a pr ecarisety dic t Beidpraod pit at ed
Goup 8 netal compound (for exanple _sodiumtetrachloropalladium(11)), or
as a portion®8Y9eknhélpkBei Breaerrg agehbewhpeRlystused for

BACKGROUND OF THE INVENTION

Catalysts for the preparation of an alkenyl

carboxylate from an olefin, a carboxylic acid and

15 oxygen are known in the art. Such catalysts are based
on a Group 8 metal as a catalytically active metallic
species on a carrier. The preparation of the
catalysts is well documented.

For example, the process for preparing the

20 catalyst of US-A-4048096 comprises the  steps of
selecting a carrier, precipitating a Group 8 metal
compound into the carrier, converting the precipitated
Group 8 metal compound into metailic species, and
subsequently purifying the catalyst by washing with

25 water.

Similar schemes for the preparation of the
catalysts are known from US-A-5179057 and US-A-
5189004. The latter documents highlight the removal
from the catalysts of sodium ions, which are

30 introduced during the catalyst breparation, for
example as a portion of a precursor of the
precipitated Group 8 metal compound (for example
sodium tetrachloropalladium (II)), or as a portion of

the precipitating agent which is used for



1 WD 02/ 078843 PCT/ US02/ 09632 precipitating the Goup 8 netal conpound
(for exanple a sodiumsilicate or sodium hydroxide). Both docunents teach
t hat the wenamass4ef sodiumions |eads to an increase in tHoa/esoeiowsty of
the catalyst and to 5 a decrease in the selectivity when the catalyst is
used in the process for the preparation of an al kenyl carboxyl ate.

US- A- 5250487 _and ., US- A: 5422329 | at G 8 t tal yst [
a process foP%EﬁéplEEtﬁnggﬁgﬁ{ %§%§ gﬁ“@F%@ﬁﬁFmgggﬁgiyfg?% ¥§%ﬁ? %roFZEih?

a carboxyl i caacigbdngh oxygencatbe eat al ysdsumr enhasestiden .carrigetparticles
whi ch have been pressed with the ajid of a binder of one or nore salts of
carboxylic &er¥8enTEe texH efhdplar Fhel ssmavalweshetPdhh hpnacieads for the

renoval of t ti, binde gm.t h o) ic .. The acid
may be a ningga%%aéigﬁxgﬁﬁihgg E?%r%gﬁﬁg?F% ggig, SLﬁ%E§?%§%3%§§ E osphoric
acid, or fitel cdactashs4 f inhethai crelodcttheltaci dhea et r icaatlalstt ois he

catal yst, such as.chlqoride and 20 _sul fate ani ons, .excess acid e
aroved by vASAngT GHE WP ERCSR At Fot et BaParo R R Soh 12 ebROYBh . duri ng

the subsequeptrpakah¥st preparation contain constituents harnful to the
catal yst, such as chloride or sulfate, the catalyst is washed with water.
25 Thus, in the pPPoR-arb0d48dunaitd sUPePabrRg3E8 tirlat® olip Sumtral 8

cat al yat i pUETELos S IOR e 6 TRFr oiiod tTht cht | SREKTY duri 9 t FAScarr f er
or catal yet preparation afd 40 hbkenebovakbokylhese b nguur bléesdn, Such
inpurities may be renmpved by usin dedi cated neans._ For exanple, the
cations of tRecarboxylic acid and oxygen. The catalysts are based
on carrier particles which have been pressed with the
ald of a binder of one or more salts of carboxylic
acids. The carrier particles are washed with an acid
15 for the removal of the cations of the binder from the
support particles. The acid may be a mineral acid
such as hydrochidric acid, sulfuric acid, phosphoric
acid, or nitric acid. If the anion of the acid is
detrimental to the catalyst, such as chloride and
20 sulfate anions, excess acid may be removed by washing
out with distilled water. If the salts employed
during the subsequent catalyst preparation contain
constituents harmful to the catalyst, such as chloride
or sulfate, the catalyst is washed with water.
25 Thus, in the prior art documents relating to the
Group 8 metal catalysts attention has been paid to the
detrimental effects of certain catalyst impurities
which are introduced intentionally during the carrier
or catalyst preparation and to the removai of these
30 impurities. Such impurities may be removed by using

dedicated means. For example, the cations of the

binder are removed by washing with acid.



bi nder are renoved by washing with acid. 2 WO 02/078843 PCT/ US02/ 09632

WO 00/ 15333 teaches the preparation of inproved catalysts, in particular
silver i mmoeproassas al um na based catal ysts for the vapor patagse2psaeuct i on
of epoxides. The inprovenent is achieved by |lowering the 5 concentration
of ionizable species present on the surface of the carrier, in particular

by treating the rei shi Wi boilin fer prior to catalyst

p?eparatiog. AIth@gﬁhb?Eggﬁﬁgaﬁﬁﬁg%ﬁb %ﬁﬁbt%ﬁe%%f%fﬁ%? ﬁﬁielmﬁﬁp%$ reci abl e

activity andcseke¢ki¥ityinn gdhe i Arepar atinerof iabkegikrear boxyhatg from an
¢ B idbkey

olefin, a carboxylic acid and oxygen, further inprovenents of these
catal ysts arbagedi rapfFelysws pafe¥ ciibg iitHei Phagki | PEgduetaaintafn their

| evel of actyj d S (YA durg S . perj of
e, SUMARYSCELTRR" | NUERTIERETT Sab o URasnastbary BeanrBntf e nat the
G oup 8 metabncahakystenhavfngianikcapievedpeatakysprepentorsmncehén the
preparation of al kenyl_ carboxyl ates 20 are prepared if prior, to the
cat al yst preﬁHF§FE8n°Fh§%9xﬁ TSt %ﬁbP@Egé& rwshi PG ¥1P vilter, even
though wat er cWashi-Rg iy alaaARR | efiiR tB@iQ@H?Sew%ftert he, cag.al yisg
preparation. By the term"inproved catalyst performance"” it is 25 neant
that there i Sa&alvaprovenpnatinnat | east one of the catal yst properties,
whi ch catal yst pr i i,ncl atalyst activity, selectivit activity
or selectivity pggﬁéﬁkgﬁcéhgie#g§W§efﬁg%g?a%qugﬁgiFgga%¥§§i§?.%%e to
run-away)q cappeestiabland werk viate. Byn®@0 "selleetiivity" itin s ngasat the
selectivity to al kenyl i

preparation of alkenyl carboxylate from an olefin, a

carboxylic acid and oxygen, further improvements of

these catalysts are desirable, in particular in their

ability to maintain their level of activity and

15 selectivity during use over a long period of time.

SUMMARY OF THE INVENTION

It has now unexpectedly been found that the Group
8 metal <catalysts having an improved catalyst
performance in the preparation of alkenyl carboxylates
20 are prepared if prior to the catalyst preparation the
carrier is subjected to washing with water, even
though water washing is also applied in the course of
the catalyst preparation.
By the term “improved catalyst performance” it is
25 meant that there is an improvement in at least one of
the catalyst properties, which catalyst properties
include catalyst activity, selectivity, activity or
selectivity performance over time, operability (i.e.
resistance to run-away), conversion and work rate. By
30 “selectivity” it is meant the selectivity to alkenyl
carboxylate, based on the quantity of olefin

converted. The improvement in question concerns in



carboxyl ate, based on the quantity of olefin converted. The inprovenent in
question concerns in 3 WO 02/078843 PCT/US02/ 09632 particular the ability
of the cawaopars4® maintain its |evel of activity and selrarusoengsseduri ng
use over a long period of tinme. This result is unexpected in view of the
prior 5 teachings which relate to the Goup 8 netal catalysts, as

referred to hereinbefor Nanel.y, on illed in the art,wu]d expect that
t he washi ngspFﬁgfﬁgﬁéﬁu%@ -y é%t %ﬂ?‘stc dﬁae]ﬁé?tat?%ﬁ?ahgt?%gﬁ%( by these
docunents, wouldll estd aksevhieyt hend egeyabtoiitd idmid i gsealdv@adya present

in the carrier per se, so that no further advantageous effect could be

expected fréfnEnraddrei efaltimgshi ng of the carrier, i.e. prior to the
catal yst preparati.qn,. T eti.ci fect.of supjecting e per 15
TR0 f&esm ELE e&&nfﬁa ed _an %egfp LB tthr% OE??{(?]%

to washing with water, in addifion shing in course

cat al yst prepaaahiagsi shdk$o rerlexpedticedhd renaew Hfmdx00£463B3stseferred
to herei nbefore. %\lamel , . WO- 00/ 15333 does not teach any subsequent

washi ng, i.e35ad of Ot RETEAPEFYSECpr epdFREFBn OGP Do dfvselitient to

the catal ystpEeparatyomdAegBEEENG L tﬂ}?eh@é(@l@ih?Q RnOMiies. &, process for
preparing a catal yst which process conprises the steps of (a) selecting a
carrier whichfi sthesi ldada lysded prapagatiiiosy, wisch thasgleenbgubjleesed to a

ceries o MHERLOGRLLLN OFLST TR, SqieRe il g conslaag, f equeous
silica basedigpurieteswiilctedd; foraeshi r om raleer datsi@nepet rer,e 5 which
that no further advantageous effect could be expected
from an additional washing of the carrier, i.e. prior
to the catalyst preparation.

The beneficial effect of subjecting the carrier

15 to washing with water, in addition to washing in the
course of the catalyst preparation is also unexpected
in view of WO0-00/15333, referred to hereinbefore.
Namely, WO-00/15333 does not teach any subsequent
washing, i.e. as a step of the catalyst preparation or

.20  subsequent to the catalyst preparation.

Accordingly, the invention provides a process for
preparing a catalyst which process comprises the steps
of

(a) selecting a carrier which i1s a silica based

25 carrier which has been subjected to a series of
washings with one or more aqueous liquids consisting
of aqueous liquids which have a pH of least 3, when
measured at 20°C, or which is a silica based carrier
which 1is formed from materials one or more of which

30 have been subjected to a said series of washings,

(b) precipitating a Group 8 metal compound onto

the carrier,



30 have been subjected to a said series of washings, (b) precipitating a
G oup 8 netal conpound onto the carrier, 4 WD 02/078843 PCT/ US02/ 09632
(c) convewa ;ixgp7stag precipitated G oup 8 netal conpound i rrax/vssaddsec
species, and (d) subjecting the Goup 8 nmetal/carrier conposition to a
purification treatnent, before or 5 after step (c). The invention al so

provi des a proces or repating cat al yst _whi.ch, process conprjses the
steps of (a) masaFag %pﬁg?gﬁé?gmj ecnﬁf%%lgégégfghuggﬁgp 1% Fgat?gs
consi sting otoagueadsihtguindsawhiieh shaveed,plndof | east 3, when neasured at

20C, wherein the carrier is a silica based carrier, (b) precipitating a
Group 8 metal conp8ind 8WPdSCERBIcar £NEr, $50UR) cBnveretag/eaprier

preci pi t at ed Gy B@iﬁigﬁta&o %Wdfiiégﬁ&?t 2l ¢ 3pRCi eﬁ_effgleg (g}

subj ecting the oup metal /carrier conposition to a'purification
treatmenty befdee ektepafftér step (c). 20 The invention also provides a
catal yst which is_, obtai nabl.e by a grocess far reparig%.a cat al yst

according to this Phventl'si s e i AvERti oHF W5 Sor 0% dEF L SH0ce5ST f or

preparing anp@b?s@@_yhgcar baxyuh3ts® GHMIIH St d A It Pse Lo R XEHESS
conprising an olefin, a carboxylic acid and oxygen in the presence of the
catal yst of ©Ais invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

(a) washing a carrier with one or more aqueous

10 liquids consisting of aqueous liquids which have a pH

of least 3, when measured at 20°C, wherein the carrier
is a silica based carrier,

(b) precipitating a Group 8 metal compound onto
the carrier,

15 - (c) converting the precipitated Group 8 metal
compound into metallic species, and

(d) subjecting the Group 8 metal/carrier
composition to a purification treatment, before or
after step (c).

20 The invention also provides a catalyst which is
obtainable by a process for preparing a catalyst
according to this invention.

The invention also provides a process for
preparing an alkenyl carboxylate comprising reacting a

25 mixture comprising an olefin, a carboxylic acid and
oxygen 1in the ©presence of the catalyst of this
invention.

