. ;e3eng}bbcd@f 6gTngd VO ~ JUN ?l ~a PROCESS FOR THE PRODUCTI ON OF VI NYL
ACETATE The present invention relates to a process for the producg goynofnm
vinyl acetate. Vinyl acetate may be produced by the acetoxyl ation of
ethylene. In a typical vinyl acetate production process, ethylene, acetic
acid and oxygen are introduced into a reactor via an inlet. The reactants
are contacted with a palladiumcontaining catalyst 5 and react to produce
an outlet streamwhich is renoved fromthe reactor and cool ed. Vinyl
acetate) water and the unreacted acetic acid in the outlet streamare
condensed and separated for further purification. The renmai ni ng gaseous
conponents of the outlet stream (e.g. ethylene) are conpressed and
recycled. The rate of acetoxylation increases as the concentration of
oxygen in the reactor 10 is increased. However) the amount of oxygen that
may be introduced into the reactor is limted by the flamability limt of
the reactant m xture. The flanmability limt is defined as the highest
concentration of ' i xture that will fail to sustain conbustion

I f the oxygen congmmmmMWMMWﬂmmLeeds this flanmability limt, a fire or

expl osi on coul d resul tyd@ Various steps have been taken to mnimse the
risk of such a fire or explosion. For exanple, in the fixed-bed reactor of
EP 0 845 453, the concentration of oxygen in the inlet gas conposition is
cl osely nonitored aRHQGHIYE FOREKHRPRODUERION OMVENND) ACETATE The

mat hemat i cal approxi mations used to define this threshold value are

descri bed in EPlfcgresentingvepioareiates toa praserssfoe themspdicHopgf viaybigiée. When
the inlet 20 ox rat | ' re a hut - down
ianal s activalsy SERGSAM Bt bR RACSRHE b RS e th Tl e

i ngress of vidyabetax pesinciion procbs, étBAehd acetic achd shdldAYgeR R iftreduebd aitd wi t h
this arrangenent is that the oxygen concentration in the reactor is limted
by the fl afgagkirivia an inlati Theteackatsraseeontpotediwithiapallpdivinmgoatainipgetalyst han t he
flammability,limt of the regction mxture in t reactor itself. In
general> a2l 76 Caghulet i s et Ao oL RofyiBs ket pREFoed B ¢ o
and, accor diipgllatetate) Fafidhd HRWhrédc@aaketiBacidmh M6 bil@lsgarh AR &Rabnkehade the
concentration of oxygen in the reactor reaches an opti num val ue. The

pr obl em nayemseated firdedhérpusifichtiond Thedemeinmgaspyusicompodenss afitheogtdet oxygen

via a separaf e inIeH ag %Fscribed ig Us 5 %@Q 281. This arrangenent,
however , ié‘imgéﬁ%pﬁPéeP rarf FRRATERS fg §?§ .~10 W have now devel oped a
process for produgiritg of hébtbxRafindh&ehdes WhineRoh&aQHE B8NS REA AtheredRidrgen in

the reactor is not limted by the amount of fresh oxygen that is introduced
into the résvioteesedi dawevenltee amdimtof prygeadbatinaylppinirodided into thoteactdi ised bed

and fluid bed reactors. Accordin t he esent iLpvention,.there. is

P ovi ded. a i 29ehe BiinptBiR e EetBe reftaB Finiy The RSt TR Biocess
conpri sing dEﬁ‘ﬁe_dSatsEil?éh&%ést%@ﬁcénﬂ%ﬁ&%’ﬁéﬁ(’}%ﬂmﬁ/ hfext8re REGHIICEaAE Shstipdl an
oxygen-contai ning gas 1nto a reactor, reacting said ethylene, acetic
aci d, and osmpbestionodf thiemxpgergemicentratioe epeeese thdeflaimability Bnatx g fiag dron

catal yst in sai.d rqutor to produce a process stream (c) renoving said
process st FERIRSIPR SAYIERESWeact or as an outlet stream and 20 maintaining the

oxygenjgoncentr afi-fs &Ep§ﬁd\@ HREh LREn 8 MEAMiRUth&ntnbesheladiny 8l beplsedi.ned by

