. ; WKe3e+Q+N<""6FT381 5 NOV 2002 CATALYST AND USE THERECF | N THE PRODUCTI ON
OF VI NYL ‘ACETATE The present invention relates to a process for the
production of vinyl acetate and to a novel catalyst for use in {haRr gpess.
Vinyl acetate is generally prepared commercially by contacting acetic acid
and et hyl ene wth nol ecul ar oxygen in the presence of a catal yst active for
the 5 production of vinyl acetate. The catal yst suitable for use in the
production of vinyl acetate may conprise a Goup VIII netal, 3
pal | adium an al kali netal acetate pronoter, for exanple; sod Iml,wnmnmm”"[
potassi um acetate, and an optional co-pronmoter, for exanple cadm ym aeeta
or gold. In particular US 518S308 di scl oses a 10 process for
vinyl acetate by the catalytic oxidation of ethylene in the pr B% @h@ﬂmh Ium
acetic acid. The catal yst used is a supported palladi um cat aI
wi th gold and potassium acetate. Acetic acid, useful as a feedstocRoofer the
production of vinyl acetate, may be prepared by several nethods as comonly
practiced in the industry, for exanple 15 by the |iquid phase carbonyl ation
of nmethanol and/or a reactive derivative thereof in the presence of a G oup
VII1 noble netal catalyst) an alkyl iodide pronoter and a finite
concentrati on CATAYST AR USE (IHERE ERROPUCEIONSLE r eact ant
in the production of vinyl acetate. Jheppiggess) thus tends to be a two
stage process. 20 US 3373189 rel at es"t'o—a"p'r'ocess for the productl on of
vinyl acetate froFh@pieyensirveatian sslgigetp aorargssefop sy preduchanafaindt . US

4188490 di s¢jcepesSar W@ﬁ@ﬁcﬁﬁfys@@?u@éﬁﬂ%#&és@ acetic acid and vinyl
acetate using a palladi um cat al on a@gc c oxl.de support,. US 3637818

di scl oses a pr oceywi agetatgds 5wmlkvtnr6w empertidiyhyRontastiag peetigdcl and

vinyl acet atghdoathyibge @nhd\@dlewnarqfxygémmltﬁegrdsendemfaZ&t@yseaeﬂx@efoethea nobl e
net al ang E(rct;)gnese o) ‘f}{)ﬁbalt oxi des. The aforenenti oned ~ NOV ?002

processe HFHQTe acHat%he 1iquid phase. W have now found t hat vi nyl
acetate can be prOHucedlydi m@blewof tus¥inahd padietidn @ﬁvﬁhjdraeetawma9si ng

Fo Tm b al |y el oRRn Vi B B SR Rl R el 88, o)
process Thr opmpmdtee fmsecaufpleascrdmntnfarepdtqsahhm;temm @ad ah pptipnalicoypromoeerat e can
be produced g g%bbé daﬁn%rﬁ%‘é?é{eacﬁﬁ%o‘i’é Oﬁ\eﬁaﬁ}lcﬁg’rcﬂ$%'lg%(¥8 d&&? sela€Sent

es’a

i nvention provi roce & whi ch
conpri sek) reamqewgf%prsnagns viiyt hceéate(bvaﬁmt@lm amdam@ g%@hylamndbﬁ ional |y

water, in th C SCOYER; I upport, (2)
10 pal | adi umsre?%r)%%glfcagg% acHd. ?B@wﬁtgas orlléegg tic Jﬁ}lﬁﬁ&c‘gtcg&ys? pr onot er

and (5) at | BEPOtsAavith sgld aaé@f’é@tsﬁu@aﬁcﬁﬁ%t pronot er and/ or co-pronoter. In

a further enbodi nﬁ(&etn@facidhﬁsdfﬁlea?&rﬁeedm@@ﬁolrm;Sr'@@ﬁ@udnsommhéﬁﬁkeam@}at al yst
for use int gfy?roduqitlono vin acetate a cat Iyst

support, (2) SLRY Sqvaral methgds s cpmymaply P@agfeddﬂéheawﬁv%t@i erampley] yst

pronot er 15ind biyGhe Afuid phase carbonylation of methanol and/or a reactive derivative thereof

in the presence of a Group VIII noble metal catalyst, an alkyl iodide promoter and
a finite concentration of water. The acetic acid produced is then used as a reactant
in the production of vinyl acetate. The process, thus tends to be a two stage
process.

