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WD 2004/ 031120 PCT/ GB2003/ 004220 PROCESS FOR THE
PRODUCTI ON OF ALKENYL CARBOXYLATES The present

w0 poogfosilemn rel ates to a process for the produck¢€DGBRG03/004220
al kenyl carboxyl ates, and, in particular to a process
for the production of vinyl acetate. Vinyl acetate is
generally prepared commercially by contacting ethyl ene
and acetic acid with nol ecul ar oxygen in the presence
of a catalyst active for the production 5 of vinyl
acetate. The process may be carried out in either a
fixed bed or a fluid bed reactor. A process enploying
a fixed catal yst bed is described, for exanple, in
EP- A- 0845453. Processes enploying a fluidised
catal yst bed are described, for exanple, in
EP- A- 0672453, EP- A- 0685449, EP-A-0685451, EP-A-0985655
and EP- A-1008385. For exanple, EP-A-0 672 453
descri bes a process for the fluid bed production of
vinyl 10 acetate from ethyl ene, acetic acid and a
nol ecul ar oxygen-containing gas in the presence of a
pronot ed pal | adi um catal yst. Catal ysts active for the
PreROCESIFOR YHEYPROPRIET FONRYF WIKERYTY CARBOX Y. ATES
C¥6QF_VWTT—ﬁET5TT—?iRﬁT?ETTﬁﬂT?ﬁﬂTﬁﬁ‘?TTﬁ?jﬁWﬁﬁﬁ?ﬁﬁ"“"
suc hl'gsprgesng invepipper! ate@ é@ p @mcms fonthetpupdistion ef dbényl

t
R S PR e S
pr odviglyl adetaé 1ngeﬁM’all?lpﬁb&Teﬂ cafehefleiSICY by eshthdlineBthl 12 And
540; US 5, 185,308 and EP- A-0672453 the contents of
acGe atid 3 meleeHy vuaer wdh@p@aerw of pgptabyshacaive for the production
R@aQ@th%“ ﬁ%e ]} ess% @a'r{ S‘Iftrlh @ﬁﬁ’er afi)lea%' P id bed
arning catal ysts "and err preparation mike

redi):edr W mbes&@&ipktmgﬁ ficgissedyst Bed ndeedribed| foy bxanhple, in EP-A-
OE%éﬁtate process. i s ge eral |y oper.ated as a continuous

Di- SEYLESES CHRIMIRE 2 Hpdisgil HVP yaicsdaredsepbes forjexample, in
E}i%aééﬁqsypjilsﬁ‘)@(g@él@ HIOWEYER%S 45 R %9%56%’% 201 B8 _1008385.

(process upsets) can occur duri’ng bot'h't start-up
Faardaropley BPi0f 652 46h descpbemaepmcesls rfoxatﬂel [ﬂwdimdtpnodmj/ion of vinyl

r pCess ets cia n acet a process
acB R P TiRs 34585 708 Do nRler B ST OwRIOTE Brahibe
préﬁﬁ&e@%?r%mcft&fpa@%@ﬂﬁi @taly@r the periodic maintenance

of ant and replacement of deactivated

cat aﬁlgtglwswacmwef foethh pmuathrs of Vleeaﬁetatepfn@E%@@aUp semprise a

occ r od on of V|n ate

GRER B et Rl S0 §O-mtiriten SRTR i, Sl cerium or

mimlr€§ﬂ1|eftrof ;R Je OB SN, alcal;ﬁr@m@@s sheess ﬁ&asfshﬁh Bcef£8 Elok ON
zone is usually shut-off. In addltlon it may

exABIPlea Faalyps agide fonMearedicypmief visykacetate He é?ﬁcélbé‘ilnoGﬁ 1559
5402?@%28%%& *,{n?q?c {xgdbggg 5 the cgﬁtgﬁt@ %?%Jh‘i’%h Al géi“té a)f Hl%%)rp%fated by
refeirdrice HEP-Ax @43 t for etampll€ RﬂeSdribei pallaglitlys tamhinalg ca‘msemd
their preparation for fluid bed vinyl acetate processes.

A commercial vinyl acetate process is generally operated as a continuous
process. Ideally, the vinyl acetate process is started up smoothly. However, numerous

problems (process upsets) can occur during both the start-up and operation of the

process. In addition to any process upsets, a commercial vinyl acetate process also has
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of nol ecul ar oxygen. Typically, during a planned
shut - down, the nol ecul ar oxygen- containing gas feed

w0 oootlogrie@act i on zone i s shut-off prior to shup€T/GB2@B/004220
the acetic acid 10 feed. The catalyst will then be

:I sed to ethyle n the,substanti al nce
Ripe g OFX$g8h*A plﬁ&@f %sgﬁmrdaﬁmlq ﬁ@pcw@ﬁ ¢ Sndor
reﬁ]@ée’ﬁ'xéfﬁ bﬁd@@hm@& BathI9%t Wintefitdh daP@yspr oduction of

kenyl carboxylates; such as vinyl acetate, are
ex po¥beh & pragessarpset aecuisen tiegevrbistion of winplicatatd fom ethylene,

bsen cul ar en the catal
soRogie e ot iy Y sl oE Pl qiRtpi GRE B focd to the
resivh 2bhd RGsRA11y IMRt-BFFOGL aEditidM 6 hey by HOeREsE REirdS & shut
In catalytic activity (cat al’'yst i nhi b|t| on), the

ofpihe @oettd asifl fead éo the reapiion Aenss ligesPestivamt Weth@mrrnqt Eeracetic
r t hi ct i
RSt 5 UBHREE Aof R SaSlonh b g BEEH Bhspce
oﬂlml&dm@rroaggém rquﬁcélyaﬂﬂiriﬂggr plpnred shﬁt-dlce;sﬁ alid mBEcﬁlbﬁoxygem
process may not be 20 consuned thereby creating an

ORIt P Cohe mﬁe@%%@@ IprEfuOtl RIFOT 6 Shyeiing- it fliseacetic acid
fe&? 3‘1:1%: Q%tﬁg)gfjw 1 E:x?@ )@gged][tg én X?Jnﬁ%?mﬁ%é?%&hat aLQosePce of
mclamﬂamydygéxe cat aI yst s are exposed to an al kene,

optiopally in th presence of a oxylic acid, at
rel dt Pty fopd thadvdrese extalirgs élem%ﬁerfgbk%eﬁhe Bafyior of

allgﬁl ﬁéﬁ%d)&ﬁ‘at&ah&%%nyl Beqizenge Ba%s8d & dkdRfin 4» %Q#ﬂch g

nt to°vinyl acetate and therefore separation o
substantmd ahzﬂanmﬁnolscmw drygen the camlymt Hioswsemnekjredtesliyr labi egctmty

onHE B 2b AR, A e B cbunpuhls i neSb e Bregh gatalyti
acHE (BBt hhisiREO MeQodtllicf A 8 160 Ind SIEAAIcAy River than

benzene in the productl on of vinyl acetate.
expegitd.cul ar, it is desirable to produce a vi nyI

gt RN e

lnffréﬁucé&lﬁl tortaelteatio® bn efartilgkg ot of r@s@drﬂ@g( ;Heqir@@ss B¢ oA
vinyl acetate. In particular, there is need for a

copyurReskBerehy GRFRERS ar ageamyHation 9f P%ne@qt@@um@k&w OBNRFH dh e

re%%#%ﬁ%%%%&%4§g§% %éﬁﬁ' a%]cg\?d?ggéli g3t1ﬁéopr esent

i nvdntddiiohhehss dlso lpHeD\fmdﬂdhﬁ wiieoe gikenyfl oarbblidate catalysts are

exlpiéhom ke GARgAHD BAIPTRIHCS! HoreRUFAdd, ot ately low

le\%@/&ﬁﬁol@&ﬁﬁﬂﬁ){yg@ﬂ H3ASenke r(ﬁiurcﬁ@ﬂ:ﬁl' &lg.nﬁeﬂz@né B8 a similar
presence of a “Catal yst t an ated reactli on

boilegreizttta velyl Icetate apd thdmf@e acpamattdne:tf tlsd tveregnnipoonmts ksedifficult

react i zone. 5 co c | ate an
o 35 Gt A F e BPHETn S 20 B GREOL PREE ke g Enpsgeptable
1emf%h@@ﬁetht1§1thteﬁ¢or@Idléﬁfh%le t@treéth R Eli@inaky 88 Sihfdtiolof
optionally in the presence of
benzene in the production of vinyl acetate. In partlcular it is desirable to produce a
vinyl acetate product comprising less than 100ppb benzene.
Thus, there remains a need for an improved process for the production of alkenyl

carboxylates, such as vinyl acetate. In particular, there is a need for a process in which

catalyst inhibition and/or benzene formation are suppressed.
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carboxylic acid, and the outlet stream conprises |ess
t han 2vol % oxygen, the inprovenent conprises reducing
wo b@4arieé al pressure of the al kene and/ or redPCT/OB26000604220
reaction tenperature so as to suppress formation of
benzene and/or s ress {nhibitjon. 10 of the
cat dl gtaccergﬁg&aft’ﬁ Pregappiyehtiandnerp iuyeyided dregerefos the
prbduchief B &8 aRbAN| BRRxylal thBadiRi@Gh 'a%n@,%rbd@li@tacild%ﬂﬁta
0.3 bar or greater, Such’as at | east 1 bar, for
melgewpl axygen-comtaiminggdsan a réihgorpzoneiiathepresscr ef ofatalyst at an

