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Background of the Invention This ,invention relates to a catal yst and
.catal yst support-useful in producing vinyl acetate nononmer (VAM in a
fluid bed process and nore particularly relates to an actiVﬁ: a%szﬁgl“ective
fluid-bed VAM catal yst suitable for use in a fluid bed reac &rd ich
catalytically active netal is well dispersed within a support.
Conventionally, vinyl acetate nononer is produced in the gas phase by
reacting ethylene, acetic acid, and oxygen in the presence of a supported
catalyst in a fixed bed tor. In this type of reactor, a support
material such as silica BEUAD BERVINYL AGEHALEGATA i catal ytic netal
such as palladiumin conbination with gold and an alkali netal salt,
typically in the formof an acetate. A requirenent of a fixed bed reactor
process is that the supported Bmikardysid bbtHethvientionr el atively | arge
structural shapes, such as balls and may be 2 to 50 mmin diameter or nore.
In early exanpl EBisofnvantion- relgtestial pstoatalgsl 1aagi watalyst gopaodr seful in

di stribute re o(,.less..ynif hr carrie . .

oSt DU SRS’ SRR A RS S FrpheanhiR o
1, 333, 449 garticHedy tefites ¢ AnRRtRBtaMPsckBTivE I0id-BEAcA MazRaYst sEabIansss do

not diffuse 1 "0 6 a a N QO3 significantly into the |arge fixed-bed

cat al yst s#seuét @r duidnied reachomneaxlmshscvaxsly@aaér pelive metal ixweodispessedn t he
interior of.%ige %géﬁlrxﬂ were not useful. Subsequently, fixed-bed catalysts
wer e develvc% 9 ?'¢h most of the catal yst netals were deposited onto the
outer shell of ChavestRlledirifbabitis mEAdmer ¢XpfddRedInefle Hid bARse B3t ent

No. 1,500,167 describes a'catalyst structure in which at |east ninety

per cent ofregriing8thiigingm aaedicgatid, iandiaygepuinethe presence&f ta Fuppested

adi us. 1 atedist s e Bed PeatRt: oh 1AG Ue're BB B ino B8 e

teaches thad sfiiBg steRIuRfn®fis %F%gﬁté@wmh%éta@ﬁ@%@m s&ah rdsepalfediumein
controlled by 1o pretreating the p

orous carrier with an .al kal 1 ne sol ution
of, for exzompbimptisndwiim galdbandt ancalkabdinetal hyalt,otyipitally Aimotheerfotppelogoh to

Dt her et muate: A Bedhilhetn of B Ties Binchlearteh psys i Dayted edated”s) s
Pat ent Noscatﬁla/gngiorﬁ‘% /e rélbg\ligl?i’l% slﬁb@t:t.:}'alis‘ﬁérr%%gmdaé:éhﬁé %8kSmay be

containing e nts in 1 s add to palladiu ol d such as

| ant hani de2 tofpoumds diacietereotUn8re.Pat ent 5, 859, 287 and WD 99/ 29418. In

ot her fixed bed catalysts describped in, EP-A-0723810,..a silica,su rt_my
be i npregnat ed W te@r!gf/@)@gbo PR, © |fg§ecr-ppg, CS%Y RAladiug, ?ngn@%[)cﬁeq{e

cal ci ned d A b i I t e

primaril yqlﬂémggggdejﬁndergoé/}w Itg %ust gbﬁlﬁWég?gvgﬂotﬁef@ggr' %%"%Ségggé{ r;?g? é?J'sef ul
for the neB)AVEMB0; 8,743)807y Andc 0801007 andwCagpair Betzin tRatpnbbiec 1,883,149
acetate nononer is to use a H'\ITFi)d- bed gro ess i n which gaseous rgag}{&%nts
are cont actiEiSeyih s Patantio.BRM.P99uppBre daseausrgasiapis 49 SOLAITS er
fluidized bed conditions. Expected benefits of a fluidized bed VAM process
include a sinpler fluid bed reactor design than 2s a nulti-tubular fixed
bed reactor and increased catalyst life due to decreased hot spots which
are typical of a fixed bed reactor. Further, continuous addition of make-up
catal yst mai ntains catal yst perfornmance and el i m nates conpl ete catal yst
change- out and shut-downs. Hi gher production rates nay be achi eved because

hi gher oxygen | eve be fed into a fl uid- actor w thout 3o
producing a fla @m@ ﬁ"ﬂ!ﬂ'@mrl?ecent ly-i ssuedﬂ!WM@“\‘m H@\ﬁ\s 5, 591, 688,
5, 665, 667, and 5, 71U, X gned to the assi present invention

and incorporated by refF®P®hce herein, are directed*tdst he producti on of
fluid bed -2 ~1 ~6 JUN 2003 vinyl acetate catalyst, or a fluid bed
process for the manufacture of vinyl acetate. In any regard, conventional
comercially acceptabl e VAM cat al yst, whether used in fixed or fluid-bed
reactor systenms, uses gold in conbination 5 with the palladi um netal
species, such as described in U S Patent 5,859,287 and European Publi shed
Application EP O 723 810, incorporated by reference herein. It is believed
that gold fornms an alloy with the pallagiun1and i nhi bits aggl oneration or
sintering of palladiumparticles during the Iife of the catal yst under
process conditions. Although other netals have been suggested as



- substitutes for.gold in catal yst systens, gold has been found to be
required for commercially practicable catalyst in terns of activity and
selectivity. However) gold is an expensive conponent in the a8 auysioo
preparation. Therefore, there is a need for a commercially useful catalyst
that does not require, or mni mzes% t he presence of gold. ~5 Further,
there is aswﬁtdamﬂyngtmamjlarge fived-bed diayalyst, stieggiors, anughfdfuhe expensive

| h d / |
Char avt or | SHANIS, RS G TRITnde S, 8RR ol ‘o e et Weke pgt disetida i »
this speci fS'u%%th@ntl)F heer@bed Yatalis wetkalevelopadPiRahicAfmb&t &f t'h@V(%hitygf‘

show commerciall'y significant activity/selectivity properties wthou
necessity ofetglsl wese depesiteidy ont@the amenshell ¢futheheuppoded| gatalyshr t Fot es

Plui 0 ted EERERS oEsaEEHaln Fant B N5de b os-aRehis Rl stitita i ™
mat erial uggficH at RaRE ATHELE petdBHt Ae8S @taﬁaaeﬁpaﬁa gded3i'§ 8thHLREE in 8feigGt

acid, and an oxygen-contal ning gas under flu bed 25 conditions conprises
a porous nitthsspawiesipaticlewppishtis @@hmrmthgndhmlgarceraﬂ ofythecparielep@adivgdi um

dots not v 53 M€ HeBeROR BEG kel B SRR ely NEICL PR 7 legRbS

sel ecti vi t Yhe Ad@jreee s b@néfrﬁﬁbweln@o vihay Iporees ag&rribh uwh besl é@iﬁt%lléﬁ By
which 30 catalytically active small palladiumcrystallites are finely

di sper $&d wretrealinchthes ppyastst caroigp witkean calbqj@essoigtl@e oécfos @xanpie, spdibmes

within the hav fini,t I umto form fine
crystalli tgé}’boqo &P @H%Tﬁgg@aée ‘0 é’%"b’ﬁ@gg ro%ch n% Q;OHEFQI gﬁpéaw@s may
be di sper S@dtd]%tl P HReEoabe@NNOLS. PAEAT NATed, 04s0ITS IR Wthet rastpBast oPr
may be intimately incorporated within the sup ort before inpregnation with

a sol ubl e PERAUENANFBRIEENREINBERE I FREIVSH @fetwéclplseﬂem el - EnifdfentnNes. 5

The vi nyl S uid
bed 1 eact of y/ab B bR Beno e 1T IEDhaRR: oRUyaRY Lhntlind ety L
finel y1sli spatrion 9 tdallladmmra)ftplg@fcblsd@h &s!p@athaaidel bomdmausememmhms
smal |, fi nela{ﬁadl sgersed crystallites maintain catalytic activity and

sel ect i vi t VARt 6928788 WL, 9842941 8or IoPlaer J)'Pie@fbeg’o%ﬁai}’ﬁtﬁ Hés@'éﬁ%q ftic

t I fs
g?u Iea:j?um ?%yé[b%ﬁs%grgfgclgnc l%loor a{aﬁ% rﬁ;ﬁreﬁﬁg{égduwth ?%réu?lq%lr Xzﬁ‘ s”tlflo"t abl e
for use i noal\VBwneltaledlt aeachen ca}csm@drbemreiactdit&in dbfrpalmmhmcanmgoldysﬁaﬁﬁ ites

are wel | persed in an interior region of the particle. bl e
catal ysts, Ogéhﬁﬁ%wﬁiﬁeﬁﬂmwli’& ﬁ?@%ﬂﬁgawmdthﬁn“@m %‘P@F@dg ﬁéﬁ?ﬁ{ g??dof
t he cataly t g0 the surface. Al though
t here E@ Eét%rda zlfiltﬂlfgﬂﬂ1 H%a]ﬁf&g?@nég\?@@ ﬁﬁt?tt € concentration from bel ow