20 US 3373189 relates to a process for the production of vinyl acetate from
ethylene and oxygen using a palladium catalyst. US 4188490 discloses a process
for the production of acetic acid and vinyl acetate using a palladium catalyst on a
zinc oxide support. US 3637818 discloses a process for the production of
acetaldehyde, acetic acid and vinyl acetate by the oxidation of ethylene in the

25  presence of a noble metal and manganese or cobalt oxides. The aforementioned
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+ 15 | east one vinyl acetate catal yst pronoter and/or co-pronoter. The
present invention provides a novel and cost effective route for t
production of vinyl acetate. The process is not only highly sele 8iNoy 2002
towards the production of vinyl acetate but does not require the

i ndependent and separate production of acetic acid which is then used as a

co-reactant gf&eggggagg&q%@ouﬂ in t?x@llﬁtgﬂﬁ)'h use of the nodified palladium
catal yst results_jn the in-situ_ oxi ion of the reactants to produce

acetic acid whi cWedaymeawdyng hetivigyhacewtnianderoduced djrecdfoma. The

bi - functi ongdactmt wigued cérhpnﬁﬁg alhyRehe, Stidnkily wa\tea 2l a8 By rp@&ﬁﬁmnghe

pr esent |nvent|§ﬁg Vv dei cess for the ‘E duction of vinyl acetate
from et hyl e®8s WHRO &@‘ﬁé‘ﬁe 691 g}%ﬁaéﬁtdf’%ﬁl% PHhEFRaALGSR8E In ﬁe et hyl ene
may 25 b swhetallproedsh yrmuugh tie mwffaen@dimed(pﬂladiuhhcabﬂ?stOﬂnymfceta@é can

ni t rogen, t han car i de, hydrogen) and | ow | evel s of

C3/ 4 al ken §p5?§%ﬁegéw§§ﬁly *f‘n"e%&%@%%?’c%ﬁ% Sai ni ng gas may be air or a gas
ri cher or poorer Accarrdnhgtyut}mrpresepgmvenﬁrmnpmrdes Sprdceld for theygrogastionsgf be

di | .
o e profiy) Shdhe it st ol e Pns AT Sk BN o7 50E) b
opti onal | y mptlbedly watcrtnheher plaesencmro (aruatfth)esrc conviprsing (ltacratdlyst pupmet)t(2) n t he
t t
eact! ooC ] (VIS (5 BRI 0 sBRITRY kol ot Sn ;YR [T RS
acetic aci d ryvieyl %etb@ ¢arﬁ41yssmj@@atqrmﬂd¥orne~pr@ra@neron 35 chamber. Sui tabI Y,
the acetic acid npya RftHeR emBEYRRMt bPHRYFBseRt Tn@&%@n%&%fi@ﬁmwd%d a chtalydtiOv.

2002 Were i is desired tq |nirpd ce acetl aci d, present in

an amount upgfor 95639 the PreRucHeR OENny! pretate whighcomprisps lsérﬁﬁéa)sté‘i‘ﬁPPrEo 20

vol une per 06@9 parrdrdeurﬁa@qlaya&tudom)tdwea@f eneadetit amemhtamt pmtesaR (33t adi um
The pall oncentration Cg%)@gp eat er, t han 5/0 by weight, preferably

gr eat er 1t an 15905 vyl asle ?Itef Ad/pr Qoaprq;\%q ght of the catalyst.
The pal | adi um cond“eatprabnmveragonmoaﬂem gbveland 085t effeovbiegbuteffor tiel xed bed

fluid bed | t of th t t
glrjppolrjlt ed gaP‘??ﬁ@%‘{‘&‘a Olfqgl ch&i if‘ %S,’?J%E)BPE(gnl%@ﬁ@gsﬁkf{’zeet%ﬁvﬁ%%@ss| l'ica,
al um na, sil poduatiombfieinykdcetaté but ckoetsmonrequoe tleainbependént ehé segrrate t he
t | t f 0.2
SUPROTL | <hlfiioit ARG URCEPR Lo 10 Fauyher LA 1o
suppor t %Q]d aﬂntaagsparsemf tlmjmndtﬁ@dgatlgdwﬂ cptadyst esaltsingherdn-simopxidattoalafst s used

in fixed bedtmmsaaﬁme pr&ucE YRR fcid m&&ﬁk ménf&ﬁ@dmﬂ%tﬂﬂ%n@to Wnylo 9nm
and may be spheric, or any Suitabl e shape.

exirudate
For catal yst °¢/3%d Wa&wfuan&éhnaév@dg“éé%gatalefﬁéegﬁtﬁpw—@lrﬁsﬁ;ﬂre%ﬁSFy may have a
particle size 15 o et pric Sk irﬂ/ﬂnﬁmbrdvit&% aﬁiro&e%ﬁﬁdr tﬁ@%o@f;ctﬁd’lﬁotb\ahﬂhﬁéﬁate
particles hag ‘E‘X t| cl e dianete rg Pg nib’ ons ti\erabl
| east 50% | es¥N AW 1B hPBE6REC] ‘%8%? HRRA0YE Kenp
particl eg5Shawbe sabsiamiatly purebr hﬁybefabﬁnﬂxed(iwmh mmmorirtﬁrmam@nyatetlmnaposi tion

conpri ses at Ieast Q cet id cat ) o] Sui t abl pronoters
el ude seretEe o ban AR de; b oEr GG P s Rb Sttt Bt Krong
conmpounds. Prefer a"ﬁlhcyoxytgee caotAiniog ges nhay bt alryst gas doireor posreann oxi de,

acetate or aﬁﬁ&%&ﬂ&r‘a&g&@m}&ﬁ\fm@t §u&‘z?)?§ tfe) asgﬁa)}tt‘ee gﬁt% ﬁﬁgﬂmﬁ BPJ o