DETAILED DESCRIPTION OF THE INVENTION

The silica based <carrier for wuse in this
30 invention may be of any kind. For example, the
carrier may comprise further materials such as

alumina, magnesia, zirconia, fuller’s earth,



The silica based carrier for use in this 30 invention may be of any kind.
For exanple, the <carrier may conprise further materials such as al um na,
magnesi a, wo a2mosi4a, fuller's earth, 5 WO 02/078843 PCT/ USEA/(»eB8%32
artificial and natural zeolites, and conbinations thereof, in particular
alum na. The silica content of the carrier is typically at |east 50 %,

nore typically.at l.east 90%w, hased on the weight of the 5 carrier.
Frequent|y tﬁﬁ)éégllic&&ﬁcoﬁt“éjnt r’c?fbwff carFIErteT s af " ostoBe Bt S nor e

frequently atneRebr9949 Wrtitmibhe sSuE RAST SThd YPLEAEA YeohbEnEabEier is a
porous carrier, preferably having a specific surface area of at |least 10

0.01 nR/ g, i-Bhpartdailiar i nishetvedgeldly f ram 01lessto FIOGWR/ giod®re in

particul ar i : g f .t / S_IE red by, t he
B.E.T. net hog-}i’bgﬁéﬁg@ \ia/a erlgégg]o%&ﬁwdno%%%%%i {551 gt%h% 8%%3%5 C%o %h?ri /g, in
particul af framflet.toFZaduegtlgs tieasiirledDycdibt @onvent tiomnata nat €

absorption technique. The B,E.T. nethod as referred to herein has been

descri bed i ntSdétaifosth 22- B uthuePOr . ¥regmedttl varfd Eostel Pr9 99, Am

Chem  Soc. 6@, 809- 16,61938) 5. O particular interest are silicas which have

a 20 specific surface area in the range of from10 to 1000 n2/g, in

particul ar from 50ypPdcB@0ynR/ gheas camgdsar edi by & hepB &S, aethbelr,

Regar dl ess of th C ﬁri r._used, it nm shaged into parti chunks,
sTFrRElY Je

_ , Y. be _cI S
pi eces, and the BrSE & aHSSTEEY G8ETANCa T TBular 7 x‘g%é%Ed
reactor, 14 hey.atemf o redni petacuourdec straperahge examplom i 03 heof orm of
spheres, pelag%g’mgyllngggg’iglggitgéular in the range of from 0.2
to 1000 m®’/g, as measured by the B.E.T. method, and a
water absorption capacity of from 0.05 to 3 ml/g, in
particular from 0.1 to 2 ml/g, as measured by

15 conventional water absorption technique. The B.E.T.
method as referred to herein has been described in
detail in S. Brunauer, P.Y. Emmett and E. Teller, -J.
Am. Chem. Soc. 60, 309-16 (1938).

Of particular interest are silicas which have a

20 specific éurface area in the range of from 10 to
1000 n@/g, in particular from 50 to 500 n@/g, as
measured by the B.E.T. method.

Regardless of the carrier used, it may be shaped
into particles, chunks, pieces, and the 1like.

25 Preferably, for use in a tubular fixed bed reactor,
they are formed into a rounded shape, for example in
the form of spheres, pellets, cylinders, rings or
tablets, typically having dimensions in the range of
from 2 mm to 2 cm.

30 For wuse in this invention, the carrier is

subjected to a series of washings with one or more

aqueous liquids. A series of washings is herein



tablets, typically having dinensions in the range of from2 nmmto 2 cm 30
For use in this invention, the carrier is subjected to a series of

washi ngs wiadr/oossazor nore aqueous |iquids. A series of wainiwvgys/ovas2herein

6 WD 02/078843 PCT/ US02/ 09632 understood to include a single washing step
and a conbination of consecutive washing steps which enploy one or nore

washing liquids. In accordance with this, ifventi n, t he shing |iquids
conpri se aquEBéngFfiﬁgdst% WHTTHAT | 2habe 3 BH "f)afsc}éjtn?eassvjvtaeps, hfien® measur ed
at  20C. Onecskblhedibh e @bhsadhti@Ppigchahg bhabs AGHEOYSehb Oy

ooy ds may
contain a small quantity of acid, such as resulting fromdissolution of

at mospheri c ©CB&r B&n "@irsxivRshapd Lheyiday t Rer efcsicerdadiee avpH 10hE$i ght |y
bel ow 7, for . L e _d : f. 3. Su 1@9 | L QUi ds. in very
little acid 5§§§ﬂg£§%i8“@i§8§§ﬁ£§kq%%ﬁﬁfﬁggﬂ% a q%%ﬁg%%%gggrglﬁggégdered to
be essenii alhychor-ldcilthes aguedlsofi gt deaskr €3 er ahky, nidweswagueeoats |1 qui ds

have all a pH of 15 at least 5, in particular at least 6, nore in
particul ar a2O0f@ast Gmewsdd lfessuiad Hie 20rt. wiyhi e@nnecigie welsht ng

| i qui ds have_a|.| pH.of. .at t ' articyl ar. _at .mst_9, Le in
particul ar Sguﬁ8§? ?}%&ﬁgﬁ néisu?éé?%&gz CfﬁégﬂAguﬁggﬁqﬁér%gn?gn ‘e term
"pH' refers tachheapH pésuabiaguedusml i Glssonst beasused Hymuspingrbc
conventional pH neasuringaprobe which is calibrated by using buffer

sol uti ons. EFRGPBRy, dtpE: ueo%%dli?ﬁﬁﬂsr%%hpFﬁ§éeﬁ8FEth@aV?S @re%%er part
water, ang tBey ARYyOheTBY ROl GRS 16" Blodti V&) Y SSmIdr ayantétigs of
ot her conponents, for
aqueous liquids contain very little acid or the acid
is a weak acid, so that yet they are considered to be
essentially non-acidic aqueous liquids.
Preferably, the aqueous liquids have all a pH of
15 at least 5, in particular at 1least 6, more in
particular at least 7, when measured at 20 °C.

Typically, the washing liquids have all a pH of at
most 10, in particular at most 9, more in particular
at most 8, when measured at 20°C.

20 As used herein, the term “pH” refers to the pH of
an aqueous ligquid as measured by using a conventional
pH measuring probe which is calibrated by using buffer
solutions.

Eligibly, the aqueous liquids comprise for the

25 greater part water, and they may or may not comprise
relatively small quantities of other components, for
example organic materials, for example esters, ethers,
alcohols or ketones, or salts like acetates,
carbonates, nitrates or oxalates, 1n particular such

30 salts as lithium, sodium, potassium, ammonium,‘
monoalkylammonium, dialkylammonium, trialkyl-ammonium

and tetraalkylammonium salts. Such other components



exanpl e organic materials, for exanple esters, ethers, alcohols or
ket ones, or salts |like acetates, carbonates, nitrates or oxalates, in
parti cul awosizanssd® salts as lithium sodium potassium arm@misee9632
nonoal kyl anmoni um di al kyl ammoni um  tri al kyl - ammoni um and

tetraal kyl ammoni um salts. Such ot her conponents 7 WO 02/078843

PCT/ US02/ 09632 may, not be detrinental to the preparation of the catalyst
or to the pel'fdr r‘rﬁﬁ‘ée BE 19T n tfse@TERERE 19 epsFat FBR of

al kenyl carbexyhaes. ot ber wirse, psveBrabhee CINPEAENiSt e | ghtnbehind
on 5 the carrier after the washing may be renoved fromthe™ carrier, for

exanpl e by fuPeRer IRastihey Prereaatilan of evhbipennt i opavpobylaeesnposition
(I-e Dy Ccabehialhgn). 0 WSlno-beoBR-Round Bu,t RRahY |L4pfs bel i eved

10 that as a resu € washing ron € §pecres are Te I%/%do?romthe
carrier, %»r ahel eastriferorafithe cdie i eashsngf aee, bshiremdveni zedhde speci es

have an influence on the precipitation and/or the conversion into netallic
speci es, such®fhafTy hef%r%ﬁ%rf‘%g? OF tHerteet vE2851i8dr ffdce SRT¥heCcat al yst

i's changed tgyan eyhgBlawhbgh §avorgythegeatabystcperforpange i nythe
preparation o?] al kenyl carboxylates. It is believed that the folfow ng

i oni zabl e spegilesratyobe-associated with these effects: silicates,
cal'ci um salts,  mhgRedtERegl 8 TR PRe T TRE Vadyets T HLF E& whi oh
conprisel®@ sahbtass spesddilad &erehabehehe ngay Be Lal1lee o Sxchaage
solutions. The presence of salts in the aqueous 25 liquids may facilitate
t he renoval BEMPHRAz&BPR the carrier, or at least from the carrier
surface, which ionizable species have an influence on
the precipitation and/or the conversion into metallic
species, such that the morphology of the active
15 surface of the catalyst is changed to an extent which
favors the catalyst performance in the preparation of
alkenyl carboxylates. It 1s Dbelieved that the
following ionizable species may be associated with
these effects: silicates, aluminosilicates, sulfates,
20 chlorides, sodium salts, aluminium salts, calcium
salts, magnesium salts, and the like.

The aqueous liquids which comprise a salt as
specified hereinbefore may be called ion exchange
solutions. The presence of salts in the aqueous

25 liquids may facilitate the removal of ionizable
species which are firmly bound to the carrier, so that
a desirable result may be achieved in a shorter time
or at a lower temperature.

Suitably, the ion exchange solution comprises the

30 salt in a quantity of at most 0.1 moles/l. Suitably,

the ion exchange solution comprises the salt in a

quantity of at least 0.001 moles/l. Preferably, the



species which are firmy bound to the carrier, so that a desirable result
may be achieved in a shorter tinme or at a |lower tenperature. Suitably, the
i on exchawgeo2aaésdsi on conprises the 30 salt in a quantityafusaromsst 0.1
noles/I. Suitably, the ion exchange solution conprises the salt in a
quantity of at least 0.001 noles/|I. Preferably, the 8 WD 02/078843

PCT/ US02/ 09632_ i h | uti i the salt in a quantit in
the range of l??o!ﬁgghg)é%e?(%%g.%gOlr#lo:cg)g‘ﬂcrgns%?les&feenﬁﬁnfdejrno"li ERRSHE L | )(;n may

be a de-ionizgd thguishn@s sFecikkbrRd heser nafd en. & Tha Mptier coment of
the aqueous liquids, in _particular when they do not conprise added salt as
to form an reRaeReERaANGE sohat seautisnpmaeradl ¢ aetiayrizedol Yawidor e

preferably a S: ggé%l?ge@hggg&&ggtle ular at least 99.9 ow, nore in

particular a reffative to the weight of the agueous
i quid. Fsequentl ¥het heatent emdniodnwater itheat anpebus99198918, otnthe sane

basis. Preferably, the agueous liquid is water. Suitably, the aqueous
| i qui ds havepér%ﬁ}i&ig R gﬁh%ﬁi t9° TR hCPBREEBRIGECRH 157 lquisou=C | i qui ds

typically dorpgh GRS e éagm@@i&ﬂ,f%mﬁw&%@xc&@nﬂ@aé@' ution.
Sui tably, the conductivity is a nmost 500 mho (mho is 52-1, or Sienen, or
S), nore suPPabivy atonepspreberahby piefleraii yoat Swesti20paholc@rt n

parti cul ar at, nost 5 n?o?g\./\/gep measur ed at 98 uent|

. ast % ré git iF{lggr at/ t]hea o
conductivity w || P at reast "9 1 Mo, rote Preaugn y at 1ﬁeas? - 2 nho,

on the sasme basps. swondudhitvivel esoar ehker aidi ghderst ooghé 0 heuabegt ri cal
conductivities, measured by using a conductivity )
lguid. Frequently, the content of water is at most
99.999 3w, on the same basis. Preferably, the aqueous
liquid is water.
Suitably, the aqueous liguids have a low
15 conductivity. Such low-conductivity aqueous liquids
typically do not comprise added salt as to form an ion

exchange solution. Suitably, the conductivity is at
most 500 pumho (mho 1is Q', or Siemen, or $S), more
suitably at most 100 pmho, preferably at most 20 umho,
20 in particular at most 5 pumho, when measured at 98 °C.
Frequently the conductivity will be at least 0.1 umho,

more frequently at least 0.2 pmho, on the same basis.
Conductivities are herein understood to be electrical
conductivities, measured by using a conductivity
25 measuring probe having a cell constant of 1.0/cm.
Suitably a VYSI Model 3401 (trademark) conductivity
measuring probe is used, connected to a YSI Model 35
(trade mark) conductance meter. Such low-conductivity
aqueous liguids are typically de-ionized aqueous
30 liquids. The de-ionized aqueous ' liguids are
obtainable by de-ionisation wusing an ion exchange

material such as an ion exchange resin, typically a

9



25 neasuring probe having a cell constant of 1.0/cm Suitably a YSI Mbdel
3401 (trademark) conductivity mneasuring probe is used, connected to a YSI
Model 35 wanadss4sar k) conduct ance neter. Such | ow conductRGA/TSp2/0863€0US
liquids are typically de-ionized aqueous 30 |iquids. The de-ionized aqueous
| i quids are obtainable by de-ionisation using an ion exchange nmaterial

h i h i i.cal l 9 WO 02/,078843 PCT/ US02/ 09632
(S:;'fi oﬁseighgﬁgg?é%t 2%])?%?5{&?516' ?H@t%%:lgﬂﬂt ¥8?rﬁheor agﬁ%lﬁni - Bxclang®mat eri al

in the basisahobm Rulchapief ermalerusi ngia Cahion maxchangeopRf erbat in the
acidic (H+) formand an anion exchange material in the 5 basic (OH) form
The extent aRdefk&aPyye BI1R@sH naiiernoexChaneei alateridle prResehe

i nvention. The. hi e arri Qut | t] ashi or it
may be a batQ %ﬁ%l?%pe(@%bg?étr}laoﬁgaTﬁgr gdqlr%x%gl bée&o}ﬂaer{q%srﬁwn%&%%tfﬁo%ﬁe nunber
of washi n§s wapial SOHDEe fawm. or three, or nore, for exanple up to five or

ten. The quantity of aqueous liquid used in the washjngs relative to the
quantity of the CEEBFi ngangl s8fot “hat eFYRF t8%t heasihient £6R. TRE washi ng

may be carrigdiavta 15 LeEPYALWHE it fange B ff.o6m 10 te 300C,
preferably at a tenperature in the range of from50.to 150%, for exanple
about 100C. Eeweved, aeninsiangcantipvpuexdissigersoput iidn, mékie beenper at ur e