the sur f ace to wheewaapprobehderpreducé Ivmy;babbmﬂe umorsryst & td tes aafiyidebed

finely dispersed {n TEM phot om cro a i.e., th al | adiumcrystalljtes
6 subst aRGGASSy Iy GRERTUS HARIaRIS A darbarted: BanuRiawst o s iht

aggl oner at
pal | adi um Eﬁﬁﬁaﬁ%@ﬁﬂ?ﬁbéﬁ'%%’@%ﬁ i s S W
crystallitefa fMipizeﬂ@adaMAMaurad:m inchuds alsernprertfllmid; bedweatiosrdesfgwtharew,

if any g rate |umcr stallltes 1y, pal |l adi ym

cryst ab¥i tg @%{@?pg (g% |(ﬂa€ fofng Hn%reﬁﬁ?/é %Ksmﬂfg ‘ﬁlbe ﬁ%r CreRsPhbout
Z0snanomet %ﬁsga@whi&hw glc%% ﬁrfixéd”'bé’(ﬂ @é&ﬂbﬁdFaﬁheatc%nmﬁhaugfaddnom

i nvention, reduced ta tysta ites in the catalyst particle including
pal | adi um of ysake-Upt eatabirse memﬁamaanatalbehpenfarmammcandoebmmﬁeercamhgleteess

t han about 10 n pi cal, cr Illtes ebe en.about 5 to abouyt 15 nm
In order t&2 ?%Yﬁrﬂch%%%%}ﬁ/ WE?y %hquqrg UGHehIates Ma% PEFISEdal
SO support b@ESQéé“h erxtygEﬁ léwi@%ta'r §:may Bstféa .aaeénefd bé@teddtbE¥itAbUNaS

an affinity to pa st bewe di spersed with 1n the support
parti cBe. Pheducing fa nilammeadtal mﬁem es Regehtiytissiuadt bkSi d%est&:tﬁ 531,688,

| ant hanum 6., JUN 20U3 and, Group 4.(.].U

Per odi ¢ SEra08 s a0 Srsp el B assfoned 19 (ARSI 1 1o AT SRA MU P RE s e
of gold thahdiiRtemorateel Y RIbIcHEcHBRIA, A dirdef’l R therprodusRdmbs fluidssy wel |
di spersed into the support particles) do not form aggl onerati ons of

pal | adium crystallites. Thus, w thout agglonmeration there 5 should be a
greater palladiumcrystallite surface arBa available for catal ytic sites.
According to this invention, one nethod to prepare the catalytically active
supported materials conprises contacting solutions of palladiumand the
added affinity nmetal species with a preformed particul ate support. Al of

the netal species should be conpletely dissolved in a suitable sol vent
nedlun1 preferably mater at sufficiently |ow tenperature that _



15-achi eve conplete solubility, preferably at ambient tenperatures, such as
10 to 40C and usually 20 to 30C. As described bel ow,, the |rrpre nat ed
support is reduced to formmetal crystallites within the sup 8%6830% cle
that are believed to be the catalytically active S|tes Preferably) the

reduction step t i,on althou nt.er medi at e
rying of VRE aapiascatslShaPE i LG 1359 ATPPPESIE HARAMARgIas i & viny
materials. gddigfe is no need to "fix" the soluble netal salts onto the
support with al kaline species as is necessary to form"shell" fixed bed
catal ysts befork reafd/ucreg@nd., conardionat carnmedcialy pacme@ﬁdjleat\/ﬂl\#t catallys},

t ed t I f f t al t t t ed
Ehr oughout MRS et i1 Bia drafuidine Dk d i sitens, Besngeduh ol v o
of two gratglthahs pﬁlla@fhrﬁfrﬁéf'&lts}beﬁ%tsmsuéﬁeé?é aéséﬁHHc?WQtSdthérﬁébSQWﬁs of

the support and then cal cined. For exanple, in the preparation of a porous
silica suppod tEunepeann Rublished App,l@atIDOrEP &h73Ri810, dncarpordted iyt referanwe such

as cerium oxi de, r, zi.rconi ym ox may ,.b |ncorpor din
Thes ol | I REleiy if 1o, BRteRE At e Jofe A aliRY it T AuRSin] R PR R,
oxi de of t@l@ﬁférﬁiléd difglﬁtbrlhgpéfaﬁﬁlﬁaoﬁurﬁ%éﬂtlel’ésoauﬁr'ld 'ﬂ‘?é‘llf@b? 'tﬁé %”'atalh/st
incorporated into the silica Sol prior to spray drying which forns t

pr ef or ned sruqb@'optoqs@m cendions.edAlthough sothar enetatm have been m!gg@S&daraSed

oeq 117 pr ideston B b et dvatems i Bas i riefte 68 SRulRY 14

metal oxi d@@mf’@fci‘éﬂ y iprasticdaicathlystia feh@srsfed & vﬂ?fhrﬁjlﬁﬂ@bﬁﬁtws%w&e'frh' S
invention. In the preforned catal yst supports of this inventiion containing

an intimat @Oldll§t&n| PRansivecompoaent i fthp Wéablst prapgsatiame Toergfpraithgrarist al

emboai mont 2 estuichoheBBRURIAIN RS Al bt B8aE heR e e o bt RS

pr ef or med Henpesbnea of gelees containing affinity metal oxides in intimte
associ ation with the support structure. The catal yst useful in this
inventl®n i s subgBheedhere is awentbyfing nerddrr YoM satalyais.eeranialy fluid bed
suitable f i f bed
Bhsaly3e, iien HalteduBRY 2B 28 R0uE olip b bctB B BctdRyES Wi

art, these’™p Icl'es nus maln ' a uid bed

state undewhichaatd m@ombsétaanaoMtriti@rkeeqm nlgssmﬁécu ¢h ehts spécifitation, the
resi stance such that excessive amounts of catal yst need not be repleni shed
during t heCqpbstand eatalysdr SUpparh i gihvis y@vezfﬁlpnpafa@wcwnmez@@”y a?dgfh'ﬁﬁé'ﬂf‘r ed

by 15 h d t ot
DY 15, MG TR g oS O Dol g8 B1d tadeadidiagll | to
snal | zar t cohpsnéht. nEsithahicatalgstepattitlescefl thist invertimy &/ dicaliy ghoev amptcemdand

may plug gas.recycle |ines. Thus iitable fluid bed catal yst
particles ﬁté@téorhy%'%tﬁf‘?%ﬁmﬂﬁhnSfmﬁhf?{lﬁgfbetJog@T?ﬁ'q”ésr particle sizes within

the particle size limts. 20 | ’ s invention) typically,
at | east 50% of the particles Sk} 8F Irfentibh 105 mcrons, preferably
at | east 75% of Atdetalydictlly laetivamralegias uskaut td:Qﬁoduce osirsy! aauétamer mqmroerﬁ@r ably

at |east 8% are | ess than 105 mcrons. In a y cal cataly i
Thi s° nventiPEn etixighe, pIBeaREonchan PaSmabBlaan: Bes cdiirs Bochiedlos
m cron Y 9 &S0 and
prefer%bl y&?ias]gé? EMFH %iegr%p'og(z%shﬂ s?ﬂé%@é@oﬁs Ar\{ '? ggsa?gnéébzﬂd@?gg? may
contain abacttve25atladlem wrysitalites finelyi dlsegrswiswmnhaésuﬂmrbn'éhe /caﬁe;dySbal
catal yst usef ul Bthls nventlon has at.. | east 50%,of thet articles w r\ﬂl
mean di anet&ef %e RESNNRL 1BYIr8s INFQIPERIOE! s GR sth Mt RVt @ng | |
recogni ze ggg&t,\ﬂﬁrtl cles sizes of 44, 88, and 105 mcrons are arbitrary
measures 30 I n that they are based on standard sieve sizes. Particle sizes
and particle siAepdoe2ss Hot pordugenya bényte @asatade Hyidaheautcatalystd ih agaich

devi ce_such a trac IN 2009 M cr ospher oi,dal,, .pa t| cles
uset o3 n-eaieiRal Aotn Smel sintedire vstalod e e e aad cB R e
reactants 0

| meor por at eyt SPRib|sYsUIPBHES hfkchod Mietar Shatlbs idah Abb aPrche phich
enough to baverian gifinityuto giafladisinoro flaomevery, fine paystadites mftpaI@dlwncé%w ngly
hi gh pore
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. 5 volune typically will not have sufficient attrition resistance or wll

not have sufficient surface area for catalytic activity. Atypically
sufficient mcrospheroidal particle has a pore volume (measuj &Juny20%r cury
porosi netry) between about 0.2 and 0.7 cc/gram A preferable particle has a
pore vol une between about 0.3 and 0.65 cc/g and nore preferably between
about 0. 4 gAfiityl Indétabpeeies. nEy bacgispess byerapregfalivn B&ith aopraiermieg! es
with mean dj aneters, and pore volunmes useful in this invention typically are
above abouRicEIPRErgidahguURRGT raing@yuRetiBtimatrly inewperatgd WithippineasupreS ur ed

surface ar IS . hough silica-based
supports (,?%Zoﬂ[ehlg?pﬁggbatﬁé’%@P?aggglﬁjgﬂ%ﬁ?lﬁlgr@e%%d%%, ot her oxi des may be used

as long as a particle oDeapApee obtie PreferradEmbblinsaiit{d)ci ent pore vol une
is produced on which may be placed the required catalytic materi al s.