Pref erably, acet | g Fcont cat al yst
is up to 10%dilpenieifesraxample nigiogen @ncar op Hioxjsiel |Paqﬁembhc©hpp@mg@n-&ﬁatatm
acetic agipd PERIPbRgent N€ 25 catal yst conprises at |east one VI nyl. acetate
catal yst pronbdter nd/ or co-pronoted, prefer abI y both a pronpter and.a

co- pronot er. Sui taﬁ\(aéerp‘?‘éhﬁ? apPHonally|cacfed P dhe KeapiiRgYC q‘él”i’(?)%r EKRRLer g
cadm um acet a@:@ser\ﬁlmﬂ@fr@ﬁétm dhaaiet, Qtrmhﬁbgpfe@entﬁhlhﬁ ambent onEBv&ixmgm d

i nclude gold chloride tra hIoroa I‘IC L&HAUCM NaAuCl 4, KAuC ,

di met hyl gol dp%[gg}tagargferg eaf@%eo Yivme REWEdt e, The 30 preferred
gol d corrpound is quﬁ\alﬂarﬁh@trﬁi‘taaéttdwd bﬁyratsesberiﬁtroducam1raﬁmhmtea0tiorf romO. 1

al kal 1 or S kGRS SR e R R bl e G e PEBRE el

pot assi um or sodi um acetate. Preferably, the co-pronoter content in the .
final-catalyst is in the range fromO0.1 t® 9.5% by wei ght as acetate. A
preferred catal yst conponent (5) 35 is gold and either sodium or potassium
acetate. 3



"t 5 tJO0 v 2p02 The catal yst conposition conprises an acid. Preferably, the

acid is a strong acid. Suitable acids conprise heteropol yaci ds which ma

i ncl ude silicotungstic acid) phosphotungstic acid, phosphormotybdi & MYi @ 02

siliconol ybdi c acid, tungstonol ybdophosphoric acid) tungstonol ybdosilisic

acid, 5 tungstovanadophosphoric acid, tungstovanadosilisic acid,

nmol ybdovanadophosphoric¢ acid, nol ybdovanadosilisic acid, borotungstic acid,

bor onol ybdi ¢ Vesrelit is desirst doriritydsliob acstic agid, this mey b gossentrin ah emachtip to

t ungst oal um g} i \/ | rH J mani ¢ aci d,

t ungst oger rragpgog@?%gerrm ty@%ﬁ%ﬁ@%é@%ﬁ‘@" gg{) ,O%%%gﬁtgﬁt'ani c acid, 10

tungstotitani c acikhe calysbabthemieseat invention campaipescralipding!. ybie palladium

aci d, ceri ct UggfdenfraBin fhay b gk &t tHRHO5YNEP We%hé}cﬂréﬁsraw grestec@ialits Bgi d,

tungstocogalt aﬁh%, f'Fgo‘.lény d tun%;stqcobogjf‘ aci d, t}gspﬂgyl obi ¢ aci d,

si | i coni obi c V&g 04 on;the,foial weight ofd %I?atﬂbfﬁngr 31N GORBANITIESRI ¢ aci d,

phOSphOtUPQEEﬁ@F@sﬂﬁgmﬁ_ YR by wheididifer ﬁ;@eildfbg(cji?dr!ﬂiuﬁptﬁ_ heal appticionsi d,

t ungst onol ybdophosphor c t ungst omo osilis acigd,.

t ungst ovanadophos ;ﬁﬁrqataﬁggphﬂietmﬁﬁgf 5’\‘7’5’?{5%‘% PISP%ROé'{egccla&ﬁlyS?' Suitable

nol ybdovanadaesialyistsuppacts anaylhongirise getdus sdica,calurhing,csitidaydbdnina aitaniaand

bor onol ybdot :] hd.a cihal farred... f aci d

content i n_t ALcpuie S B5bn bRARRGTIR kel 8 i Sy EE Sibobly bdT, 27\ G,

conposi t 1Bn haye & pprearslymp &oop 2rp Setimi pengminifsapparh e suplacaizisa of & to

producti on I o8 ifthdrHrarTRF SRl haSl Affatoht bk dERGCIHOH Y515l Mo P esent
m r%rra gy ﬁﬁ) Y scéri bed i,g/ ‘s

i nvention may suitably be prepared by the nmethod.d ! detail in
GB- A- 1559540.¢a} wae¥i1¢ gtfe%l?eégtroeqswswepwaméxmﬁﬂiy ppigessiophet Tthport is
i mpr egnat ed Gk afd sy el §Pﬁex€d} pittNERELdabee pmesfﬂlu?écﬁ‘él‘ anyRalthfelshupeamdr t he
pronoter netal f?r exa @ %al dé in the formof.s Iuglﬁ1 salts.. 25. Exanpl e
of such sal t S3aRSFLRED (hEVIG DEGRrecessns; the SHRRTY YPicply may Bave aprtightiteng |
sol uti onlbs piiefiewtady snchnhaguastss086 biitiecrataysd pirteley dhvenepaticlealiathéten used

