;e3eryttusv@x6 yTrybl N2 6 FEB 2004 5 10 15 20 Catal yst Composition and
Process for Making Sanme This application is a continuation-in-paé% ?E%Jé S.
Serial No. 09/626,156 filed 26's' July, 2000, the entire content$§”o g%h
are hereby incorporated by reference. The present invention relates to a
process for preparing a supported netal catalyst and to novel supported
netal catalysts. Supported netal catalysts are typically nade by

i npregnating a suitable support material with a catalytically active netal
or with its precursor. For exanple, catalysts for use in the production of
vinyl acetate nonomer (VAMP by the reaction of ethylene, acetic acid and
oxygen are nmade by inpregnating a support such as silica or alumna with a
conmpound of a Group VIII noble nmetal such as palladiumtogether with a gold
conpound and an alkali netal salt, typically in the formof an acetate, the
pal | adi um and gol d conpounds being converted to catalytically active state.
In early exanples of fixed-bed catalysts for use in the production of VAM
pal | adi um and gold were distributed nore or less uniformy throughout the
support, for. exanple, U S. Patent No. 3,743,607. Since gaseous reactants
do not diffuse significantly into the large fixed-bed catal yst particles,
much of the expensive catalytic.netal conponents in the interior of the
catal yst were not useful . Subsequently, shellinpregnated, fixed-bed

catal ysts were devel §p8alyst{enpesitiomand Process ing $Samet al s were

q Pl 3 i g O
deposited onto . S e .suppor agti . [ |l e, & eat
Britain Patent Q.aB qﬁcg%& I!%’%JfLO gé%%t%ggtpgﬁcogﬁésyéw ?ngﬁﬁéjgg@szﬂm nety
per cent ofuly,200paht anlirervonreltsativehiétsard hedeby RiebBfbritad B? A, ;I%ﬂf]é. Plle the
support particle which is not nore than thirty percen o? the particle
radi us freesanhinventigrelatestna pedcessfoupnenaringyosuppbeed mesdl cambyst dndeosur f ace

are suscept, ss.,through attrition. 1 *166166* *@)0002* 2 6 FEB
2004 In t‘ﬁ‘;edegé@séﬁgé 8‘3 alg?tagvﬁ% | -i npregnated, fixed bed catal ysts such as

that descri bedSugporRd kndiflQatbhtsre typiafly hadbBy ﬁ%;?re Ritingla éuﬁ%l‘é?&ﬁ}&?” of a
support with a Goup VIII noble netal solution, hg nobl e metal I's
subsequentpigriph withs etelytically actiee mejspor withits pfesnrsor afipd examplecattalysts Wi t h an

' i |, salt. ipitated bl |
has 11 ¢ 05 s B® proMle@n B im TR Qe RirmeE L VAN GEB setbibh o eorg
attritionadetobsil and okpienl aySinad € By Bhprenabhg aULSRrt élﬂ:ﬂﬁ?ﬁi%& ¥ hluﬁm%%ﬁﬁ

particles and in particular silica-contaihning vanadi phosphor us oxi de
cat al yst s3 compoungtadiaygroup dllanapls mptabsgh 9o paltadiura tagettetr withppgold parti cl es

are slaurrj in.a solution of oxi de.sych. as gilica. The slurry is then
10 s;S)lroay-éc???pé)d'"g%g&’é?‘éﬁaﬁg}f%l SQBFW@@ lﬁ%&r}S%ﬁ_gP%g?etaﬁﬁethBPé@él@ PRyl ts in
‘the for megdl®Bompowits G¥indeohiérted taxfalyditallynRiiPekdafher y of each cal cined

m crosphere. WD 99/ 62632 descri bes preparation of a vinyl acetate catalyst
conpri si ng pal Ingarlyexamplegof fixedrbedinatalyststfor ssesiaitie prodtictidreoftdAM, y st

cont ai ns adi um a old distributed in a.thin shell at or near the

sur f ace oé)a %lf'i ﬁ’gg‘caé‘?a%@“gi”g’seu‘ﬁ%ﬁ? d-pge Bt lessymformly theoyghout the SupPasder fi xi ng
step for dampRal.edaiht NG, 01943 668 SiRbdgaseBid rerdnt8 8 ro?hﬁu?é. to a noble
met al - cont ai ni ng catal yst which conprisés a mxture of' pal l'adi um and gol d
as ndBl e significaptly intol the lergefined-bed catalyst particies, axh g tHecgxpansivdatatyticyer of

| ow or zero Qobl e netal .cantent inner shell rich in noble nmetal and

; ek D)
(0 a corBALRRPTENS dh/ G n£EPEOHOE PE e e aBnpeRil, SAbeesantig shal- GB
1,521, 653niphégnated, fixed-bed catalysts were developed in which most of the catalytic metals

were deposited onto an outer shell of the support particle. For example, Great Britain
Patent No. 1,500,167 describes a catalyst in which at least ninety percent of the

20  palladium and gold is distributed in that part of the support particle which is not more
than thirty percent of the particle radius from the surface. The palladium and gold being

T

*166166*
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at/near the surface are susceptible to loss through attrition.

1



.20 geonetrical dinensions of the support can, for exanple, be inzghpqumge.
1'- 8 mMm 1In the preparation of these catalyst naterials the carrier

material is inpregnated with a solution containing palladiumsalts and gol d
salts, dried and then an aqueous al kaline solution is added to convert the

nobl e netal sal tg to water insgluble conpounds. After an optional wash
and/ or dryi ng e pspaiatian of sheflrimaregnatg i fixed bed gat@lvsl suglept thabdeserbed

4,048, 09 | : ' LNy d
par i eul 471G FoORAPr ARFERASH 955 Gl hG, RRARRA, O Slepbtidiin FEaSS""
r epr oduci Villl extdeplees salfitidi§; tBe dote Bréthl prsabsegaehtBairatipisitedtd thealppdit By,i Or

band of palladiumgold alloy deposited on the catal yst support. In the
Conpar at i foEetmpls teeatiped Witian aduerus selutign ofpaplket mesal spit cpich peedipitatedy

pal | adi urﬂf%féqn?tﬁf s%?rﬁf%ﬁ%@o%t&n a narrow interior band of 30 approximately
nmmthic

0.1 to O. ness, lTocated approximately 0.5 mm bel ow t he surface.
The prepar at i dusi4pen|osadiescrivat Aprdcesd fof phpading Merifor/ eBisftPcahlgq, descri bes
the 2 2 6 FEB 200 use of base to forminsol uble noble netal  conpounds as
part of tdatalyshpeaoyeser prdpradlastisoppqst partielss arthiarparticuleaisilica-gonteinihgf or an

i mpr oved t LWt lL.on~and .i.n_particular, a su rted netal
cat al yst Jé@%‘pﬁg@?@oﬁ%ﬁﬁ’ggpg%@gﬁtgi Es" ?%alyﬁec%?lgéé)ﬁ?chw@ﬁthtgﬁrstt here is
provi ded sappé0pesisles are irgiedlin NsolatiGuoPM &ede sRhak sitigh. aTNSHluGP QS tion
whi ch process conprises inpregnating m crospheroidal support particles with

a soll@t i owrayrdrigd andzslcingd do peaduicy mierasphgresc fihe @roassatesulty in thetonmatden

t her eof , at .t.he al . or it recursaor..is jn a nobile state in the
support p%:%é‘i (ielél,%hdlra1 ?rﬁgh{eh"ee“?’h?ﬂé’slﬁg ec&ycérlfad@ﬂosté‘?rFi cles and then
treating the nwo d&/6168N@dsalibesPrefRf RIMIFANVinyl Aedthte caUBROESmPNId Cl es with a

l'iquid conprising at |east one reducing agent to deposit and imobilize the
met al , orpalladiuprand golbin which it fiesaid thebthe cptalyst cintsinspalladivimaandt gvdd et al , or

its precug.so iis di,strihuted in.the su t particle in | ayer bel ow t he
surfgce 0 'agé'iﬁtﬁdérh?)m? fheﬁé’f‘f’f B?aé,“t‘%%lr@‘?%g{i\ﬂ %@ﬁyﬁb&?@?\%eﬁle gl?aﬁ?f@“ and an
out ersr edhdlvestatsdle ﬂﬁin%%-téﬁ foPARpafHuABLERot tROLGIAS having a | ower

concentration of said I5 nmetal or precursor than said |layer. Al so according
to the presentGBrivEHLoFrelatesite airoblermetaldemtainiog catialyst whishpomptisesna

conpri sing. m cras roida pport particles havin t. ] east qne

catal yt 1 oarfuyE SEPRBENALER Qi B BotieRRtA Auf Betoparh hafirish Sonbevies @) ans