al kene in the reacti zone i S suyitabl educed to at
eIl action, tlinaiiie 1 b Srofieatonlfer epb figin i zepction Zone
coAprisin@ itk dnfBcBEA 1 RE afd 88y Qn@fwiRkdi® NEsaidpiddsss thScatalyst is
reaction zone is reduced to less than | bar.
coptagted e tae atkigae,sd pmdial pressysn Peorsfongllk emtbeipresehee of the

eact. | z0 ' ed to a Jmat.el y, 0 bar

FERSH: Ao SORSeLATE Ol R RRO IS RBR e fri. BY
infpe@cideancamtsevhaiticingwhd giredl rafurdol eeUHiidne QXY @ FedatB g the

present. In one enbodiment of the present invention,
repdign dTRRETRMHES 1903t tP AnPses Jeraiiop pf hpneepe andiersiuppress inhibition
of tBIOVYA1 all reactant gases (i.e. al kene, optional

ca oxgﬁﬁi c acid, and any oxygen 20 present) fromthe

r eactyipiualizpthe pafttal pexampbalbsnepRirsgtings éthelefi€as thiedBaction zone
. Zzone with an inert gas, such as_nitrogen. The

is pelgRs P orPar &r giFaiEatirl ardrasehbyufor srampleettdersht bre, T,
of afheg%ﬁ'f‘atl piQGre o? YR ¢ ﬁ%h@%a!:tﬂ%%oné%@%ﬁgg tereglg%ﬁttd Meast

tenperature is preferably reduced to at
505eleosith@n Ps Wigpicaldy, P25 at lvashf bagasd tHeqGrtied lpoasstiie oblkene in the

referably, .the reaction.te rafure i s reduced t )
refAIOp P BRIt i RSt | BB B Bl e FREFAY BLEStHSE aF afgpe in
thefeRt @it zdn@ TPRIIAEAH 18.apPrékinASy DAF By tdIRd8hy sdidfantially all the
Generally, in the nmanufacture of an al kenyl

alleene oy thetreaction ehnawhen loyt levddeofameleculapesygen arp @esent. In one

teady-state conditions, the cgncentration o xygen .
erig i3 e SR kbR ng PRESPIL Bl SR 3B hprises
reQbRIAE QM rédvadht s Yh.e. HNGBY, @btiohll EaBEx Bicacid, URd any oxygen

shut - down or process upsets the concentration of

preseyg diom therpretignerad, fon examplerhyypusging thearendinn zepe with an inert
LS. : than 2vol% such as 0 to 0.5 vol%or 0 to
gaggg%%ﬁs’a}clfr%gé‘{m 2004/ 031120 PCT/ GB2003/ 004220 I n

generhalreadtion ianivatly ohrrib vaei e t@fRaa ] TOBT #XeRs WECokuch
t he cat algst to the alkene in the presence of |ow

aslableestd 48fC.oxygen will vary, depending on, for exanple,
the .exact. oxygen concentration in.the outlet stre
t he THEBTish TRt Greronh Teistd fo ¢ 195 e BiG B00Hdnguch as

to bPRadIs6e0 BRI Tﬂf@%ﬁ@ﬁﬁgg gﬁr}ga&ﬁtﬁ t%r?ﬁ%gmfeeﬁ GLAR to below

pressure. In ad anmoun enzene
10pr@duckeds wi 3d°Caepenet, ot ekdirplpabiagbiafk tdnhpathel swdhiagh
the catalyst is
approximately Z0°C.

Generally, in the manufacture of an alkenyl carboxylate, such as vinyl acetate,
operating at steady-state conditions, the concentration of oxygen in the outlet stream
from the reaction zone is greater than 2vol%. However, during start-up, shut-down or
process upsets the concentration of oxygen in the outlet stream may be at a low level,

that is less than 2vol%, such as 0 to 0.5 vol% or 0 to 0.2 vol%.
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exposed to the al kene in the presence of |ow | evels of

oxygen. In the present invention, the catalyst will be
wexpased2t o an al kene (and optionally carboxyPCT/GReI0d)04220

in the presence of |low levels of oxygen for a period

of ti [ j

or esshenBal (Rerpyo B BBEhdprofyect Btk ol PoPAE bhlyst to the

akeee inlbe presknce df 1@e heeialol yxygehevilh @niyp depehdingrinabidr,exa@nple, the

shoul d be m ni m zed. For_exanple, mhgre t he catalgst .

exact gXyRe8 SANGH AT K he Pule firgagy dresTeptiioan g gRFTafEs, the specific

QL usPE thOAR e partilTByréburk %h@ﬂfe‘f%%eb&%n&ﬁ%ﬁfe‘?ﬂ] addition, the

tenperatures, only relatively small anounts of

almenzterf bemmye produratiwdbdepahd ahthd period oBtignifes whinh Ithe catalyst is

affe roduct. quality. ver . hi.gher anounts of
cRS L R e TR BEE U0 ML TE S AL OB Ber & the 15

OXY O &thE PRGEA L ANHRR, the chthstOrilRtexpbdel8abuh Slkene %and ogtionally
significantly [ ower than 2vol % such as 0 to 0.5vol%

cathoxdic aghk i thelpeessatcadfiow l¢vslsaipayea fova aekehef tame (rawod of

ool Brro el Bar b b PRENG R o R B are

rédieod) Geferag, 18€ period O cof¥ai)B| shouRUEI mASMGRE.
chr omat ogr aphy and/ or mass spectronetry. The anmount of

20 Bergxepwle vagircike catalystie cxrosed focdkene af lavy lgypls @f oxygen for
.St T j t
LR LU R b ATl Sl ¥y s
apthte bf berebhd Mey be paiduodl wiziol do nstiniAsanitly dffeet frodadt quality.

vinyl acetate product. |t has also been found that if
t he BWGEH, BiGheAmewts ofrbenteoe maydisteraected fodmrpduced where the

) . V 0

oK LB b P e S Sy o By fitas 0o
Oedivpl%e)yead/or wharepthe catslyst is expidsed toradichne tat torw tefvelalok erygen for
carboxyl ate.prior to a shut-down or a process upset

IGEFY DGR Ob BB i nhibited i1 it shows more than a
10980386 fdhm@abh Ml e WBtehBRLIBY hidNsifabRANEEOd RRSKRIN tT art,
conditions of the process conpared to its activity
forrepreiplat Bich apigaehromatolgeaph end/elonessppeodresectpdbe ampunt of
has been faund that the extent to whic he cat.al yst

ogRamEOar R B Reimeahisg S Eitoutkrndil et e Bt e
offlet ©P fHeaBickioR \Bhie ¥H/6ihat bHBinE abwhdt®hmi oF tEX P& S GrohPthe reaction
al kene, and optionally carboxylic acid, in the

zgifh S chirps i fhegBpb iyl afetais®igestt. The activity of a

cat a i i |. .

enonit P R bepP el ARTL B o s R RS STPOIR szea s
rédnb%(fs)(@’gﬁbem_tlybzelcaﬂ ai_/()'l%6 lSuchfas ttd l@.Sam%J Ft lesd, tt]lﬁl_f aathledt becon;}es
_produced using a suitable analytical techniques, such
navéblgeésgetﬁ%ha{lﬂgv%dplﬂf AR AHESEOGSieT CbABERY] caiboxylate prior
tc;r ? ﬁiu‘f—@k)bvyl’or a'tgﬁ]oc%sg ﬁf#efjwﬁﬁgwg B%mnflfgfte hﬁt §m‘§frﬂ&re Yhh a

of vinyl acetate, the production rate of vinyl
l1a%dbstie actsviguirt @blinypiiet emrrmadpbyatiog cendiaonsng thdprocess

amount of vi.nyl . aceta rodugt
compareé toits actlv}/ty 1mmed1a¥e?y gnor to %he shut-down/process upset.

It has been found that the extent to which the catalyst becomes inhibited is
dependent on the time (period of contact) over which the catalyst is exposed to alkene,
and optionally carboxylic acid, in the substantial absence of oxygen.