Lhe support. el 4T BRGHR, pPeBEblR AP Oteg Ot s SRR IRE nbA® ©
catal ysts or t @ﬁ%%@qg@ﬁatﬁlbi&t m@ewhﬂvgméﬁamtemﬁlm thed@ aiapysts. 30 After

i npr e_gnati on, the T‘ﬁ‘é_ca%l?ﬁ%"ohxgoﬁtioﬁl%in?ﬂ@ésla)HeaEtr &féta%gtié"ﬁéiﬁ' cadlyggueous
solution of an alkali_ pefal salt selected fromalkali nmetal silicates,

car bonat es orPR{GEExiSY&adle prefaoleroipclydessieniumaptitaniuay, tellorymendofi | iar to

t hose skiZol edvanadiitecattdiningROmpanadY. Fabfepdtidlthe ARtiakcid 2hutalysbpdmdtesigch t hat
after the solution has b i i i

een in,contact with the i.npregnated support for
betvieen 12 arth O99hJGHEIs QG RIaTE it g S5 GReo5 1 SORAITUBISS PHehe r ange
6.5 to 9.5, pPrefeid]]tiic dcictagidBcardlpd praxasier echtart of the findd chalyvt B@g2025C. The
preferred net ?600%9&3 @are sodium netal silicate, sodium carbonate and
sodi um hydr oxi de. I‘%I’_]'g the treatment described above) palladi um and
pronoter, for exanp! adgadntto thy geldadiuie sompeunsbindehe dcatis dsil proawtesi thet ed or
i ncor por d ; HW=1g kel i 3| rt can
Do dr ed - A T o B P e o 1
SoC, pr ef er abPipiesgbly Bottompromaterpandiacarprognaier: si@blegiometsreigalde goldch

mat e(r]I i al's intgogpReafid@bahicksl, &iddRmidiActtaR! eUpRIGedpBRBE: id Sollr eated Wi th
a reduci ng ag

nt .such as ethy|ene, hydrazine, fornal dehyde drogen. |f
hydrogen is ug‘é‘&e)b?? §°qulo(%@§ W“Elydﬁgxﬂég’i%f rg;trlag)}ﬂﬁ@é{m GC‘FE%A‘%HI yst to
100 to 300C i NaguQty KiamGlf, idanéthglamdd edetate clshuiatn avetoadfdieor pbid asétaps The

d ib b h ' : tal yst i hed with
e AL T MG I e
requi red anmoufromod.1vo A9V mcetmheinghe fhisbed cavalpstoPottelly co-promatanypineudeueous

| kali netal ) ' '
Saueous 15 el B S bieithlinl At breRt Y| (RIRTRIE el PRI & |
carrier is fupediem acetata. Rrefaratily,dhe eppropeieacentenionthe fmal paselystdpi eaci d
di ssol ved i n yalefondd fohesds tiakeiphtOAUcktatt | £ Prefdiiéd Eﬁil?ﬁ@oﬂfpog@%tﬁb)’s'f

preparation may "he var|] ed t&i opti m se, cat al yst performante base
maxi mi si ngP vi Hygoldaed sithergpaium erpptassiuse aeefdte.y
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+ 20" Preparation of vinyl acetate using the catalyst of the present invention
is typically carried out by contacting ethylene, water and an

oxygen-cont ai ni ng gas such as oxygen or air with the catalyst atT & Nov 2002
tenperature of from 100 to 400C, preferably 140 to 210C and a pressure of 1
bar to 20 barg, preferably 6 to .15 barg. 25 The process may be carried out

ina fixed bed OThéicithlybtddo%%bsRﬁﬂ do%?gf‘r?s@i ariiﬂﬁ'd' Prdfé:ﬁslgrﬁxlelamdqgwstr%ﬂ out in
t he gas phase res nt inyention elllaéﬁ d with reference
to the fol % é comgriseeterepoly %ﬂ Whishmay indids & %mwtlshe present

i nvention. &ﬁmmba@hdt@ngaacﬁmﬂph@@hemo&bam& silicomelybaieeeiddi ng to the

i nvention et E)&% gsS ut.i,| dtf’ B& %st nﬁt according to the
present i nvEREFGHO 8%‘?58 5&"'58‘&‘3{1 BEFPIMY Qoﬂ Y8t ain a vinyl acetate
cat al yst5 priumgstevarardopbegphorioteid, tubgstopdradBsilidcacide it does not contain an

acid or an ﬁ%ﬁ}b‘dBvﬁ%ngﬁ@shg&Xilach R gévatng@éjsdgéaﬁ@ci %Iopotpﬁg Ridsgd he acetic

aci d catal yst “componen Vi n ace onponént are in
separ at e bebigromolybdic ai; mogszombnbgbborlc cd, rml}alpiauahnmon asfd,t he Catalyst. In