Possi bfe oxi desThen¥inyuaceipiemeatalysts of Bus Kiventiag, suitabigfer usq inca fivig bed

m xtures t Tyl cal ; J Sl g orts
ro desor G nveel SRR Cla iR AR SRR Bl i TR
In these swifiormicrasphaoaiaeuppotal parisi odlieviesl faidsimed], Sineprdigpedsad ng a
m xture of a sjlica sol with silica particles followed by drying and
cal ci ni ng. t 1Y Ut ! I t 950
crysialites gpaipiain: calRliviie: actiubt ang welegtivity Svithell @ Becessiy: of
wt. % of L L hRai S0l A 7 4 4l ate 2s silica. A useful
parti cul atqneéésrbpf%}g%l J')::f éaagghrre g%‘l}a?)}cfg@ég rl?al'la's Aerosil (De Gussa Chem cal
Conpang) . A tydhasre aspectopthis iinvdrition, matayiicdllyhadive palgdivarégsalinesa
(about 200 nR2/g) wth essentially no m cropores, and, typically, are
aggr egat eS¢ uWng PREAAD WithiR BePupRAT palticley Suliahie tf Ui Ingt fluichibod deagtor
particl es a ﬁéT?a : : VA : ably,
the sili casvtsfsé}g’oggéﬁgﬁ?nﬂ re ﬂéﬁ\‘uﬁ Cl én)t;é n%%s?ﬁ??u\l&gf y%qrﬁgglpsfggét%@%f’ o the
m xt ure t gegiohaioh thedewrtield. polne preferaklei watdigsts e paltaidigns apptaltitepaate cl e.

A e T
mxtung. IHe! &dkdde. ! PRHBUGhChetE! W r8dsfidd Gt Pafadlmh | Srysal

b Hprﬂftdec Ry
dried at an elevated terrpepature such as bet'ween 115 t0 280C, preferably
130 to 24@0nceotrbtiowdray balosy thagswfacetpethat peaeticle peardet, ytheangiladiuim om

bet ween 550 to,.700 and, preferahly 630, t0 . § As part of this

bvent | on CUSBHIES APl inet “dkbefsad | Bl Ul SdteaiiagraRes obfacdi® by an
affinity L SPesH h { o] i iH b @ni h& CRIH; or
ant hanumP el QTR Py SRIREE (o s Ry TovERy Ui Al 106 TRUT, O
parti cul atvdthgiuti peominentibagglomerdtions.h tlheseomparses. tal simiteatyi vwbguced sol

may be produced from an oxi.de other than si.lica or in 1o conmbination with

Sil1 020" | waicies Bl malpaiuin pan; aahe Mish qEhod SR JUEherSoath as
a sol of cgyiametdte@PAAUZERSRINIES, a?ré@&ab!eb@@ta@@pp@rtmé dFithisciaventigi i al s,
and the resulting m xture spray dried to produce "a preformed catal yst

support pahows few, Tihany @gglaneeated palladiuar cryslalliiessi | i ca, an oxi de of an

be -5 bresent WoGaNg PRledRl BRAQBeRIohhB eRBTE ot Fdib Bt Rre S ™
affinity Rl ahorentidit dbaiti X edndmidterd t(Am)ciat alast dimbhe. | My epvicférfed The

resulting particle should be mcrospheroidal and porous as described and
shoul @5comesalystshel &tisi inventiomt rrduseddaatel crysitaltiteshin dwe ataligheattidee

Fedact  on'y PGl al RS RRE T MRac At By Eha o RLBRIEHEN
to this inyentiamab8lt hougmh. caypicks ey stdlliteBi Srel batEe0abbYPE Cal Alyouteys not
require the presence of gold for activity and selectivity, gold may be

added as d&¥N.opti onal
In order to form the fine palladium crystallites within a microspheroidal

30 support according to this invention, a metal species that binds or has an affinity
to palladium must be well dispersed with in the support particle. These affinity

metal species include lanthanides such as lanthanum and cerium and Group 3
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conponent, especially to maintain long-termstability or integrity. Gold
may be a useful conponent in a catalyst particle in which anozsfjj“\izhl}é net al
(e.g., Ce) is 25.incorporated into the preformed support during
preparation. However, the anount of gold typically will be | ess than used
in conventional catalysts and could be present in anounts up to 5 wt.%

pr ef eralbl mndp(i:jrouﬁ M(IL‘)’PA@’IG:;GIW ' 1Sl|e’rm ?yfslferrt) haxﬁteﬂlsvsuc% asntitehiunc adired y st
material. An advant ous silica, so seful in thjs inveption contains
Silica 30 Z5EPRan eIk Hes ofi9aig ihekiorpens aoldRalidym alondhese anikean

di anet er y p qp%tg 0;han t refer e S
contain s?ﬁgggp%rﬂl \évtgﬂof orﬁ%&)d{“taoqgg %gﬁg%t g}rgsrﬁdﬁlg'l c%gsi%:a:tccfa&grﬁ)l
1060 part iagglemesations_gf palladiéind coystakiosx3 adwemtwijieoutsapglomeratiofn thbes
relatively Ia&g% mean silica g rticle sjzes of 60 nmpack less efficjently
than shal iSBPUkbPepar giaates PallPiuly cRatalite sotage aisuavaiRbigniomcatalylicyer
particle giyze sol yields a final support with higher nmesopore vol unme and

| ess micropore volune. s A suitable catalyst also contains an al kali nmetal
(nmost pref er ablAcqootiagstbuithis ineénticrs cmepmettaiceio prepace tHeoatahicatly gictive
preferably up to 5 to 8 w.% .and nore preferably u 0, about w . %

(cal cul at S4PROMEATaRferaR SpyPragsceRlagRoRo ns ol palapi A thedddeder a
s Presentaffifly) B?etﬁﬁ%@b&i%fsﬁﬂﬁ' A iR UepARCYId duppBit. 1 AM of Ghd i cal
catal yst conposition contains 0.5 to 2 w.%1 o palladiumand 1 to 3 w.%
pot asgbumspekiespratforid eble s abmpilatelc edias@vedlsinal 4 y suitatde alskbieint netegliumal t i s

oo ot Pebtatblar SR GBal Bl the RS SRRt of e
i npregnatidn abchhtlag! badi aﬁ@ﬁ&ﬁsPaﬁelémgﬂﬁpé%w' OlbretdtaBHy,

al ternat e enbodi nent, the al I metal may b othe first 1 s

i npr egnat iimpregratidronwitA cat abluble usedftal spediés sis noemduciadt ygdi cahbignt
contains at |east abauyt 0.1 w,%  preferabl t lepast 0.2 w. % palladiumto
Sbout 5 wieMREIA Gy eisisty Sbvers FaSuEms @pt fadng sRclasarieat B ehive.

pal | adbumécﬁié\)éc@ém?reaé%ldmﬁ@, Fmew@& tariBE AT iethpdratiresabligh Ay {mesd pi ent
wet ness to control the anount “of 20 pall adium on the support. The anount of
affinity el andesualpiROdbl 309G Asmiestsibedtte!¢w| theoimpragoatad:suppart iis y

i | ith f | | adi be i d i h
Con o M rhatbedid Minh R Rl ebsEites AN p o DR Biel ark Befaled tay
| east 0.2t 4136 ZJJ&%I?E%MN@EFN@ts‘?te%bplﬁrel&aﬂy-, Uner reficloANstepr RlIRIADNe UP tO

5 w.%of 25 t% In preparation of a’catalyst of this invention,
advant agedmprggnation, i atheygrat tbereremaly dpeditesmediate pdiying diwithéi eatalyst

t, | adi : j i.es, d b t ith
'S0 2hibl B4 Uelasi g esh e, NS BLlek TORCHART {NEFSTON OREY itinf Bl ed
pal | adi umspnank ahetd SeMsabitol G EipPert agith vkatifk Ospeticdee iBahdcddisery (d>d(0))
crystallites. Typical reducing agents known to the art include hydrogen,

hydri des, farrraskell” fiderldirstcatajpsiabetose raddctiane |i ke. Preferably, hydrazine

nost preferably i 0 | Ut i i . 003
Feduce the- met d APuAR BRERY TR Bl RRa a3 B o gumpPridl Hilerl: e
i mpr egnat iggfinitys AER]l elsalihimatelpi gigtribute@ntresegissutothd johg ragedial,i $n used
to conplete the reaction. Preferably, inpregnated and reduced catal yst

parti €bes caniraghtthadnare physisalsnixtuiel f e vaterials g anaffindy sretebspagieve

my be pont b AdAEE hicie BatesGs Y 5Ep0eE D8 RRR.EHGNT, T sl MO
desired | anglprepacivhasiiapdicus silideeaahsstt usyl daitiy invehdomaamestidesst asl es

are dried slowmy before addition of a pronmoter such as potassjum acetate. 1
o A pref eradbinity matabsueh agregsine oxide, ddanilys OXige, OhiZECORVENOXIIE BEYRE ses

contactin ' |adi : ) with a

pr ef or rredq'a%ﬂgégét%aipgé%%@chfgda{mé@gg%ﬁp%%$%ﬁ%ﬁpgB?cHeés?éFsr 83?' %ﬁ{?g !