The activity of a catalyst may be determined by any suitable method known in
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5 produced per unit catalyst per unit tinme. For

exanpl e, the space-tine yield may be neasured as the
w@e@dostizon of vinyl acetate in grames of vi npCT/GB2003/004220

acetate produced per kil ogram of cat al yst per hour

LRVAY K)g %ﬁ%l@hgey an-g(lggg (¥f{?tﬁee5]ﬁngﬁ g{ d%‘t gﬁjceeu m§%e itfble

rocéss 1on O car box
anﬁiymtu] eloh@quel hmhas gas e}&bbmogiaphy aﬁd/dr RAaghk peomdraet. dpically,
gen- contalnln as are contacted in a reaction
llz 6 dahe PHOEPBAP, @%ﬁf@arﬁtolﬂ vyl aeetgte, thpprogpeiarrate ajfvinyl

a%tg%g%?tﬁl%ly%%égﬁ?leg b%%ﬁhtéhh g t}f%gﬁﬁo\ﬁ'n{ It v{m%lcef?:ﬁi%{é bk 2

ronot er - an
peahupedpavtuait catra}yat pn’rtlmrtltsm Fonexahatle, \nlimetpacdumer}gelﬂ h&y be
cours sai d t he _catal S contact ed
SRR bep REOD YlsﬂaﬂCFsate iR Bt e At cReduced per
m@g@wcbﬁb@%g houia(gd/ Pm§ubst ant i al absence of
the nol ecul’ar” oxygen- congalnlng gas, the period of 15
cont dbe preZ¢nt bestentem alsh pravadealaysoceanidr thirepradketioe of andlkenyl
opt i oxylic acid is.. insufficient to reduce
cRRexaEin FRIcE Rk De s CBho e a R A TR ERT Eontaining
gBé S RbhiBCte® TP BRI 23k at ARV RAEERMpLfandBeT, Fiﬁ @r?eeﬁtasence ofa
invention, the alkenyl carboxylate is vinyl acetate.
catalyst haying qoraed it adtiyvie it cqmprmttgﬁ Grcnxpl VYIIbmetal,dgwomoter and an

@E gg grofngort%rg h%argr od ug oy W%e]arg Iélﬂ?/ me ﬂfeto%}s% oif salﬁ'?)rocess the

c@@&}z&@ﬁ@ c6Ridted With ghddRert! Bpte@lAet B prddemcelFad ¢2B0EU08Cid,
at an el evated tenperature, T, in the presence of a

apg inaihy sbstratinkRpsence of Homplecat Qwerycs}mal@m&ﬁaﬁsmﬁ gerod of
p
c@it?m&f% \rrﬂoet\g?e'ﬁechﬁléart%@%t a%d%@é]ﬁéne %Qi(%gl?feé u yhc aflﬁl is
1mﬂfﬁcsa1t of redsed ttle patalyes actuhfyeoyorﬁbl&lﬂ;(tﬁi 10% of gmt act ed
Wi t h et hyl ene, qpt.i onal I in the presence of acetic

aci dIn B Rrefor iR At thetiessseoldhe prrsemin eatiparthe alkeny]
c%gﬁﬁ‘te cfsoﬂhﬂ d&'eﬁ% g88s, tltlebﬁre in%’ntfgn %5%%?{% ng{0V1des a process

between the’ catal yst and [ ene, acet
facthel piodudtrmudfivirgil ecdtate gn whm&iwdaflmheaaeat ahyltand aaceleauldry
by nor e, t han 10% of g The exact de reeeg ?CJ; i bition :
OFYEPHEEHILE 58 ar?rﬁ?zm ?te%moaereaféwaﬁaa fvat t&WBF@We T, in
tied ﬁ@sfenéé \&¥'h éaﬂﬁys@ﬁﬂﬁﬁ? a“c@ﬁ?ﬁf@taﬁtﬁlw c@ﬁﬁimts %aﬂ?ﬁo‘uﬁ $18fmetal, a

contact, Z, such speC| |1 C nature 6]
peeinettyand asreplioya @O-NMQO@e n:bartactvmeyl mfthatt h\éxemmngéhe ¢caurse of

e _al kepe a Oca ature of th
et B8 ARD o RRRE ittt phOSR bl ftrebricat acetc
aPi[ inithd sudERESAIRBSenca BethRInssledulle O&?@éﬂ-ﬂﬁﬁ&lfll@l@’%@ﬁ ahdp&iod of
General |y, however, the period of contact bet ween

copactbstvee) She ey pRé Ay (candng thl@‘??élaF%ﬁlc@éfdolékWifféCWHt to
: 0 GB2003/ 004220
%ﬁzbg%lan?tﬁ%{?%g@%ﬁ&@?%&oﬁz}%éﬁ%% uld be minimzed.

Sui t aht gxact degrbeofinbidbitain efhodataly yhayaadet tat d&zpldﬁddihg ugon

prormted Gqup VIII netal, such as palladium th
fastors gipepthan i fxygen concepirationand frefreyiod oheomagy %yﬂugh as the

sPEcifRL A8 BE tiRNE BB EP10§EdH he deRsitiDRy SERRaRlso the alkene and
carboxylic acid, the nature of the reactant(s) to which the catalyst is exposed and their
partial pressures, and also the reaction temperature. Generally, however, the period of

contact, Z, between the catalyst and alkene (and optionally carboxylic acid) in the
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absence of nol ecul ar oxygen, is in the range [>0 to
18] hours, preferably, in the range, 5 [>0 to 12]

. woicwmssaed nore preferably, in the range [>0 tPCBEB2003/004220

hours. Inhibition of the catal yst may be greater where
e ca st i s exposed to both alkene and carbox
S&B%tamlﬂﬁ ab% SoSE oAl BB ERB IS EP R the PEdy %911
vﬁ@‘l"a%eta%%fr% ﬂrBﬁlo@e@t(ExloYlﬁtVHﬁn&anElﬂﬁtaggaﬂ\éélﬁ}nadhg?i@xgo@%

carboxylic acid, such as ethylene and acetic
canitest, 4 lo thereaiabist with etigdensfor nﬁiy@ma land acxiy gend int the substantial

ofc tctls.referb 1 S
3o q et B pRLeeri R 6 sebde Y1518l F wagriyb S in the range,
[Sohgnef shes aﬂd‘kﬁo&%frbféﬁbb@}f in Qﬁ%l?g%t >0 %o 6] Foukd) the range
[>0 to 12] hours, pref erably, in the range [>0 to 6]
hourkhibit@at @lt%@atalmmﬂt bmreafalywl@@rs thetpatadyst Issxppsed to both

i_al £ ed b the parti Rress
o R iboRble 2R P hEHE AReh A BRUL BB B wher
thpaatalyal is poesced ®itbfallehk ef@cdrboxyliotacidcslict @ e@fyldnBand acetic
reaction tenperature is not reduced. Preferably,
agi i thersub &t@lt@msan@ro meleehlen Qraees htneripdof comipeiis prsferably
t
T s s

comnatt, O, i ihehe Ienpemtmrle] heus gstefeetly, Bytheirgai[s0 ng 6} s,
contact. tine of the catalyst with the, al kene or al kene

and C¥alyHdRYPitionaavalsq be $iflenskpasaslynitienteathyapdusies (he partial
BB HNORA 1 B0JBLL AN, R MLyl e 80
ngyrahoededhs tactenpnperdtadss 26 redudéd) Erwfenhbly hgwbm toiarsid or

taken bef t.he r es rec vers rod ction

o R P GRS eR s g production,
thB bRACAEHESHuRBF Peenk meaﬁcéal DRk tﬁ%qe?n?aiam@ secdlcad.

oxygen levels in the reaction zone than in fixed bed

pr ode:smmlsnhwﬁle cholactetiaepf ége canlysiswidh thewpbkant oa al‘klenn ahd

ed
capive B BaE B e Rt ahiet PL Ao kR Yot fiveBhw Sy h Suatyti
acGiony o wohvoidell cakbkena nﬁlhgzﬂ%&}( gRebeAdoiarigRbhéd Ask-dp Periods
for a prolonged period of tinme, the catal yst | oses
angeqr |f¢ﬁiutcylgéh‘ﬁ“mﬁ sxkspdetore e mmeéwp@fers Bkyrgednction rates after a
dijf
S BESACHARS Mk o0 AS SRS EONE BRI prrcut
oxygeaclevels irzihn ecaotibh ebneathan ﬁmﬁXdalCHeé psREsges. S]Phu@ffor example on
[ enpl oyi ng_t he process of the

expl o res
StTHYB AL S gﬂldlh?gé)ir%peé‘bé? ¥hichihe eatalystiy Reigtto thy rrégoguctwn of the
m%t\ﬁﬁ%xi%er?&ﬁ{tﬁ rr% Jgaﬁ NRABMAVRM k@ ot QTRAS hid Qa@b&éﬂrhc acid

percent age 30 t jout thi's specification are
forre amlm@eé pesod of wrac,rthe citalpsirleen neigetyyd viodrefves the mevlecular

vol u ar _oxygen.in the out m
oxsRet PEateg s s a0 itdarmmed, bgigte FaR ioipe
moRENABS gelPRShS rdacBon ArdeRutlbeHaualin@Ease@AdieFEAR &%on. By

that may be present 6 WO 2004/031120

enmaTYiGBITAR Gouolihe prqsemthevmmpn ensa@t onszatioatis nmga@d t of
t he rod cti.on of

| |
L ORGSR e T Bler ittt OFcRRRHRL S bellenrage |

throughout this spec1ﬁcat10n are measurements in terms of percentage by volume. The
volume of molecular oxygen in the outlet stream from the reaction zone, as used herein,

is measured on a “dry-gas” basis 1.e. after removal of condensables that may be present
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out heterogeneously with the reactants being present

in the gas phase or as a mxture of gas and |iquid
w@b@gmsL120lhe process of the present invention PEI/GB2003/004220

carried out as a fixed 5 bed or a fluid bed process,

RAed St I b GESS; The al kene may be any
E{ a%tP %?a&‘g%teth%?’gt Oﬁ?lx? orb%ongl kenes, but is

pr ef Eygibhly, (e fraduchionlok Q&@myl%uﬁbxﬂﬁte%ﬁﬁyéseﬁﬁyl abb@te is carried
al kene may be fed in substantially pure formor
ogidheistegenapushy With & rearias beipg preset in His ga¥ prase ghap# eiixture of

gé%t g;hl }ci;&ﬂgésr Phe E%g s@%"i}v\lﬁgpﬂgmpﬂ%%rﬁgﬁﬁ%ﬁ{ bse % héc} 01&915 a fixed

betdm eﬂthyllbedlprd@asﬁ pxefefraﬂy,l afluid bbé prwedsal | y pure for m or
%ﬁ Ed adm ed vvlth one or nore of nitrogen,
met haRgal @ter{a% R BeiAblgiadens et a partere qfﬁ”"@ﬁ%‘% bt igpegferably