an aqueous I t ate (I11) and
1. 59qof SOdIﬁS‘ %amggﬁgﬁbg{ur atdéu{rﬁs alnﬁxﬂﬁi‘cé?? g g-foj’b ?%Wﬁ‘g of \(Nat)er
was 5 pl acewmtoggrrmmcaagé,rmgb/béomngaogqman@a@ aheni e) havi ng
a partigie gi to‘f?mﬂx& cha ”iﬂb%gd g&BtufaHFc R bét?cn%l%ﬁlb QEld cIR@tuﬁ%sS!é' tant

carrier was added ol utjon Tontal ql ng, 6 of sodi um
cx

met asi | i cat & aemféywtwsﬁv é?‘éi wfy@g@ alf grids fungstospaligcdur e was
aljle\(lee? t;3hﬁ@ﬂlfﬂoft@{gsﬂdt’cobﬁwg&daﬂg)dsbh@rﬂo@@@cx@f sxﬁ)&%h d\ﬂ@lﬁi@% lafé siltystandalc Was
adde o} e SO ion.to reduce an e resultan re was
oot t o G AGRE ey SHEO etk A0 hoseonuETe RO gaR B eb bE S o
carr ihler wgs aselpamexbradlybdmmcslohﬁtgmmfm;cflyuﬂdpasmdnmbig dmgaom%l _dmhac_:r hunti |
no chlo e ion oun n the e ent, usi a . sol uti on. e
resulta § ca'ilﬂ é‘%’%@ vaa?,q%é)ho hogaec*do unﬁim%?ﬁlag?lﬁf‘ﬁ%& > agqueous sol ution
cont ai ni ng Onﬂgﬁdgg'anﬁdqsdtsmmrhos@begmpac(dvbg’romrdytmusagd efid pot assi um
acetate dis I LB er. The
carrier abs?&bgﬁgwemﬁgg‘&re so%ﬁ%tegé% aﬁc}ﬁl Qﬁﬁg r| eé&f ablty ﬁ\éddfcme& oltrs
Ther eaf t er, thefiagratalyst sonpta HWedynveighti ng 3 3g of silicotungstic acid
hydrate di ssol vedThOfinkl ABIRE c¥Roddaierhay @uﬁzﬁ‘)?y G@éﬁtﬁrﬁl%e@f@m%gﬁﬁie%ﬁyl

entirely. The resultant carrier gon t.al ni ng , sel entum salt and
silicot @Hgstqcétaé%PEPQHﬁgo'ﬂfqt‘éM’h&ﬁt BREMEHHS %elFCH&SHEYs 20 Production of Vinyl

/chéI at(e Sg 02 theTh@%&thty@tnéftﬁé—b?és}iﬁttm\ﬁﬁﬁloﬁln% rsuharnslst@eevmlred bytheOnts glt ass

eads (size ea r st eam

and inert gal® Wdéle\?‘éfa}{?ﬂé ‘fi qé“ bﬁbﬁolggglfé g‘ﬁ)&?f?%&@%ﬁggﬁp ?‘%t‘f’ﬂe uni t

at/ﬁ terrpe][ ?chesspfherﬁaﬁoxaMnmregmaiFwehafso&tnbarcgntat;g fhlecwqmmtlg of 15.8

NL/hr to e react 5 was anal yse el Lig 1t9as

hr omat ogr aphg W g HRmrgRgea R R L

gelr gg? i 8295[ 3 pEimﬁl%oﬁasclokﬁlmumdnﬂ%@usedlubh fmhdbdcrxmwamc'éhe lm]ﬁegaltlegt ivity
22%

}tNgtS rachl or oggﬁpﬁ%tlsg) Fijﬁ%ﬁéﬁg@v?gg%%ggﬁnﬂ %Eﬂ%/éfso?%bﬁﬁ ngp%lrc gus

silica carri gt {tarBep SSQ@GmﬁneSO e 1008 ef Bieporsyeiy SWPP8Ug) was

i mpr egnat ed Wl-éeraB 9?:@Wx@‘é?tl&%\dé&'v@ﬂm&ﬂo‘rhx&&‘@ecﬁf&thl&ﬁs Pk0 kb 99 erS
absorbed. The resultant carrie ded to an aqueous solution (1709)
cont ai ni ng s&R BeRevelwRg far dwidbedisatalysts. The i xture as allowed to stand for

18 hours3@nd then 2R& ifpregnation, the wet support is, optionally, treated with an aqueous
solution of an alkali metal salt selected from alkali metal silicates, carbonates or
hydroxides to develop a metal shell structure familiar to those skilled in the art.
The amount of alkali metal salt used is such that after the solution has been in
contact with the impregnated support for between 12 and 24 hours, the pH of the

35  solution is suitably in the range 6.5 to 9.5, preferably 7.5 to 8 when measured at
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. 35 99% hydrazi ne hydrate was added to the solution to reduce the palladium
The 6 15 C/Ov 2002 resultant m xture was allowed to stand for1 4 hours
or until the reduction was conplete. The carrier was separated fro?rWﬂMezgg
solution and washed wi th de-ionised water until no chloride ion was found’
in the effluent using a AgNO3 solution. The resultant carrier was dried at