its flammability limt. The present invention has the advantage that by
mai nt ai ni n§ot xangrede mhe fitddebedoeaasryafdtP 0 845 K83 ,dhet t@icestratmmrnf akygen inear its

flammability |{mt, an increase i.n the odycti.vity .and sel ecti vi of the
vinyl acet &N gmmm*tméeﬁgélv@%;@Eﬁdﬁé@.mazata%éékaw BEana i, the
flrammabi | i rvﬁleute.' !‘.ﬂq{a nﬁ:ﬁhﬁ%{cﬁf’m éﬁp?o%ig)iaﬁgég 68 1 fSetllinid 'tl%giﬁﬂd 98[}%9@ ration of

oxygen in t m xture 0 sustain conbustion. I's limt may

be expr essdescaibedif BPOt846n50fwiitieRstd@poraediherei by eefereflcd. 'Whewthedslet i on of
the m xture, as described by the enpirical equations disclosed in EP 0 845
453. | R0t hosygamroneentiasian ekereds Brinthreshpldotalugs p shyfrdown signedis acHvapdaRpass

the i ni ti aly 30 St qQELSIRLILY G lif £ the IR b fiedh SATEEN infho et T 22

subsequent I'y ‘derived

R 1

*G00002*




+initial stream except for the streamentering the reactor at its inlet.

For exanple, after |eaving the reactor, the outlet stream may be et yuNe03
to the reactor via a recycle |oop 2 p 4 J UN 2003 involving one or nore
processi ng stages. In one processing stage, the outlet streamenerging from
the reactor may,be introﬂg ed into atseﬁ\%f tion unit V@%e li@uid
conponents of t A SUPSUEHIAFAOSYBATAL CXYELQPEURHPR 1 R A7aSTOr
unreact ed i@@i%ite@l_b%%@ﬂ%ﬁlabﬁﬁ?ﬁﬁﬁkofTﬁl@fe%@BﬁkﬁEé iAhdimildt, AB%r Hakehd he form of
one or nore distillation 5 colums. In a further processing stage, sone or
al | of thefloumbkifitslimgadthemadtion mikeire apthe acdcton itself.t Inngepetal ailhigheoduced i nto

. Som f. th tl et t i h i it
o o oSt SR oot N ULl R ien Leniog e aeRELaL o Ul Y
the cardonggi®siAoelRild61 RItsbl befbFERB bR hBRRIEST oxT B AUk Rhctot F€am i's 10

then re-directed into the conpressor to conplete the recycle |oop. The
conposi t i orgadfes pheptmuinetalet. r eam varies at different points along the

recycle | oop. Far ex | e, the conpositi, f the outlet .stream energing
from the roact of NEEyORE By PERUFNeT 3 & S BomEraest PEHSRUEIRE fogh PREE; r eam
ener gi ng fygmg &e%le{&ledegér{ﬂeﬁﬁuﬂr??ﬁﬁ%lr.‘gTﬁifs%ﬂ%ﬁ%éﬁienft,hﬁ_vJe‘%&st' e loop. 15
Together wth changes 1 n tenperature and pressure, these differences in

conposi t i omsuityble fordexetibed systemmbi | ity [imts of the outlet streamto vary

at different pojnts along the recycle | oop. For exanmple, .in _qne enbodi nment,
the fl¥hmabi | it Vahaye nowideyelapes a process foraradusing e ackiaterip yhieh thend

separ at or [ =T t: L ap@iicdd l.i.m tream
bet ween th@ygé%gaﬁlgg gfrf%g I%H% I{e{utzo{:l(%?rlprleslst%dr B:y% aﬁ?témﬁfa%%gggyé%nﬁh?fm t of
t he outl etisshtechrediyo teseactdraigm mldte Thisgrpressiiapplicablt todokisfigedtdd v,
after carbon di_oxige has been renoved. To avoid the risk of fire/exploion,
t he oxygena“tfiolfiﬂlf@érl?t3 PRS- of the outlet stream shoul d be mmintai ned at or
bel ow the fla i ] e . i NelafoF oop. The