@%@%keﬁ{){@wfgmtﬁﬁgﬂéﬁ/m al kenes or al kanes. The

kene nma onprise fresh and/or recycle al kene. 15
The ﬁ“heslkerwmtiay eciedlie selhskatielly pare fexaopddmixet With etder

troduced intg th reaction zone_ either as
dlefaaish o6 i SRl Yt alkends QOB PR BB mert

m%marsl Féﬂ'&a&ﬁiehwhfafe%@alﬁ&% ik %myfén@ 8 Eﬁpﬁne 38 be fed in
car oxy ic acid may be any car oxy ic acid or a

subistantipley pire &anMxyay le &duadmlxedbmh qnm medre ofibity gen, methane,
N
clffice P oL APR ey FaBEis pn e Bt BB iarts 0 ERenes or

alRfigess of the present invention include vinyl
propi onate, allyl acetate and ally] propionate.
Pr ef Shawkene maxearepriseiesh and/prregydtepl enes et hyI ene, the

car b?ﬁé’ {'rés%l a%ﬁlrg é}ér% aqkén% fo& < u%rﬁ};l x gl?y‘cl?rh ﬁrgtreosd%ced into the

i nven aci d, Vke

re@@tidaonk aitieer ap e«qﬂme ﬂeed%trvarﬂsyd)r Aosiglefced &r&lﬁe comprising both
carboxyllc acid nmay be introduced into the reaction
fredrradirreycleqf@e orm or in  vapour form Where the

pr oc?ﬁica’rﬁo it Lalﬁgqn e d 8/8:‘5 gyﬁ@&ri‘d Bpﬁm%g%la}b%x%lic acids,

acid | era Into the reaction zone
butns mﬁanalﬂyﬁﬂﬁm chmxghd: hcad,muolcess&:eﬁs a@d. fl uid bed

process ar boxyli c, aci referably

P r Sheks rarpoines Mekey b prduid Beemprbithesragnt
M@mﬂ\%&é&@ﬂ}syﬂ &pl@ﬁétg d]BzYaé‘e@dIPéﬂcﬁeﬁlyﬁ fn%g)'fbrﬁféd/ or

recycle acid fresh recycl e “carboxylic acid

may B@farle,Mu@@dr, wiEre thh elkmefam ethylenz,ghe carbpxyl@racagbused in

g SRR P Bt PRatReLis e G o0 b oy R Eeoxylte
pro&IdGB2 03 Lthe20 recycle acid.

The carboxylic acid may be introduced into the reaction zone in liquid form or in
vapour form. Where the process is a fixed bed process then the carboxylic acid is
preferably introduced in to the reaction zone in vapour form. Where the process is a
fluid bed process then the carboxylic acid is preferably introduced in to the reaction
zone as a liquid spray. "

The carboxylic acid may comprise fresh and/or recycle acid.

The fresh and recycle carboxylic acid may be introduced into the reaction zone

either as separate feed streams or as a single feed stream comprising both fresh and
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The carboxylic acid nmay conprise at |east a portion of
the acid obtained from downstream processes such as

wo p@ai08t1e0 separati on of the acid froma m xt urBCDGBRIVE/004220
aci d/ al kenyl carboxyl ate/water. 5 The nol ecul ar

0X ontai ning gas may be any suitable gas
r?ﬁ% éIang nmol ecul ar oxygen and may suitably be air

or argAsrbdxshehci® Ena@’%fn%hsé Bt 168 8 GUhRN PPHARM oththiRBd from
air. A suitable nol écul ar oxygen-containing gas may
dayenstrean peocassps suches figenthe depanatang: afithehacad ot aapixdure of the
| e nitrogen, argon or carbon

ent
acgbgggagcarﬁ$%?%9%%1‘, t he nol ecul ar oxygen-cont ai ni ng

gas Tise BERENAT Mykyn- @Mtﬁnﬁ@%@lﬁaay Hzgﬁiﬁab'l@gdm:'ontamnag
eratlng conditions_ the alkene, carboxylic acid an

Peaupaigen axdensw BRI TAING: Y8R5 THgT PeP0oR i tpdesylar oxygen
‘thn%ﬁ’ RRiBE ol Bt SRS en ol Rl A P FHOBARIAS Byeen
dibxahplik a shMl@dlkEne foresxampes fitreg@ntrgon ot btebére&l@xida t he

ggctlon zone in a range petween 30 and 85nmol1% of the
Pretseably.thape GSI*I%@ﬁi%’éICPP%Wmaogaéfl%P%ﬁItW Y Pufesygen.

50 I

The Coiehr O EASpr s E SRR e, LEBSH L 3 PR G uter
oxygyn-bemtplmeg@as niag belirodueedlintothheactiemediean aznpeitdbie a

range and nol% of the tot reactio
prhager ot D Droichon abing Slkeny cemoie. Phegrln e flkene may
bdMEQAHARe B6Y 98he cORtiBh Ebﬂ%n%ﬁnge%ﬁ@éﬁ@d eﬂldtStS%Jl@etﬁv the

to the reaction zone is controlled by flanmabi |
totabretctiai mmomtmnaorefelratéyj atieabt b8@mol’6rsutines muralnemmmt of at least

0X |n| as i'S erabl y.introduced to the
S e B s, P posdi L EhE ARt OIS st the
febd® the ?&Eil&ﬂzcﬁl@ M€a PHSE By EH thnm@hol%%f tH8 ttalFRclich
non-fl anmabl e, for exagple oxygen nmay be present in a

connagkios, prefegybly S5} Smel Tthstamounts@famplmul@mg@-t:@ramnmg gas
I I contw
pré%g?msth% !Fe%fl k‘t)o %glrga%E;é dﬁe dlg cgut{cﬁf‘é% bg Qa%er}{aﬁnzlntg constrajn g%
fixeedcbed h@cmfylgerﬁolmalb@(y@ele@&ﬁtmnatg ds iprghedbly ﬁMlQJducefde the
exanp in arange 3 to 20 nol % of the total reaction

reaﬁswaa@m vigrbe r,&cyz%e 83 A dle bopd imihesgactiogaene ippg e sug) that the
| 0
mf{ie Y IR uIC, foF EREbIe SEH I WP ESn Pt BHR0S 1o PG of
thﬂﬁ&ﬂﬁﬁuﬁbﬁc@np&mﬂﬁl@iaﬂhﬂ“ﬂﬂﬁsﬁﬂ@ﬁh@m@hﬁuhnOnn¥mh®nanyng
pr. ono p. VLI tal suitable for the oducti on
g28fs wﬁ}%%l%%ﬂogégﬁﬂb&vnﬁf Bapigroas °Bf ey e py gﬁ yresgnt at a
hiSiGdr qle\%[‘ 1dofexdRpREH @fangé Y98 QO ﬁfb‘j‘%‘%f G tad ?e%ctlﬁpcémﬁd'sﬁlon A
vinyl dcetate’is the al kenyl car boxyl ate, the catal yst

baganice abteinksizay pecfemablytame opnoute of Ritmge, carbay Hicxédst andargon
ina fixed roc y conprise any suitable

In@%?%?% gpres BMW'fﬁwgﬁgﬁ%E for exanple, as described
i N GhhelcabBft %Qs@ﬁﬁhb)ﬁ&eé‘s&ﬁ tRDOSresdBt MPeRRh BB 88 promoted

PCT/ GB2003/ 004220
Group VIII metal suitable for the production of an alkeny! carboxylate from an alkene,

carboxylic acid and a molecular oxygen-containing gas. .
Where vinyl acetate is the alkenyl carboxylate, the catalyst suitable for use in the
production of vinyl acetate in a fixed bed process may comprise any suitable catalyst

known in the art, for example, as described in GB 1 559 540 and US 5,185,308.
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GB 1 559 540 describes a catalyst active for the
preparation of vinyl acetate by the reaction of

webdogloarie) acetic acid and nol ecul ar oxygen, tPEI/GB2003/004220
catal yst consisting essentially of. (1) a catal yst