60C Tor 4B $otr Sy B ARURAPLASSHEI (i fith s uARARNER 1 Vet er

(10g) and was absor ried carrier. en the
carrier wassafiuadydegxide. at GOC for 24 hours. Thereafter, an aqueous

sol ut i on cont ai npiging ihd GRIAPULERBE thdVech ARkt chgAaéplf&ed in vater

(10g) was added to the carrier an entire ésul tant carrier

cont ai ni ng mnnn peigold hydnoxides aredsl lsvmtmrp@awﬁ@@f incogparated@ataitheed at
60C for 24 A@eﬁhﬂ@lﬁrtﬁéﬁrﬁﬁregﬁ@ed SUppobedah beafiald e bmbiht g St ri but ed

evenly in 60 | ass ads cti m xture of
et hyl ene, ?f? pgeg%ﬁmaa °§ha'§‘§'ém tegm??twe&oﬁép% é(qbiy ggt%gz%(él 23
was i nt rodu ﬁdr tdhh@talsh%dudiﬂdn alo aoﬁx%mtnhwtast‘mﬂ&ﬂ@ xﬂadlhastalte&ﬁare of 8

bar G at a Iow ragg Nl/eg! i ect rea tlg h«li &{(rent was

anal ysed on'TPHEN4§ é‘é%” s drrat ﬁ%ﬁ UEngAgent Ul s ethlenes Byt dat a
was obt ai neforneatdshiyde achyﬂrsgacelfthydmg;ened ubedf it 28 ugdily belnecessarylto heat at e
space t e : / be t ield of 3. S g/hr.
| and waﬁo#’edéaqal?;d tgslégggatbprr%lﬁg ?ﬁﬁ%&ﬁ@%ﬁ ed}“gieo%/er all selectivity
to acetic acid wesfi@he ategs deseribed ab@tedmvmbpcrycamed/onyIthamduaﬁdecm\zd;sto 54%

20 Compar at 1y s anphieyB b BERMAL 1R Aacatlote noliheghgRy gl oat a1 yot

prepared acco w th nom nal gﬂ 4 Au
and 7 wt % Kdm@r%lnlrmawuntroﬁ)vmﬁmhtatercagzrlmcgfprph@wre |ee<amplecaava¢qpst was

di stribut ed Jgdinthital dbeblle Hnd a%@tt@ﬁcn@'c@ﬁ@spﬁﬁ%téls FdrCexhmPpid aduBods F €action

tube) a mxtu e, of ethyl €ne, oxygen, n_inert gas i.n_a vol une
rati o ofl247: S?{ ey PORAINEHFT da‘PChft rqa &" @.rma Tle drigdeeasaerds furghest 150C

and a pressutatef wih laarapgr@haee drhewitrohetetdpolyl adilli3slvE@ireivhRE tani@RE L | ON.
The effl uent L{! on line by gas chromatography. As a result the
fol | owing dai™® R}&’?UB F%hed carbon dioxide space tine yield 30 of 119.6

g/hr.l, no aceti c’lrhentéthod dsf}dataiympeé;ﬁralrondhdt}ehse atigdrto dipcintiseveatatyset ect edd
Conmparative Pr [ |on sts wer e prepare
accr:rgr di ng t&%ﬁ%‘grg%ﬁ%fga @Qi’ﬁ%ﬁ%«g% 'R ‘ng aﬁ&%{%ﬁ M@%@?ﬁ%‘? OiYor Vi nylo A(F:)et ate
35 A red@ftion tubBrepastipacethyhatdiatCatsmigytbe catalySof thndrezemnﬁ@)loam gl ass 7
~ 5 NO V 200 i n

gl ass beads %’Y@%‘éﬁfﬁaf“@@%Biséﬁa&‘@%‘% B onl) S SRLRUDRENERY 0,
in glass beaskh@s@mypener mhwhcthefsatalvnteat@ t\ﬁmperam ogflfmlﬁ%@méo%& ween
Catalyst 1 Sﬁﬁétfér%lg@ad t@@tlé‘*’(! ahd ¢ précreTh 9266 ZG%aFé‘%réf@ﬁbWtd fe bottom

of the tube. A mxture of ethylene) oxygen, S steamand an rnert gas in a
vol ume rati oP®® 50:8:21:21 was introduced into the unit at a tenperature of

150C and2s pr eSSU%lero@esbﬁfayGe&iarﬁedf d1vh adixed 6kd dba Bilised bed redct@cdnd
reaction. Th(’aS gr]:e{'eré{) n%arvr\f% {1 %%eggs Br\fa on |ine gas chromat ography.
The present invention will now be illustrated with reference to the
following Examples.
Example 1is an example according to the present invention. Comparative
30 Examples A, B and C are not according to the invention wherein the process
utilised a catalyst not according to the present invention, Example A because it
does not contain a vinyl acetate catalyst promoter or co-promoter, Example B
because it does not contain an acid or an acetic acid catalyst promoter, and
Example C because the acetic acid catalyst component and the vinyl acetate

35  catalyst component are in separate beds.