di stribut@fer 1§yérmlow BP2Erb ndBletm@hi®ohitng (bPaEinQehelvith f fibid Ael ld sai d
particle, said |ayer. being between an inner and an outer 20 region of said
support (&) & cetedavinga lewaly zefo sableimeahesntentd Axgorling oGBrisS2a6a2the a | oner
concentration of . said.nmet than said Layer. Al so, according to the present
i nvert ongetoﬁ‘&réca} 3‘"}?!‘89?%‘?&“35%%&?‘{ foéﬁx%l?‘}f)’rt?esli"ﬁ Tange ds; W8Ty dal
support pae biephSioR dY tHeSe Sdtaly 8354tePNELHRICRIIY Hterl isan@?égt%hﬁéhlvaai 4y active
metal distributed therein, in which the precursor is distributed in the 25
support pwhutionlcentainizg palladiunbsltownd peldsalts, dded afid thendnpgueduslatkalisai d | ayer
bei ng bet n_an i r and an outer region of salid support particle, and
each of s%? ‘°Pd%%‘?£§fﬁa cBﬁYe&tthﬁf’lBﬁ%etﬁg%?%@ watepipselu Sﬁeg‘ﬁf)‘?‘#{si Bf said
Pr €cur Soran{ djdnalak#shlaBNRF drylAEtRMRAESS iedt QPWIth 8$68dUcidgWeeRE | ON prepares
catal yst conpositions which can provide high attrition Tresistance as well
as hiZgh act i viU$ 4,0A8:09%6utleteste gatalystsffor the poapacdtipatof Iyt estgrsand i on may al so

provi de sone resistapce to isoning of the c lytically active netal. 2
6 FEB 2od%?“AW‘%{fNQr&aﬁgﬁu'afgﬁeatﬂm&es“sccafcﬂ%@a‘égé‘s%o%mw WS s that by
treating i i i : [ 1 € ith a
catal yti céax:all%yr/)fygc?? F!J\/Sg3 ,%@g@ﬁ@gh?ﬁcﬁg3{1@0@%{\%}3%@}&3&3@%&1%%@ state in
t he suppalloydapasited on the ¢atalgstisiuppertl haihp Cogipactiat Hxemple deseribeddhirtinga agent

whi ch deposits and immohiljzes them the netal, qor its S precursor, is
di st ri but R @’&Bﬁf%&m‘]ﬁ&?vi“ﬁ pgllchlyg,anggp@\,gepﬁgtegdppd@gommﬁw@r p#Ktefcl e such

t hat siphe : int hi trity Si stance as
wel | 325 h@gﬁl&g’%ﬁe{ﬁw Ig’r2 e e?g Fné%E? ﬁ?%ﬁ%ﬁgﬁ%ﬁ%o@ggﬁg 5 ically

acti ve newuahcor T preparagoreinvolved treatneat Withbateh S 31715, 342 chlsoudescribes ghieons i s
| ess than half the concentration of the catalytically 10 active netal or of
its precursor in the |ayer.



In a'preferred enbodi ment, the |ayer containing the catal yticall § agh%v?m
netal, or its precursor, has an outer edge which is at |east 3% i ¥ e
than 75% of the particle radius fromthe surface of the support particle
and preferably, at least 5% and nore preferably at |east 10% of the -
particle radi.uys framthe surface of the support 15 rticle. Depending upon
the size WFOf H%ses‘f?l Gt insfuble inobleanetal compay ‘{)S\Pélpﬁﬁcﬂfqg‘ﬂﬁﬁt?lb’ﬁrﬁ?ﬂaﬁﬂqnhe | ayer
cont ai ni ’190&43?. catalytically active netal, or its precursor, preferably has
an outer ‘edge which is at least 3 mcrons and no nore than 20 m crons bel ow
the surface ofTheaetensaipponded far dn idpeovedanelali catadlyst eoppeditsmiddind to 20

m crons bel ow, t he surfage of each 20 particle, and yet nore preferably is 5
to 15 mi dPEHRIe? SHPPORE] 815t £8181VSE CumROsIti9ar ti cl e. Typically, the layer has

an average thi-gkpe j | ; -adi t 1cle,
for exanple less t %ﬁy@l‘g %%Eglf\%g&ﬁ&@g?ggi%e ﬁ&ﬁ%\;@%yéﬁr%fgsés égﬁp%@éé%e
t hi cknessa sfpponedinetal tdtalystoinpusicion phichTireceds ocpsses dhpRpagtig ng t he
catal yst conpositjon of the present invention may 25 be used for the

pr epar at i Biresphergidal spppartparticlesavithya sqlution ofad legsiopnescatalyticnlly activgrmstal, f or
th dugt j i t . j ial f
use P a g el shecBdt, sRFSha' e HRAS T ins obchllch 0hFs MORRE eV | 2 ' Sl

parti cl essuppae partidiesndrymg thd infpregnabdQupb&it pasicRPdndfiengdrAth@Heym&RRRer 0i dal
in shape. When the catal yst conposition is to be used in a fluid bed
proceds, metayer peecygspr, ﬂkﬁ@\ﬁﬁpwﬁ pardicles with aisgiceamprising atlgasbene parti cl es

nmust be s . i i.ped.ln fluld bed state under reaction
conditi onljémvéw%e gé)#g{el’p‘?eﬁ’é’ Qgﬁﬁin@%%?zegp % Mo E}l’oonr l{rsé)srfcslﬁloﬂclél tgﬁﬁlﬁ)ptoﬁtat

excessi vepanideydush eat €ted rabtdl or &9 PRRGisbE, WdieiBdicd o tHRuppatk phitklad # 2 6
FEB 2004 S during the process. Further, although typical particle sizes (as

nmeasur ed 1Byer below thasvifeqecofgpidsuprars partipleusairl laper bsingshetweergan insertandlsn
re shpuld not be.an ggﬁc) ssive

difficul ' i bed iohf i
ount - of 58S B8Rt B i eR By Bl Feicht B g SR PRerp S8 o ERETE 1 o

anount of ver

t he spsst emetahét pradurfdriubar0asd agaycl e lines. Thus, typically suitable fluid
bed support particles have a distribution of larger to smaller particle

si zes. For exaf¥sp eccardingte the presenbissentmndhere iuprevided vicatalyshcanpasgtidr om
R R L e
| ess t hanmeladibtriBORd Ther&ia s wiich theintedd] i€ dikmbyel i#?&fé_x&bgm phftick ihAvent i on
may have the following particle size 10 distribution: to 20 m crons0- 30
wt 920 t o layer rbiebmothgou%@cmﬁmid pegichs said dayenbeing BEwetn/@8 irner A0Bamdwenns0- 80
wt % 20  region of said support particle, and each of said inner and outer regions having a lower
concentration of said metal than said layer.
Also, according to the present invention there is provided a composition
comprising microspheroidal support particles having at least one precursor of a
catalytically active metal distributed therein, in which the precursor is distributed in the
25  support particle in a layer below the surface of said particle, said layer being between an
inner and an outer region of said support particle, and each of said inner and outer
regions having a lower concentration of said precursor than said layer.
The process of the present invention prepares catalyst compositions which can
provide high attrition resistance as well as high activity. The outer region of the catalyst

30 composition may also provide some resistance to poisoning of the catalytically active

metal,



.15 >106 microns 0-40 wt % >300 microns 0-5 wt % Persons skilled in the art

wi || recognize that support particles sizes of 44, 88, and 300 61 CHES 2604 ©
arbitrary nmeasures in that they are based on standard sieve sizes. Particle
sizes and particle size distributions nay be neasured by an autonmated | aser
20 devi ce such,as .a {lﬁac X100.. M cr ospher oj dal port particles

M crat su "
useful in the ‘fﬁ‘ég}éad’ttagerﬂ%é proRessof the present wNentiPnds thet BY treatingrthe drighseous
reactants ' ' ' C : t ites
| ncor por arsa ol BF pipioR pare Rl ntted St Bl esfiP AN BB LB 1 g
enough t opreeursort whicheoinsa siobileistaterin thdawpp@t particlRUWRR atliqRRI donrigingiat h an
exceedi ngllg hi heéﬁgre vol une Zg typically w |l not have sufficient
attriti on°FEone fedvcinssgert winch egposits, andimmabgizenthesy theapetahosits f or catal ytic
activigy. i . j l.e..m ' [t rticle h a pore
vol um::5t ( n%lgg%ﬂrg@ld&gd;}étﬁﬁt%ggﬁoggé%ﬁ ? gﬁ?ﬂggeﬁfe@\t a%glu °"o‘?’*z)‘%888‘%6’.%75“8 /g. A
pr ef er abl thasthppatatyspeorhpasitnhapradyred Gas/liph BRritdet m’@&na@ﬁl\'fvelﬂaﬁﬁgmd 0.65
cc/g and nore preferably between about 0.4 and 0.55 cc/g. 30 Surface areas
(measur ed@BYHi t r ogen BET) for fluid bed support particles with nean

dianeters and pQk I i . present invention typically are
sbove 5 - oo PEETYE HEEaRhLy o balscll R IR e 87 5t BEpi st g
typi cal nexhof dt isnsrfand @ueer ecgiom inlesitha Balf thealoatdntrh@idn BRI catbRical®) | Y

useful support particles, especially silica support particles are described
in U pagtivgmetal ogpof ggprecyiseningbe lyeid by reference herein. In these

supports 5 m cy,0 I i re produced ray drying, a m xture
of a silica so{n ﬁﬁ%ﬁr&d%ﬂ@gﬁ%ﬁt,ﬁh?égﬁ{ S?Iﬁgwg%ﬁﬁlcaggwgﬂya?ﬁﬂv ’3?@]’ ®ng. In

t he prepaitaprecursordhas #o@iterlédgetwHich i aeledst 3% andtholnee kha079% of9heof a silica
sol is mxed wth particulate silica. A useful particulate silicais a