SuppoGB has9 ;MY des@ribiek iachel it adBledor BE pfopammtidn bOvihyMbetate by
and a pore 5 volunme of fromO0.2 to 1.5 nm/g, a 10% by

twwwnmﬁ&yl@asaﬁé%@% apd MOfrslen PXRYEFE1 the §@rp¥yéwonswtmg
e@?{ & pH from3.0 to 9.0, (2) a palladiumgold

al 1 oy d| strl buted in a surface |layer of the catal yst
supp@hita catdlye spoftdaeingayertidx iendtargf fregs3 tdAamnd afkd anm)re

fromthe s rfa of, the port, the pall adi
Y ]Ir“ *{}@“ﬁ {/g" ol O3 D3 gt Wofer s giersion of @ega@ yst
seRMEhaR g Alglliﬁgnpjog(pggat alyst, and the gold being

present | n an anount of fromO0.5 to 2.25 granms per
litr éZ)cn‘palbémlHi—gtﬂd all(a)ndhs‘(r@lta‘drm msﬁrfac& 16%r gf &mapﬂyst support,
litr cat st .of Ik [ acet at e.
thg Spfoutica ol g s onp il SRR T ot (IR geport, the
pAGHWE itk BHe 1B HALS PHEEN PR af hmoMht DA fr e Ebab 8.Of gra@iis per litre of
et hyl ene, acetic acid and a nol ecul ar oxygen

catahyslappd thy aghiheingnsesent eanpayent obfreind} § 2. 25 grams per figre of

a catal yst support having a particle dianeter
C%?lgﬁég%out 3 to about 7 mmand a pore volune of 0.2

to 1(H frdmpes 6@@@1&15 6( litrB 3k kadiviiorandligadts Mdbstd | but ed
i n the outernost mmthick ayer of the cataly

supp&it> b%fr %Q&d%@bea agholbimmperatesheatmB i actdesor Bleawmctlon of
?18/%5 ell?;%f a§% eh?&tn@%ﬁfd%'ﬁ]daactﬁ&g&ﬁar\@&g% ponttanﬁmg%%g cihe

ratio in sard cat
caitall‘ygtmoﬁsﬁtnﬁg)esieﬁﬁllyéfcat al yst suitable for use in the

prod tion of vinyl acetate.in_ a fluid bed rocess
zﬁm fadt aup@&lpﬁvwguaupaﬁt& Glamgtes diog) ghopt 8 fofeRUE 7 mm and

gﬂﬁmrﬁpbf@ﬁ% g%wgf@é 25 Wth regards to the

oup VI met a ‘erred metal is pal | adi um
Sui t g)lpelladiomracd golfdipabutedintheioncimds 1pmathi ckntagdriof the
hl ori de, 1um or potassium tetrachl oropal |l adate,
ctplyst Su?%%gﬁ S 8P K2PdCl14), pall adi um acet at e,

pal | egliftimh abduk 3 5rtb b&it®. 9% b@a;bé@ﬁlo%bt@éélﬁm%eét@dea%rem the

. The netal may present in'a concentration of
g@ldé@pélﬂactwmmve(ghz%hbyn veidghtalyspiseh éheablllgﬁ Qp emt@p. t han

0. 5% h tot.al.. 30 wej f.ca al

T, ookt 8o RIBE AR e DL Bch Gl e o § o B
piREBhhay coagiRE @'Grl?!u i nmtgh@ Eathlfst REétbiéLantBARbptional co-
| oading in a catal yst suitable for use in vi nyl

@_é@tt@te production, the nore catalytically active it
wi || V\H@n re%ards to the Group VI metal, the preferred metal is palladium. Suitable

sources of palladium include palladium (II) chloride, sodium or potassium
tetrachloropalladate, (IT), (Na,PdCls or K;PdCly), palladium acetate, palladium (IT)
nitrate or palladium (II) sulphate. The metal may be present in a concentration of
greater than 0.2% by weight, preferably greater than 0.5% by weight based upon total
weight of catalyst. The metal concentration may be as high as 10% by weight.
Generally, the higher the active metal loading in a catalyst suitable for use in vinyl

acetate production, the more catalytically active it will be.
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WD 2004/ 031120 PCT/ GB2003/ 004220 1In addition to the
Goup VIIl netal, the catalyst for the production of
wQ Ronglo3deet ate conprises a pronoter. Suitabl ePCT/GB2003/004220
pronoters include gold, copper, ceriumor mxtures
oAt a
ﬂsl Egélggé ‘t% ﬁie%r \é{? | ncg\ega iﬁ{g gtralcy}hf fop o C?g)roél%!tlgn g% Vinyl acetate

congirisach bﬂfnﬁrfteif ISmitalsie @rc(rhlﬁd@l 1ﬂ<)1udd\@d-}d QbﬂperK&ﬂﬁMor mlxtures
di met hyl gol d acetate, barium5 acetoaurate or

thegegf. o re %d Igfpaméerrrl%&oléo Suitederprauceg of golddpatude goﬂﬁ @hlorlde
teﬁﬁ%?@lrb Ya Y Aﬁ@%t’ R{%r’?ﬁtt%‘é udlgﬁﬁgetﬁgloa%wé a&{taté,_ﬁ%ghm

acemaaﬂa\;esd:r gold acabit@ Tlmerpra’@ered@otdr@nmomdd: cstHAmef Thie pydmoter
t at al.so rise a ter. material..
’E‘ﬁlﬁﬁ e‘ﬁﬂ% ﬁ%i“@? b gliot‘.ifd%(i @ %‘%rg;’ weigp the £ £ inisheg

calteéﬁtthan' de or transition netals, for exanple cadni um
barium potassium sodi um nmanganese, anti nony, and/or
| ant Hameatalysidsinieabl eafoe upe imsbeproidnctidneoffviimil sbatate m&tyadlgcst

t It. Th f
cothrist arenger s rabgal i Bl rtrompiss RERE st Db 1.
laRth8higE 8PimsRIBSBEAIs] fr Ef@n;ﬂ@'bﬁ’drﬁﬁlhl %Wﬁ%dtés@ﬂuﬂ @o@ium
concentration of 0.1 to 15% ght of cat al yst

mpigagesss aftaneil ynd/@rrlemhamtr@, \sh@%yremesgm in thesfinisladecagalyst as

saé:t St c%%f]r C(?[‘étlecalgcﬁ“ﬁl opre?errrggﬁs? > éerg glopas?lﬁ)m 0 s?déulg%cstﬁte. The co-
profiof tis prefepety plekant Za ﬁetc@tafys’é%m ﬁ[o@i ih ﬁ%oﬁéén&aﬂl&l of 0.1 to
i ntroduced in the vapour phase t co-pronoter salt is

l%ﬁéyé\f%t;@f ﬁtéyﬁnmorqprafer%hcfm ﬂé@ perbyupeight | | wt %
Th Y
eaﬁ%{% id: eg?Sm% f@égﬂe%géodet% Alral oS #m@%‘ﬂhh?& of co-

cat inclu ous silica, alum na,
proimbotes aﬁlaisum t0d% by tvaiphg esﬁdclaﬂl@@/ 5 tot Basthoa Vokiere thecaeid .
. Where th cat al S acatalys sw%ablefor use in
infr aith

95H dRitherPBRRT ?/FO’QE‘E?‘&F%%‘ tdhgre Q’iatﬁ‘ép’qu%rﬁll%ﬁ

Cofngémfé%gnlu t@lfdvﬂ%d bed process, the support is
pr ef er abl g [ica, and, suitably, the support may

h av ellz c;wﬂw xmlydlma sbpmxteﬁl cztalyst FRutable cptalysgyuppows include

t f
pedtifianee affetim g afanee S adisaiibn 4, Shge the
call it is 2&atd1Pst@ukduid £br Kl@éjlnrtﬁéﬁidahcﬁ&?ofﬁ%}fl la6dtee, zﬁ‘fd ihBRrticular

catal yst are maintained in a fluidised state’ %wt
fog uget ity ftuig hed proeesss the @w@rﬁlh predirablymilicEapndssrifepywthesppport
méﬁ av%aagpzoge g&agg%%:ogqg \9/e2rt§ i o§n 1?12 %agffartgﬂrggllljp%ﬁrtt zll1 gur%a%?%%ea of 5to

80©ah%\bet§5tram 9€fuppoitndnt be appaieiucahlmﬂbn@ﬂ‘ty vi My |to aseyat.e in
a fluidised bed reaction may have the faoll ow ng

par tina inid pecregetar themgrtichss. of Sl ertalyst arp mpintageg leaébudlsed
st%\{%: 5?{ azfithfe é‘zﬁ HEE {}{P&?ghqhg st\%rr{."Ex‘}:Ae’s f?ov?xSatéT}nﬁgl Qe ]cgarﬁaghng

of the gas through the reactor which decreases conversion efficiency.
A typical catalyst useful in the production of vinyl acetate in a fluidised bed

reaction may have the following particle size distribution:-

0 to 20 microns 0-30 wt%
20 to 44 microns 0-60 wt%
44 to 88 microns 10-80 wt%

10
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10 WD 2004/ 031120 PCT/ GB2003/004220 88 to 106 mi crons

0-80 wt% > 106 mcrons 0-40 wt % >300 mcrons 0-5 wt %
w@ergos26ki | led in the art will recogni ze t haPCHGBR@B004220

particles sizes of 44, 88, 106 5 and 300 microns are

arbitrary gr@gslg%eﬁm} sthat theyegtgobased on standard

si eve sizes rticle sizes ang partlcle si ze

di stri but PodGmiAYnsoe nmeasur ed04y vabo aut omat ed | aser

device such as.a Mcrotrac X1Q0. The catal yst may be

prepared ByOhPHCI&ES t abl e et h @ Wior exanpl e the

cat alpyghy Jkﬂ[edtlﬂ ﬁleoc{]rPQHPItebQ i thyd Eﬂﬁor@ﬁﬁ{lg&g%% 4%#?)’4@, 88, 106

prepared y the eta ed In
anh30Cmidrenst e afbitvdny oleasures ilrnehﬂtblyey zmc baspdoateddiny sieve sizes.
of cata tion

t ho b
PR o prtnraieciary Sbs Bl oRiaes b ad dubgipeet aser

d5B¥ §ichiaBd MicRIdc 3ndosel ectivity. The process of the
present invention nmay be carried out at a tenperature

i n t Abe catelysitrhaynbezpmpared by fny snithd® meshad &Cr exedngde the catalyst

at spher.i c ater .than a heri,c .