(5 P 2SSl 0 AL S0 2048 R0 plorerafile phout 20 70C
conduct i vi t ythestnuriveal weS washiagsi ngysampesoof twel ebrmthrsgnpbes of the
more, for example up to five or ten. The quantity of
aqueous liquid used in the washings relative to the
gquantity of the carrier is also not material to the
invention. The washing may be carried out a
15 temperature 1in the range of from 10 to 300°C,
preferably at a temperature in the range of from 50. to
150°C, for example about 100°C. However, when using an
ion exchange solution, the temperature is preferably
in the range of from 20 to 120°C, for example about
20 70°C.

The washing may be monitored by applying a
conductivity test, which conductivity test involves
contacting samples of water with samples of the
carrier, unwashed and washed, and measuring the

25 conductivity of each water sample after it has reached
equilibrium with the respective carrier sample at 95°C.
In this conductivity test the conductivity is measured
at 95°C, the quantity of water sample is 3 g/g carrier
sample and the conductivity of the water prior to the
30 contacting with the carrier sample is 1.5 pmho at 98°C.

Water eligible for wuse in the conductivity test is
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carrier, unwashed and washed, and neasuring the 25 conductivity of each
wat er sanple after it has reached equilibriumw th the respective carrier
sanpl e atwebi2/078d48 t hi s conductivity test the conductivitydmusweasiseed at
95C, the quantity of water sanple is 3 g/g carrier sanple and the
conductivity of the water prior to the 30 contacting with the carrier

sample is 1.5 o at_ 98C. el i e for use in the conductivity test
is 10 WD 02V8 8543“%?%8%)%/ J\%ﬁder URHiNh Ps gatioRi 24CIARYY a

cation eXChaﬂQ@erﬂBle&haEHé1ﬁm%bb%e%hh faor naangh, adk &, exghange materi al
inthe OH(err) form Typically the carrier is washed to the extent 5 that

in the condué®i ¢heyOtlestoxme conduct|V|ty nmeasured for the washed carrier

is less than 50 % vaI nd for, the upwash alyst referably
| ess than 30 nore géeF%?§B|y Bss #ﬁ&ﬁréo % n%q%eqf1y, the e ?$ is

washed t o5 t hehext enitn t hahel0 dohditt iGdrguUCttebty test thendrasiy ety
conductivity is at least 1 % nore frequently at_|east 5% of the val ue
found for thBeaARESHed at Bt stashedi €arryethelTatefer thatwadhéd 2% the

extent thatijg the . condygld Vféﬁ/ LSt um%sﬁe@dtt%ﬁavlﬁ}s\& @ﬂ for the
ca an 75 0

washed carrier is less than mho, nore typi I'es’s ,
preferably IéSSSthahanSOBﬁhow Th@r@arpmeﬁema@lbe wgehedthanh 28 t%. achieve

that th L din th duct t
posi bl 6. HoWbUBIST Y pr 4811 &S 20" G LG ey b aashid To THE oxt ent

t hat theio comﬂuehlewdc)hdmf@wﬁq/ lﬁbéﬁletﬁendmeetsu\ﬂew dertudts vialoves 2 mho,
nore frequently above 3 nho. As an alternative to, or in addition to
washi ng at” least 1 %, more frequently at least 5% of the value
found for the unwashed catalyst.
Typically the carrier 1s washed to the extent

that in the conductivity +test the conductivity
15 measured for the washed carrier is less than 200 pmho,
more typically less than 75 pmho, preferably less than

50 pmho. The carrier may be washed such as to achieve
that the conductivity measured in the conductivity
test is as low as possible. However, in practice the
20 carrier may be washed to the extent that the

conductivity measured in the conductivity test 1is

above 2 pmho, more frequently above 3 umho.
As an alternative to, or in addition to washing
the carrier, one or more materials from which the
25 carrier 1is formed may be subjected to a series of
washing as, and to the extent described hereinbefore.
Subsequently, the carrier may be formed from the
materials by conventional mixing and/or shaping
methods, such as extrusion.
30 The Group 8 metal for use in this invention has

suitably an atomic number of at least 44 and at most
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the carrier, one or nore materials fromwhich the 25 carrier is fornmed may
be subjected to a series of washing as, and to the extent descri bed

her ei nbef wioen2/0784bsequent |y, the carrier may be forned fraawbe2/omsteri al s
by conventional m xing and/or shaping nethods, such as extrusion. 30 The
Goup 8 netal for use in this invention has suitably an atom c nunber of
at | east 44 g d at st 11 WD 02/078843_ PCT/ US02/ 09632 78. e nor e
Group 8 netal apyl i B@Fe pREPEPab y M4 S BiFY 8PRet 4PP Jse‘gal | adi um

Preferably, bhersabshyst ths based anrac@oup bhiiEetak, in addition to a
Goup 8 netal. One or nore 5 Goup |b netals may be applied. The Goup Ib

metal is preferaBF?fgéslaHlYThéifteerﬁ%taty%)@plg rEsed anda” (§?JUU{P | Honet al "
as used hergE@ _ri_ef er, t?d{jggl%t S gf Ggoglgjopub dch(_s‘Lr ouBnEZ rv\élgéfgctlvely,

of the Perio able” o enent fed in (Ed,)
" Handbooks of GrEhpnilbt mgtand Blysikes'"sphdida .edimh@rsr&laﬁ Poesstal nss de
cover. In a preferred enbodi nent, the catalyst is based on palladium as

the Goup 8 ﬁﬁﬁgﬁré]ﬁ%lyg@l’a as the 15 Goup |b netal. The term"Goup 8

metal /carrier conppsi tib@Rs, “%%oulgﬁ%d RErAIN IR &1 e 1@ &y HOPPPsidd on
conprising the carrier and a Goup 8 netal dispersed on the carrier,

i rrespecti veuﬁfedV\/&v@ttI%m tmﬂf@ otp &heetwtals presenbuR0 fasared GGouyr 8 net al
poci oo, Sulbabl y oHE e B metal | EBfpons 1aﬁacopt T8l 1yt he B oup | b
met al COII@OUEdeménﬁl’se‘élsplﬁxﬂil&tdshed in R C Weast (Ed, “Handbook of
| Chemistry and Physics”, 54 edition, CRC Press, inside
cover.

In a preferred embodiment, the catalyst is based

on palladium as the Group 8 metal and gold as the
15 Group 1lb metal.

The term “Group 8 metal/carrier composition”, as
used herein refers to any composition comprising the
carrier and a Group 8 metal dispersed on the carrier,
irrespective of whether the Group 8 metal is present

20 as a Group 8 metal compound or Group 8 metal compound
precursor, or in the form of metallic species.

Suitably the Group 8 metal compound and
optionally the Group 1b metal compound is precipitated
onto the carrier by pore impregnating the carrier with

25 one or more agqueous solutions comprising a Group 8
metal compound precursor and optionally a Group 1b
metal compound precursor and then precipitating the
Group 8 metal compound and optionally the Group 1b
metal compound onto the carrier from such solutions,

30 by using a precipitating agent. In more detail, the

applicable materials and methods may be those as
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onto the carrier by pore inpregnating the carrier with 25 one or nore
aqueous solutions conprising a Goup 8 netal conpound precursor and
optional | woen2@7gs4p | b  netal conpound precursor and then mpaaieosdszng t he
G oup 8 netal conpound and optionally the Goup Ib netal conpound onto the
carrier fromsuch solutions, 30 by using a precipitating agent. In nore

detail, the _applicable materjals t ho e ose as 12 WO
02/ 078843 P_C‘?‘Fé%é?FGgasén d?@d%é&gﬁi S- ﬁ%@ﬁr}?&gﬁwiﬁ 53 70887%and US- A
5189004, whi ghga064i, n¢anpar atediherebd iy cteherensenyThe reelurm of an
i npregnation solution preferably corresponds to at [east 80 % preferably

95 to 100 % 5 of Thie pdter gfscptirepredpaiciey spluhkorapreéerablygi bl e
G oup 8 met akﬁ%@%&%&ﬂﬂsprt%cﬁéoiéaggd 8oG%);PPkgngéﬁi%C%ch”&ﬁ%gée%‘”Sors

are for exanple er soluble aci and s S, suc s “chlori
ni trates,sni bffi the andesubbatepriBPnetepredtsuc Gheupat@i8rcont ai ni ng aci ds

and salts are pallﬁdiug1(lgg chl gri de alladium (11) nitrate, and
pal ladium (11) sE&fEE lan,r94Pp§rtW€EP r, CSHAf pEFESYTEALE! | §Frd

tetrachlori deroRpef €51 e t3UCh-GhodAnkd PRLEL sSPH &I NGRCi d3aapd. sal t's
are auric (II1l1) chloride 15 and, in particular, tetrachloroauric (I111)

aci d. The pr@eipict asphgbbgeritcidel wies fsorltexanpleh abkal chhetafes,
hydr oxi des, al.kali metal.,bicarbaonates | kal i tal_carbonates and,
preferably, gFE§ %eﬁétgﬁtrél Pca gsfﬂ%ﬁﬁ%%ﬁﬁ'e a]%E%Fﬂﬁ%{aT%g%rér?P?hiun1'
sodi um 2 and pebassiuingThacpaef emrel LGP tatd NpaYEMins  $0dj um
silicate. A useful formaof sodiumsilicate is sodiumnetasilicate

pent ahydr at eSP¥RELIFReciRBFEIINE a4feht T lit-abfyd uded Lasliam ekEbks

relative to th€frate and, in particular, sodium palladium (TT)
tetrachloride. Preferred such  Group lb  metal
containing acids and salts are auric (III) chloride

15 and, in particular, tetrachloroauric (III) acid.