funed si | Partcle fadivsslsomdhesirface pbthesuppathparticlalandpraferably, atAedsypecand si | i ca
ticul ' i . t _200_ne/ i th
bosent i a ool AL a8 Fok HInEMrOE Fadlisorh einte dplestbnait (n rean

di anettser spaificleeveral hundred nn) of individual particles with average

di ameters of about 10 nm (above 7 nm. Preferably, the silica is sodium
free. Suffici eRepgudingiupenihesizg ¢f the sipposdueticlesp altéreativiekt o alditmnelbyt, shen a

desired e J rasul t.in pport particle e, anount of

parti cul g‘tg %e?sc?éﬁ':amg c%a%lgﬁf}'pa#%e 8’5%\?%&%8% YPhi Q,rﬁfef?;wx BASGELURS to 10 to
S50 wt. % oddgt whidhhie aslehét@amicForishfd b hidte han PORhEAds el he Shith&of each
sol/particulate silica mxture is spray dried at an el evated tenperature

such as bBiPRedpartick tand iswore preferablya i tp 2030ictans P4I0G;, the slifacesf ebgh cal ci ni ng

at t er ically ranging fr bet we 550 to 700 and, pr.eferably
630 ?jgp 66‘%@iI él%lnaglg%gﬁ éé/ersfkﬁ)&f gisctgol?dplcfodlf%glgo@’p Fisﬂﬁacé?. cgazﬁa? _E/%f‘c@upport
useful in the PyRean]thdlayen @ in ABrage Midlmags Which &AeRahid FlIfGe it g SO!
typically nore than 20 nanoneters in nmean diameter and may be up to about
100 nanoniBg epmiclsy fafsxampledess shant Semiseins. Rusferatily, the layeshasantavedags of about
40 to 80

. C il.ica sol 1060 particularly is advantageous
because otmgﬁge@ﬁ%ﬁeﬁ’%‘ay 'g%goﬂ%an silica particle sizes of 60 nm pack

| ess_ef fici entThe prioasss Fo@prepdringQhe BAEIYiCoRPoSHER oftheNRbLA: i%@ng'o‘ﬁtm%bOUt 20
nm The |arger 25 particle size sol yields a final support Wlt‘h hi gher :
nesoper e ReoisadEordhelprepaestion of egsalysss farluserin Uil bed prtesses,ifonesmamie fouppor t
parti cl esthgrpodtuggo m)tfti @refte{er ed in this invention, other oxides may be
used as |'ORG AS B3 YIE 2B P Bri ate size and with sufficient pore
vol une is prodAgegkbl\supba ndtBal Bs e ROS | Iaf | C
materials. Possible Smgﬁot her oxi des I ncl Eigg)eg{bﬁﬁeﬁgi’é aslﬁ fcgfl%pl?tﬁl na,
ceria, meRgéalate materiahiSuch particlss havesmdiamietee df bxo 4e® migrdnsvand are gendriir eof .
The support may. be. i npregnat.ed with organic ,or jnorgani c bases for exanple
G oup | oslpkﬁpbdé})mﬁha?rgd%% scag-?\%(ft Sﬁ‘?ﬂg 'ttﬂﬂ‘ﬁ%l!’%k? dn adluid bedsprpegssp (104
Pr ef goablag,is el kfhalnihk Bald Bedaft hEsuppbAl I} g&ﬁ% G oup
VI11 noble netal. The noble et al's ofu%%ggm\ellmlglrﬁ%ﬁ% ﬁrﬁe-lal er gﬁggﬁ‘abl e of
t he El engnaistaned ira@yiddred spra¢ Luadbir neactiph adriditions whilediesping suffibni attritiods m um

and iridium, Typi I the noble nmetal ,used in.a catal yst conposition for
the man ufrg%ftﬁ?%%&}gﬁ b]a%%cea%%et ‘H?%‘"’é%?rt[p‘f"’lta%%% composition need riot be replénished
4




.5 pal'l'adium Such a catal yst conposition typically contains at |east about
0.1% preferably at least 0.2 wt% pal |l adiumto about 5 wt % and p? 8ffaBaBIY
up to 4'wt % pall adium The catalytically active netals) may be inpregnated
in one or nore steps onto the support particles in the form of precursor

salt solutions, In a preferred aspect, of the present invention,

micr ospheit;’%ri"lga e?[ﬁﬁ‘f&‘? tPe”ﬁﬁwf’iagtP%@%aﬁyawﬁlrw%ms (aprpeaspned bximgan particle0
pal | adi UMtiGRRREYRAHIA j i . 0l vent be water,
carboxylic aci d$ s%chngg§§%(;e?!:gceed§§|8 ?é% elcrzluzltg%rld)el%e%k3 gfﬁ?ﬁ’é},be Isi%%gﬁ?esuch as
met hanol  shoubt instrbelan enbéssive emosntcdf vasy @eal RiRidles (fReDwRENZRMiFEII &

t et rahydr of urag.r or .chl orinated sql vents such as di chl oronet hane.

Pr ef er abl PMYVRdratptheesyitemang may plag,gasecystedines. Abis tyredllysbitable fiid bsdppor t
particd es Brt! g L1003l j te .sul.phate, nitrate,
chl ori de %Lfyplg @F%ﬁgﬁyggrﬁiﬁé%@g oit)‘%%éﬁ} gﬁgfé%r@gb‘%%%‘g%such as H2PdC14,

whi ch i's sonet Forsaaiphy in theflaikinddadaagadiid Of 2)ngHEktateRIm@tRYBnd, aQiticG oup 1|
salts there(?%%cguch as Na2PdCl4 and KzPdC 4. A preferred water sol uble
conpound ¢ PEeR-contaping 2as, Waicabw taf leag B0k ansl prisfasaln b lgakt 98Vcafithound i s

pal | adi unyasg ; j repared in situ from

sui t abl e r@gggﬁ%@d%g&fﬁ@eégggﬁ{%#ggg%ggﬁ i@%t gﬁﬁ)g\é‘ﬁgg&for t he manuf acture
of vinyl acetafaypieyl catabyat cefillin tHes indéntidh QREBLIANES thedbollSWingBladide SYCh as

gol d,. copper., ceriumand m xtures thereof, preferably golld. These ot her

met al ¥ me{iSEbYEOHe nore concentrated in the | ayer than in the inner and
outer regions, thatg,i i nner and ou regi ons may have a | ower
concentration of sa??ié[ZJEr)(li;rﬁrr%ljtog"%1 net al thrgﬁj’os /g | ayer. Typically, the weight
percent of 25 gold 28tmd4 hdashs about 0. b-ek Yospreferably, at least 0.2 w%
gold to about 3 wt% and preferably up to 1 w%gold. Typically, the weight
percent of cerium i %4 8% Bugengpbout 0. 11048k wilbeferably at least 0.2 w%to
about 10 wt % or nor y up to %,0f cerium Typically, the

wei ght percent of cg?ofoogg(%lf@[ca&lsl east 0.?'%“%out 10 % preferably up to
5 wt %3copper. 30 | nprepmiiémzn of the supprytoparticles with the gold,
copper, ceriumor mixtures thereof may he carried out together with or
separately from t he>3Qfomisgenst i on of theOsuptdért particles with the G oup

VII1 noble net S h..as pal |l adi um 7 28 .FEB 200 compound(s).
Sui t abl e gol d %%ﬁ(%%&ﬁ@ﬁ@ﬁmn@?éﬁem 5F%ggﬁpgf?q%(§ggpod‘f PRItIRlsS sigen ‘tf“é‘gg?,a‘t"é,

bar i um ac¥iOaai¢rais@re golthraaRhAT s in ttiRdt HIGHr O b ARY i hd o ¢, sonetines
repr esen'zﬁed ,as AuCl 3. HCO )ryaa_nd G .olgp. I ]Zér%]drer oug orﬁtﬁlg?@ssgé(??%ges'

t et r achl orasHel sieesandpastide sige distikytipus mayibashetured Hr of @rtaihted lisee gol d
conpand de3iEALN ég.ar{%r@&oggé ilggrrpounds may be 5 prepared in situ from

sui tabl e reagents. ese pronpbters may be used in an ambunt of 0.1 to 10 %
by wei ght of ~eMidrogphervidatbupitarticles@etul iltht Pees htflhﬁé?ﬁgn%gé Alefdlntty,
conposition. In catalyst conpositions suitable for the production of Vi nyl
acet at e, ROIOHUQIRETBY 8pES0TP ERagtantsitp diffisk éntorghepstideahd asntpet| dacatijticrsitand

optional ; . ed fro ol 10 copper, a cerium the support
particl e_s‘%n"gﬁ&té‘%@oé@??ﬁe ?aé-%ﬂ%& Sag'lea‘?ﬂ?e ¥ﬂllgg‘§t§p%&gtb§§‘ég}bﬂ}0ﬂﬁb tQ pgrmit
prepar at i gasequs diffisfonVi HoweRe, Dduppbit Parld Witlhn @&H@in%l h%lpfrrm'e Wbpi@nt hani de
and transition netals pronoters, preferably of cadm X] arium potassium

sodi éh  ripigallYeRil noj heverwfficient puritioraresistance o wilna havtarfBabnt sobfach ar e

present i Loi.shed .cat st.,co ition as salts, typical]ly acetates.