§ RORRREEAR 7 VBl aiB Y v R PR et deBiartip BP-a-
06'@15@ e %ﬁieﬁtg’ bf M]féh Qf@lfi’é% ﬁ@o@ﬁra‘tfddﬂw reftg@icat € when
carried out in | uid reaction zone may suitably

be opée atcdpdad C@ta}yémépmmremﬂy bervagg tp epdmGE, catalyst

AAGEEEALAIEAY BERS ) | ¢ %00,

1.5 Thdpfocka ogawgﬁe{eﬁt in@edtioraigde cesabeaitat h yenfpetathféon the
to 1.2 x 106 Pa auge (7 to 12 barg). The process
rqaglion FaepF dave il p@ﬁp 0°Gi Ayl at algrasphesiogh @hgiealer thed agnespheric

n_zone may suitably be operated

re 0
prefsure’tfglﬁ%gpgfu?teu ?’gjrgliaﬁ% to 400C, preferably 140 to

180CFanekagnply, @816 €59 for thaprb@betion of vinyl A& tdta whak g&ried out in
to 20 barg), preferabl%ﬂG x 105 to 1.5 x 106 Pa gauge

a flgid bpdisadiign gpne wapseitanly he crpfxatsmbgt attémpelzwe from HY to 400°C,

oo st R angidhia s Tl Rl RY e 28 bare)

prop&tati ;yM 8F to Fi59UT @ Fa %a%g@(@t%ﬂl@rbakéﬂ sptdiaty nd 10P& 1.2 x 10°Pa
effect on catalytic activity of pre-treating a vinyl

gangst(ate 12harg).yst with et hyl ene or a mxture of
et hygﬁne and c t| o8 0 cant

oy oahe P e 5 plodiElinafinask e in ORIt e
réaddiéi y&ﬂeqn@%xtxmwe%e@fee di b @hpddguR from 100 to 400°C, preferably
140 to 180°C and a pressure of 1 x 10° to 2 x 10® Pa gauge (1 to 20 barg), preferably 6 x
10° to 1.5 x 10° Pa gauge (6 to 15 barg), especially 7 x 10°t01.2x 10° Pa gauge (7 to
12 barg).

The invention will now be illustrated by reference to the following Examples
and Figures.

Figure 1 is a graph illustrating the effect on catalytic activity of pre-treating a
vinyl acetate catalyst with ethylene or a mixture of ethylene and acetic acid, prior to
contacting with oxygen.

Figure 2 is a graph illustrating the effect on catalytic activity of pre-treating a

vinyl acetate catalyst with a mixture of ethylene and acetic acid, prior to contacting with

11
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vinyl acetate catalyst with a m xture of ethyl ene and
acetic acid, prior to contacting wwth 11 WO
wQed4/0832420 PCT/ GB2003/ 004220 oxygen. Fi gur ePGI/GB2@3/004220
graph illustrating the effect on the oxygen
epgantration of the product streamfromthe reaction
zone of a vinyl acetate fluidized bed reactor by pre-
t r eatHiggreBhea guphlilesirating theeffopl eribe oxyganwonrcantratiof of the
et ene and etic.acid Figure
(S SE SR OmAEs it e ofs it il BB BR rapiny by pre-
thea€ifiy ehe datalijsewiip dttiiamelor a%ﬁkﬁltr@oﬂt@}ﬂéﬁﬁanﬂsacéﬁkﬁa@dygen
concentration in the product streamfrom the reaction
zone Yigurgdds e 4uel. sh@(@ﬂﬁhwcreg&eamme@zqne pmduh@@reobtamed from a
ef
(FE8E TR0 R LROSSH A Bl nGe ) TR e E L Ps st g from
thé tdacediiyuneiedderdaggd.t 0 contacting with oxygen 2)
cont act| ng a vinyl acetate catalyst with a m xture of
WPblefe and acetic acid prior to contacting with
A 1.8g sanple of a pronoted pall adi um vi nyl
%ﬁé%?@tlg—e- catal yst was m xed with 15 20-22g of inert
Tiekelexjerin@ng demohsaeiethelcffectorpekdlait tivitBof 66 or 138
hours with either ethylene or a m xture of ethylene
I3 kantaetang & Vigy; B&etaﬁtcaiaémwamﬂsvl@%@rpgwr Fp ¢pfacting ve Broxysean
[
2] EHOLERE! Gy a1 ol 35S, Bhoafth Y LEDEn 80 BR8E i pror o
cbhcfihgiivith segbened m cr or eactor had a di aneter of 1"
and fitted wth 20 baffle trays. Gas flow was
pr ov%i@gﬁﬂiﬂﬁ]ﬁ@\g aproRee ﬂ?f‘a‘é%d“frﬂ i aietadt CatlSi A mNg it
ﬁ)l 1 of ihQMifichtBhd cGRAEEETor TYAbEH! 1Y, 6BIoR 158 Bolrs With either
bed.” After the pre-treatment wth etRylene or a
athpdéner @ aohixetrhyf @hgleanshdaetic ecidait dp0°Ceachs batah yﬂmdlsed bed
was tested in the fluidised bed mcroreactor operated
LCTOIETand 8 bar. A reaction mxture of 52nol %
et hy I BR&1ow iR %f@@l%ne af€ h&eh@'&g]d]we% oqb"{wnxgﬁ@ 0,04 th&Y/hr
25 a nitrogen balance at a total flowrate of 0.93
rnmebﬂnvely\/ﬂ%kleﬁbl@ﬂ1$adth¢dmerowmun bed aSammt@saf I{iene wae fithee a/ith

B RRCOP i oo e e B Bl PRt of el st

tﬁﬁﬂa%maﬁlsﬂ&%@f mofevvithinah@ftidbetly profile (space
tII’TE}{I eld (STY) in gVA/Kg-cat/hr) for a fresh, non

or e- t %@ﬂwreﬁeaﬂw witdthulgnstor az0ixtuye efnfhueeaiandpacetic acid,
egt?lzg%é?lé/ stveas églta ]8‘& élsF%gecf’ Algrgr%actgraafo%ra &FAt 160°C and 8 bar.

A reaction mixture of 52mol% ethylene, 5Smol% acetic acid and 1.9mol% oxygen, with

a nitrogen balance at a total flow rate of 0.93 mol/hr was fed into the reactor. Samples
were removed periodically and vinyl acetate was measured by gas chromatography
(GO).

The results are shown in Figs. 1 and 2. Figure 1 shows the activity profile
(space time yield (STY) in gVA/Kg-cat/hr) for a fresh, non pre-treated catalyst (catalyst
1) compared to equivalent catalysts (2 and 3) that have been pre-treated by exposure to
ethylene and a mixture of ethylene and acetic acid respectively for 138 hours.

It can be seen that both catalysts 2 and 3 have a significantly reduced initial activity
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et hyl ene and a m xture of ethylene and acetic acid
respectively for 138 hours. It can be seen that both
we ai0aloygees 2 and 3 have a significantly reduceRCT/aB210aI004220
activity 12 WO 2004/031120 PCT/ GB2003/ 004220
EER th@néﬂlﬁreﬂ@ﬁte@ E£hF/SaYEEh Gat oh Vedam Wetdatdlysiestato
streamthe catalysts start to regain sone of the |ost
regair sanmeyof the logtastisitgo be seen that the catal yst
exposed t t ene C :
(cat ﬁcgg taPsg%e s%enng?teth%%atgl gtexposgﬁ%%g{negtu{%of et?}zlar?e and acetic
aEMOaREst13) isehbylsen@e ?hﬂlﬁl@lté&@hﬁﬂl}éﬁ txpoSedio. etlirylens floe (catalyst
shows a conparison of the non pre-treated catal yst
5 2catalyst 1, as above) with catalysts that have been

pre- i id
P e KBRS A e P SRR AR o s
ab6ad) atithshatad)stsahst Hh38béwiprs-ticaiat &l y atixtdre of%h}éhmml)d acetic acid
respectively. 10 It can be seen that the injt i$
f@)@f"’@rﬁlff@fﬁn%’flaﬂ%ﬁ tipeapiely Bhhquss feafalisbt) 1 13ehquenigetalyst 3,
ich the catal yst was exposed to the

a?nEd))( \JL??EB %% 1géf{lﬂyl ene and acetic acid. Exanple 2 300 g

10 sanplitesn bk sgenahaittbelindtéd] leatthtof catahyst inhdetion B relatedl ty slieslength

re ated for 18 ho unl ess otherw s .

ol Bl Viich SRRl Sian cheai oot B S Aot acid
Fxa ]e/@ (38mm), fitted with baffle trays with the

| s as specified in Table 1. Gas flow was
pr ovu3ﬂ@g samplomgﬁpranplt@mdﬂa@um Vinylasteteahtal yats wetetpre-fagied for

lL.so fr within.th

1R SRR e sE Se MR AR sdeid i Tepsb it

15 13hdnig), fieeditanete Wasavild @eheairRek Rabetife@ i B4H1OY. Gas flow
the reactor. The reactor was operated at 8 barg and
Wi @@vmdtth@gélm amtesiupsas dhg ppsaof ths gity gndllspeliony amadlssparger
I]g(;ll%??ﬁi lehﬁlré ?ﬁeg?:ug? b%@ %I%%n%\/\y%%rg\n&e({ léﬁg &]Erggl %or%tdﬂfﬁﬁage‘? ra%d the
f@drgéls@nﬁere @td-lﬁ&%lrbeﬁfdve ehtepitig g&*r}:ac?orETheyfeeﬁth was epérated at 8
acid, nitroge 8 Acetic acid, nitrogen 9 Ethyl.ene,
barg aglgeR°c. trag%wamﬁegéwaléV@rmagﬁ@ntwmﬁswtbwg@rﬁtated