f1 amabi | ity %pédr{j‘hétt‘#eﬂgdﬁ?ﬁ%@tlﬁg‘%ﬁt@gm{ﬂ%@ﬁhe uﬁrdgg’ré%cciy?‘iﬁgﬁ‘éudi ng 10 25
vol . %Xoxygeductiodrofexdimptatatd, said proSese somgprisinSthetstdpk wf: t he oxygen
concentration in the outlet streamis maintained at or below 10 vol. %
oxygen. The pro@ syroghcingsthylengcacetic aidand amoxxggn{capteiers gasrpioiareadioe st ep

of shutting dowa,the.reac in.the.event that the ncent ratjon of oxygen
" the out Pet it SShciing 24 fovispe ad8iEE oot dRaceBpbiIEE B Frsh Prefins®) Y it
To det er m gEanveeloR latish bitalf QA shid reddtdres podiacy/a plodess@yan concentration of
the outlet streamis nonitored, for exanple, by conputer at various points
al ong the recyclcdreneiing said pegessstreamifipnpiie resebuydis s nutletistiearsxangen

conce ation.of. the outlet stream.i mni t,ored at four .s s along the
Focyciad 5t mafesthink B SHELFHoRbATRTAT s FEaf gt DI BB, (o
t he react opy itsfigan@dbiity Bmit t emerges fromthe separation unit; thirdly, as

it emerges fromthe conpressor and fourthly, as it energes fromthe carbon
di oxi de r enpval Thepresenpinaigntiorehasiheedvasiage Bat bamagrainingdhs cangentegtionieés e

st ages exceeds a hreﬁholtd val ue defti ed b 'thf f'tl anmabi it thI imt, the
shut s dovm(_”@igfj?uéﬂ eou Ettsili?g’?]e@af’“il??réﬁ ﬁﬁnflb# Hlﬂ( ‘{}‘é’a’ﬁ%&’raﬁ% 2t he oxygen
concent r at hRu@fviyaad QelbétRlity I HRAThYISacER frod REoAhrRes ifgb&raddage or "trip
poi nt". Wien the oOxygen concentration at this trip point exceeds a

t hreshdl d val ueAdekplaimdd byovichthefflaamabiblityilingit pf avinixturelie defined-ad ghanhigheshal i s
activated. |In theory, the tri 0i nt pe .defi ned as.the i.nt ..al.ong t he
Fecyel e | oBeTEm it ot U ARt S SRR 0GR SRyl TR pie

fl ammabi | i My b Bifressbil aPh ARicti6R of RRVRIYE fompdrattieltmld it orhpbsiRIATTRE ur e,
pressure and outlet stream conposition may cause the outlet streamto

exceed it smixtareneshddsctiyed byrthe emphisal ¢quationstdisdhesed in BP 9k4at453Thi s has to be
taken into account.when calculating the threshold oxygen concentration at
the trip pornt s PRRetRG the i e susams it Pheu SO pR BTt y

equat i 9N SYFARASMAERE diRedy HImERe fadtdr ARFANAIrehinNERERAERR NN B Y

reference) wth allFowance Tor errors (for éxanple 95% confidence Iimt),
f or resi demdtéal siremmn, excepidosthapiréanyentbong the irgactoy ot #sinles fonseanplew@ftef or

equi pnent f':lCC.UI‘ a}@' and for natural varjations, in the plant operation.
eaving the reactor, the outlet stream may be returned to the reactor via a recycle loop
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»The 'threshol d val ue may suitable be set at or below 10 vol. % oxygen. For
exanple, with a flammability limt of 7 vol. %the threshold val uemayjuuemﬂﬁ
set at 4.0 vol. 20 % oxygen, although other val ues nay be used dependi ng
upon the factors herei nbeforedescribed. In one enbodi nent, the outl et

i . . e ( .
and & sui T a1t 8P G AbrdbBlislhe RERIETR diBpRRRAE LR Bye APTERAEE' O] 1T s
enbodi merh®rgih$ fropitht edactdr meArbel introdutet dited saparatfidreunipwhéresigaldong the

recycle 25 loop, for exanple, as it enmerges fromthe separator unit and/or
t he car b6Amapesituel the Aukletistream suchmsevinglyagetates WateE ARY/ax rypacied a9stc eeidp poi nt