The precipitating agent includes for example
alkali metal hydroxides, alkali metal bicarbonates,
alkali metal carbonates and, preferably, alkali metal
silicates. Suitable alkali metals are lithium, sodium

20 and potassium. The preferred precipitating agent is
sodium silicate. A useful form of sodium silicate is
sodium metasilicate pentahydrate. The precipitating
agent 1is suitably used in an excess relative to the
Group 8 metal and optionally the Group 1lb metal, taken

25 together. For example, the.precipitating agent may be
used in a quantity of 1 to 3 moles, preferably 1.5 to
2.5 moles per mole of Group 8 metal compound
precursor. If the Group 1b metal precursor 1s present
an additional quantity of the precipitating agent may

30 be used, for example 2 to 10 moles, preferably 2.5 to

8 moles per mole of Group 1lb metal compound precursor.
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G oup 8 netal and optionally the Goup Ib netal, taken 25 together. For
exanpl e, the precipitating agent may be wused in a quantity of 1 to 3
nol es, prefoenatésssl.5 to 2.5 noles 'per nole of Goup 8 metralsoeoysound
precursor. If the Goup Ib netal precursor is present an additional
quantity of the precipitating agent may 30 be used, for exanple 2 to 10

nol es, preferabl .5 to .8.noles per mole of Grau nmet al . conpound
recursor - 13 W63/ §788A% BeHDbTIORs LS TRECAFEEPIY SOy oG | s

preferably usgde8ssaBca@aHs SOt i QBuedlle adueRUDSaAld i epoh@s1iypically
a volune sufficient to cover the inpregnated, wet carrier particles. As an

al ternative, aaftekuthe S1ifirgrat iton @evierongher Abpecgophtiedlonsv@onpri sing
a Goup 8 ”c?é?l:i&?”PﬁngiBﬂgg?rsorA nd théf{@%%é’iaf\feaoéjf’téxb Bl 2l

conpound precursor, e carrrefr particles may rietd and Subsequently

i npr egnatsed imptogantaqueadshsobnd i on e | SODgtlibespremippiitahignga 10
agent. In the latter case, the volune of the aqueous solution of the
preci pi t ati ngtagent® t vt | FORAYRES pBRESIES 4t  PBESt OBBI 9% bl¥f e abl y 95

to 100 % ofgihgovatey ahserpti QRnERRAG tYoRichhofarrig. The femperature
at which the precipitation may be 15 carried out is typically 1in the range

of from1 topan®dClenpmeny ypiecafltyed n ande sahgedokntigm BnpieBGGE,ed f or
exanpl e about.20C. The reaction,tine applied iin the precipitation step my
o for  examl EOAt Aedei I hoRr st 5 cBBnkFEr ufley B MES B e “and 1
may 20 be fosigexanpl enupte 1000 UESse IOERet YRRkl WA ttHS aduede range
of from6 to 40 hours, for exanple 24 hours, During the precipitation, the
particles ne§obetireit Sfatikheor RFRSLFR}2bENFovedtd?Rl at i Ptk He

corresponds to at least 80 %, preferably 95 to 100 %
of the water absorption capacity of the carrier.
The temperature at which the precipitation may be

15 carried out is typically in the range of from 1 to
100°C, more typically in the range of from 5 to 50°C,

for example about 20°C. The reaction time applied in
the precipitation step may be for example at least
2 hours, more preferably at least 3 hours, and it may
20 be for example up to 100 hours, more typically it is
in the range of from 6 to 40 hours, for example 24
hours. During the precipitation, the particles may be
left static, or they may be moved relative to the
solution of the precipitation agent, or relative to
25 each other. For example, the particles may be moved
relatively to each other during the initial stages of
the precipitation, for example during the £first
15 minutes, or first 30 minutes, or first hour. Upon
completion of the precipitation, the ©pH of the
30 precipitating solution is preferably in the range of
from 6.5 to 11, for example 6.5 to 9.5, but more

preferably it is in the range of from 7.5 to 10, in
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solution of the precipitation agent, or relative to 25 each other. For
exanple, the particles may be noved relatively to each other during the
initial swapes7efs3 the precipitation, for exanple during trga/foes963215

m nutes, or first 30 mnutes, or first hour. Upon conpletion of the
precipitation, the pH of the 30 precipitating solution is preferably in the
range of from6.5 to 11, for_exanple 6.5 to 9.5, but nore referably it
is in the raRgetdfutabmizon to 21050 &/ whem@@ﬁ@?@msatpc%@i%oz/ﬁ%sz
particul ar f . At , NRAS T fi I—!Eai;_/ e
adj usted by ?:ﬁglﬁgu% ]@ﬁg g\gnoﬁanr&tj of #{123% %?hé’@% ga?tﬁ% %Ig@%?‘p e kcl:]%anti ty
of the G oupp8eakpatatdnpoagdntd precursor may be such that in the catal yst
as prepared the content of the Goup .8 netal is typically in the range of

from 10 to 500 nmbPes/RY2BAE&YysCL afde plEdmabls iTetde rafgROW from 20

to 200 mpl _?_%é&gur§é£aﬂnx§t bel QuceXaRle jabode ntaml s/ k9 Prepboyy 10 138
nmol es/ kg. e quantity of the Goup I b netal conpound precursor may be
such that inthéeceatahystofastpeepares & metcoht éat tobided 1Gr oup the netal is
typically in_the rapge_.of fr l1..to ol es/.kg catal yst, and 15
preferably i hthe rgggefgfmf rg@ 5 ttoo T i qliees%/kkggg c%?%?%%%?’ foarndéxarrpl e
about 37.2 nppkestkglor iabothe Gamrg®l €8/ kgomlheo preci poo atedl &3 okp 8 net al
conpound and, if_ present, the Goup |b netal conpound may be converted 20
into netalli€2kpe¥Fes. Pt heXelBhp s2hethl h PRelerokp schet@Otorpound
and, if pyeseng,hbecSyeyp b metal .in the Goup Ib netal conpound are not
in their

ol

The quantity of the Group 1b metal compound
precursor may be such that in the catalyst as prepared
the content of the Group 1lb metal is typically in the
range of from 1 to 200 mmoles/kg <catalyst, and

15 preferably in the range of from 5 to 100 mmoles/kg
catalyst, for example about 37.2 mmoles/kg or about
65 mmoles/kg.

The precipitated Group 8 metal compound .and, if

present, the Group 1lb metal compound may be converted

20 into metallic species. If the Group 8 metal in the
Group 8 metal compound and, if present, the Group 1b
metal in the Group 1lb metal compound are not in their
zero valence state, the conversion into metallic
species may be accomplished by reduction. Suitable

25 reducing agent and reduction methods are known from
US-A-4048096, US-A-5179057 and US-A-5189004, which are
incorporated herein by reference.

For example, the reduction may be accomplished by
using as a reducing agent diborane; amines, such as

30 ammonia and hydrazine; carboxylic acids and their
salts, such as oxalic acid, potassium oxalate, formic

acid, potassium formate, ammonium citrate; aldehydes,
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zero val ence state, the conversion into netallic species may be
acconpl i shed by reduction. Suitable 25 reducing agent and reduction nethods
are knownwo @m78dds- A- 4048096, US- A-5179057 and US- A- 51890 T/vgeno9n3ar e

i ncorporated herein by reference. For exanple, the reduction may be
acconplished by wusing as a reduci ng agent di borane; am nes, such as 30

ammoni a and hydrazi ne; carboxyljc acids .a their _salts, such as oxalic
acid, potass?éﬁ#o?ﬁl§P§9aﬁ&%%&§e%uﬁ9f ﬁﬁ#%h%ﬁ%ﬁnq¥§%ﬁﬁ%9 BRROH ™ citrate;
al dehydes,  184qM@i8g/ Q(3RA3 PSIENSR 0PRALsessuchl ashb okl dehy denan

acet al dehyde; hydrogen peroxide; reducing sugars such as glucose; al cohols
other than Fedueing sugeass,suchuad metshanesthaobt hamsl ;. epdydydri c

phenol s, suc F QQqui an tec ; . en;_ga oxi de;
bl et ns, sucho a2 HRu ahaetBE sl et s e S el e B o  de.
The redusti agdrayehe ecanbosd mtioxidan aguebws, seludhi s abhgheconpri ses

for exanple at nost 50 nole,  preferably at nost 25 nole of the reducing
agent per 10PKBPERSBf aBDup SERFEAS pr 8Sent O R h@EIWF B et al TR¥npound

and, if presembyucthenGraUp LB mBialidd the & owp LRuehal sorpound. This
will frequently result 1'n a conplete reduction of the Goup 8 netal and,

if present, wvhhehG cugmptigest al foSui teddnpleso mich mfst he 505 rrelei ng agent

is used which is sufficient to c lete t reduct.ion_of at l.east 90 %
nor e suitabl?rS?efﬁgiY BB ?Egmegguﬁfgq%giaFegHS}npfEié%%%n??rthe

G oup |lp mehalet maretabhpc sspretes. geaferably, thedrogenpi 8 enptoayed as
the reducing 20 agent. Wen hydrogen is enployed, typically no liquid
di luent is pFeseARndt Wichal 1§ PHESaESol Uthe pPESSEr el smetal” 1n the

Group 1lb metal compound. This will frequently result
in a complete reduction of the Group 8 metal and, if
present, the Group 1lb metal. Suitably, so much of the
15 reducing agent is used which is sufficient to complete
the reduction of at least 90 %, more suitably at least
99 % of the Group 8 metal and, if present, the Group
1b metal to metallic species.
Pre%erably, hydrogen 1is employed as the reducing
20 agent. When hydrogen 1is employed, typically no liquid
diluent is present, typically the absolute pressure is
in the range of from 50 to 2000 kPa (0.5 to 20 bar),
more typically from 100 to 1000 kPa (1 to 10 bar),
typically the hydrogen partial pressure is 1in the
25 range of from 1 to 2000 kPa (0.01 to 20 bar), and
typically the temperature is in the range of from 10
to 300°C, more typically from 50 to 250°C.
In another preferred embodiment, hydrazine 1is
employed as the reducing agent. When hydrazine is
30 employed, typically an aqueous diluent is present, and
typically the temperature is in the range of from 0 to

100°C, more typically from 5 to 50°C, for example 20°C.
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in the range of from50 to 2000 kPa (0.5 to 20 bar), nore typically from
100 to 1000 kPa (1 to 10 bar), typically the hydrogen partial pressure is
in the 25woangessad from1l to 2000 kPa (0.01 to 20 bar), armtT/tSopieak|y the
tenperature is in the range of from1l0 to 300C, nore typically fromb50 to
250C. I n another preferred enbodi ment, hydrazine is enployed as the

reduci ng agent. en hydrazine | 30 enpl oyed,  typical an agueous
di | uent gi sgprese\r?e,omﬁﬁﬁal[ﬁﬁfléalqi Fﬁgquﬁ%e%gFf}Fé:’y%%aX nl)%hélsr ge®df fromoO
to 100C, nDEQot Wi Gadty EEAYALEO Rlctin exeemps emdYChe 18poM0:1 84/ 078843

PCT/ US02/ 09632 Conbi nations of reducing agents may be used, or two or nore
separ at e redBeti GxaEwRdFs nElye berggplrilédtedrdrraxkanpl @ctidhe peeeppidat ed

G oup 8 netal_gonpoun if se i p d o] metal 5
conmpound myggg’regﬁcg%r?%g%gft g\nﬁ%h gﬁ??%@ﬁ&e (gcidr;l%g& ge%, UIE%J?Qle‘xarrpl e
about 20 %9 nmobmpoundboutly 4@ %drbhe=d oinapaut GAt% rolfeiodt t hedhoiny of

Goup 8 netal and Goup |b nmetal (if any), and in a subsequent step, the
remai ni ng paffShay BETr SHATET i AT seloRrdmPeBulitng P ageht s AReSf i r st

and second rgdugiRgragents @y, badependentdly be gebegt ed f4om thegyreduci ng
agents described hereinbefore. Preferred first reducing agents are

sel ect ed frofitodbbdbanetaadni(ids arsich agsl dmmoni silaselusgnlr astee; ths

car boxylic a%iGdsiag.Lqu t hei I sal tsbesucekgj1 acsecpx‘gl {ﬁ: aci d,C&poé ass(ijum oxal at e,
form c acid, pro“?ars}m Bmtformat e , ©Samoni um ci trat &; Al erhydjé%;ug'h%% as

f or mal delydeageatet al delwdesihydr egen pecoxidderetediggngagugass wagh as
gl ucose; pol yhydric phenols, such as hydroqui none 20 and catechol; or
sodi um bor ohyBFFBEERITRELPr Pr regfiected from the reducing agents

described hereinbefore.

Preferred first reducing agents are selected from

diborane; amines, such as ammonia and hydrazine;

15 carboxylic acids and their salts, such as oxalic acid,
potassium oxalate, formic acid, potassium formate,
ammonium citrate; aldehydes;, such as formaldehyde,
acetaldehyde; hydrogen peroxide; reducing sugars such
as glucose; polyhydric phenols, such as hydrogquinone

20 and catechol; or sodium borohydride. The preferred
first reducing agent is hydrazine.

The second reducing agents may suitably be
selected from hydrogen; carbon monoxide; alcohols,
such as methanol and ethanol; aldehydes, such as

25 formaldehyde and acetaldehyde; and olefins, such as
ethylene, propene and isobutene. The preferred second
reducing agent is hydrogen.