20 after ethylene/nitrogen pre-treatnment but before
reaction. After the pre-treatnent the reactor was

Quirlgrd W t h niPreagatmématrdodpbeie. A feed

5 Ethylene, acetic acid, vinyl acetate, nitrogen
6 Ethylene, nitrogen (with purge™*)

7 Ethylene, acetic acid, nitrogen

8 Acetic acid, nitrogen

9 Ethylene, nitrogen -

*catalyst purged overnight with nitrogen after ethylene/nitrogen pre-treatment but
before reaction.
After the pre-treatment the reactor was purged with nitrogen for 1 hour. A feed
comprising 60 mol% ethylene, 12 mol% acetic acid, 6.8 mol% oxygen, balance nitrogen
25  was then fed into the reactor. The oxygen flow in to the reactor was recorded in

grammes per hour (g/hr) using a mass flow controller. The oxygen level in the stream
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conprising 60 nol % et hyl ene, 12 nol % acetic acid, 6.8
nol % oxygen, bal ance nitrogen 25 was then fed into

w0 b@4ozet or. The oxygen flow in to the react oPCTHESB2003/004220

recorded in grammes per hour (g/hr) using a mass fl ow

eRtingGhd @ictorTRes Dxy@ed hseped SdriohBeosides afialydes, Wich reported in
2004/ 031120 PCT/ GB2003/ 004220 exiting the reactor was

WegkiPCEENUSTHY- a Servomex oxygen anal yser, which

repor j j : nt: 9 re...
howr e aeiuf athBlh (B 8L 3 e Hhonbi BEMh e itng the
exdtdi fogprehtecatadeatdl wits § ar 9 poepdredmttae oxpdeally sl & the feedo the
conpared.to the qoxygen level in the feed to the 5

TRt JATYINERICY _ﬁa? inbififien e teAevEd Bried 4R tstingp ey &y the
%ﬁ?.&gl eP8s i@ LB b KGR, _e%la{i‘!;@ttoﬁ?éfé/ ch g¥&l18vdi rHetnBan

et to decrease relative to oXygen feed 1evel,
ckygat ¢anyersmrygen conversi on. As can be seen from Fig.

t al 7,..pre-t d wit t hyl i C _aci
B PO FiBes CHeDRbCOrT HRTSE POl TR e igrg
hifthgdRi i Rdhd MR iAhibAER| NS v hidré (AR thnl fhcatéllgs)t prqlz'hrgated with

et hyl ene and nitrogen alone (catalysts 6 and
qihylensged ngegge alpedcaalystabang 9). Thepétfages pytgerused pn catalyst 6

d t ke, |littl i f ta the.inhihiti
SRRt Paf T o bk Bl oA RIS rde b gl s st
doafedt® cRh Bt J RRAIONEAY had tHe seinl\prefeatdirdt with h9W88 and
but wi thout the subsequent nitrogen purge.
wegsar Py arithont hesabsequent niffagin pukssl yst 6 or catal yst 9
q ' . \

Cmy SR PORRRLE L0 SR e gL bt cxposn

tolbvath Rxostid end ehykehdiHhehis thd citdlyst o wewater ekfegt than exposure to
catal yst pre-treated with acetic acid and nitrogen

ghylgne along: Hpysyergihe cptalwstiprertiqaed wigh #estie asidpnd pippgen only
ARG En et 32 Bo SREANYS komiABIR) £t S gen
Exampe3pr oduct 20 streamexiting fromthe reactor

The.r t t 1 t. t f .
AR el s R Sb il afttn, st SRS B o ui g oty
s?re@mkéﬁftﬁg_frdmg %}%Q‘géi:t&pifh@ RoactoPdas BferSOMRf 4 RaHetinhivlgne,

acetic aci . 5mol % oxygen. e oxygen conversion

appsoxadptelytléd ¢ ongial e paasswr pf eppraaneehy ¥ athiaom Tibe fedueo the
reactor exi treamwithip the._r e of roxi mately.
o BTt Ry R s A s Bl Pyt B Cigen comvelsion

K EARNRIA blve S RFR ZOontBf B A SR FeRPorN AN EIAKE LI BE range
a 24 hour period prior to taking a sanple of the

aftappammdtdy OpkivZenheoldhalbpsixggertvacendritipn of theaeastmanitisieam
duction

Fiqure 4. |t can be see hat benzene, pr

Fiiopanusd « & B re ot Ay 20T RERS HE N RBRER PRl e sream
foPbézend #ABLBI exit streamis reduced. In

The results are shown in Figure 4. It can be seen that benzene production increases
significantly as the oxygen concentration in the reactor exit stream is reduced. In

particular, below about 2 vol% oxygen over 100ppb of benzene is produced.

14



10

15

20

particul ar, bel ow about 2 vol % oxygen over 100ppb of
benzene is produced. 30 14 WD 2004/031120

WOEMAGBARD3/ 004220 Clainms: 1. A process for tPEr/GB2003/004220

production of an al kenyl carboxylate by reacting an

al kene, a carboxylic acid and a nol ecul ar
oxygen-containing gas in a reaction zone in the
presence of a catalyst at an el evated reaction
tenperature, T, to produce an outlet stream fromthe
reacti on zone conprising al kenyl carboxyl ate and
oxygen, and wherein in said 5 process the catalyst is
contacted with the al kene, at a partial pressure, P
optionally in the presence of the carboxylic acid,
and the outlet stream conprises |ess than 2vol %
oxygen, the inprovenent conprises reducing the partia
pressure of the al kene and/or reducing the reaction
tenperature so as to suppress formati on of benzene
and/or suppress inhibition of the catalyst. 10 2. A
process as clained in claiml, wherein the catalyst is
contacted with al kene and carboxylic acid, and the
Clatmet stream conprises less than 2 vol % oxygen. 3. A

rocess _as c ah%pd én cla'n1ékor clginH%? whergin th&
ut | €t PP rPsiucLign opan alkenyl Coripyylat hyeaciing ap glkene, a
QrbbxyRE Y6i@%NH@ 8 Moldoulh o\l%\tzg&aecﬁﬁltaﬁh‘ﬁng bad MRtehdtioAHn®BEhef

the precedi ng cl ai s, erein the alkeﬁyl 15
Rrasenexy satatal pit ot e elergppraagtean tewperatuma, 1@progpee an outlet stream

. I [ i.n.any one of th S
R P R ARG B0 BN By MR ot Wfeein in s
@bésnthe cRalBUBtoatcrRidWitleihe alkene, kb par€ialcire@areZ ®NEptiohally in
ﬁt | east Q.3 bar or, greater such as at least 1 bar,
®Preasnsfgf he carboxylie acid, angithe gutlepstpragrengaprisss issafhspgdvol’%
i : f edi | ai - '
S GOl LR AL AT LU IR e apor

reédwhuigeitie renctidn teagsiratbf%olae sssuphans Rurmdtioroffedeassandsor
pressure of

cl ai ned %n.clqjﬂ16, wherein the partia

HPRER nb_“ﬁﬁ%’t e5¥t8n zone is reduced by removi ng
substg gﬁdc@},s' % cBlilel R ciaink eNendr&if Mhd Healy R 2CEdnPl 1Z0M%h alkene
15 WD 2004/ 031120 PCT/ GB2003/004220 8. A process as

adaprbeyylicacd, anmtlfe owites stedam ¢omeprisbkssethan ptvoih akygen.
arboxylic acid. and any oxygen present,. are.renoved .

FromA R FedbiTuma i 8%y LRGN TREChanEorish oy mprices

Wotds P61, REEH asdPfo 0.PREIgbRMMeM. Nitrogen. 9. A process

as clainmed in any one of the preceding clainms, wherein

4.he rhepracewrisicipimed in any one of the preceding claims, wherein the alkenyl

carboxylate product comprises less than 100 ppb benzene.

5. A process as claimed in any one of the preceding claims, wherein the partial

pressure of alkene, P, such as ethylene, in the reaction zone is at least 0.3 bar or greater,

such as at least 1 bar, for example, at least 2 bar.

6. A process as claimed in any one of the preceding claims, wherein the partial

pressure of alkene in the reaction zone is reduced to at least 50% less than P.