conpl gbel yardogislel afethd affinitg raetay eaplacesiaipoaionsoff §ilica paticled invedrpomatedt ur es

such that aggl oneration of netal species does not accunulate in the support
into” the silica sol prior to spray drying which forms the preformed support

particles used in this invention. In another preferred embodiment, a sol of an

-5-



. 15 'particle during preparation. Preferably) the inpregnation wth soluble
netal species is conducted at anbient tenperature. Thus, the solvent nedi um
and the netal species are chosen to achieve conpl ete sol ubil BtdpN 2003
preferably, at anbient tenperature. Typical useful netal salts contain

hal i de and the typical solvent is deionized or distilled water. Typi cal

sol ubl e saftinityugsttal oxide iy b usedviernreparation efde peaforrsedicatalyst support.

ot 1o o BB ET ARAAY B BRABRC Y S PERSIR! L6, BimBheR ™ ©
pal | adi umsigporseusé@tinayii| MvERIn, adhUiRe( FPéfbrrﬁBh osdtegst 3nPpbhe bi ks
Tetrachl oropal | adate is preferred. Simlarly, other soluble netal salts of

af finity rigventon sgotaiainge Ahointieate Bistipeti aof oam deféinityi metal cexiday the

oot at & s AREr R PP rpa AT o ALY Rl Suobibal Anshyle lbire in
wat er or acetidnagi fLirtHdresmboairhant, YS6l08bhy ofoukiRithomete si5&sles "mabi Be
i nvention. These soluble netal salts may be inpreghated onto the support

particl e timpsegmratedsinio pretosmedessupperppattistestentawingaffingy imeted gxides isal t
sol utions . i nCl DI eF tn t iqgue in which an anbunt of salt
sol ution ﬁég@éfeeg‘%%&%'ﬁ %héﬂgéyg@%&&f%gu upport without excess solution
is used. Thus, Enélesitdipst Lseral imthipahladtishmisigdppbhed orehamicrBsshadiday be
pl aced onto the support by -10 0 s ~uH 2~a cal cul ati ng the anpunt of

net al §0andParfieulats mededal sibtable for wreeired fluid bepipropespofess veelhkaown in

w thout weikiTfid Bt BT 1R GEREIES niTREY brlsl Bt b8, TRt ¥ e
i ncor por atfedd i éd $tate sudEIT Feadliom conditirsalwhileokedping, sufficigrtebaritred

m cr ospheroi dal support is inpregnated with a solution (or solutions) of
the netal registancepatehdhahexpessive 1asagentsnel edtlyst needehal Peussmeniahed

i nci pi ent iqu . JAMEai i and
1oty e B BESCRST. PurRER I iRl BEYCECHPES 30 BastAd BY

sui t abnke gnbammpartidibediathebers) shivuRl hat behenldrge agdiedbé aifficdit ao S@ept inoa
cont ai ni ng the catalytically active netal (Pd) and affinity netal species

and stirrdid begh sigle .t therashowld pet Re anexsessdneeunt @ny small Rarkelaat e

the mcro i terial i is
T ed o onThES R SHOBRGITR! ihdte D HRIABRTHRT Fidh Rlug bas 1BAKIE
over ni ght .[inesef Enad| typicahe suitabegfigiticbedretitdlystqraticies draver & disteiution fodr m
active palladiumcrystallites, washed to rer@ve, hal i de and reduci ng agent,

and dri ed.|arges te SEtionRagiGlesizes WdBdNe PaglidR E%d!MiGt-ut i on cont ai ning a
pronmotgr al kal 'In"fﬁé%roéé’éé of MiSIReARbY @gkaa‘ﬁ?,' éﬂEQE@E@S‘E‘O tha! rﬁé\@%”é‘i‘e
e nt to o f as

solution is heat to evaporate the sol taln a dried catalys
descri bed latmiean @beuf i108] miatons cptedérakly mbjedst A6 dfftbe particlesaateclessn of

vinyl acetate from feed preferably containin et hyl ene, a ic acid, and
o oy aomBeR eI O TTErS PrRTar e At daet o P asS THar 108 Gl o
that the i g i LA S fi | a

i 2sol ved e S AR ELsoP R Bl IAld i thaf@maline|dok iBho! 9 5% o1,
that the prartclesinome thant 1 migrpost Awthes iypiady ylebs thad5ak4 are lessfthast 25

sol uti_on. wever, in,sone instances a ired affini net al y, not be
ol UbiEa | i HECRA b PIRREAY 16 (oA 3P el 1o Bo O AUSTEI I Sl
this Case’ca’t‘alggﬂ Mtahl%rﬁgiﬂt@édut% £088 Rfofithe dﬁﬁ(ﬂés CEHEPRAU A riTBRoNRE A

i npregnated upon the support, followed by inpregnating a second sol ution

cont ai ni ngypisel catadyaii uaefabirpthieringentByl heatat lehat 58ie ofisbe yartinlesudihwat er
and vol atile 30,0rganic, sol vents su s .carboxylic acid i.th four carbons
o fover, MPRRHUREEGerRsSoetL b, &6 B iRt Eereoreshid db tog 881l T s
wat er. | n rachyhik8 thapdrciciriite bt 48B! £FENO5 MM¥RAIMS! &r8)arbiRarfirhéddungs
metals may be placed onto the -11
30 in that they are based on standard sieve sizes. Particle sizes and patrticle size
distributions may be measured by an automated laser device such as a

Microtrac 100.



a 8 Lulu 2003 finished catal yst by incorporating the affinity netals during
t he manufacture of the m crospheroidal support. The catal ysts of the
present invention may be used in a fluid bed reactor for tipe p@pgiggon of

et hyl ene and acetic acid with oxygen to produce vinyl acetate 5 under fluid

about 100 to 280coRErIralFR/RRS VN HER e Bt A e B b b,
i s about berhi gidRopsireattrite tdf&hﬂﬂ@ééy)ntonh@fp%rraabyaﬂcﬁcbﬁtab%atmym: ffleg 0 10
barg). In a fluid bed reactor system the catalyst particles are maintained

in a fluincoseorated within g padicit THas, thezampltehv@ume sheulgyha bigh eneegdhyas

to mmy nt sl PErE oL S Al e ST s P IER WE e e 5O e
gas t hs ougblunie tygisallprwithhéth heeer SasieRnt aitirRiodi psbisthhtei enill sidhavenal
al kali nmetal salt pronoter may be added during process to naintain

activity. stffisigns| IQNW&RP Eﬁé%l é@h |qalalytiat @dbivity.do nbt tyPiaallyt neuffigieaht i on

descri bed I n A
series of "Il—_lg%%%ﬂg%a{n@%ng ed%ﬁgn%gﬁgr pﬁeea%tugeé\:@ consi'b)clﬁe% &t
cat al yst wetwsermladoat Ot.C_hiaﬁdl mn'lem/gmm | A profeseblexpaticiehas a porouluaie! y
di ssol ved aqueous solution of sodiumtetrachl orpal| adate in conbination

with a 20bebHpRRABRY! 8% 260,Q85Lfi8 AR B66 B ieTably balween: P Arand)

netal , s |5fg)§5: nated onto a preformed m crospheroidal support (either a
Suppor 1 or /gport 2 material described below) by an incipient wetness

techni que. | n Surfaceeardasrreasured byrBET pforarticles withr egaatdiamet@lstdndn was
contacted at anbi ent terTEerature with the support in an am)urézg det erm ned
&

only to fPRrevelmes ueefinghig Weﬁﬁﬁ’ﬁ)&ﬁlcﬁu)‘tw&ﬁb%@%@tﬁ% ang énay
| d .
Wi oh i nosa s B SosC206 RS, A EBIGAl riRluRESHlAgE arddis CHER dP1 0

hydr azi neabohUﬂE@anQ@repared as 3 grans of hydrazine hydrate per 80 m of
ies and the resultin solut| was flltered

and viBhed mul ABGN, THE-RABRS FPBATS oA SaeaIOst PrTeT oy JIVEATRE: and

Lot o ans P 808 180 LB L P e oo s Sl BN

wet ness wistifficiantaparso wolwnbuis prodidicqrbtars svhioh avayabe placed the required
catalytic materials. 'Possible oxides include alumina, silica-alumina, titania,
zirconia and mixtures thereof.