Gener al | ya?ea;%f g%té%?nac\%ﬂﬂy. gg{)é}cglbbém%g%gmgmsp %P’élaL%’lpPgrtd’laﬂtqlﬁs%@ aconmpounds

are acet gloesvéluine {asutddth) Mtrsgdr sorpey lr@%eﬂ%@ﬁ -abé}he%f ald B.r"iﬁ c?%SArray be used
9 Dy welig

in an amount of 0.1 to 15 % preferably 3 to 9 f "each

pr onot er Pseferablgrsuppert pamicterhas hiporealume httaegs bbawrgndaid 068 .cc/Bhd more

i mpr egnat]j the suppo particles may be perfornmed using any suitable

t echni qugr&gragiyeqegwaeﬂlHZ’BH@'ﬁ(SIBd%)c{Si‘ﬁ%?egnat e salt solutions is an incipient
wet n88s 20 t eSunfags Srebd I J BB Al t N apn,amunt up
to the volune of the o(rrfé\égsgl{‘adgjzgﬁtgou%gort ggfg?lglb%g%g\#%&oﬁ%h%@%‘e@tg sol ution
bei ng us&kpanpiametera and porestdlureesalsefdl imtbe atesemripantids tygiclly age gvkadi um and
ot her netal species may be incorporated into the support particles by

cal cul ating the anount of netals and the volune of solution needed. The

i npregnation is typically perfornmed at anbient tenperature. Elevated 25
tenperatures may be used for exanple, mith palladiumacetate in acetic
acid, greater than 60 C and up to 120 C. The i npregnated support particles
are dried and optionally, the inpregnation step repeated two or nore tines
if there is required higher netal or pronoter |oadings, than the solubility
of the salt in the solvent will allow. The drying step may be perfornmed at
30 up to 140 C, preferably up to 120 C. The drying step nay be perforned at

M o



.15 hydrazine and preferably a nolar equival ent of 4-8 wt % hydrazi ne has
been found to produce a |layered structure of the present inventi 0.6 FEBhE
al so been found that the nore concentrated the solution of hydrazine or
ot her reducing agent, the greater the distance the |ayer will be below the
surface of the particle. Typically, the rgduci ng agents such as aqueous
hydr azi ne2b@bb 59 ge® and mgyieags up tnaheuh2Ql mdgbt typealeesturadesrfage 4rea R0 100C

may be us i excess of reducing agent is used. The reducing
agent mﬁ|?%P%§%§%&?%%¥?%§f%bnated nmetal precursor species to catalytically

active zero vargseslynebbsupBbalpaficyst @bbdidBsslic LBt 2
concentration iﬁnwatyer of dg?eatpgr thanbl1%S'Es;/lc\?/glﬁﬁg;ﬁ{r?%p%g%fgllz’ggcﬁs/&g)teal east 2
% by wei ghtU-SnBatentp, &91e6&fhincorporated by sefeen@ Wérdiy. Weihghd supports 25 exanpl e at

commbd 1 ibostEh At hRntiREete SodEa BY REAY Bt Rrvrogtt At 5p buish silica
i nvent i onpdrfi@eLfollswed BY deth #hdWaRiB8S nQhe Bfe?%fibﬁ',git {I’eagfif(fiwz% conposi.tion
cle

wherein said process conprises inpregnating support parti s’with a
sol ut i on Ryefesably atdeast spavtCp,mfja siticaisohis biiedmeitiapartiadatesitiza c @nisadili ng t he

i npregnated.s ort w th hydrazine at, a concentration_in water of at 30

| east 2 vﬁa%)'c"@%ﬁtg'ifﬁ? lsr‘?g*laf'ﬁé S'Ihf’ﬁﬁ‘i‘cg aé&?ﬁ?ﬁ“& gussa|(higgricab fempeavicidg agent
with the 'Iaallsq'cg%ﬁl 1208 g4l My o H b icle eposits
and i mmb?ﬂ ;es] t he r(r:gtaal mg{e nggng%{Bﬁg%gﬂﬁ?% @8?@%@?@#?%%@%@?‘& he

net all0or na migpemres; sod, tysicallys sreiaggtegatembvish maytediameletyof feeraUifndss® of each

support partigcle.. Preferably, at |east 50% of the netal is distributed as a
| ayer in Mc?ﬁgqefﬁlp%?]tp ¢5j ith.avergge ‘fﬁr‘éftt?rlsl?@ﬁ'i’% 18fnm (pbore? am)may be

det er m neplefayYabid ith Q& i | S r c opy. After the
reducti on stegﬂttheggi%ﬁ%gﬁ‘g‘?ceﬂ;%éusgg%ﬁnﬁggjra%@gﬁteesgagrl}éeac{)dggg%%ﬂf‘&’f%shed to
renove artombtainadasitedporsyolfime irethampuitingiuppat patickeu I Mieahrsngsd usual |y

hal i des. For.%ﬁly Oiﬁ'i de renoval , %shiong with de-ionised water shoul d proceed
until a SHAUEAHRIFLEY fa0ge UBARwA Wivaend haically sanges uptaib) to shwols db
presast . thbesiisdd ' i Tal S uni.m sed for th .
preparati ongio?épitx:]g{1 %ﬁ@g%u%(r:no E)dsal ’ithﬁgéﬁésausio?y E@ﬁé‘%@%‘@ﬁ%“ gﬁ%%ﬁé?fagr#"(?g 10
vinyl acetanelev@ed tonparantesuchanbawebioll 5 tba@soiQ)ipreferBly’ oo the4p7cepar ati on
of cat al ytsfl c%[wgosit.i.ons for the production of vinyl acetate; for exanple
to bel ow 818V by galciping at tegngrauesypierlly ronging Gemdetivenm 558° th@0Qfrandd

cat al yst &Qﬂg%{r‘}j é30PRo 6560 | evel s of these contam nants are likely to
remain; it is not essential that the levels are absolutely zero. On a
commer ci al scahradaataghowsesiifvangl foapreperinsLeatalyQ sapeRe usbRullinahB pR&ERS, 15
war m,wat er n?é be used,. Al sq, ion exchange solutions (such as potassium
acet dte) RYURUBR coalys sijcaparitlss @ the 5o tyrieally mepre siin i@ nanbmeters ineneasagent s
used for & j i e.use of chloride and
odi um rhete SRS SOt CAPoRC SPhEGHREt & AR eGSRt e or
Goup || medides ofubbutat) ta Sodinameteed. tNalddsilicdyaP 0060 p@Yichlgry [FPr egnat ed with
base. Bas% ?r‘,rgx be gsed to 'Enfl uengle t he 20 nobil i_tllye/P of the netal or its

pr ecur sorrd4HIAgEoUs Pecatse ofifhe wlatively Jarge srean isibiga particksizeapf60 nmipackiesse my be
added bef 1 L i SUppP Wi he netal or
its prec ud?ﬂé%?ﬁry‘lt'ﬁée}i ée%%%ﬁﬁﬁ%ﬁ%ﬁ%%ﬂal%z%ﬁﬁ agggtgﬁagmt tﬁ‘&i‘ﬁﬁf’ret ely

i moB5| i artidesinetdlyietts a firal prppottrsict hibkdrafieopetdivbivai fd 15&&%%&@%?& ng
agent. The catal yst conpositions of the present invention nay beé used in
fluid bed®38% eactors for the production of vinyl acetate, by the reaction

of ethylene a I I i I . OX n_containjn as, in the
pr esen%:/e of t @t@ggglsﬁygeﬁﬁé%%ﬁoéﬁﬁiﬁ glg’lr %F éﬁ%%‘g%prg%frfgi"bthbsgag?ﬁ’&@t or is
used to mtixtwsileyimybeaseat atlong e partitldiotia 26 siz8aR4 wath sl bBRs. The

f
reaction tF erature suitably 1s nmaintai negﬁgﬁ about 100 to 250C,
pr ef er abl%® s prodpgerdtin whigh piay be ideppsiped theueeuisadi aatalytic mateditlouPostble o 200

pri g380 : , . I 25 t0.150 psi. 5.t0.10 barg). In a

Pl U a0 bed r st ML b s, SEEakindi, 5253 ool Ru8 Oy ez e i ar o

mai nt ai nedides aad Mixtinds dededt! dthe sipostihby 5¢ RiregAsed WRNOEINAUH NS REnigY St em
This gas flow preferably is maintained at a suitable |level to 10 2 6 FEB
2004 mai rl?@%s\r,ﬁyo‘t%Wiwmuﬁétqfﬁrpuﬂlc@@@md@\ﬂndatrmomia;m badrosidehannel i ng of
the gas through the reactor which decreases conversion efficiency.