The follow ng results were obtained: vinyl acetate space tine yield of 115
g/hr.1 with a selectivity of 77% based on carbon bal ance) C02 sel ect ivity
of 11% 10 and acetic acid selectivity of S% Ethyl acetate andqg Were
m nor by products. It can be seen that reaction selectivities are onI

achi eved which are conparable to those achieved fromthe cl ainmed process

when a two-stage process is operated. 15 20 25 30 35 8 9 dainms: 1 5 NOV
2Q02 1. A ci‘i@&}@&h or use in the production of vinyl acetate which

conprises (Xa) Paepaaﬁt&iry@ﬁthsm@myst (2) palladium (3) an acid) (4) at |east
t d t t d t ol t
one acet ¢ TCL L Aaktbnd BIOIEF Conard ) offoohiPmelbeaiie iR
copper and rindKelg oﬂsodmmaﬁtadchkiroaﬁatlbl (@il)rhygtrate didselved in 34p ufwater lag support
r n i a or
carbon.  vo’ SRR S 4d 684 T HR eFrlei R o0 S heaRTbGvind e8RS Thi
the acid is sizesimmrtg 7amnd|o gbdarb theertire solatibet Fhepoliya icdiried wasaddeddoy st as
| ai med i ht. 5.
N araryer s bPad Badtdug Rolliltn BEAinf Y SR GUNR et BT VRS
acetic acid m}dﬁtybtb)’ﬁh@ﬁ@‘tuépm g hgeméwewas ﬂwggtoeﬁamdﬁortlﬂt}@ht&md
tellurium aWeHQO%%F@d“/JJWd‘F%ﬁ@hy‘Hr% &&Wﬁﬁ‘%the?sglu@mn% ¢ah3k yat n@%&' ai med

inclaim5b5 in wh eacet|c§\ Cataalrg([j rom) er an oxi acet ate
or acet yilacel bntasaltant MiKLERPES § ewed ta:StanGrERs 4 hpugngr T redH@l%%%d. ng

clai ms in whighplete® The carrier was separated from solution and washed with deionised

water until no chloride ion was found in the effluent using a AgNO; solution. The
resultant carrier was dried at 60°C for 24 hours. In an aqueous solution containing
0.0071g of potassium selenate (VI) and 0.51g of potassium acetate dissolved in 5g

15  of water was added 10g of the dried carrier. The carrier absorbed the entire
solution and was dried at 60°C for 24 hours. Thereafter, an aqueous solution
containing 3.3g of silicotungstic acid hydrate dissolved in 5g water was added to
the carrier and absorbed entirely. The resultant carrier containing Pd, Au, selenium
salt and silicotungstic acid was dried at 60°C for 24 hours.

20  Production of Vinyl Acetate

5g of the resultant catalyst was distributed evenly in 60mls glass beads (size

Imm) in a reaction tube. A mixture of ethylene, oxygen, steam and inert gasin a
volume ratio of 40:6:31:23 was introduced into the unit at a temperature of 160°C
and a pressure of 8 barg at a flow rate of 15.8 NL/hr to effect reaction. The

25  effluent was analysed on line by gas chromatography. Vinyl acetate space time

yield of 84.5 g/hr.L and selectivity of 76% was obtained based on carbon balance.
CO; selectivity was 22%.

Comparative Example A
Preparation of Catalyst

30 Sodium tetrachloropalladate (II)(9.5g) was dissolved in water (90g). A
porous silica carrier (KA160 ex Sudchemie, particle size Smm to 7mm) (180g) was
impregnated with this aqueous solution until the entire solution was absorbed. The
resultant carrier was added to an aqueous solution (170g) containing sodium
metasilicate (17.7g). The mixture as allowed to stand for 18 hours and then 20g of

35  99% hydrazine hydrate was added to the solution to reduce the palladium. The

6



- is vinyl acetate catalyst pronoter is gold. 1 5 NOV 2002 io 8. A catal yst
as clai-med in any one of the preceding claims further conprisi ng at | east
one vinyl acetate co-pronoter. 9. A catalyst as clained in clai 1rh 80V noggghi ch
the vinyl acetate catalyst cos pronpoter is selected fromalkali or alkali
earth netal salts. 10. A catalyst as clained in claim9 in which the vinyl

acetate co-pronoter, i s sodi um acetate or potassiumacetate, io 11. A

process f orrespéant migyee wamakbewed Fﬂlﬂa%fi:@tfét‘@l\i\hﬂlbwt&éhﬂ)'feﬁ%@f?‘é&%t ing

gff hg ! ggtea\lMygctkmglgtegxmmmwr}bgdnwpa&t&?ﬁomge Qngaéxaitﬂ%ﬂd WadMRH Q¥ith db-tggﬁegr g:ence
| |

clai med in WRHE MY “%gﬁPf‘éﬁ‘%‘t}t’a agfrbﬁ\s&ﬂamw%aﬁ%#lﬁ? gol 18@‘ ﬁﬁﬁooc and

under a prepdultént@arriertwas2icdak §0°C A48 Holré\sPotassiitm Aslefat& (B0 AB4HK| f oI W