20 Typically useful supports, especially silica supports are described in U.S.
Patent 5,591,688, incorporated by reference herein. In these supports a
microspheroidal particle is produced by spray drying a mixture of a silica sol
with silica particles followed by drying and calcining. In the preparation, at least
10 wt. %, preferably at least 50 wt.%, of a silica sol is mixed with particulate

25 silica. A useful particulate silica is a fumed silica such as Aerosil® (De Gussa
Chemical Company). A typical silica particulate material has a high surface
area (about 200 m%g) with essentially no micropores, and, typically, are
aggregates (with mean diameters of several hundred nm) of individual particles
with average diameters of about 10 nm (above 7 nm). Preferably, the silica is

30 sodium free. Sufficient particulate silica is added to the mixture to obtain a
desired pore volume in the resulting support particle. The amount of particulate

silica may range up to 90 wt.% and typically ranges up to 10 to 50 wt.% of the
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. -12 O 6 J U N 200 amount to provide the desired anmpbunt of potassiumin
the catal yst and dried at 60C overni ght. About two granms of the resulting
catal yst material- was combined with an inert diluent (Ce/K o 6adPK 2683
Support 1 which had been shown to be inert under the reaction conditions
used) to produce about 30 cc of 5 total solid. This total solid was charged
to the nigifiea dadbermixdureesTypically, HoeosilicaRsslipariculeée silwanmixiumeais epmy

Support Pr ration, T es of prefa d,.mcros L Qi orts re
o opar ed AR Bie el dBEheaue Buhote ARVERL RS 1o R0 BRI At
nmaterial ¢g0Prtbs24erd,0f%owdd &3 aakiing KURNRPEratEieetymtalROMMdiRlBosi | 1 ca
I n conmbination with other known inert support materials such as al um na,
ceria) tibaheenda0Zia ¢e0] and.mrefarably 8¢, tot#0°Cupports were sieved and a

ot eparat i ons: &Rt ehdtisabbbytid LpBridd B R b e BRE sl R BT "
than 88 lrgplaced Qiysaﬁoéﬁiﬂftgtrh@td?%ﬁéc%sﬂ_%u@h%é%?Sokmnoﬁ%eﬁhﬁf,oﬁtﬁnmm,
greater than 44 mcrons 25% of the particles are | ess than 44 m crons

Support 1Zigepriufp&tlantheasinpr diypicsdlyp (.S i 20 W% g mone; prefesakly N So

Cher cal b ahyTE BBReLla eliofds 3Ahprigt AAARERRBERESS co1. oss. 1 ¢ he
dried support, ARBPhatfvelyha sollrhap begiredlicemiione apodxiae dtRé¥hah dilea 61 in ca
cane fromthe Aerosil. The spray dried mcrospheres were calcined in air at

640C Tor QoMBINEANWItRUHs: t I this fumbedimants agitipdlaim oxjsiecisarddpth o gor ay
(Dbgussa et Sa,Roafl e REYGe 58, BerhRaral esibadtriole 1P IR chan
as ceri ummetedals, 8od thé seduimng mixtude spray ¢ded torprodute) a preformethoaxalgst, or
silical/al um num oxi de m xtures ‘such as.  Aerosil MOX 170 or Aerosil COK 84).
In the drfeRPALpasigle. The particulate material may be silica, an oxide of an affinity
metal, or a combination thereof. Other compatible metal oxides may be
15  present so long as there also is a sufficient distribution of affinity metal in the
particle to form the catalyst of the invention. The resulting particle should be
microspheroidal and porous as described and shoﬁld contain the affinity metal
oxide well distributed throughout the catalyst particle, such that incorporation of
palladium and subsequent reduction will form a distribution of palladium
20 crystallites according to this invention.

Although catalysts of this invention typically may not require the
presence of gold for activity and selectivity, gold may be added as an optional
component, especially to maintain long-term stability or integrity. Gold may be
a useful component in a catalyst particle in which an affinity metal (e.g., Ce) is

25 incorporated into the preformed support during preparation. However, the
amount of gold typically will be less than used in conventional catalysts and
could be present in amounts up to 5 wt.%, preferably up to 3 wt.%, and many
times less than 1 wt.%, in the catalyst material.

An advantageous silica sol useful in this invention contains silica

30 particles in the sol typically more than 20 nanometers in mean diameter and
may be up to about 100 nanometers or more. Preferable sols contain silica

particles of about 40 to 80 nanometers. Nalco silica sol 1060 particularly is

-8-



80% of the silica came fromthe sol, 20% of the silica canme fromthe
Aerosil, -13 O s duN 2003 and 1 to 3% by weight of the Aerosil was

repl aced by oxides ceriumor titanium The spray dried rﬁcro%Qh\ﬁfho'Q §1|
support containing ceriumwas calcined in air at 640C for 4 hours. Reactor
Testing 5 The prepared catal ysts were tested in a bench scale fluid bed
react or wiadvantagedusibecatse pftthe aptatively largdmeanbisilicaepaiticks sizes of 60

30% | 1 or UP RAPRIEPB AT CORIATLSmalar ot PatiEles Turh e Nated 237 zataout ™
| oadi ng ofo@Antulyhe 18 r'ﬂﬁi@léssii’é’lnggieY@a‘?Pﬁaﬁ’sﬂﬁﬁo@xvifﬁ mgﬂar%%édcpgrént

I nert m crospheroi dal 0 material described above with an~active tal yst
prior to rwdgmeranctiessmgicrapmrenaitmer was equi pped with two feed inlets

through T he 1 o St SRRty EEL BRR DY Ba " Al R BT Eedtpotkragy S '
React or presassiamy)esale ast 4 Proafbtyf apatobaslsup:‘leswuﬁ/f pregaaBholpr®asierg~ S

tenperature was maintained at 152 C and all lines |eading to and fromthe
react or wewk%heand tmereeprafatabiviun 40 ralabuit4 0% (Raldilateghgscalkali enetad).

ffl . I d =i ' He Packar d , Mbdel , 5890
chr onat ogr SRCHHe A feattp tibe4 B Bkl SR reRert i Hecestandl andiiore
i oni zat i orprfdrBblydRtIBESIOT Svt. 9% YOBPicad @atlIySterRbosiidlY ESRRIRNG.50RF PAR.%

di oxi de were separated on a 13X rol ecul ar’ si eve colum parallel wth 23%
SP170000n Eladdom @ncidedd wtPAwotassiugquanhef prefered sattHe avetatevi dgualltet at e

quant i 11 edgs il ERAIC Aol 5 ate soblihnyritag ol il Foess
ki | ogram abchmigaby®s cbhfroh® )ardduRnNéf S@k&F trhatal \saltnpla@ddobn Vihey baifgitat e
product per nole of ethylene feed) were calculated fromthese data. -14 4

6 JUN 2-3 Prilifle, aftekimpregnaitan)of $0p maledinpp species| anshsubgequant spdwetiqnat . %)
K In an alternate embodiment, the alkali metal may be added to the first
15  impregnation solution.

A catalyst useful in this invention typically contains at least about 0.1
wt. %, preferably at least 0.2 wt.% palladium to about 5 wt. % and preferably up
to 4 wt.% palladium. As indicated above, palladium is incorporated into the
support material preferably by incipient wetness to control the amount of

20 palladium on the support.

The amount of affinity metal used typically is commensurate (although
not necessarily equivalent) with the amount of palladium to be incorporated into
the catalyst. A catalyst may contain at least about 0.1 wt.%, preferably at least
0.2 wt.% affinity metal to about 10 wt.% or more and preferably up to 5 wt.% of

25 the metal.

In preparation of a catalyst of this invention, advantageously, the
impregnated metal species incorporated within the support, such as palladium
and cerium species, are reduced by contact with a suitable reducing agent.
This reduction will transform the impregnated palladium species to catalytically

30 active zero valence palladium (Pd(0)) crystallites. Typical reducing agents
known to the art include hydrogen, hydrides, alkanes, alkenes, hydrazine, and
the like. Preferably, hydrazine (most preferably in an aqueous solution) is used

-9-



(Wm. % I npregnated affinity nmetal (wt. % Affinity nmetal in support

(wt.9% Activity g. of VAM Kg. of cat./ hr.Selectivity VAM t% et hyl ene
(9% Al- Au/ KO. 651. 602. 80- - - - 161794. 611 - Ce/ K- - 1. 602. 74Ce 6 JUN 2003
(0.60)--217494.82' | - Ce/ K--0.812. 65Ce (1.16)--277491.83I-Au/K--1.612.80La
(0.65)--177293. 941 | - Ce/ KO. 561. 382. 51- - Ce

(0. 2) 185790. geduceethe -metal 2speciece ( Begychasovitbe raueeK- hydegines adter

(0. 4) 1550 d BRI 1 PrembBe THICAR, toudtos sbredusing aopn is upggdo

(0.65)Ti (SbrhpR@ A rdactioMet al s reduced with a diluted stream of hydrogen
(1 %in nitrogen) at 180C. 5 The data illustrate that catalysts of this
i nventi on mai nt Brafeeahly,vimpregnatesiand reduced patalitpartidenareswashechwitbence

an 'ncPeacbaulEble; SRS an WAL I Kbl &t oBER Bauhh Fheti i 28
fé?xl gfs ?%ééf?ﬁé@mﬁn%hgr@&fsﬁﬁ?maééj qg_alféﬁmg iﬁa!y;llﬁé rp@r?ﬁn‘le‘@ﬁsé@ﬁﬂfih’@@ in
peci fic enbodi nments. ose skilled in“the art recognize
nodi fi cat i Wit peniionaof axasbniiquid undil fihe idesired devel @fneridaginpysds reaehed.
~ Tollowng 'ﬁl/ﬁl:glﬁl tl]ig W&é’ued Baﬁic‘]ég\la?g %?fieg §1iony before addition of a promoter
such as potassium acetate.