Addi tional alkali metal salt pronoter gray be added during the process to
mai ntain activity. The invention will now be illustrated by reference to
the followi ng exanples and 5 drawings in which Figure 1 illustrates a
cross-section of a typical catalyst particle according to the present
invention and Figure 2 illustrates an X-ray profile through a section of a
catal yst particle according to the present invention. In Figure 1, a

o, N Y [



_Preformed microspheroi dal support particles conprising 100% si lica were
used for all the Exanples described below. 25 The support particl €6 \REBE2004
‘prepared by spray-drying a mxture of Nalco silica sol 1060 (Nalco Cheni cal
Conmpany) and Degussa Aerosil silica (Degussa Chem cal Conpany). In the
dried support particles, 80%.,0f the silica came fromthe sol and 20% of the
silica canme f r](%ﬁfetr?é ,AB¢ edplyticafly actiys metabisqrentises atrleashhne Grels VEL pplde t

. L, ABe 47" reedises erloesp e Giralt VElipy
Copport parey of R Bl R oy VIR By RSt e S BER A bt i on

was used zirapalltmlitpn,qpa'rrﬁmﬂ,ohbdimim,tﬁma&mloxﬁﬁuxﬁ@ﬁ@l?ﬁﬁdmoﬁpi@ﬁlgf fHelRoR: m 26
FEB 2004 Particle size >300 mcrons 2 88-300 mcrons 30 44- 8 mcrons 38 5
<44 nicr dﬁ%ta‘ta‘f!ﬁeéérhﬁa%takyﬁwnm%mnéoqthamngﬁaam ekvigyl agetateccomnpFises f ol | owi ng

cegur | k. Or ration.of four fluid bed vinyl
or et Sy ERE SRR DO S SRR TR QbR et
pot assi unatléisaeetvale psitdiin icbout Prapeil rofrly GRIAd W8l SARRARI ti Ons
Silica support_particles (163g) were inpregnated wth a solution of

Na2PdCl14. xH20 U@f‘oﬁ@talmpﬂb/(@tiggmwlﬂsman il’@mdgmhﬁ?nld?mo(rfta!epabmpn? 1. 2g
[ ' ' I nci pi tr i e res in xture

S i o E ERASE Ehar 8 MERE Ryt hEculcR Y PR n A e e h eyt |« A

359 por t i presenf invBgiod hﬁé}oéﬁmi‘cﬁ&ﬁl%ﬁﬂ)rﬂ'ﬁéﬁéléﬂre%&eﬁﬂ?éﬂg%@#ﬁ? g@ﬁza?ifh of a

1 wt% (Conparative Exanple 1), 2 ww% 4 w% and 8 .
sol utlion reladiyarcempeund m alsyitahlsrsalvieste Suitablersobvents oy teemqier, atrboeyland t he

' d t. d wt [ I irring. Thereafter the
it ur o RSP RER e oS, Fo1Se RReHnGy sieh a6 efldnekoraghepnah s
over ni ghtsucll BeadeBdritiil@br béasohitRe) tbiriHyALITRaE Gr hibRn&Bd Q&P&ﬁyalc‘ﬁ%lSUt ion of

potassi um acetate (2.6g) by incipient wetness. The resulting mXxture was
m xed t hoheuefiomethanes Prqfcraglmhd sblyentiis woter andidr eletie deidy it the Conpar at i ve

e < SR R SR BB et et 1o7
pal | a8i umalogén-€owlalhigOpAlladitmNcthRRhAS SUcH s REPHET, Swiith & dohfeRhes also

represented as [PdC1>]2HCI, and Group I or Group II salts thereof such as Na,PdCl,

and K,PdCly. A preferred water soluble compound is Na,PdCl,. A preferred acetic

acid-soluble palladium compound is palladium acetate. The palladium compounds may

be prepared in situ from suitable reagents.

20 The catalyst composition suitable for the manufacture of vinyl acetate may also
comprise, as promoters, other metals such as gold, copper, cerium and mixtures thereof,
preferably gold. These other metals may also be more concentrated in the layer than in
the inner and outer regions, that is the inner and outer regions may have a lower
concentration of said promoter metal than said layer. Typically, the weight percent of

25  gold is at least about 0.1 wt%, preferably, at least 0.2 wt% gold to about 3 wt% and
preferably up to 1 wt% gold. Typically, the weight percent of cerium is at least about
0.1 wt%, preferably at least 0.2 wt% to about 10 wt% or more, preferably up to 5 wt%
of cerium. Typically, the weight percent of copper is at least 0.1 to about 10 wt%,
preferably up to 5 wt% copper.

30 Impregnation of the support particles with the gold, copper, cerium or mixtures
thereof may be carried out together with or separately from the impregnation of the

support particles with the Group VIII noble metal compounds such as palladium

7



~Preparation of catal yst conpositions Silica support particles (163g) were

i mpregnated with a solution of 30 Na2PdC14. xH20 (containing 2.99g é)&l | ag@:m
and HAUCI 4. xH20 (containing 1.2g gold) in dem neralised water by2 cﬁBp t
wet ness. The resulting m xture was m xed thoroughly, left to stand for 1

hour and dried overnight. 12 7 FEB 2004 A 35g portion of the dried
i mpr egnat‘@&‘ﬂ?&f‘&s?-a u‘g@é?&e gald| spmpowdls ynoluslecapichchderide, dimathyl @obshgratase,i ve

. 0, H . f . . . d . | . d
water ot R oot BT Cha R bR B AR, Aol S Bptiaftot °©
stirring. asTORNSRICIPind GRu 'I)&Tn_HI_ Egroﬁﬁfl dait} Fﬂeﬂchl%\%ﬁ@&gaéﬂi E&hda‘%gllzg\ﬁ[ J, :arSIEd

wat er and dried 5 ‘overnight. teriral was then inpregnate

aqueous soidU€Audl, dfrefeodbii theigold compbend id HHQ)CIRY ThegolaiconipoukdsBSsbe The
resulting mxture was m xed thoroughly, left to stand for 1 hour and dried
over niPghtPrepaiah i wiuAram suitablg rspgenis- nbhese seaseRiets nigysherusbd én athemewttiofd of

pa 1 ad urs 840 0 by WefeaPSEeptomBEEhIT ARl e SHRERT R o1 cpar i on o

catal yst aopessiohi on Silica support particles (468 parts by weight) were
i npregnated with a solution of 15 Na2PdCl4.xH20 (containing S.00 parts by
wei ght pal | adi kirfptabyst compeyitionsspiteble Bl prodaction0d vingt aeetasy, ineildition gol d) i n

' ' i nci pi t . Th | ti i xt was . m xed
thor ought 9 P rRnetle LRI GhE s R EER e o b Mibbafehadertr b oM e
sl oW1p t Ccoppeoid dediiEIRIsUpSorS F!Imaues') manalsB)b@riﬁ\%’e?ﬁatgg afg@gﬂ fRLEE :st%gs'_ wat er

(4 wt%, and the mxture was allowed to stand asional Stirring.
Ther eaf t efuringdheypsepgriatiomprocassstitiionsi etrmorerseheotGispd, Gatwgr Ilaladthhnide er ed.

e e SR M B R P e 20,
of Nobl e vaigahedee@ftinkRB, hantRuh GrafRhfed MBROLWhidPardrdsefl ifthe fili@aeach of
Conparat ic\ﬁabllzsi( 2$L§ssitig-n z?sns(zlltSS, t?}?i(cjally acetates. Generally, potassium will be present.
15 Suitable salts of these compounds are acetates but any soluble salt may be used. These
promoters may be used in an amount of 0.1 to 15 %, preferably 3 to 9 %, by weight of
each promoter salt present in the finished catalyst composition.
The impregnation of the support particles may be performed using any suitable
technique. A preferable method to impregnate salt solutions is an incipient wetness
20  technique in which there is used a salt solution in an amount up to the volume of the
pores of the support particles without excess solution being used. Thus, a desired level
of metal compounds such as palladium and other metal species may be incorporated into
the support particles by calculating the amount of metals and the volume of solution
needed. The impregnation is typically performed at ambient temperature. Elevated
25  temperatures may be used for example, with palladium acetate in acetic acid, greater than
60 °C and up to 120 °C.
The impregnated support particles are dried and optionally, the impregnation step
repeated two or more times if there is required higher metal or promoter loadings, than
the solubility of the salt in the solvent will allow. The drying step may be performed at
30  up to 140 °C, preferably up to 120 °C. The drying step may be performed at ambient

temperature and reduced pressure. Air, nitrogen, helium, carbon dioxide or any suitable



- Exanples 2-4 and 6-7 was set in Araldite resin overnight at 60 C. Thin
sections (<100 nm were cut with a dianond knife from prepared ‘rﬁ,sqag'e.zgﬂ'me
i mges were recorded by Transmi ssion Electron Mcroscopy (TEM using a JEOL
2000FX i nstrument. Phot ographic plates of the catal yst composition

ticles, th tudi e 0, and surenents of .the depth of the major
Fg;elr Co? S‘H%%iﬁﬁ% mlaggﬁl?"ﬁ X I“ﬁg? Sﬁy&gét%%@t% éowaa%tlomahgagﬁ?@% nts were
made on a{afatle@eis agilaged%ytz%e a6l LRt &rmeéha%éam@arngl@éaﬁwiﬁ s. The results are

given in Table 1. B 2004 Table 1 Exanpl eHydrazrne concentration

(wt % Reduct i onThergdeciag agednmydpea ledyang agst mdheﬂsdnydmuhé,atbana]dehyde,l122

(m crons) Average | ayer thickness (m crons)Conparative 11lroomtenp. room
t enp. 30. 7%SHB aé%ﬁ?@ﬁmﬁlgl?y&gﬁ?’t@ ?"63 P?Bleﬁhﬁi&rpé?fpﬁﬁélmfﬁ@mf; .