The reduction in which the first reducing agent
is employed 1s preferably carried out as a liquid

30 phase reaction, i.e. a reduction which involves
contacting the Group 8 metal/carrier composition with

the first reducing agent present in a liquid phase.
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first reducing agent is hydrazine. The second reducing agents may s
be selected from hydrogen; carbon nonoxi de; al cohols, such as net
and et hanelg 02alglabydes, such as 25 fornal dehyde and acet almahysienda
such as ethylene, propene and isobutene. The preferred se
reduci ng agent is hydrogen. The reduction in which the first reduci

LS preferably carried out as a liquid 30 phase reaction, i.e.

_ _ \anﬁﬁchr?‘ﬁ%&q ¢ont ?}hgtgﬁe ﬁ%‘ﬂ}é Srﬁ@PSFPEar%geé“rt coffiposi ti on

with the fi éﬁbl”oﬁ@ﬁmﬂg 3oeite ISBENicdrtidd | gutd phase. g k7 ¥Q,9¢/ 078843
e

ol efins,

is enpl oyed
a reduction

PCT/ US02/ 09632 T

reduction in which the second reducing agent is

enpl oyed i s precéiably lo@rri ad mduasien gasiphasevalemst i onntaceing

reducti on wh
with the sec
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t
educi ng agen? pr esen gas ‘phas

uitably
hanol

nd

cond

ng agent

osition
ence of

a conti nupusrkdquidgphaset prierabl inia the pahsencerofti@e! kEBedcphase. In
a particul ar enbodi nent, a major. anount of the precipitated Gou
conpound and®fi f apr ESBHLNUCHS t He PHeti Fhaied ®RGUETI et alncohPs

be reduced igpkhecki gy d anﬁgdrgﬁ%ggqn_by using the first reducin

This may be achi eved by enpl oyi

g a suitable anount of the first r

8 net al

und may
g agent.
educi ng

agent and al | owi ngnt he phirtdculeducmgpdgent t @ I conmpiretehy ofatheaway.

y to

More of the first _reduci,n agent nm e needed i f it, has.a tendenc
deconpose, BﬁﬁgﬁpﬁﬁégﬁgeggFV&hgérggéé%ﬂ??ﬁﬁﬁﬁ? oﬁgd’TﬁéfnﬁfﬁFengnnunt may
be at |east %56e% pokeipandrpuef erally o mtdEepreseiiudd ommdP tpe99

nore preferably

% nol e,

15

20

25

30

reduced 1n the 1liquid phase reaction by using the
first reducing agent. This may be achieved by
employing a suitable amount of the first reducing
agent and allowing the first reducing agent to

completely react away. More of the first reducing

agent may be needed if it has a tendency to decompose.

under the prevailing reaction conditions. The major
amount may be at least 50 %-mole, and preferably it
may represent from 70 to 99 %-mole, more preferably
from 80 to 90 %-mole, of the total of the Group 8
metal and Group 1b metal (if any). In this particular
embodiment, the reduction with the first reducing
agent may be followed by the purification step (c),
subsequently optionally by a drying step as described
hereinafter, and thereafter the remaining part of the
Group 8 metal and Group 1lb metal (if any) may be
reduced with the second reducing agent, in particular,
hydrogen. This sequence of steps is advantageous as
problems are avoided which are associated with the
disposal of excess, unconverted reducing agents (these
may be noxious materials, such as hydrazine), while it

minimizes possible losses of Group 8 metal and Group
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20 from80 to 90 % nole, of the total of the Goup 8 netal and Goup Ib
nmetal (if any). In this particular enbodinent, the reduction wth the
first reduwog7ssaagent may be foll owed by the purificati on FRITAR0R0I632
subsequently optionally by a drying step as described 25 hereinafter, and
thereafter the remaining part of the Goup 8 netal and Goup Ib netal (if

any) may be educed wi th the second reduci ng . agent, .in particul ar,
it ogon. ThiR Gehod it BEERENTY atbaMiagaone. B ETGRReRE. af tohvol ded
which are asgegi at@d Wit h ddes 30 dhspegdl afe 18X cas metICONVeshed; Egduci ng

agents (these may be noxious nmaterials, such as hydrazine), while it
m ni mi zes poSBi Bike | egtasyot - G oliprBhawt alitanbdasy e xPER WA 102/ 078843

PCT/ US02/ 096 l,b | (if ent ) ri . .fication (c),
bnd it eadstoung h‘rr%%tayub | (PBPERERE] i sggféﬁgﬁagﬁéh e o ahjs'/éﬁngurther,
it has unexpeahedl yrdeenof ound thatgdy phpkyi ngeddtel @onminratdaon of a
liquid 5 phase reaction and a gas phase reactjion instead of applying the
li qui d phase@PB&¥iPEn TOF yL1ThER ePR&SEN TSafirRen®mt Y i nthRESdishefBity of

the nmetalli CiﬁB%iv%_ﬁenic”ihheclfét@iiyﬁérs% me@suhed [ £ § NCLsasedscar bon

nmonoxi de chem sorption of the catalyst. It is 10 theorized that a better
di spersity ofint Heveretatbhlgstspes emehendsdt dyanan npmowed seat abysibon

per formance. | n _anat her . enbodi_nent t he o] 8 netal _conpoun precur sor
Pnd 11 oy osBRAo R e R RE R DR e arSp 75 HBEal CESABSERG. pr ok boF o1 s
precipitad edtapdreonvertiet: 1% | peetaet alil $se6pLEy e Ntaae séepii1fel | ow ng

for exanple procedures as disclosed in WO-99/08790 and WO 99/08791. This
neans that i BPERéSEat8r{ 8t tPr epalBProNcdacesrdiva§ PBrRIrEaNAPanti on step

(b) and step (c) HRY another embodiment the Group 8 metal compound
precursor and, if present, optionally the Group 1b
metal compound precursor is precipitated and converted

15 into metallic species 1in one step, following for
example procedures as disclosed in W0-99/08790 and WO-
99/08791. This means that in the catalyst preparation
according to this invention step (b) and step (c¢) may
be carried out as a single step.

20 The purification treatment suitably involves a
series of washings of the Group 8 metal/carrier
composition, with one or more agquecus liquids, with
the objective of removing at least a portion of the
useless chemicals, which are left on the Group 8

25 metal/carrier composition after accomplishing the
precipitation of the Group 8 metal compound on the
carrier, and, optionally, after converting the Group 8
metal compound into metallic species.

Eligibly, the aqueous liquids for wuse in the

30 purification treatment may be selected from the
aqueous liquids as specified hereinbefore for the

washing of the carrier of steps (a). The purification
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be carried out as a single step. 20 The purification treatnent suitably
invol ves a series of washings of the Goup 8 netal/carrier conposition,
Wi t h one woO omvres4aqueous |iquids, with the objective of rrEmwSREIEL | east
a portion of the wuseless chemcals, which are left on the Goup 8 25
metal /carrier conposition after acconplishing the precipitation of the

G oup 8 metaJc conpound on the carrier, and, optjonall after canverting
the Group 8 Jﬁ%‘?g’iﬂeegnﬁl@fn S n?%rﬂje?gl Iolug cte .emE?FéFBW, ltnhe)é)}é\ ueous
l'iquids for in_ th 0 i fhgaédoNn b romthe
al:]ﬂgloug i qu#%lgg%s ngggiofnl eogu#ér %lﬁgbde’f OPEEF%%Q§E% g\%)a/ts ?tnegﬁ%%%tﬁgr%ar rier

of steps (a)inThRePHEhEECEE PRom1 WO 88¢®, 78843 RGHIIROHKNNE32 04 eat ment

may be carried out at a tenperature in the range of fromO to 100C,
preferably at a tEnperatnifdcatiarhetirgagacot fimayn Het onsoLtored dxanpl e

about 20C. The purjfi Lon_treatnment m nitored by .5 any ,suitable
neans, f(c);r e%g I%h%ic/gg%%l ylln%agshe %&Cndé}:{t%l% I tey Eb st aféyl(}’elsncgri btehae

her ei nbef or econdhitetnatyvel yedthe pusi fi catsoepibegat midrambdBor&pni t or ed
by follow ng_the di sappearance of contam nants which are to be renoved,

such as sodithtgHRbRESEY, chEBRi dPULE I Kok ancer Sf EReRhe A&Vur @9f, for

exampl e, thenGoup- gyt gy corpaund, AreCur g, tBEsaRpeskakal ing,agent and
the reducing agent. In this respect, Teference my be nmade to

US- A- 4048096¢01S2AL 817908 1ahd S AE6§18800Kkmaredh smehi asorpuiiated 15
her el 1 ¢ CLEHET (PR 5B LPR-ARSBAIE S BBkl JBY o
for example, the Group 8 metal compound precursor, the
precipitating agent and the reducing agent. In this
respect, reference may be made to US-A-4048096, US-A-
5179057 and US-A-5189004, which are incorporated
15 herein by reference.

The purification treatment, i.e. step (d), may be
carried out after step (c) and before an optional step
(e), as described hereinafter, or after step (b) and
before step (c). As set out hereinbefore, it may be

20 advantageous to carry out a step (c) before step (d)
and to carry out ancther step (c¢) after step (d), and
suitably before an optional step (e).
The present process for preparing a catalyst may
comprise in addition the step of (e) impregnating with
25 a source of an alkali metal, such as disclosed in US-
A-4048096, US-A-5179057 and US-A-5189004, which are
herein incorporated by reference. Any source of an
alkali metal may be used such that the alkali metal
deposited on the Group 8 metal/carrier composition can
30 form an alkali metal carboxylate or maintain the
presence of an alkali metal carboxylate upon contact

with an carboxylic acid, such as during the subsequent

20



(e), as described hereinafter, or after step (b) and before step (c). As
set out hereinbefore, it nay be 20 advantageous to carry out a step (c)

bef ore stweo 2dyss4and to carry out another step (c) after sapusodp9esand
suitably before an optional step (e). The present process for preparing a
catalyst may conprise in addition the step of (e) inpregnating wwth 25 a
source of an al kalj metal, such as disclosed in US A-4048096, US-A-5179057
and US- A- 5189894 0wt Grrl vt eith i r PEFRREHC Y r BF erfdhcel & sour ce
of an al kaltapBbal,1g8% . be used such that the alkali metal deposited on
the Goup 8 netal/carrier conposition can 30 forman al kali netal
carboxyl ate or nafnisghlehesopresencefofaan alkali meatdl carboxyfate upon

contact wth_an carboxylic aci uch uring the suhseguent, .20 WO
05 078843 PCTFERBSR 00835 0 11 “ T he. CALBPYLEoRy FHG pr dbSrat SRLEr an

al kenyl xaryoxyhate.mSuil ablesmirgestad. an al kaki n@iphlare feoral exanpl e
al kali nmetal carbonates and, preferably, 5 alkali netal carboxylates. The
al kal i met al CREPBBXYREBe %St yHivedlddL Her i W iMedm afkBRo ear UBXYPi ¢ aci d,

such as butyrhey,geldicPLeREONISGACI L BRfy -PEELERAD! &4 i& agtdy The
al kali netal nay bg lgn? oné or nore o? I?fﬁiuﬁ;lséd%ﬁﬁ?ﬁbofésg€un1 10
rubi di um andacési prefPrebéyabkyettibeaalikal i Thet sllkiad i poitasisinay Ghe
preferred al kali mnetal carboxylate_.is tassi um acetate. The quantity of

the alkali neP&l CC&rb&yl &A% s ?hpi APy Bch RHET he RFRET 71 al
content af thebgatahyshd Tesiue repgeepibiyomBelati@ald mgmlie/ kg, nore

preferably fromO0.2 to 2 nole/kg catalyst, for exanple 340 mmol e/ kg, or
585 nnD|e/kgpotassium. The preferred alkali metal carboxylate is
potassium acetate. The quantity of the alkali metal
carboxylate 1s typically such that the alkali metal
content of the catalyst is in the range of from 0.1 to
15 5 mole/kg, more preferably from 0.2 to 2 mole/kg
catalyst, for example 340 mmole/kg, or 585 mmole/kg,
or 765 mmole/kg, or 1560 mmole/kg.
The step of impregnating with an alkali metal
carboxylate may be carried out at any stage of the
20 catalyst preparation. Preferably, the Group 8
metal/carrier composition is impregnating with an
alkali metal carboxylate after step (d), in particular
after step (d) and step (c).
At certain stages of the catalyst preparation it
25 may be desirable to perform a drying step. Drying is
typically performed at a temperature in the range of
from 50 to 300°C, more typically in the range of from
80 to 150°C, for example 90°C, or 115°C, or 120°C, using
an inert gas, such as nitrogen or helium, or air.
30 A drying step may be carried out, for example,
following the initial carrier washing (cf. steps (a)),

following the purification treatment (cf. step (d)) or
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or 765 mmol e/ kg, or 1560 nmol e/ kg. The step of inpregnating with an

netal carboxylate may be carried out at any stage of the

pr epar at | v
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typically pé#?%%ﬂ%ﬁnﬁt

al kal i

20 catal yst

02Red4er ably, the Group 8 netal/carrier conposSiRATOPSORS9632
inpregnating with an alkali netal carboxylate after step (d), in

after step (d) and step (c). At certain stages of the c
25.nayt§¢ desirable to performa ?éy!ng st ep. in
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typi cally infde rangesetpf riom +8Q t@adddest f PYrpeamlied06n afnhddpC, or
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step may be ku@i@dd aye, invplekdnpred drolinewistgorhaftsin ivdiicdarther