10 A preferable method to prepare the catalyst of this invention comprises
contacting solutions of palladium and of at least one affinity metal with a
preformed porous microspheroidal support. The metal species should be
completely dissolved in the solvent medium at sufficiently low temperatures
such that agglomeration of metal species does not accumulate in the support

15  particle during preparation. Preferably, the impregnation with soluble metal
species is conducted at ambient temperature. Thus, the solvent medium and
the metal species are chosen to achieve complete solubility, preferably, at
ambient temperature. Typical useful metal salts contain halide and the typical
solvent is deionized or distilled water. Typical soluble salts useful in this

20 invention include salts of tetrachloropalladic acid, such as sodium or potassium
tetrachloropalladate, palladium chloride or palladium chloride dihydrate,
palladium selenate, palladium sulfate, tetrammininepalladium (lll) chloride, and
the like. Tetrachloropalladate is preferred. Similarly, other soluble metal salts of
affinity metals, such as chlorides, bromides, iodides, nitrates may be used.

25 Halide salts, preferably chloride salts, typically are used. Since acetate salts of
palladium and affinity metals are sparingly soluble in water or acetic acid, these
salts typically would not be used in this invention.

These soluble metal salts may be impregnated onto the support particle
through known procedures. A preferable method to impregnate salt solutions is

30 an incipient wetness technique in which an amount of salt solution measured to
fill the pores of the support without excess solution is used. Thus, a desired

level of palladium and other metal species may be placed onto the support by
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1. Anethod for.preparing a catalyst material useful for the production of
vinyl acetate in a fluid bed reactor systemconprising (i) contacting a
pref ormed porous .microspheroidal support with solutions of 2086 JuN sgli um
conpound and at |east one affinity nmetal conpound such that the palladium
and affinity nmetal are fi ner di spersed into the m crospheroi dal support;

(i) red“‘ébl&:léth@fﬂﬂé bﬁ% tgﬁ%‘énbothed&&%mérdﬁé@hhbh%eo(e'd' {0 filR¢sd N9 a

pr onot er anount an al k salt’"~to the support
recoveri ngorése r8inget |tmglcaﬁy ath;estsohﬁtoewr mpregmtaj sulpeoﬁemaﬂowtadcloadml

wherein th ref d m crosp er daI por IS _contacted h sol utions
of hal | de Sy ar ot waPREoRICal IS mARN Ind mpiaHabion solytion s hoq
of any on%ﬁrpgme@qﬁ@qﬁb@,p@bql ms wherein the pref or med porous

m cr ospheroi dal support is contacted with a solution of a palladium

conmpoufid and a lBokluttypigabfpracedutest the preformed mraspbemn@uppoeeper ate
steps. 15.4. The t hqd ne of .th e re|

S E ity EPEOTPRANE o soie P s PR, BEFEGMAE SR MBI, thef

m cr osphe@iddadne WPyt ni@talwustrfg emhew@ﬁt'watn‘ébé heéhrﬁ‘iahbad)dﬂﬁb&%ﬂ)é)aﬂd S.

The nmethod of any one’of the preceding clainms in which'the preforned
m cr osphetig @gtive upe@lt paltadivms endsaffindg. metal eompoment e disgolved irothe of

th wh t f | l.ad d

L o APt TRa Al SO Sloror e PR R B
et hogo f OrsoMtl%lhaéerﬂﬁlrﬁ‘ng@ﬁ@bﬁﬁélyﬁﬁ%ﬂl?rao@lk/eqﬁélfalﬂ|(Pf:|Pén§ r&fflrﬁify)ﬁ'téi&l' Sediés Vi nyl
acetate in a fluid bed reactor system conprising: (i) preform ng porous

m cr osphe@diddstirred o @llowptia pelive metaland rpramqiefr elﬁm@/ntnt@t inpregegiethe s

cont act § niE I REEEHaY sbib B DET . TS i Gt B eP ShbkE B oithd on of
a pal | adi uapgrpoundemyaied henpbhaursl sadi e aetiel sbec! instaydoserngiad i nto

the m crosphefo support; (1ii) reducing the palladium conpound Pd( 0)
crystal | i t(Rreferably) thﬁiump@g@apecbmﬁtelrswemmareolred@medltadmm @ctive p@éladlurrand 10

(v) overi ere I ng cata mater i al. t ho clal 7
whbr o RO/ SRS, SfAShE o B Tae e A0 oo bl ANt dnecid e
met hod of reaebiE) 6 88d6d 6@ SebdhdVBbRIlioRSMAINTHE BQSTBARItEH dﬂdahsmémrsblt
particles are preforned by adding an oxide of an affinity metal with silica

parti cl es Preferably pAtRsYEMs BFetatel Bpisasecong sejutien foharisst tugvaporate the
m crospher g} Agk 18BthiH Eried catalyst as described above. The final, dry catalyst

may be used for the production of vinyl acetate from feed preferably containing
20 ethylene, acetic acid, and an oxygen-containing gas in a fluid bed reactor
system.

It is preferable that the impregnated metal species salts (Pd and affinity
metals) are dissolved in a single portion of solvent. The amount of solvent is
such that the pore volume of the support is completely filled with the first

25 solution. However, in some instances a desired affinity metal may not be
soluble in the same solvent as the other metal compounds to be used. In this
case, a solution containing some of the metal components may be impregnated
upon the support, followed by impregnating a second solution containing the
remaining components. Solvents that are useful include water and volatile

30 organic solvents such as carboxylic acids with four carbons or fewer, alcohols,
ethers, esters, and aromatics. The preferred solvent is water. In a further

embodiment of the present invention, the affinity metals may be placed onto the
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. 10. The method of claim7 or claim8 in which porous m crospheroi dal
support particles are preformed by adding silica particles to a sol of an
oxide of an affinity netal and spray drying to form porous 0 Jupspdgr oi dal
particles. 11. The method of claim 10 in which an oxide of an affinity
metal with silica particles 20 are added to the sol. 12. The method of

cl ai m 7 offinishedcatalyst iyl inogmrating ibe affinity medals duringaftié manufastusg of
conmpound 3|,rle i.npre nat.gd onto the mcrospheroidal support. 13. The net hod
of any ond SMICIRSPHELUGR| SHPRA™,i s wherein the affinity metal conprises a

Goup 3 or 4 netrd cAfaldsts %Fiﬁ@?#é%nt%é’rﬂionﬂﬁﬁywm Rf a 3K EBS r@éctbge The

preceding clains wher€in the affinity nmetal is’ceriumor lanthanum 1
met hod of fantheorgactiontofethylese dindpacstisi anid wildr @iygente pbtilee vinyhrecetate s

ceriu 16, The,net hod of any one claimnms to 13 wherein the affinjty metal
o it En QG OB B0 padih Fohdiidtsu: Tha' fhetlnl” GBhBreiie. SieBling
clai ms whenghtmindg 4t apditen 0ot kel 2507€s, apreférably 330°48SPYIOAT.aFRE Felictiod /7 O
6 JUN 2003 18. The nethod of ané one of the preceding clains in which the
catal yst rRieesural sultedly isoabeshbaita 20 @sigl(s taié banghopreferably 76rte 50t he

P ot o $5d (GaantiiBid o /8 £3yid Rei el Stk ing ctaf3h neritc 876'i ny)
acetate i ﬁné‘in’iéihéd'_iﬁ@fl@i@%ﬁ%taﬁé’%%ﬂfﬁ@éﬁ 'géé fﬂl@wpﬁier?ugﬂg i@ lsh¥tars ! ITtfis

pal | adium crystallites incorporated in a 1CCOSp Y dal sOpport
st ructiOr e ga&istfiovapreferably isgnaintained abreolevekeloaadodhe aninimumyratetratjuitad

i or osphengiantae (e FiAdsAiAn | FReBESranBe s BNST EobnAIR Bble s
cont ai n gahfbugh the reactor which decreases conversion efficiency. Additional alkali

metal salt promoter may be added during process to maintain activity.
The following Examples illustrate but do not limit the invention described