56880G10 ' rates that as the hydrazi ne
concegétlrglt{?%r%&iﬁg?rﬁelg%gasb%?%%ﬁlagegrag%gf h&g{gﬁ%w the surface increases. This

ef fect i s obseltumsbedn foohdithaothe dneoupeofitedicing Bgenahedle€to ghe adagadder the
| ayer depth the nore protected the ngble metal catal yst conmponent will be

f rom | ossSTHFIUBERIS 0B thempyntiod metatedgmbiraurs VI pobisaneielisyeh af patiadiamy st
A . N T4 ' 2
gg |mlj'([) ;s :)E] | @? taNaZ P@ gécjpﬁg%(rﬂ%ﬂf@ h%ggﬁt al in | S&b&o z%)’egrx\@g H@gf g%;&%tgﬂﬁ)%gg eralised

wat er by eheniigl ecdgentcthaebave itherto bserl dsed gremedfonkxangsie M Dbyt weigughl y and

theregfte ri,ed_overnight. The drjied inpregnated material was added slowy
to a irif"@ga@éﬂ- G?WCEHC‘& reggots oxhen shanhydeasingarapsedethevipalar equivalgnt tg thend t he

X 1, SRR e, RELRECRR! BRSPS HEB GRS TS
| mpr egnat edalyéttdonposiden G0aBoERY o 6.90 204t9P0 @FTLMIBRARK MdRicing a2t iR Yhe
i nci pient wetness. The resultant material was left to stand for 1 hour and
dri ed ovehHight excesspfiarmmelrbeauralent 052 et hydiazioh eoragntratian, for exkmplehaid a
layered SfhyGUHEG: OtlivaidiRbr 3 wive hydrazine, such as a molar equivalent of 4-20 wt%
15  hydrazine and preferably a molar equivalent of 4-8 wt% hydrazine has been found to
produce a layered structure of the present invention. It has also been found that the
more concentrated the solution of hydrazine or other reducing agent, the greater the
distance the layer will be below the surface of the particle. Typically, the reducing agents
such as aqueous hydrazine are used at ambient temperatures but temperatures up to
20 100°C may be used. Typically, an excess of reducing agent is used. The reducing agent
will reduce the impregnated metal precursor species to catalytically active zero valence
noble metal crystallites.
Preferably hydrazine at a concentration in water of greater than 1 % by weight,
preferably at least 2 % by weight, more preferably in excess of 2 % by weight, for
25  example at least 4 % by weight is used in the preparation of the catalyst compositions.
Thus, according to another embodiment of the present invention there is provided a
process for preparing a catalyst composition wherein said process comprises
impregnating support particles with a solution of at least one Group VIII noble metal and
then contacting the impregnated support with hydrazine at a concentration in water of at
30 least 2 wt%.
Contacting the liquid comprising at least one reducing agent with the mobile

metal- or precursor- impregnated support particles deposits and immobilizes the metal or
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.20 the layer of palladiumwas broader than in the catal yst mterz'ea‘?EBOfﬂﬂ’v
exanpl es 2-4 and 6-7. 14 2 6 FEB 2004 Metal Loss Experiment. £

M crospheroi dal catal ysts containing palladi umand gold were subjected to
attrition tests in a 38 mminternal dianeter fluid bed test apparatus

rovided wth a freepoard sectjon and air feed through three 0.4 mm

8i anet er %&?F‘é@owufﬁ%?tgﬁesrwt@l %rc‘FScVeE)‘frs@'Zéﬁﬁfréb.“t%‘ij alayeqhslovs the cat al yst
wer e usedgy I joC ' o L, n a _
U bedrace BEBRH subRR Bartible” RiteleBlyetlons ool St Mo B Shhllas? 2ceri
aci d and lexsrge machauppom gerticke CBieatisttibatiarooftthé merd maJive deteembredbg section of

t he apparatus, enabl ed the byl k of the catalyst to be retained in the vessel
during th%ﬂ@ﬁ‘ﬁé?ﬁ\ﬁ&%%s tasr‘l‘lfji]?f’éré’“fl\‘;’rcﬁ%&"l’iy attrition escaped fromthe top

Is ' . I t al
Cont ot of -t he R o e arufAph b eipichnbl Brhbr TRCRY sl Bl age

of the metoademone tiiion cofitamitmints, fdtiexampleVhittates sulfhated aRd Qbuall) Raldds! b} ON.
Catalyst A was a shell type catalyst whereas catalyst B had been prepared
by a proc@ierideremoynlntyashing with dedenrisad wateeshoulshpropeesl upil & isibven nitpatotest t i on

f th [ . [ |l ocated in | aye ith an
gut Ear eeg Séé‘! © %Hic?rtg%g 1%24 go\}vﬁ@%gﬁéﬁb%é%égqu g CBQ?NI%%QE?JVPL?&W%“]B shows
t he amunbeminimised fardheprepindtio® bflcdt@lgit BMpbEiEohd\Ritasle FoMihE ir&di{cﬁ&g of he
attrition test. Table 2 20 Catal ystpall adium | ossgold | 0ssA56. 0%2. 2%B4. 0

%5. 9 thhe YiBdacetate ({Catigpicont2minants shonld herainimised fos theaprepardiiomyof catdlyse pr esent

[ [ . i,cal | [ t al | adi d gold
than t he RTRY SR (Bt aidBpon & vibyiaBhuat: BE Bttt et RS pideess 1 or
prepar i Noprafepathpbeldwd. 2Rk & of SYdilni B the AR ThtalyecoM dsltionr ‘L%%f%va?HPr I Ses

| npregnat i ng m craospheroi dal support particles with a sol ution of "at |east
5 one cat@esaqontaniganig are\ikelyde agmainyit psrmet esseotial thes teoleyels axetabsslatelt he

tal, ' L0 1§ nobil e state i.n.the suppqrt particles,
et Otk P REHTRR o b TP el Bl PR b
met all5 orwaineGutes fay beMséd) EABEPRA kcRAEL k&bfr’&s}’&ﬁdﬁ £ r#o'teﬁkﬁhgﬂ 4celiRd)cah N9 at

| east one reduci ng agent to deposit and i mvpbilize the net orits

pr ecur sorbe ysad thdisplappeieriqeeand sodiug. siitsh, thhatagehts used folr theopreparaiitscan
B AR T R,
outer regnetBad fastherdbronilGriGIBEp IBdAfs Qithes ars%giuﬂp%l@aVi ng a |over
concentration of said nmetal or precursor than said |ayer.
The support may be impregnated with base. Base may be used to influence the
20  mobility of the metal or its precursor and to affect the size and location of the layer. The
base may be added before or during the impregnation of the support with the metal or its
precursor. There should not be used so much base as to completely immobilize the metal
or its precursor before addition of the reducing agent.
The catalyst compositions of the present invention may be used in fluid bed
25  reactors for the production of vinyl acetate, by the reaction of ethylene and acetic acid
with molecular oxygen containing gas in the presence of the catalyst composition.
Preferably, a fluid bed reactor is used to produce vinyl acetate under fluidised bed
reaction conditions. The reaction temperature suitably is maintained at about 100° to
250°C, preferably 130° to 190°C. The reaction pressure suitably is about 50 to 200 psig
30 (3 to 14 barg), preferably 75 to 150 psig (5to 10 bérg). In a fluid bed reactor system,

the particles of the catalyst composition are maintained in a fluidized state by sufficient

gas flow through the system. This gas flow preferably is maintained at a suitable level to
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. 2. A process as clained in claim1 in which the catalytically active netal
conprises at 15 least one Group VIII noble metal. 3. A process aggcFes righ
inclaim2 in which the Goup VIII noble netal conprises palladium 4. A
process as claimed in claim3 in which palladiumis present in the catal yst
conposition in an anpunt of 0.5 - 2 w% and the concentration of reducing
agent 20 mwnt%theif@tﬁ'%ﬁtﬁog iEprcess dewsratsrmay epysaiphaanelingnféhe gasfthoough the
hydr azi n i ; . in.claim4 in which the
Concont 1o rag Ghich el Blies SonAac i PERERNAT, EIMORLalihi el ool
equi val entte afded dutifig thedragdsnies mdiatain &ti@ity:EB 2004 6. A process as clained in
claim5 in whi c{u fhe concentration of reducing agent in the liquidis a
mol ar equi val ehte BrentiongvillinoriBedHustiatas bymeferense se tefollewing examples and:| ai m 6

e e g . L the liguid |
cqul var ers s BRI T | Mok BYE R0 drd dieachistintficRny one of
the preceaticogling @i the presemtintidm end Biguel Niduaeedy an X-raehRME Strdughm t he group

consisting of hydrazine, formaldehyde, sodium formate, sodi um borohydride,
and al cohredon .a%tﬂyﬁd)@gscl%ccerdanmdhe preserdiinventign.one of the precedi ng

cl ai med 1 any et RRgtelystBaciTR AR Bicitoetoith ¢ Boe:ie) Peationn Yoflor the
support pegtle mkabsuvh\ee palldvhan. Slfhél\rl\hz_éﬁ%) ffay loBfisndl) 2BnBR otHECHOAR suditas A
process as claimed in claim2 in ich the oup VIl netal conprises -

pal | d& ungoldntherlpyer {)ig dpaatadswither euamedss (Rl belowithd peaticle smdager@)rander

sel ected t he sisting,of gol er,. ceriumand m xtures

t her eof ; %e[t]\ggéar{;{h@gésrﬁ g@ﬁg?@ra&ﬁﬁpé’gtqgeégf gsétoggﬁ‘%aé %tli’értkjﬁn INZHAYESt i ng of
sal ts of ddnetiration$oOthe Grbup NVaTItHoBRI & alAME /o LARS it ANHIR R 1L QBT €rS. 12

A process as clained in claim1ll in which said inner and outer regi ons have

a | ower concenfigutei ZillugfatesindXpay profiter from bayorsleind cicams hsectionhu agr oup
consistin f.gold, copper riumand m xtures, thereof than said |ayer. 20
13. A pr odbaest Raigle qontliing pafeghgrandgold hing pelagin Mmprebe Aalfebh ¢ he

| ayer15confoakxiniyde hloag Gasé XLt bERl! Y. BRLIVE RBIAIUGE i has an
outer edge Wni% i's _gat | east 3%gand {r‘% nor € t}ﬁaﬁ ?%%@?P{hﬁg%%drﬁﬁ?ﬁé radi us
from t he &ld prgcdwtly mainbiedistuibptsdtin pre specifie lodionstalpng tesamstecotheed i n any

ft i l.ai i i t he | . .25 t ai ni th
catal yti darTe G Bk R Delo W e v et onndh ves Goerentiaensf ch i s
at | east pllBdiGMONT GANFISRIbIRE UstRAtre 2 MEGE e BRleP U R rIMY fAG8e 9fe €ach
at positions labeled A and A' at 0 and 97 microns.