120C, using

washi ng (cf.
(d)) or 21

B 05T abry e 8o B P b reTC he et o

(e) Preferablyy opbeatashsstepch nas heitaiabyshdpsepatmedgi on in which
involved is a drying step, after which the catalyst may or nmay
not be subjected toeesSRIvAT yWhEChr y1Hpdt LRI Sycnthe Mmathers

sieving. Thegeatalysl Wabebihseprepar ed by the meihods Jdesari e .
herei nbefore is typically a shell type cafalyst, i.e. a catalyst which

conpri ses theatzhyatyti cald.y asti veatspecsies, whish t heo@oupe8 10tmetal lic
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90 nole-% of the Goup 8 15 netallic species may be
WP¥ heRaReesyuff agele—% of the Group 8 metallic species

may be distributed within the surface layer extending
at most 2 mm from the surface of the carrier. In more
preferred embodiments, 90 mole-% of the Group 8
metallic species may be distributed within the surface
layer extending at most 1.5 mm, in particular at most
1 mm, from the surface of the carrier. Frequently the
surface layer in question extends at least 0.05 mm, in
particular at least 0.1 mm, from the surface of the
carrier.

The present process for preparing an alkenyl
carboxylate comprises reacting a mixture comprising an
olefin, a carboxylic acid and oxygen in the presence
of the catalyst of this invention. The process is
frequently a gas phase process, wherein a gaseous feed
comprising the reactants is contacted with the solid
catalyst. The catalyst is suitably present in the
form of a fluidized bed of catalyst particles, or,
more suiltable, in the form of a packed bed. The
process may be carried out as a batch process,
however, it is more suitable to carry out the process

as a continuous process.
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| ayer extending at nost 1.5 mm in particular at nost 1 nmm fromthe
surface of the carrier. Frequently the surface |layer in guestion extends
at | east WOO®/ome843in particular at least 0.1 mm from t hecawsoaoss3of the
20 carrier. The present process for preparing an al kenyl carboxyl ate
conprises reacting a mxture conprising an olefin, a carboxylic acid and

oxygen in the presence of the catalyst of this invention. TJ;ﬁpprocess is
25 frequently a gqé]élephas‘éaﬁ?%}é%@%? whe? &l a g%\§eousp:f@e§%ra13 ri stng the

reactants isyseatachbedymth thei $0l i dorcat alusiplelhepgayalyst dsiguitably
present in the formof a fluidized bed of catalyst particles, or, nore
sui tabl e, i nP¥eRiPBi afid, patkedebetabIeagotproacssd - may be carried out as

a batch process, ot r jta rry cess as
a continuous pr ocggg%;g%% 85/ §¥g§£§l§%ﬁu&§}%®§%r{7h€&%a€%€a§nﬁ§c acid
i s preferabl y-laubenecar baaputceras d, fisokexand,e bupybpglaaed, psoOpionic

acid, or preferably acetic acid. The olefin is typically a nonoolefin, for
exanpl e 5 1PHetRARRPCLY- BLRBHERSi sobut ene, propyl ene, or preferably

ethyl ene. Mst prgferably.rd g 1GAr boxYl | €2 A5bLy1 ScacRlic 18Cigband.the
olefin is ethylene, in which case the alkenyl™ carboxylate is vinyl
acetate. 10 Jhedquant i theofolediiboxybi cctdniens, sant abhich ncasshe tlamge of

from1l to 20 % ol e, mye. s <1:1 abi ‘irn tlfe range of from5 to 15 % nol e,
el ative o ThERURDE LCGFTRBl as 51 "LRGL | BEACETRE. quantity of ol efin is
suitablyid n the range @farfgian 10t aHbIeyinl €, apeEe is suitably in
the range of from 1 to 20 %$-mole, more suitably in the
range of from 5 to 15 %-mole, relative to the number
of moles of the feed. The gquantity of olefin is
suitably in the range of from 10 to 80 %-mole, more
15 suitably in the range of from 30 to 60 %-mole,
relative to the number of moles of the feed. The
quantity of oxygen is suitably in the range of from 1
to 15 %-mole, more suitably in the range of from 5 to
10 %-mole, relative to the number of moles of the
20 feed. One skilled in the art will understand that for
a gaseous feed a mole fraction corresponds with a
volume fraction.

The source of oxygen may be air. Air may be used
in the process of this invention, but it is preferred

25 that an oxygen containing gas which may be obtained by
separation from air is used.

Furthermore, inert compounds may be present in
the mixture, for example methane, ethane, carbon
dioxide, nitrogen or argon. Inert compounds may

30 typically be present in a quantity of from 5 to 80 %-

mole, more typically from 10 to 60 %$-mole, relative to

the number of moles of the feed.
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15 suitably in the range of from30 to 60 % nole, relative to the nunber
of noles of the feed. The quantity of oxygen is suitably in the range of
from1l twol®/o78s¥wl e, nore suitably in the range of from PAmUso209¢3 nol e,
relative to the nunber of noles of the 20 feed. One skilled in the art wll
understand that for a gaseous feed a nole fraction corresponds with a

vol unme fraction. The source of oxygen ear. Ar be used in the
bro66ss of thi s | HOEnEIGIEEHNTRY . R GrRa N abe 2§ AT HE o Gy gon 2
contai ni ng géémfg@kg’eu%y f¢ qhtai gsg Yy oSeRatl g'aof ro 9.2'5r0°!g5 used.
Furthernore, 1nert conpounds may be Bresent in the mixture, fér ‘exanple

net hane, ethgaesiealhonindic@%i dangli JOGaHOrL A0 00H. 200l.t conpounsds may 30
typically be present in a quantity of from5 to 80 0O- nole, nore typically
from 10 to 6Progaefle, tdlcatismpamptuntre munwbee omandasedfgrddudleld. 23 WO

02/ 078843 PCT/ USQ2/ 09632 he -process r.ef erabl carrl ut at a
t enper at 35re R ?%ecgggégsg St rf(%r% 8’65»[ gg’%%&l‘ﬁnty p%fr&%éeul%artﬁﬁ 'e range
of from 130 i6 209C. Ahd ipwocdyDoredSpréherhpnpebat Wae vyl ket ner eased
gradually, 5 as to conpensate for loss in activity of the catalyst, if

any. The pro@eBECREYIHr ePerafl Fapecc&ir fe@ut B 22 Jesstr ¢ 1 Pahe range
T 10 720 bard 210" (1 denaral 1T o er GhBa 10 hperkt o A0 a B i oxygen
concentrationd bewegver, in actual practice in order to remain outside the
[lammbl{fty 1imEg gholbhe) re3etel SHLLAMR ot DS SRRERLr A on Qfy0xvaen
oxygen concentration. However, in actual practice in
order to remain outside the flammability limits of the
reactor streams, the concentration of oxygen has to be
lowered as the concentration of the olefin and/or
15 oxygenate 1is increased. The actual safe operating
conditions depend along with the gas composition, also
on individual plant conditions, such as temperature
and pressure. Therefore, for each individual plant
the concentration of oxygen will be determined which
20 ma§ be used with any concentration of the olefin and
the oxygenate.
When operating the process as a gas phase process
using a packed bed reactor, the GHSV may preferably be
in the range of from 1000 to 10000 N1/(1.h). The term
25 “GHSV” stands for the Gas Hourly Space Velocity, which

is the volumetric flow rate of the feed, which is
herein defined at normal conditions (i.e. 0 °C and
100 kPa (1 bar) absolute), divided by the volume of
the catalyst bed.

30 The alkenyl carboxylate may be recovered from the
reaction product by known means, such as by fractional

distillation or reactive distillation.
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| owered as the concentration of the olefin and/or 15 oxygenate is

i ncreased. The actual safe operating conditions depend along with the gas
conposi ti wo 02207833 on i ndividual plant conditions, such asdrugensdsare and
pressure. Therefore, for each individual plant the concentration of oxygen
will be determ ned which 20 may be used with any concentration of the

olefin and the o enate. Wien gperating the process as a gas phase
process using a gégﬁéﬁ ﬁ&?crlg& oro,t%ter;F Vtﬁﬁ/ ‘b‘f%ﬁ‘réjr%b?%“fb% N¢H the
range of fromed@@8nta 10808iNl/Kdvd) .tyihiederyn 25 " @d8Y" sbandsrpen the Gas

Hourly Space Velocity, which is the volunetric flowrate of the feed,
which is herEPRsdefitnahziioarmlatednesti onsabos. aFa@sand Ougank®Pa (1

bar) absol ut gheodlxldeck by Uie,ual P L 05,8818l ysh bgd. 30 The. al keny!

car boxyl at e may recovere rom reac n product neans,
such as by fcaebbonadtoms stand ahy@nogenr eariny e addst ¢4 tiedh -y d2dq M0

02/ 078843 PCT/ US02/ 09632, Unl ess specified otherw se, the organi c conpounds
ment i oned heP8RAShade thFpFcEPLFCHLSRost 10 carbon atoms, in particul ar at

most 6 carbon atoms. ©502Rh6.-ERPPOLRLE aterdgenedel o hee omppuUNds, whi ch
conprise 5 carbon atons and hydrogen atons and car bon-hydrogen onds in

thei r nol eculegentions apparrentre hforcerkaniityf edearesbefl tleeeinvention,
whi ch are f0£ clari t¥edgscri bed here{n i text of separat.e
tef Ho

. ps! aLLh Ebed, D 1o lheconte . |
enbodi nent s, “nay &ars 185 pr 0 aBd T n CORBI AT OR | H°2Y sifigie énbodi nent .
Conversely, peatuaes ofid hecdntvigtdtivh whigh are sidegiey i batbddihder cont ext
of a single enbodi nent nmay . X i

Conversely, “features of the invention which are
described in the context of a single embodiment may
also be provided éeparately or in any suitable sub-
combination.

15 The invention will be illustrated by means of the
following, non-limiting examples.
Example 1 (for comparison)

A catalyst was prepared by applying the following

steps:

20 1. A 25 g sample of a silica spheres carrier
(spheres diameter 5 mm, surface area 137 nF/g, water

absorption capacity 0.63 ml/g, obtained from
Stdchemie, under the trademark KA-160), was dried at
120°C in air, cooled down to ambient temperature in a
25 dessicator and subsequently impregnated with 15.7 ml
of a solution of sodium palladiumA(II) tetrachloride
(ITI) (NazPdCl,) and tetrachloroauric acid (HAuCl,) in
de-ionized water containing 0.220 g palladium and
0.121 g gold. A container holding the carrier was
30 gently shaken to allow solution uptake by the carrier.

After complete uptake of the solution the impregnated
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al so be provided separately or in any suitable sub- conbination. 15 The
invention wll be illustrated by nmeans of the following, non-limting

exanpl es. wigx@mpsasl (for conparison) A catal yst was prepargd/isozesabyi ng
the followng steps: 20 1. A 25 g sanple of a silica spheres carrier

(spheres dianeter 5 nm surface area 137 nR/g, water absorption capacity
0.63 m/g, obtained from SUdchem e, under the trademark KA-160), was dried
at  120C i n @¥riebol&RF dént aehnbPent teRApefat ure PRYES252HessPt or and
subsequent | y. &g}i%ggg ted with 15.7 m  of a solution of sodium pal |l adi um
(rn) tetrach?or de [T1) (Na2Pdd 4) and tetrachl oroauric acid (HAud 4) in
de-ioni zed wat er ZontTien ng00nm2200f pal lsadiurhcendcofta2nigggal 48 Ay

contai ner holding the carrier s 30 _gent]| haken.tq.all ol uti on upt ake
by the carri%‘?c.llg%ft@? esnpf&f euppgi?gag‘ﬁ’d%{[ﬁzcesol {hng‘ﬁgﬁhgﬁ\goﬁpr elfftated 25
WO 02/ 078843, d6d 4 UBB208832 £ 1§ L@l rWas el canwetng e gitaiwh fQipgoheurs at

room tenperature. 2. Then 30 nl of a solution containing 1.68 g sodium
met asi | i cat ellpent ehgdrateveNapsi eBandHPO¥ hashoBrgdded to conpl etely cover

t he wet inpregnated rt. | s-Wgs owed.t 0 far fhgggs. 3.
Subsequently, 1 'o?l@%%%eﬁ?g%zilne ;a/éd#a\tég °\§7\J/ashs>;é]g%%dl,n%mlégd gently and
all owed to stasnd ddded/d hoixed atgarnadm t enpler atldoeetdo teduseandie pat | adi um

10 and gol d lts to netallic species. 4. The pall adi carrjer_conposition
was then. Vel BATRR i i SOPTI A RER N P Rt SOt el s el g L

10 and gold salts to metallic species.