15 and claimed herein.
Examples 1-9 and Comparative Run A

A series of Example and Comparative Run experiments was conducted
to test catalyst materials of this invention. In these experiments, a completely
dissolved aqueous solution of sodium tetrachlorpalladate in combination with a
20 completely dissolved aqueous solution of a selected affinity metal was
impregnated onto a preformed microspheroidal support (either a Support 1 or
Support 2 material described below) by an incipient wetness technique. In this
technigue a measured amount of impregnating solution was contacted at
ambient temperature with the support in an amount determined only to fill the
25 pores of the support without excess liquid. The resulting impregnated solid was
dried at 60°C overnight. The dried solid which incorporated the metal species
was reduced by contact with an aqueous hydrazine solution (prepared as 3
grams of hydrazine hydrate per 80 ml of water) to reduce the metal species and
the resulting solution was filtered and washed multiple times with deionized
30 water to remove hydrazine and residual chloride as confirmed by a silver nitrate
test. The resulting solid was dried at 60°C overnight and further impregnated
by incipient wetness with an aqueous solution of potassium acetate in an
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22 The catal yst of .claim 20 or claim21 wherein the nean di aneters of

pall adiumcrystallites are | ess than about 10 nanoneters. 23. The catal yst
of any one of clains 20 to 22 wherein the affinity netal cor&)éi@%maoup
3 or 4 metal or a lanthanide. 24. The catal yst of any one of¥ ¢l Oto
23 in which the affinity netal is |lanthanumor cerium 25. The catal yst of

27 o AR S 85 05518 Shiki b tinnd iy e

zi rconi um any one o al s

affinity m®C owetnight.i mabeghainved graing ohetheupgsulting Datallse materiay svasf any
one of clains 20 to 25 in which thg affinity maé alis incorporated into
t he supporaenRinpdgvihssbinerhdiganb{Cek opAu/Mhan 2urRpertt! ¥hichhaghkeen

clainms 20 7 kel ) r Qi ' | L
i1 ca ol SoNR 8 WerRublB: (AL fARBT COnRlons 1RRR to bRodhil abaR M cg of 1
m cr osphertoialigblid.uflig totalssaidowasehagidd tatheavniongreactbrdy dosdribed bélow.

particle sizes such that at | east 50% of the particles have nean dianeters
| ess t han AesHs areHOWMMN hablechst 50% of the particles have mean di aneters

bet ween 44y BBrdh&aRgs- 30. The catalyst of any one of claims 20 to 29
wherein tl‘relfé#gcmép&remr@al support has a pore vol une between about 0.2 and
0.7 cclgram 3ITwdhgpeataf ystfomhedmicoospheroidatisuppdAs twek) préearednandie

m cr ospheroi dal support has a surface, area abpye about 50 nP/gram , 18 06
JUN 2003 Msedri ”&%t%ﬁ%@'eﬁf ofy Ryessid '6‘1’*’981'%!?in&\szﬁxuﬁRP%I“?Wr%&%‘i’W'ﬁ'%

oro I eff fpyores: 43 her o | S b i :

ot veas aol g &1 PR matRatkdmpiieifo Blica T ddmn At Wiirk Gtndf™
affinity reoain ineBBsupparbhratgsals suchras alnemiod, cdrig, tikard@ anal Acowia.c Prior

20 to 33 1 Ui dhe BUDPEHEWEI SRR PRI A SBFE i R IR IR SHATBHTORCE R
pref or med JiLASRAS Lk dh 158! BARiyst preparations:
5% of the particles are less than 105 microns but greater than 88
15 microns
70% of the particles are less than 88 microns but greater than 44
microns
25% of the particles are less than 44 microns
Support 1
20 Support 1 was prepared by spray drying a mixture of Nalco (Nalco
Chemical Company) silica sol 1060 and DeGussa Aerosil® (DeGussa Chemical
Company) 200 silica according to U.S. Patent 5,591,688. In the dried support,
80% of the silica came from the sol and 20% of the silica came from the
Aerosil®. The spray dried microspheres were calcined in air at 640°C for 4
25 hours.
Support 2
A series of supports was prepared by spray drying a mixture of Nalco
(Nalco Chemical Company) silica sol 1060, Degussa (Degussa Chemical
Company) Aerosil® 200 silica, and an additional oxide such as cerium oxide,
30 titanium dioxide, zirconium oxide, aluminum oxide, or silica/aluminum oxide
mixtures (such as Aerosil® MOX 170 or Aerosil® COK 84). In the dried support,
80% of the silica came from the sol, 20% of the silica came from the Aerosil®,
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. 35. The catal yst of :any one of clains 20 to 34 wherein a portion of cerium

is inpregnated onto the preformed m crospheroidal support. 36. A nethod for
producing vinyl acetate conprising contacting ethylene) aceti@gaitNd200&nd an
oxygen- cont ai ni ng gas vvlth a catal yst prepared by a nethod as clainmed in

any one of clainms 1 to or wth a Catal,léSt as clainmed in any one of
claims 20 @%d3b tPnd3% vawelgmdofr&sR:tAﬁmﬁ ewas | rgpiraseld by caxided rearitidli afi ons.
19

"A A@. A3. NARYBR N ASPARY. AR DIHOSRISTOA SURPHA. SYMAIYEA PERIB. WSS/ Kz
egr >h{ ####84It\weddh]aX aed4cecfddachdem] ca] cal c”a] ca] cal ca] ca] ca] c”a] ca] ca] ca
] ca] ca] ca] ca]aga] caj caU] calc:aJcalcalc”raljcralcalca ,,,/ 12s4V6] 6 66

7X7778" 909kReacter desting

calcal G ca ca) L4 AP R FRERRCA S 820 L L ERFE R MRS R A
UVV-+WANKO NOEY B ximiuive Tt dlgst] ca:]amtycaf] m]ow]cx: abutirhetdrs a] Saffickint @ptaysta] cal

cal cal ca ca cal calcalcalca] cal caU] calca] ca]l ca] ca] cal 0ZZZ] & 2[\ bzdddddHeee
Of:]!fn]gg ] S l!lse su]ch !hat]the] oxygen ]con ersluon was limited t[ 3[0% |L1 order to

ol cal] Lgi{:aﬁ%éééi J | ottt ke hedhoal aalisel ceheilsraldring] 67186 eabia] o2l

mMXnmmmmm : cefatimetép peplaneq aas2 bbtahsécs |dwstmﬂdm@usutfimiehtZHbctahﬁaﬂospheaildal] chaj
cal ca] ca] C@Jﬁl le ch ca%g ? cal cal ¢ I’! cal cad caj cal cal c”aj ca ca ca !Jca_lﬁ] cal ca
] ca] calka! Fégﬁqr abpve ‘with an active catalyst prior'to eac ort stln e

cay oa] onl ook AR R ATpERd LT LG TLER] PR SYTF PARAGH ] Bk Blgadsleel
Ll]c gL]c gL]c g] aadi sahteamnmbea]emknag tlad cﬁcﬂan tapegh ta kajerdhledhnd Wittedarabnly] ca] ¢

al cal ca! ns~ .
[ p- G?XW-| \Aﬂeﬁjﬁ%"‘ ﬁDééaeagfﬁéa]'%fa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

3l
][ g?giw?&f%gﬁ%ﬁca] caj ca%]cgﬁ%] ?J)ﬁﬁ?%ﬁca%ca] %g kc s (r:ea r%%ﬁ” rcta a@é rca] ca
] cg]/ca‘]&sca%m;uer%u;e] wa‘ﬁatn]aclrgai/me]jcat_l ¢5?8@;] ga/dmlclllﬁe/s i@?ﬂ;hg 10) a@a#g if(r)o;;g t(h)e 0
0 s109 0 0 om& ()-"u o () -
10g t‘:!'igg 1@%&&@(‘9@%&&% ?nd ﬁ%an@ %@'—*é %& ()- 2T °

i ‘é"fgl@ g é%mowg %@é@&&%%g&l gfﬂ?sﬁ#@iggﬁa@ afﬂai%i@é@fﬁliﬂ\é& doing! SH@HEa%E ()

109& () -! \@$l§m%& (ModeX@DF390%: (gasszmmmtognamlocmwppéd Svedtne +both

& ()-"1>3S3%0%& OfV | #10%& 0%

10((%)&. ()-11 {W&OHNC'F'\“ @}/}é@k arj& {ngd%z%/glon&(ﬁlb deFe\’c\:AfJgrs 6xygen

MB10%8ad( ) - nitrSHBROGHBflche - akd edarBeR: dioxide were separated on a 13X molecular
sieve column parallel with 23% SP1700 on 80/100 Chromosorb PAW, and

quantified with the TCD. Vinyl acetate and acetic acid were separated on a 4%

DP-1701 capillary column and quantified with the FID.
Activity (grams of vinyl acetate product per kilogram of catalyst per hour)
25 and selectivity (moles of vinyl acetate product per mole of ethylene feed) were

calculated from these data.
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10 XF: $10% | & () - +@H10%| & () - | @H10%B5& () -1 @H10% | | & ()-f#10%| & ()- 10

101 1;"{#WMBE .