20 The following Examples illustrate but do not limit the invention described and

claimed herein.

Preparation of the Support Particles

Preformed microspheroidal support particles comprising 100% silica were used
for all the Examples described below.

25 The support particles were prepared by spray-drying a mixture of Nalco silica sol
1060 (Nalco Chemical Company) and Degussa Aerosil ® silica (Degussa Chemical
Company). In the dried support particles, 80% of the silica came from the sol and 20%
of the silica came from the Aerosil. The spray-dried microspheroidal support particles
were calcined in air at 640°C for 4 hours. Prior to use the support particles were sieved

30 and a specific particle size distribution was used in the preparation of the catalyst

compositions as follows:
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_support particle. 15. A process as clained in any one of the preceding
clains in which the | ayer has an average thickness which is |ess tﬂﬁﬁ#ﬁ?h@#
the radius of the particle. 30 16. A process as clained in claimahy one of
the preceding clains in which the | ayer has an average thickness of greater
than 0.1 mcrons and |l ess than 25 mcrons. 17 26 FEB 2004 17. A

conposi tion conpri sing nicﬁ@gﬁﬂbﬂéﬁdal suppo%@ particles having at |east
one catalytically active>ﬂﬁ}ak(9ﬁ precursor thereof distributed therein, in
whi ch the metal or precursor hereof is distfibuted in the support particle
in a layer below the sur8&selaficreas d particl 8) said | ayer being between an
i nner and an outer region of 5 said support particle, and each of said

i nner and outer regi ons #¥ AYcrans ower concedBration of said netal or
precurssor thereof than sgid layer, said |ayegyhaving an outer edge which is
at least three mcrons and no nore than 20 nicrons bel ow the surface of
each support particle. 18. A conposition as clainmed in claim17 in which
the | ayer has an average thickness to which is Iess than half the radius of
t he part i‘e9mparat h@ng EXAMPES 2] HBMEH in claim 17 or claim 18 in which

compoe b1 on as T B Rk BroRIT gy o FEl ok Bty o 2 Kl Bgpa,

t hi cknessvinfl agétertcatalysh aompositidis €1 GG PSllAdRES O NaL2Roldl TR pbtabfiudl. A
conposition as clained in any one of clains 17 to 20 1 n which at | east 80%

of thd suisstite opailied)cl es have a nean dianeter of |ess than 300 nicrons. 22.
A conposi4i.on al in claim2l in which at | east 90% of the support
particle Me_ aafion %c Heq B _ iflons |l ess than 300 microns. 23. A conposition
as clained in ginya appoftipafiickdsN@63e) weéte ?xﬁpﬂe%rlxzil@l&l wnhta@%hﬁi%h%lfytz I4caIAI y 20

active netal conprises at |east one G oup nobl e netal .
conposi t i NaPd€leithinfsaniaiming 2 Pgrpalidaoommnddi AgChaFhQdcontpinag 1. 2ggeldpine

pronoter sel.ected . from.the .group consi,sting,of gold, copper, ceri and
B tur o eREBEd sy Rt BT ahisren fiadihith oRS Blid55ah
consi i NGReb sl Fsr OholraadRrikd ofZrfight.| |, | ant hani de and transition netal
pronmoters. 25 25. A conposition as clainmed in claim 24 wherein said inner

and outer regi8Sgpeviéonsof thadried mregnatest marrigfwasaiddedslowht tereanipvfia 1
sel ect ed \]:v{‘% r?éo@r?pagattgf%%x%%rﬁ% IS)E b%%%?‘i wt%, and 8 wt% (Examples 2-4) solution of

hydrazine in demineralised water at room temperature and the mixture was allowed to

-

stand with occasional stirring. Thereafter the mixture was filtered, washed with
20  demineralised water and dried overnight.
The material was then impregnated with an aqueous solution of potassium
acetate (2.6g) by incipient wetness. The resulting mixture was mixed thoroughly, left to
stand for 1 hour and dried overnight.

Comparative Example 5 and Example 6

25 The following procedure describes the method of preparation of fluid bed vinyl
acetate catalyst compositions (1.6 wt% palladium , 0.7 wt% gold, 7 wt% potassium
acetate on silica).

Preparation of catalyst compositions

Silica support particles (163g) were impregnated with a solution of
30  NayPdCls.xH;0 (containing 2.9g palladium) and HAuCl,.xH,0 (containing 1.2g gold) in
demineralised water by incipient wetness. The resulting mixture was mixed thoroughly,

left to stand for 1 hour and dried overnight.
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~gold, "copper, ceriumand mixtures thereof than said layer. 26. A process
for preparation of vinyl acetate which conprises reacting ethyl en;a?m 2004
acetic acid with nolecular oxygen containing gas in the presence of a
catal yst 3o conposition prepared by a process as clained in any one of
clainms 1 to 16 or in the resence of a catalyst conposition as clained in
any one of cl apA88Pertian afshe dged impregnated material was added slowly to each of a 1

. AYF. AF W &éhéa@t%efgmpﬁ%:)z aﬁ\d': 8%% @x‘glmlgléa\ g) SO']Al\,lYtlSOn 0%1}’?1‘821118& e Ale. A

S Al e. A
] U T{val gldmthérallsed baedrap BoatGal ¢d ﬁ@&&@k&@]aﬁédveél&ﬁlﬁﬁ%ﬁﬁ&@dsfo%ﬁ a] ca] ca] ca
] ca] ca] caU] ca] ca] ca] c*a] ca] ca] ca] ca] ca!
ryrn: '@&M@(S}m dixmrg ovap dilipred) waﬁhea]mth] deajina}lisafl oaterahd dlied] cal cal
cal ca]sca] c t’]_ma]]tca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HHQWRU&ER-""" "' J)))<*
XX 4 ++49 AN
S 4211 cal vl sakaal wal el aqreateahenl GPlaRbeel ARl GRlRkaRMAR] cal cal cal ¢
a] ca] ca] ca] cal ca]ca]ca] ca]calc
3J6: R @A LD nﬁqllﬁbﬁﬁo@tﬂé\d@ﬂmfédﬁhﬁﬁg(]}ﬂxg]ub@?gn]{m&]ﬂ gl@c%rlﬂ;%ljﬂ]’ q]aﬂt @?1] c ia] c ia]:
a] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca
;?L;?L;?]csg ‘{ﬁiaé} KI%L /%@Ia %c@% ¥ ﬁ%vjnfm]nr nnnDooop] pppgRgqqg~yt oi d_Zl gb] X] ] ca
] ca] ca] c"gylans a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c*a] ca] ca] ca] ca
]r \(/:vr ?]rlg)g ggsf{ Tlﬂjgllgirmgmrca qgwdumMﬁExxh@«ﬂmzdl PRprepMiatiad 604 @il tealvidd C ia] c ia]:;
Na Na ca]ca

]a]cf 2l 22]5§ cf a%lfs}m%}%%]gﬁﬁéﬁ o g DA ol S ok potassium 7
| val gb] )Qchﬁ]g sgd§5al cal ca] c”a] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca]calc
~a] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca! @Ui gt dj vS9?L. a. <| wnmhc”~Y]]]ca] ca] ca] ca
] ca] ca] CEB&MMM}_@&] ca] ca] ca] ca] i:a] i:a] i:a] i:’\a] ca] ca] ca] ca] ca] c

! 66B>3Y4d d Z ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]c
)] co ) col SR SO0 b ARt oo s Bhvepaooks abontes o
\>3748) X304 Pael bt 0nts ¢ AIGARARhS A AN s] oal cal cal cal
ca] ca] caj ca cal ]c&%zca] cﬁj}‘]a ﬁ]gcsa(% g%rgszn} ca%g § Wl Xt .
VoA 0YRRE, (CPRtBOMELOORp4r)s by, REYR doid) mﬁ&:aﬁﬁ&ram);eda@%&b )nc O{ﬁel@%%n{e)ss lTRe C L M N
O z[PE: 10 10! ?2109%&' ().-! %40% ()- G %40%H& () - MO0%E () -

().