4. The palladium/carrier composition was then
washed with distilled de-~ionized water three times by
decantation followed by a continuous wash until the
wash water was free of chloride, as checked by the

15 absence of a precipitate when tested with a silver

nitrate solution. The washed palladium/carrier

composition was then dried at about 120°C for 4 hours
under nitrogen, and cooled i1n. a container protected
from moisture

20 5. The palladium/carrier composition was then
impregnated with 15.7 ml of a solution of potassium
acetate in de;ionized water containing 1.34 g
potassium, dried at about 120°C for 15 hours under
nitrogen, and cooled.

25 The catalyst thus prepared was tested in . a
reaction tube having a length of 30 cm and an inside
diameter of 1.51 cm. The tube was loaded with 2.5 g
of catalyst diluted into a 10 cm bed of glass beads.
The reaction tube was fed with a gaseous mixture of

30 49 mole-% ethylene, 13 mole-% acetic acid and
7.6 mole-% oxygen (balance nitrogen). The GHSV was

4250 N1/ (1.h), calculated on undiluted catalyst. With
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decantation followed by a continuous wash until the wash water was free of
chloride, as checked by the 15 absence of a precipitate when tested with a
silver nwWg@iessael ution. The washed pal l adiunfcarrier cqEaegdobiosyd2Was
then dried at about 120C for 4 hours wunder nitrogen, and cooled in, a
contai ner protected frommpisture 20 5. The palladiunfcarrier conposition
was then inpregnated with 15.7 m of a solution of potaSS|un1 acetate in

de-i oni zed waler cedmtlaisii ngemp8sagurpotiasdilahl vdr fed 147 Bbo@nd1 20T f or 15
hour s under i n |l e h atal yst thu red s tested
in a reactl%ﬁ %%g ha@9 gsgg%en%%h oéaégP%n1§%dgan ?nglggggdlan€$%r of
1.51 cm Thespabe-vasctoaded W tha2. 5 g750fgcat abysyldi | usedtatd 6(mr 10 cm

bed of gl ass beads. The reaction tybe was fed with a gaseous m xture of 30
49 nol e- % et FyFRA%St18) ol 309 dchdt | dPddii@ lande 2 1TRILY- 0FBRygeh fbal ance
ni trogen)s T@ﬁeGH§¥H¥¥;t Or NAd£d - B s QQdEQégéﬂ onopndi Lut ed catal yst.
Wth 26 WD 02/0 8843 PCT/ US02/ 09632 the catal yst tenperature initially at
147C, and t hkeegbsthat espaesstumeayles@ kPané¢tart 7aB bab@)y thinyl

e ectivity WS osee s orte Al ompiratr £ Raltinar LB SRy so as

to keep the é@?@ﬁa%h?@ Mb§|@9QQﬂskﬁﬂi1ﬂ&aﬂ%héb¥iQY% Rest@sef (1
catal yst.h). After 425 hours, the jacket tenperature was 190C, and the

selectivity MasmBde 2 (Exanpden@ tactbedingetbivhe i nvention) 10 The
procedur g Of (X RLE LIRS LR L SSFPT ) LAY A Sap! el i e

that the sample of silica spheres <carrier was

subjected to washing before use in step 1. This
washing was carried out by immersing a 500 g sample of
the carrier in boiling de-ionized water (6 kg, having
15 a conductivity of 1.5 pymho at 98°C) in a continuously
replenishing vessel (flow rate 0.76 1/min). The
conductivity of the washing water was measured
continuously at 95°C. After 12 minutes the peak value

of the conductivity was 60 pmho and after 120 minutes

20 the conductivity was 6 umho, at which point the
carrier was subjected to the drying of step 1.

At any point in time the washing water may be
deemed to have reached equilibrium with the carrier.
The conductivity data so obtained represent fairly the

25 values which would be obtained when applying the
conductivity test, as described hereinbefore, to the
unwashed carrier and the washed carrier, respectively.

In testing the catalyst, the space-time-yield was
kept constant at 750 g vinyl acetate/ (1l catalyst.h) by

30 increasing the jacket temperature. The initial
select;vity was 93 %, and after 425 hours, the jacket

temperéture was 168 °C, and the selectivity was 91 %.
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subj ected to washing before use in step 1. This washing was carried out by
imersing a 500 g sanple of the carrier in boiling de-ionized water (6 kg,
havi ng 15w @@angiigtivity of 1.5 mho at 98C) in a conti nuoygltyusor@edzeni shi ng
vessel (flowrate 0.76 1/mn). The conductivity of the washing water was
measured continuously at 95C. After 12 m nutes the peak value of the
conductivity was 60 pmho and after 120 m nutes 20 the conduyctivity was 6
mho, at mhic%ﬁiﬁEﬁﬁ_EhéacéaFgﬁéﬂ WastREbi BEERBELIPH t RECBPFIERG) of step 1. At
any point in tinmepthemashing vat grepryche ideeimd, i have gk eachads

equilibriumw th the carrier. The conductivity data so obtai ned represent
fairly the 2breatdesenhi ch woxdmpbe &bt aeredpiherdcapptiiengfehkowing
conductivity tfft as dechgbed her ei nbh EO%F’ todtge unmasheg carrier and
the washed cBttfeFeiFespedtifhely. *rn sty tHe™ c APl yEE It ffd P

space-ti ne- ytekd paas adkent/ constant cabpdS0t Jowi Ay @cedat eh( higatat yst. h)
by 30 increasing the jacket tenperature. The initial selectivity was 93 %
and after 42520iws, ther acketbjeehpdrat ute waseB8tGorand the setectivity

was 91 % 27 02/ 078843 PCT/ US02/.096 EX |l e 3 (according to the
venti on, phUPFRHFE] AL ERRRTY S0 S Opriar o FHEBR CoRfiafoe WK P e
procedures offExappte Z2nyexegph/hotrbéhenf ol hpwknge dibdferensesyistep 3 is
omtted, and following step 4 5 the palladium carrier conposition is dried

in air at 128G lyhenhsubjected ttempedatctiren oA a2003@Wr ogexl natr agen (20: 80

v/iv) mxture, at_a flowrate of the_hydrogen/nitrqgen m xture of 500 N1/(1
catalyst}%),agfoéquanFﬁFﬁpéeofOfooéa%a QH 8%H§§old%€”ﬂﬁkss re of
110 kPa (1.1nbary, during 4

Example 4 (according to the invention, prophetic)

A catalyst 1s prepared in accordance with the

procedures of Example 2, except for the difference
15 that step 3 is omitted, and that instead the

palladium/carrier composition is dried in air at about

120°C, and cooled, and then subjected to reduction in a

hydrogen/nitrogen (20:80 v/v) mixture, at a flow rate

of the hydrogen/nitrogen mixture of 500 N1/(1
20 catalyst.h), at a temperature of 200°C, and at an

absolute pressure of 110 kPa (1.1 bara), during 4

hours.

Example 5

A catalyst was prepared from washed and dried

25 carrier as obtained in Example 2, by applying the

following steps:

1. A 25 g sample of the washed and dried carrier
was impregnated with 15.7 ml of a solution of sodium
palladium (I1) tetrachloride (IIT) (Na,PdCly,) and

30 tetrachlorocauric acid (HAuCl,;) in de-ionized water
containing 0.220 g palladium and 0.121 g gold. A

container holding the carrier was gently shaken to
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hours. Exanple 4 (according to the invention, prophetic) A catalyst is
prepared in accordance with the procedures of Exanple 2, except for the
di fferencewo @B78daat step 3 is omtted, and that instead tIRET/US02/09632

pal | adium carrier conposition is dried in air at about 120C, and cool ed,
and then subjected to reduction in a hydrogen/nitrogen (20:80 v/v)

m xture, at a,flowr of t hydr o /nitrogen m re of 500 N1/ (I 20
catal yst.h), aéiog FE@&%H%HM%P %8%%9ggﬁdC§Fr e - abg%gﬂ?% BPERSTTFR® of 110
kPa (1.1 baraptaleriag 4hdodbsutEvanmtiee 5 i g(@ic_}?ﬂéﬂ_séd Was rifieparggls f rom

washed and dried 25 carrier as obtained in le 2, by applying the
fol | owi ng stéb%owﬁd A025tgn§aﬁﬁﬁe20hoﬁﬁé ﬁésﬁ@@maﬁém@ﬁﬁéﬁuéérrler was

i mpregnated ‘with 35 (ﬁIéP| el on Qf,q %&ﬁfﬂﬁ‘cgﬁk Lag; §](¥m%%1%) i n

tetrachloride (I1 ) ( 4) an 30" t ety oroauric acC
de-ioni zed mabeiumcombahmﬁﬂgcﬁtzzog@q@ﬂﬂyﬂﬁaﬂ@enuNéwﬂQ% gHg) d.was

cont ai ner hol in he carr.i ently shaken to 28 WD 02/078843
PCT/ US02/ 0963%< §||8w098‘lpdﬁ Yurs?t tﬁ&e[ HE e ot TR EFIN2F 2 r ST et €

upt ake of th@h§glugboglgg@eunpgegeah@dfggrg5ehoﬂ@§ allowed to stand for 2
hours at roomtenperature. 2. Then 30 ml of a solution containing 1.68 g 5

sodi um net asi | i caBe pémkmﬂmm’tel}(,Na(%rfr)r@ Q(ekr) . BN e ) Gpyseszimglded to
For 15 hour ooy 3E=Ap Euen Py 3% SRREr Do, HrBeddr i RyBrat e T Vet er
was addedq ntﬁedtgﬁﬂtEwramdhdﬂﬂsmaﬂjroom temperature. This led to
the reduction of about 55 mole-% of the total of the
palladium and gold salts to metallic species.
4. The palladium/carrier composition was then
washed with distilled de-ionized water three times by
15 decantation followed by a continuous wash until the
wash water was free of chloride, as checked by the

absence of a precipitate when tested with a silver
nitrate solution. The washed ©palladium/carrier
composition was then dried at about 120°C for 4 hours

20 under nitrogen, and cooled in a container protected
from moisture. ’

5. The palladium/carrier composition was then
subjected to reduction in a hydrogen/nitrogen (15:85
v/v) mixture, at a flow rate of the hydrogen/nitrogen

25 mixture of 500 N1/(1 catalyst.h), at a temperature of
220 °C, and at a pressure of 100 kPa, until completion
of the reduction, i.e. about 2 hours.

6. The palladium/carrier composition was then
impregnated with 15.7 ml of a solution of potassium

30 acetate in de-ionized  water containing 1.34 g
potassium, dried at about 120 °C for 15 hours under

nitrogen, and cooled.
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10 to stand for 4 hours at roomtenperature. This led to the reduction of
about 55 nole-%of the total of the palladiumand gold salts to netallic
speci es. Wwoobhesqal | adi um carrier conposition was then washegsonoddd2
distilled de-ionized water three tinmes by 15 decantation followed by a
continuous wash until the wash water was free of chloride, as checked by
the absence of a precipitate when tested with a silver nitrate solution.