7. A process as claimed in claim 6, wherein the partial pressure of alkene in the

reaction zone is reduced by removing substantially all the alkene from the reaction zone.
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5 carried out at a tenperature, T, of at |east 100C,

preferably at |east 140C. 10. A process as clained in
wa@ey40820f the precedi ng cl ai ms, wherein the PEHCBR@R/004220

tenperature is reduced to at |east 20C bel ow T,

Br ef enapiloyeds @s dlaithedBtclHRAG, bk the alkkne ApioAsIQaFHRSlic acid,

clainmed in claim10, wherein the reaction tenperature

3nd ap gRVESH presenh afegRmepBidIon il srEmyzong by oerang theweaction

. S ' in any one of the

z%?%%é Fﬁéﬂ%?gghéﬁtmﬁ@&g#n le catal yst conprises a

9 oupA pidckssmBtcdimed irpangront ef thenpdecepingaidiis ywherein the reaction is

co-promoter. 13. A process as clained in any one of

RIS 1 Ao AL T OP A EPS 1 AOTh STl eIy s ekt A,
i , i 1y .th n lic.
1901, 36 brotedsthsl iRl KERS 0nR B8 R ARG aitl P SR hSiion

tdBperhOry & re@icedl & alkakt 20°Etheldv T2PrehRabl§ to MNEastBOE below T.
preferably, [>0 to 15 6] hours, prior to reducing the

War t i4aprosessss ghaamed in Heimal & siberciththe apactied dehpryattitees reduced to

react i t r at 4. A process as clained in

b@ﬁ)g‘f mdfg’ pﬁ%?@iyﬁoghgg gF’S]_st is in contact with the

12l keneparesstRelhRed axstyl e @ﬁt&gr@edin@%ldiﬁ‘é%ﬁer@ﬁl the catalyst
nol ecul ar oxygen, for [>0 to 12] hours, preferably,

peprises BHrdvpuy BI mgial, @rpremoteeahdointignaliyea perptdnagter.

ressure of the.al kene and/ 20 reduci.ng the . .
Bracrt Bip-Resasrel By AR e st PRI TR o i sasts pappyet i
iR tordtActatikemy hikeas bad whadeilly the/akisdx yHo agldke&new 1évels of molecular

carboxylic acid and a nol ecul ar oxygen-contai ni ng gas

oxyeerg ftlz0 te 48] hpuss, pecderablgn>Pdn 2] haurg mnd moye prederably, [>0 to
ATPER N Gyl PR R TRRIER Bl RS R o Rnction

tanpsratopd. er and an optional co-pronoter, characterised

55 in that where during the course of said process,.

lfhe ChPHICHSASICOIBEH LBl WPPRTThiBe splebiTels In 6pptpg et the
e A 0 bGP U A RELF ox A, o (20 12] hours,
poxfygbly; Cethtoat Jiionts, pas, to tduacipgthaphrtvf]l presstumatf theZalkene and/or

bet ween the .cafal yst and the al kene, and optiona
BB FECE: BRETHELT i i ent to reduce ¢ he
16at al A pideeabt M YodW¥tio B £ Aag] dP66:3faty in WHich@n afkene, a

t¥
process according to claim 15, wherein where during
cethexplotrcé and a swiletulap pygsssontaineng gasairy sentactediorit rgadtiod zone

it | ken optiognally in the. presence of e ...
oLt BohlIFe RERGore R b nb ot { GG ERRE el activity v,
coBIpEiSik arG Xy YEI-AEHL Abinit@er@@d anlobBodd cWBr&AO4Y, QBAabrised
_PCT/ GB2003/ 004220 partial pressure of the al kene is
ip Bt vbareahaing the prarsecisad REQress, Bie cetadyst saontasted»ottethp glkene,

O%Jﬁgllflﬁgq{l.t 7preé%n|85 SR %?I%S%ﬁfcdalc{@ aﬁc? },1]101]119 isﬁ%s?‘a%’tia%%énecie 'V the
e partial pressureé of alkene rn e

molecular oxygen-containing gas, the period of contact, Z, between the catalyst and the
alkene, and optional carboxylic acid is insufficient to reduce the catalytic activity by
more than 10% of y.

16. A process according to claim 15, wherein where during the course of said

process, the catalyst is contacted with the alkene, optionally in the presence of the

carboxylic acid, in the substantial absence of the molecular oxygen-containing gas, the
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reaction zone is reduced by purging the reaction zone

wWth an inert gas, preferably 5 nitrogen. 18. The
w@emam®sd2@accordi ng to any one of clainms 15 to BGI/GB2003/004220

wherein the alkene is ethylene, the carboxylic acid

psrtiabprteissmraof tile atklere BIréduoyd armHodibx ydnageeatpreaduleetattion zone is

éﬂ acetate and the period of contact, Z, of the

Sﬁyst with ethylene or ethylene and acetic acid is

Nt I [ :

T nge: PR Rkl i 1% eIy B0 BT repe in he

redetion angreisfrediced bg pulgogrtbe reﬂgtlonTMepmdwsmea @e9 pdifagbly

to claim 18 wherein the period of contact, Z, of the

IR yst with ethyl ene and acetic acid is in the range

18>0 tﬂe%ﬂ)ce@@hﬁc%rdlﬁ’g ©f8y 3Rk ¥f clatns 19 17 %el%n{ ﬂa@ alk@nbis
hour s I ocess accordlng to any one of

eﬁryé@@dthqgaﬂqoam aciisecetiqncidy éhqaerlb@reé sartboxylatg @rmdmed is vinyl
aﬁet %uagltg N Of daolf%gnt% %,arfqga z}t %etwﬁl—begtﬁr éﬁ%g egg}ﬂf:nei aﬁxd acetic

akides ﬁlﬁﬂleﬂﬁlﬁgéq>0 o 88| HdufE Kiletdreblf ingRsraapél [H0 el Z hours and more
phases. 21. A process accordlng to any one of the

Iﬁ@%@@biﬁgﬂ@ﬂﬁﬁwﬁ>0ﬁh@ﬁ@Wﬁ the alkene is a C2-C4
13l k f
e 'PS elséo‘ac‘?:ropﬁl\%sqt% c?a(fl%olr%ﬁe%ﬁqthg%loé.clnoefézgntgét? g, (IDf the

prece I'n the car box s a

cﬁﬁ}}@ﬁwﬁh relinAgtleiand acdtid acidds infthp rageds0 ac LD bug pteferably, in the
one of the preceding clains, wherein the al kene is
Igsdahito PhheWe feed to the reaction zone in a range

At e R o 40 0Lk P, Wi g grocess o

thepotliiaionadrfiesil oad]’a)xymth is .éam)lled oas]setaogmeduﬂg with tAdiyeactants
one of the prece cl ai ns freln rboxylic

bSIEgErgnt 6 (e EEGRS 0 4 AGIKEROL B8 HBKGHRER. Yone i n
2.1 aUQﬁroQ@sts%@&d%gQ@gn}?’&{gﬂfo H reE&ﬁng Elgfn% WheRet i8R1kene is a

conposition, preferably 5 to 1 A process
Gcdemllingg to any one of t he precedlng clalns wher ei n

he | ecul ar xygen-.cont n s i.S. nmol
By ganpiogts eI eI G bt BRp 40 ¢ R VR T e carboxylic
ammagadhqgcghﬁkgﬁcammere|n the process for 30 the

groductlon of al kenyl carbox %@ate is carried out as a
| ui dApERrepY ercerkng oany Anpebite precadivg chiimg whsreh shanllege is

PP &h ind fé@g E[Whg ?ééé@ n SEGER TSR NHALNNS 0938 8'5%01"{%)f the total

present Ion zone I n an

rea&tlbﬁl eompoNdigors piaderdBly mble%t(ﬂ)nioﬂ% of tha/btal @&éﬁ&ﬁd&ﬁ}gbsmon
PCT/ GB2003/ 004220 total reaction conp03|t|on
2Br 0c ESBIOSBESFERTAFELDRPedH dhcoprepgingplawis Wﬁ@re& @P ﬁ@rboxyhc

885 BRert e 1R KE&D® thSreaction zone in a range between 2 and 30mol% of the
total reaction composition, preferably 5 to 15mo1%.

25.  Aprocess according to any one of the preceding claims, wherein the molecular
oxygen-containing gas is molecular oxygen. |

26. A process according to any one of the preceding claims, wherein the process for
the production of alkenyl carboxylate is carried out as a fluid bed process.

27. A process according to claim 26 wherein the molecular oxygen-containing gas is

present in the feed to the reaction zone in an amount in the range 3 to 20 mol% of the
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et hyl ene and the carboxylic acid is acetic acid, such

that the al kenyl carboxylate produced is vinyl
wa@e®uasHa205 29. A process according to any onePOf/GBR@3/004220

precedi ng clains wherein the catalyst for wuse in the

fetaloeastiohgomphsitipr.oduct i on of al kenyl car boxyl at e

onprj ses _pal | adi u edfrom | d .
Boppet DeRaR Asrind ey oS B les g RS ShOig s itene s
JiBiEleiaall 18t £68:8Mc heidM SRETRLIA) sueBihdd Me NHNFSErbeRylate
sodi um manganese, antinony, and/or |anthanum

mpedisechts Vinyliagetatei ni shed catal yst as a salt. 10 30. A

B! 0CSOB AL 0ol BLNAH WIBLELECRIS. SRLBIVEL el for

Suppor Suppo rom por ous

¢ i tha pradessfonehe productian af alkema catbbk @Re@omprises palladium, a
silicaltitania and zirconia. 31. A process_according
m@naﬁg/seé%edoﬁromrgeldp FRINSHI SRR aé‘idr’f%lXWﬁetP@"Fﬁf jiigh co-promoter

S TO 0 odi e on

g%ﬁr @%%%& i Hﬁurﬁe@a%xhprf) ?a%l E.r d xhrﬁ xhé{hgtfg I dBony,
an t e pressuré In t “react zone 1S

aﬁ1d@niea1thansmhpres<mt jr the Sinished patabrszdB amaltg. 20 25 30

3%)8 A process according to claim 29 wherein the catalyst is supported on a catalyst

support selected from porous silica, alumina, silica/alumina, titania, silica/titania and

zirconia.

31. A process according to any one of the preceding claims, wherein the temperature

in the reaction zone, T, is in the range 100°C- 400°C and the pressure in the reaction

zone is from atmospheric pressure up to 20 barg.
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