< . . . . .
p‘:{e_ (vl gb#f dispRl¥ed iy water ) Qeaped raspbsqrbed entirely by 208 f ¢hg LASdSATESS cav] ca]
ca] ca] ca] caltaj cee] candieral as drjeldgairedtas 08T dar 241hSdys HThekSher an ajudous

R )

B==| ?PBSBi Be#(oDhEEaEERnd pbrhad emirels] dhp césaltent]|crajarapor]isg ca] ca] c”a] ca
Jcal cal cal oghiahsal GaiifiahSaRbAELREERLARIRR Al SAARE 1AL PRAFERF! FDI NI 1)

eV MVMVMNTNVNa NG Nfivee gtai) of the apsdtentedtalugt ovdscligtabyted peetlycia] @alls of glapca) caj ca

LCK f]Lf fl ca] caladd GREAMHPNCAla8d fPhuDR) £AbAaM TRl Adne 2o h QR AT RdhA JJJ I IHKK

Ma M MVIVBANT NNRRINERY iranyrip R Fatiq efd9:63]La) way istipdugeddntodhe upigal #a] ca] ca] ca] ca

] ca] ca] ca] cal-f«ﬁ k@a]re@rqad)@mai gaberalof 8 yarlE@]acdve AatKQES5. 5SN1/hr to
S10%& ()-! %&

109%&’ () - $|_1 £t {eﬁa‘gﬂ)%[é qg‘ﬁ%“ﬁ‘@%ﬁ?'{dﬁs@/ﬁw&? gbj 830MEPMANEIRNYY - 51 1 9! 100&
()-s!19130%& () - sAB 2Q8&ilt(the felfc@ngl datadwd¥/ gbtgihed: QRAR4dEA fpace time yield of

235 g/hr.1, vinyl acetate space time yield of 2.1 g/hr.1, acetaldehyde space time

yield of 3.5 g/hr.1 and carbon dioxide space time yield of 21.2 g/hr.1. Overall

selectivity to acetic acid was 87% and overall selectivity to vinyl acetate was
0.54%.

20 Comparative Example B

(a) Preparation of catalyst
Vinyl acetate catalyst prepared according to US 5185308 with nominal
loadings of 0.9 Pd, 0.4 Au and 7 wt% KOAc on KA160.
Two and half gram of the resultant catalyst was distributed evenly in 60 mls
25  of glass beads (size 1 mm) in a reaction tube, a mixture of ethylene, oxygen, steam
and an inert gas in a volume ratio of 47:7:19:27 was introduced into the unit at a
temperature of 150°C and a pressure of 8 bar G at a flow rate of 21.1N1/hr to
effect reaction. The effluent was analysed on line by gas chromatography.
As a result the following data was obtained carbon dioxide space time yield
30 of 119.6 g/hr.1, no acetic acid, vinyl acetate or other by-products were detected.
Comparative Example C
(a) Preparation of catalyst
Catalysts were prepared according to Comparative Examples A and B.
(b) Production of Vinyl Acetate
35 A reaction tube was packed with Catalyst 1 (5g) and 2 (2.5g) and glass
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0
51001 () PAGEIXSIRP pert ofdhsstubs 20bCetayst 20ngleps beads (1o 3oHE () - 511 5P
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effect reaction. The effluent was analysed by on line gas chromatography.
The following results were obtained: vinyl acetate space time yield of 115
g/hr.1 with a selectivity of 77% based on carbon balance, CO2 selectivity of 11%
10 and acetic acid selectivity of 5%. Ethyl acetate and ethanol were minor by-
products.
It can be seen that reaction selectivities are only achieved which are

comparable to those achieved from the claimed process when a two-stage process
is operated.

15
20
25
30

35
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2. A catalyst as claimed in claim 1 in which the support comprises porous
silica, alumina, silica/alumina, titania, zirconia or carbon.

10
3. A catalyst as claimed in either claim 1 or claim 2 in which the acid is a

strong acid selected from a heteropolyacid.

4, A catalyst as claimed in claim 3 in which the acid content is up to 50% by
15 weight.
5. A catalyst as claimed in any one of the preceding claims in which the

acetic acid catalyst promoter is selected from selenium, titanium, tellurium
and/or vanadium-containing compounds.

20
6. A catalyst as claimed in claim 5 in which the acetic acid catalyst promoter

is an oxide, acetate or acetylacetonate.

7. A catalyst as claimed in any one of the preceding claims in which the

25 vinyl acetate catalyst promoter is gold.
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10. A catalyst as claimed in claim 9 in which the vinyl acetate co-promoter is

sodium acetate or potassium acetate.

10 11. A process for the production of vinyl acetate which comprises reacting
ethylene with an oxygen-containing gas and optionally water in the presence of

a catalyst as claimed in any one of claims 1 to 10.

12. A process as claimed in claim 11 carried out at a temperature of from

15 100 to 400°C and under a pressure of 1 to 20 barg.