The washed pal | adT}_Eﬁad c &Pty Ste oo ti%??%%e‘fl h_eﬁaﬂlri éd a2 hiRAtum 20C for
4 hours 20 upgefenit bgoen,7and, cogl edihn Rl HE oPROLECEd fyom
nmoi sture. ' 5. The palladiun carrier conposition was then subjected to
reduction i ncaribyar ogendnide ogeren(ilmgs ion vvas x£0r 8, mapla péow kat e of
t he hydrogen/ n{tioggn 25 m xture of 500 NI/ (1 catalyst.h), at a tenperature
of 220 C, and atYa“pressure of 100 kPa, until conpletion of the
reductions iggamgbeut 2rhephstib) The pal | adiunfcarrier conposition was
then inpregnated wth 15.7 m of a solution of fotassi um 30 acetate in
de-ioni zed wat er CHAYAI AFAGaEe34sgrpopassfudf &piéavwat about 120 C for 15
hours under nitrpggn o] 9 02.078843 PG L%o&zgeqp 32 4 The
catal yst thus pr e?)}gr eﬁaﬁ‘ggygepgﬁgga?U%V\cggnf%gn%%o% 0. %é/o . a gold Tont ent
of 0.4 %v andea¢siocatbbe nonoxigleachenpsbr pti 030 was 26d3 amolngiate kg
catalyst. 5 anpl e 6 (Prophetic) nyl acetate is epar.e foqlfigows. The
catal yst pr egjg‘?lg‘g{?ﬁ %&aﬁrpsg 5Mi-s ¥b§t Eb‘%ien 13 i’oéaaijceﬁ dﬁ%m%eaiz%l a
| engt h ofip 30cgapdtaniifskdeinto a 10 cm bed of glass beads. The
reaction tube 1is fed with a gaseous mixture of

49 mole-% ethylene, 13 mole-% acetic acid and

7.6 mole-% oxygen (balance nitrogen). The GHSV is

4250 N1/(1.h), calculated on undiluted catalyst, and

15 the pressure is 880 kPa (i.e. 7.8 barg). With the
catalyst temperature initially at 147 °C, vinyl acetate
is produced. The Jjacket temperature 1is increased
slowly so as to keep the space~time-yield constant.
Example 7 (Prophetic)

20 Example 5 1is repeated, with the exception that,
in step 3, 2.5 ml of 12 %w hydrazine hydrate in water
is used instead of 2.5 ml of 2.8 %w hydrazine hydrate
in water. This leads in this step 3 to the reduction
of about 82-85 mole-% of the total of the palladium

25 and gold salts to metallic species.

The catalyst so prepared 1is tested in the
preparation of vinyl acetate as described in Example

6.
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dianeter of 1.51 cm The tube is loaded with 2.5 g of 10 catal yst diluted
into a 10 cm bed of glass beads. The reaction tube is fed with a gaseous
m xture ofvo d7dake- % et hyl ene, 13 nole-% acetic acid and pchy@sormdas2 %
oxygen (bal ance nitrogen). The GHSV is 4250 NI/ (l.h), calculated on

undi luted catalyst, and 15 the pressure is 880 kPa (i.e. 7.8 barg). Wth
the  catalyst tenperature initially at 147 C vinyl acetate is produced.
The jacket temperature is increased I ® y so as to keep the
space-tine-yield constant. Exanple 7 (Prophetic) 20 Exanple 5 is repeated,
with the exception that, in step 3, 2.5 m of 12 %w hydrazine hydrate in
water is used in$teadRofprrdesd ©0br2 B<Wwrhydr azi merttaldrsdt evhiohwat er .
This leads in this ste 3.to t@ guctlog of about 82-85 nol e-% of the
total of thePp8FFadik P5&S5fd 58 §BPtS™to nmetal lic species. The catal yst

so prepaised is teghe dsbmeblﬁﬁng_?_%e%&&tﬂe(}nv@fldﬂ myd @Acelaleaasagegcribed in
Exanple 6. 30 WO 02/078843 PCT/US02/09632 CLAIMS 1. A process for

preparing a €aralgst whieh lﬁﬁbcé§§ncoﬁ®b3%@Eeﬂhét%tépss@ﬁlES(anselectlng
a carrier V"hbgghiﬁgg‘ %%thhc%n%a%‘?cd 3 1 ‘;“.’{E[ a0CEDNS Q{E%ed to a

series of one or nore aqu ou S con5|s ing ~of aqueous
| i qui ds mhlChfhaqee&uBHhﬁﬁdxﬁﬂﬂwﬁhchMKHWen@a@Hr@ﬁiﬂeéHKZBDerthh is a

silica based carrier 10 which is forned frommaterials one or nore of which
have been suBfegusddt 8ta29afd e&r Waschf iwashiigsicq yape@ceprit®ing a G oup

8 netal ﬁonngQghog%Oformed from materials one or more of which
have been subjected to a said series of washings,
(b) precipitating a Group 8 metal compound onto
the carrier,
(c) converting the precipitated Group 8 metal
15 compound into metallic species, and
(d) subjecting the Group 8 metal/carrier
composition to a purification treatment, before or
after step (c).
2. A process as claimed in claim 1, wherein
20 the washing liquid is water.
3. A process as claimed in c¢laim 1 or 2,
wherein the extent of washing is such that in a
conductivity test the conductivity measured for the
washed carrier is less than 30% of the wvalue found
25 for the unwashed catalyst, wherein the conductivity
test comprises contacting samples of water with

samples of the unwashed carrier and the washed
carrier and measuring at 95°C the conductivity of
each water sample after it has reached equilibrium

30 with the respective carrier sample at 95°C, the
gquantity of water sample being 3 g/g carrier sample,

the conductivity of +the water ©prior to the
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the carrier, (c) converting the precipitated Goup 8 netal 15 conpound
into netallic species, and (d) subjecting the Goup 8 netal/carrier

conposi ti wo a2m7ss4puri fication treatnment, before or after FITAKEOIC322. A
process as clainmed in claiml1, wherein 20 the washing liquid is water. 3.
A process as clained in claim1l or 2, wherein the extent of washing is
such that in a conductivity test the conductivity neasured for the washed
carrier is | ES8LRRBANGOHIGH t Re CRATIE TS GAFRP S PBENFhel thwiitedPkat al yst |

wherein the ucti vi test, c .i.ses contacting sanples of.water with
sanpl es of tﬁgﬁﬂn_ %eéx8aFPPgPC§ﬁ HRESWESHEY K 1%%$P§%% fBad¥ring at
95C the condyct iddrnidacafivigach wahetirsagpl @rdfder hivhag reacheghequilibrium
30 with the respective carrier sanple at 95C, the quantity of water sanple

being 3 g/ g earstertsafipled/chhe conductivity of the water prior to the 31
W0 027078843 PLT/ 1302/ Q9632 LM 2t LA WL LN & CBILLAT Sanphe peing 1.5 mho

at 98C, "and the conductivities being neasured by using 'a conductivity
nmeasuri ng prohe hawtegta cefl weoisiirant bE 1.s@adim ©Hhdt Aipr ocelss as
claimed in claim3, wherein the extent of washing is such_that in the

conductivityCPﬁchﬁ%EiEﬁnaﬁ%%'VWQ% feaduretivibY RESUWEEShePcar?fer is |ess

than 20 % of yLBgeyakyerhawnd s Tafsd hensmvwashed sgatdly/sfa1 dd Poudy process as
claimed in any of clainms 1-4, wherein the extent of washing is such that
in a for the unwashed catalyst.

10 5. A process as claimed in any of claims 1-4,
wherein the extent of washing is such that in a
conductivity test the conductivity measured for the
washed carrier 4is less than 75 umho, wherein the
conductivity test comprises contacting a sample of

15 water with a sample of the washed carrier and
measuring at 95°C the conductivity of the water
sample after it has reached equilibrium with the
carrier sample at 95°C, the guantity of water sample
being 3 g/g carrier sample, the conductivity of the

20 water prior to the contacting with the carrier
sample being 1.5 pumho at 98°C, and the conductivities
being measured using a conductivity measuring probe
having a cell constant of 1.0/cm.

6. A process as claimed in claim 5, wherein

25 the extent of washing is such that in the
conductivity test the conductivity measured for the
washed carrier is less than 50 pmho.

7. A process as claimed in any of claims 1-6,
wherein the Group 8 metal and optiocnally in addition

30 a Group 1lb metal is precipitated onto the carrier by

pore 1impregnating the carrier with one or more
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conductivity test the conductivity nmeasured for the washed carrier is |ess
than 75 nmho, wherein the conductivity test conprises contacting a sanple
of 15 watwo aziorgB4a sanpl e of the washed carrier and neaswdmgeoanIB3C t he
conductivity of the water sanple after it has reached equilibriumwth the
carrier sanple at 95C, the quantity of water sanple being 3 g/g carrier
sanpl e, the conduch%%f the 20 materJerlor to the co tactln vmth t he

carrier san%?‘é %‘éf’ng Mmié=at 988 AHd" Y he “con %‘tlli)wtles S

measur ed USIBQm@o@@ﬂd@Q%bwﬂdbﬂﬁﬁﬁ&rb@glﬁﬁQmmg havéagup qﬁln@xgﬁtant of
1.0/cm 6. A process as clained in claim5 erein 25 the extent of
washing is steRPPRAd ﬁe@HéSOéorﬂmbttml% yP¥esipt ket éBAdEctGRAYY Greasur ed

for the %@gafarébrﬁélouﬁdl essqt h ﬂ‘@%n? 'AGPJS esf, aqné;gd_%\l imed in any

of clainms 1- wher eGroup opt| IIylna ition 30 a
G oup 1b5rretad>mp<suqnde@1rmd atked arﬁmrntelrre taomi esudiy poletiopsegrati ng t he
carrier with onpe or g WD 02/ 078843 PCT/ US02/ 09632 aqueous sol utions
conprisi ng a*&%%p SPH%?'&H” 2brp8ufdcPFecursor and optionally a Group Ib

netal conpound pgecur;soEr@@@Stshegg peesiRbyatind-Ba Ghoup 8ynd®ial conpound
and opti onal Ig/ a Goup I b netal conpound onto the carrier from such
e

sol uti ons, usFhAQUR pPecimsitedt | pregedd. Prefysreuess ard cldigred in
claim7, Whe& Lot he %8&@(:8&“&&&9 1%5&&9? Cfe;&fsc%&r&? sthe. optional

G oup Ib nmet a corrpoun ursors are F O WAt er Sof ubl e aci ds
and sal t1s of sepattadi ufrrcamld wpteonatdbulgbd d aridd heapd ecépitat igm
palladium and optionally gold and the precipitating
agent are selected from hydroxides, Dbicarbonates,
carbonates and silicates of 1lithium, sodium and
potassium.

15 9. A process as claimed in any of claims 1-8,
wherein the precipitated Group 8 metal compound and,
if present, a precipitated Group 1b metal compound
is converted into metallic species by reduction
employing hydrogen as the reducing agent.

20 10. A process as claimed in any of claims 1-9,
wherein the purification treatment involves a series
of washings with one or more aqueous liquids.

11. A process as claimed in any of claims 1-
10, which comprises in addition a step of (e)

25 impregnation with a source of an alkalili metal.

12. A  catalyst which 1s obtainable by a
process for preparing a catalyst according to any of
claims 1-11.

13. A catalyst as claimed in claim 12, which

30 comprises palladium as the Group 8 metal in a
quantity in the range of from 10 to 500 mmoles/kg
catalyst, and in addition gold as a Group 1lb metal
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agent are selected from hydroxi des, bicarbonates, carbonates and silicates
of lithium sodiumand potassium 15 9. A process as clained in any of
clainms 1-90o0xhgwei n the precipitated Goup 8 netal conpowad/esed/p9e3n f
present, a precipitated Goup |Ib nmetal conpound is converted into netallic
speci es by reduction enploying hydrogen as the reducing agent. 20 10. A
process as clained in _an wherein_the_purificatjon

¥.gf cl.ainms r11-9, £

treatnent i nvdlvés ad¥eltesY offfashiMfigs W1 on8Tor Tot® adueddd 1i qui ds.
11. A processp@smebaéBpRgi cayl it Cl aintB dn 10k ChedQNIpPrigessin
addition a step of (e). %5 i npregnation with a source of an alkali netal.
12. A cat al ygeamki€n i 50 obths naiirwy od  Hrewest- Lorter epdfe iy k0 cat al yst
accordi ng tocggglggt claims 1-11. 13. A catalyst as claimed in claim12,
which 30 conprises palladiumas the Goup 8 netal in a quantity in the
range of sfrom 10 14.500 molesd&gss cafatysbrepading addi ti ahkgoyd as a
Goup I'b nmetal = 33 WO 02/ 078843 ,PCT/ US02/09632 in a quantity jn the range
of from1 toCaBRR<YhdF8sFRUPEAFAPGsE Caghd En dalfka] i W hfet P PR L2 Quantity in
the range of ;fromOridnfo D mle/kg 1icat akyst . aRdldoxfgBhOCESS {14 preparing
an al kenyl carboxylate conprising reacting a mxture conprising an
olefin, a capbeosgh¢e afid andadbxygensi alahmedpresehnedmolZaotaldlyst as
claimed in claim12 or 13. 34
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