0/&0% j & (rfs"g@c@ mixtyrg Fras mixerkthgogpehly and ﬂo%owrmght

The dried impregnated material was added slowly to a room temperature solution

of hydrazine in demineralised water (4 wt%), and the mixture was allowed to stand with
20 occasional stirring. Thereafter the mixture was washed with demineralised water and
filtered.
The material was doped with solid potassium acetate (25.0 parts by weight). The
resulting mixture was mixed thoroughly and dried overnight.

Measurement of Noble Metal Laver Depth.

25 A sample (approx. 20 particles) from each of Comparative Examples 1 and 5 and
Examples 2-4 and 6-7 was set in Araldite® resin overnight at 60° C. Thin sections
(<100 nm) were cut with a diamond knife from prepared ‘mesas’. The images were
recorded by Transmission Electron Microscopy (TEM) using a JEOL 2000FX
instrument. Photographic plates of the catalyst composition particles were then studied

30 and measurements of the depth of the major layer of metals from the particle surface
were made. No measurements were made on any particle with a diameter of 25 microns

or less. The results are given in Table 1.
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20h
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& ()-!SY$10%&' ()-1110%& ()-}0oP1s&10%

%&@e % 10% ()- 10 10

10! 6YF#10%&' () - ' T\ YF#10%& () -!!aYF#1
;& () - ! i pBkaiiile &109 0%& Hydradl¥ét (|) -Redutiol [ ) Averi@iafor [1A%&rapl 14yl () -
LY IdEoPls&lO‘Val 10?&: ( )- 109 ()-lY 109%& () - Ylslofyff]a bekm/&' t@c@ess
10%&' St E 1'0%&- I( )@IIOc &F??%Bgﬁlfmg;W/gyp S&10%Y- " 109%& +10%&' () -
é,? iyq:%og/«)&' 1? /?18?3/&' ()-& 10@‘%9 YFO 109%& () - Ha/qwé’r%ﬁ ' dEgP1s &1 G9 A('Q)l 10%& ()-Y
5"109%&' () - (microns)
109& () - p21-109&" 109 g () --'rr ' 1) hCs&10%98 10%R! 0%&' () -
| 94.09&' () Comparatipe los; 310%& ()-9 [100@n ¢gmp.J))) <**1* dELC&10% T10%&! (-1
I1(:300/«08/‘«&( % 3 W o )2’\’?Cs&sYim'tf(“39's Y1098 ¢) - sY10%& (P-BY109%& ()-sY1
0% ()-*f+++ 3 4 room temp. 6 0.25
4 8 room temp. 8 0.25
Comparative 5 1 80°C 1 1.5
6 8 80°C 10 0.5
7 4 room temp. 8 0.25
The data illustrates that as the hydrazine concentration increases the layer depth below
5  the surface increases. This effect is observed at both room temperature and at 80°C.
The greater the layer depth the more protected the noble metal catalyst component will
be from loss by abrasion or attrition.
Example 8 - Preparation of Catalyst Composition Without Gold.
Silica support (47g) was impregnated with a solution of Na,Pd,Cl,.xH,0O
10 (containing 0.5 g palladium) in demineralised water by incipient wetness. The resulting
material was mixed thoroughly and thereafter dried overnight.
The dried impregnated material was added slowly to a stirred solution of
hydrazine in demineralised water (4 wt.%) and the mixture allowed to stand with
occasional stirring. Thereafter the mixture was washed with demineralised water and
15 filtered.
The material was impregnated with an aqueous solution of potassium acetate
(2.5g) by incipient wetness. The resultant material was left to stand for 1 hour and dried
overnight.
Examination of this material showed that it also had a layered structure but that
20 the layer of palladium was broader than in the catalyst materials of examples 2-4 and 6-7.
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. 10%8& ()-(}6][:vU4, & 3 3y0' 10%&& ()- 3y@ GLOY&S& ()-3 31-110%&& ()-3
3+1098&' ()- 3y9*10%&& ()- 3y( 109&& ()-6| [ NA4, & 108108108 3S; 10%88e( e 247
109&& () -3 31 5#109R& ()- 3y34109&& ()- 32S 109&& ()-B>|[: NA4, & 10 '
f&@10% & ()- 3 , 10% RS & ()- 3 3 10%R$ & ()-3 3 gl0% RS & ()- 3L10% R$
& ()- 3&10% O# & ()-Z3Y4d|[:NA4, & 10 3 9z10% R$ & ()- 3 10% R$ & ()-3 310%
RE & ()-3 3Y 10%R$ & ()- 3 m10%R$ & ()- 3 10% RS & ()-dJ|[: NA4, & 10 3
110% R$ & ()- 3S L!10% ' '

Claims :
1. A process for preparing a supported metal catalyst composition which process
comprises impregnating microspheroidal support particles with a solution of at least
5 one catalytically active metal, or precursor thereof, such that the metal, or its
precursor, is in a mobile state in the support particles, drying the impregnated
support particles and then treating the mobile metal, or precursor, in the support
particles with a liquid comprising at least one reducing agent to deposit and
immobilize the metal, or its precursor, in the support particles such that the metal, or - |
10 its precursor, is distributed in the support particle in a layer below the surface of said
\ support particle, said layer being between an inner and an outer region, each of said
inner and outer regions having a lower concentration of said metal or precursor
than said layer.
2. A process as claimed in claim 1 in which the catalytically active metal comprises at
15 least one Group VIII noble metal. |
3. A process as claimed in claim 2 in which the Group VIII noble metal comprises
palladium.
4. A process as claimed in claim 3 in which palladium is present in the catalyst
composition in an amount of 0.5 - 2 wt%, and the concentration of reducing agent
20 in the liquid is in excess of a molar equivalent of 2 wt % hydrazine concentration.
5. A process as claimed in claim 4 in which the concentration of reducing agent in the

liquid is at least a molar equivalent of 3 wt% hydrazine.
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6.

7.

10.

11.

12.

13.

14.

15.

16.

A process as claimed in claim 5 in which the concentration of reducing agent in the
liquid is a molar equivalent of 4-20 wt% hydrazine.

A process as claimed in claim 6 in which the concentration of reducing agent in the
liquid is a molar equivalent of 4-8 wt% hydrazine.

A process as claimed in any one of the preceding claims in which the reducing agent
is selected from the group consisting of hydrazine, formaldehyde, sodium formate,
sodium borohydride, and alcohols.

A process as claimed in claim any one of the preceding claims in which the support
is impregnated with base.

A process as claimed in any one of the preceding claims in which at least 80 % of
the support particles have a mean diameter of less than 300 microns.

A process as claimed in claim 2 in which the Group VII metal comprises palladium,
and the support is impregnated with at least one promoter selected from the group
consisting of gold, copper, cerium and mixtures thereof; and at least one promoter
selected from the group consisting of salts of Group I, Group II, lanthanide and
transition metal promoters.

A process as claimed in claim 11 in which said inner and outer regions have a lower
concentration of said promoter metal selected from the group consisting of gold,
copper, cerium and mixtures thereof than said layer.

A process as claimed in any one of the preceding claims in which the layer
containing the catalytically active metal or precursor thereof has an outer edge
which is at least 3% and no more than 75% of the particle radius from the surface of
the support particle.

A process as claimed in any one of the preceding claims in which the layer
containing the catalytically active metal or precursor thereof has an outer edge
which is at least 3 microns and no more than 20 microns below the surface of each
support particle.

A process as claimed in any one of the preceding claims in which the layer has an
average thickness which is less than half the radius of the particle.

A process as claimed in claim any one of the preceding claims in which the layer has

an average thickness of greater than 0.1 microns and less than 25 microns.
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surface of said particle, said layer being between an inner and an outer region of

5 said support particle, and each of said inner and outer regions having a lower
concentration of said metal or precursor thereof than said layer, said layer having
an outer edge which is at least three microns and no more than 20 microns below
the surface of each support particle.
18. A composition as claimed in claim 17 in which the layer has an average thickness

10 which is less than half the radius of the particle.

19. A composition as claimed in claim 17 or claim 18 in which the layer has an
average thickness of greater than 0.1 microns .

20. A composition as claimed in claim 19 in which the layer has an average thickness
of greater than 0.1 microns and less than 25 microns.

15 21. A composition as claimed in any one of claims 17 to 20 in which atleast 80% of the
support particles have a mean diameter of less than 300 microns.

22. A composition as claimed in claim 21 in which at least 90% of the support particles
have a mean diameter of less than 300 microns.
23. A composition as claimed in any one of claims 17 to 22 in which the catalytically

20 active metal comprises at least one Group VIII noble metal.

24. A composition as claimed in claim 23 comprising palladium, at least one promoter
selected from the group consisting of gold, copper, cerium and mixtures thereof;
and at least one promoter selected from the group consisting of salts of Group I,
Group II, lanthanide and transition metal promoters.

25 25. A composition as claimed in claim 24 wherein said inner and outer regions have a
lower concentration of said promoter metal selected from the group consisting of
gold, copper, cerium and mixtures thereof than said layer.

26. A process for preparation of vinyl acetate which comprises reacting ethylene and
acetic acid with molecular oxygen containing gas in the presence of a catalyst

30 composition prepared by a process as claimed in any one of claims 1 to 16 or in the

presence of a catalyst composition as claimed in any one of claims 17 to 25.
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