10! 1 f: $10%| 4] & () -+ ff:$10% | & ()-+! 6f: $10%4| 4] & ()-+!\f: $10% ¢ & fon 200%F : $

109 | & ()-+I\f: $1004 | & () - +{ #isr#rit#$9% ' ~\: 0! | 3109 () - )l@thO/&'Q ) -1 @10%&' (

) - #S- 10%&' ()- 104| 104| 104|: 10%| & ()-"'()*+,,, Wb+ 10:

109& ()-!33109%& ()-)!3$10%& ()-)' @$10%y& ()-)!3$109%& ()-)! 3$10%& ()-),,,,

+.w. =/ /gE 10; 1!#9%$10% h h& ()-! S9$10% hpasie() - 9510%

&'()-!N9$1E9@hn & ()-"10%h& ()- 10 10/ 1" 122%4s4}[<F: 1089$10%
1

h& ()-! X89B10%Hxh& ()|- 9$10% h& ()| ! f 9s]lowreagater Yaifinitws| Activity | Selectivity
h& ()-!1Y9 )'LQ%IQISIQ pdl |- SA®VBZGpAH\ 6] 6jk66{\ =&idi %3& rﬁétal i9 QY68 AN | 10ak 40| h

10 hy; 310% LH1 0%1h % h h
7X77)7/8" 9dE[a§6\ 0'5,)@'&-( (Wt.Pe) %@) (&'&A A suppon Kg. of cat./ | ethylene

 10%G& () -1 10938 Miluedk |[10%5&] () - " 909V 9! : qwm% (Wt.%) hr. (%)

dE{\ =0#10968 —HEDUEE—)- V- $LAUEE—)HIFOMEE 1008 J
;T{<<|\/|:2>>aB{\A—6 3 ‘dgd 065 | 1 1%9cd @B% ik — | - S 1617 '
+Mp10%EGE )1 l 10|9@‘&k()-s&! (0968 ()2&@:-0@@&5@)- SH PV WP R T 7X D @Y. 0% &
'()- 10G 1 0G; 4100488 ()~

S8! 10968 ( GI 10%%?/5) -5: 3109881 ()| 2@ BCOE(ENRe b @~ 9$100F&4 ) - 11918
9$10%& () - FI'\g YHILOREK() - & [I¥EI7& Blso™| La (0.65 - 1772 93.9
#10% " & ()l #10%id&" (|- f EEE HHHMB_@_MMLLW (-1

39$100& ()} ! \& o160@/K|) 0&6at 98898 @)51&]a 9$109&|(Ge PRNHHIIOK MyH@ 966y ;
10%@$10% P& =7 "_§@é100_@,i.>i@:4(1)-+§§56€foh&_()-i SHOHTS Oraldr TP B O

6 |I-Ce/K| - 150 | 2.66 | Ce(0.57) | Ce(0.6) | 1752 92.1
7 | W-AuK| 054 | 142 | 2.67 - Ti(0.4) | 1858 91.9
8 |W-AWK| - 144 | 2.66 - Ti(0.6) | 2158 94.2
9

I-Ce/K| -- 1.41 2.70 | Ce(0.65) | Ti(0.6) 2007 94.7
! Metals reduced with a diluted stream of hydrogen (1% in nitrogen) at 180°C.

The data illustrate that catalysts of this invention maintain activity and
selectivity without the necessary presence of gold. Further, catalysts of this
invention incorporating cerium showed an increased attrition resistance during
fluid bed testing.

10 These examples and accompanying specification have illustrated the
invention in terms of specific embodiments. Those skilled in the art recognize
modifications and variations to be within the intended scope of the following

claims.

15
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h& () - I X@$109%hxh& () -+ S@$109%6hsh& ()-+ , @$10% h h& ()-+ , @$10% h

h& ()-+QQRRR S2TAEOD90 10 h F,!109B& ()-f#109B& ()- 3

1098& () - FLs1098B& ()-F "1098& () - @1098& () - 2TTU UUUVaBOD90 10

hY! 1008&' () -: $109B& () - YL! 1098& ()- Y! 109B& ()- Y! 1098&' ()-! X: §HOYRBRREE () - W
+HWANKXJEODOO 10 hY) ! 1098& () -1 Y(! 1098& () - Y& 1098& () -

% $109B& () - Yy#! 1098& ()-Y! 1 109B& () - XYf YYY0ZZdEOD9O 10 hf 5ME10%B& () -

Y31 1098& ()-3 ,2 109B& ()- 10109B& ()- |.!109B& ()-9- MBLOYB& () -

ZZ[#[ $S[ % & 2[ ; \ b@ 10! f LMB1O%&' () - Z( y#10%3& () - 10B 10B 10B;

109B& ()-18!'109B& ()- |7!1098B& ()- ;\] ) ab\bcwX6b@! X@ Mb10%& () -

LMBLOY%GE () - Z(! KLMBLOY%& ()-Z(!fLMBL1O% ()-Z(!fLML10% ()-Z(!a

LMBL1O%& () - Z(czdddddddd~ @' X &10%}| & ()- !10%} & ()-"&10%} & ()- 10G 10G

Claims :

1. A method for preparing a catalyst material useful for the production of vinyl acetate

in a fluid bed reactor system comprising :
(1) contacting a preformed porous microspheroidal support with solutions of a

5 palladium compound and at least one affinity metal compound such that the
palladium and affinity metal are finely dispersed into the microspheroidal support;
(ii) reducing the palladium compound to Pd(0) crystallites;
(iii) adding a promoter amount of an alkali metal salt'to the support; and
(iv) recovering the resulting catalyst material.

10 2. The method of claim 1 wherein the preformed microspheroidal support is contacted
with solutions of halide-containing salts of palladium and affinity metal.

3. The method of any one of the preceding claims wherein the preformed porous
microspheroidal support is contacted with a solution of a palladium compound and
a solution of at least on affinity metal compound in separate steps.

15 4. The method of any one of the preceding claims wherein an affinity metal oxide is
intimately incorporated within the preformed microspheroidal support prior to
impregnation with a palladium compound.

5. The method of any one of the preceding claims in which the preformed
microspheroidal support comprises silica.

20 6. The method of any one of the preceding claims wherein the solutions of a palladium

compound and affinity metal compound are aqueous solutions.

-16-



10G ; 1096G& ()-!\ @ MBLOY% ()- dHeeeOf ff dE~_@! X3y! 10%4| & ()- 31 10%| & () -
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83109 | & (7). - M itektidakon Prepiih gk catily@P#hdria) usefd] F04E Br %Dc{dhcﬁ@qu WhOPate ke () -
1110%| & ()- @ 10%4| & () - Z10%| & () - kki |l mXnmdE~_ @! X38! 10%| & () -
3F7! 10%4| & ()inBdpidbed gactpr sy&ltmmn&némg 0! 10%| & ()- .!10%| & ()-

nmmmmmn: oXobCQ! X310% hé&' -S #109% h& “110% hé&' f# 0% h&. (()- 104] 104
TOAT T 1 00m) & PR BN BT SRbe Pt ROy PR ies v a8 aggity matdl| 104!
ne ()1 k9$10 @s@es(ommg@r}sd (oS0 i o B BRAGAIERER 0 N ()

Y 410% h& () 10% h&' () h& ()-y10% h&
h& () - §2r {rr <fi} poaBbdig ohefyreim%dd@o(n)us hiXr@ph&vidal sigipeyt-wiBsa 5dlptien of a

bk b T el R SIS ()
microspheroidal support;
(iii) reducing the palladium compound to Pd(0) crystallites;
(iv) adding a promoter amount of an alkali metal salt; and
10 (v) recovering the resulting catalyst material.

8. The method of claim 7 wherein the solution of a palladium compound is an aqueous
solution.

9. The method of claim 7 or claim 8 in which porous microspheroidal support
particles are preformed by adding an oxide of an affinity metal with silica particles

15 to a silica sol and spray drying to form porous microspheroidal particles.

10. The method of claim 7 or claim 8 in which porous microspheroidal support
particles are preformed by adding silica particles to a sol of an oxide of an affinity
metal and spray drying to form porous microspheroidal particles.

11. The method of claim 10 in which an oxide of an affinity metal with silica particles

20 are added to the sol.

12. The method of claim 7 or claim 8 in which solutions of at least one affinity metal
compound are impregnated onto the microspheroidal support.

13. The method of any one of the preceding claims wherein the affinity metal
comprises a Group 3 or 4 metal or a lanthanide.

25 14. The method of any one of the preceding claims wherein the affinity metal is cerium
or lanthanum.

15. The method of any one of the preceding claims wherein the affinity metal is cerium.

16. The method of any one claims 1 to 13 wherein the affinity metal is titanium or
zirconium.

30 17. The method of any one of the preceding claims wherein the promoter alkali metal

salt is potassium acetate.
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particles have mean diameters between 44 and 88 microns.
30. The catalyst of any one of claims 20 to 29 wherein the microspheroidal support has
a pore volume between about 0.2 and 0.7 cc/gram.
31. The catalyst of any one of claims 20 to 30 wherein the microspheroidal support has

a surface area above about 50 m%gram.
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incorporated into the preformed microspheroidal support.

35. The catalyst of any one of claims 20 to 34 wherein a portion of cerium is
impregnated onto the preformed microspheroidal support.

36. A method for producing vinyl acetate comprising contacting ethylene, acetic acid,
and an oxygen-containing gas with a catalyst prepared by a method as claimed in
any one of claims 1 to 19 or with a catalyst as claimed in any one of claims 20 to 35

in a fluid bed reactor under fluid bed reaction conditions.
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