Concont r 304 SAOREY “Bhe el SR EIRR S I B ol o PLE R kRS LT oe (e

par amggneblugipsof the outlet streamas it enmerges fromthe 30 separator unit
and/ or carbon dioxide renmoval unit. Such analysers (e.g. SERVOMEX) conprise
conmponent s while B femhey precepunggiogs: seing opali etthe@ubgt stisanideavang devapours, hi gh

tenper at ures_and pressures. Accardi ngl t hese anal yser.s cannot be used
wher e ni grae Rl HERBS oGOt Gribraird® SPub e Bl SR et
encount efjgkephi@fioR ¥R Ra§ th@dhingBiuded entb @Gk BHtille rehidial uki@ el yse the

outlet streamas it energes fromthe reactor exit, the streamhas to be
pr e- t r eatseqie of all obftwreptten digxideoil the guilétstream énremayed.eifbe eutldistreandensabl e
vapours, .and de-pressurising. 5 The oxygen conceniration of the outlet

ot F el a e iePlsd B i el Avsmalls MeRRAF [d5Ped by vavel engt h
scanning usi neyd BRABGRLR BRI GultbGlieahtiCa: dierchEidlf Atfeliic RAVEEST out
preferably in the near infra red (NR), altﬁough ot her vvav«§I engt hs may be
used (a donpt dolrexaaple] thagbimpositiomef theantletrstreamreettrgiag oot teireata|gay’00 t o
appar at USE £OTGOSY His GRS oRS A1 Q1R R LR R 6o B S RBs A
sui t abl e ;aRRa%E A YSdsSr i Agd ihogd under the trade mark LaserGas by Norsk
El ectro &)ti isﬁﬁéA/Sg(gl\lorway ﬁqa}bgge | aser spectroscopy is based on the

sel ed¢di on of dogethengith chiopes pt tempetature angh prekere ihgseidifférbeceblilk spect r al
range for oxygen gas. Care has tg be taken to ensure that no Qfher gases

. g
have absSPBPPBHOT Mgy sause theHarmmabibity limis e Hgtavtlentiwanm yaendiylideretthe 15
di ode | a ' C e - ' ' 4:n8:50r oxygen
by adj us? ?{?éé %ﬂﬁeé]{hg?r%élreget@% gﬁrodé}gﬁp% E\%g%%%rﬁgdnoﬁmg@??{?gi a:ngg%él!lgghéﬁspect ral
W dt h of of e dlitled@rdaasttwesh the fsictbe had keparasr ek diffaentttbehespect ral w dt h
of the absorption |ine for oxygren. By varying the diode | aser current, the
di ode | adlemmgbility dingt pf the ogdetsireamPeiviss thePatsts UBitiand the ¢RINPISEFOThe oxygen
nol egyl esn. i t | r tector
abso?g tf{gk?} r g%gar%?@ &él Fgf;@%%f]?gtﬁﬁ%gé% iar%gd ﬁ%gg% %@%ﬁgﬂb}?@%@ﬁtaﬂg, det ect ed
| aser t oswiseyuehslypaftataibon icdidetesdeem ginoved TS avdith ehedidkestt ed shape and
size of the absorption |ine may be used to cal cul ate the anount of oxygen
bet ween fiidlexnlasianithe @xyesnqongatraiéepibe outbet sirgara skpid be mpintpioed 8t of | |
tol eratebkﬁwotﬁé?ﬁa%?a%n@tlﬂﬁi%&a pojnﬂgglgng% REYAE 0B of up to 20 bar. The

oxygen concentration o e gas 1 nsi he re may thus be nonitored.
It is inportant thathedh@irhabiRgiliniditthebhes: scendensaty @ eamrandndiagilo the
gas streamnot be allowed to condense on the w ndows of the detector. To
achi éve tVAl & pregcRi fod exaMplgY olirGodysin HSustablys thitixygeriessereation ik &1ef er e

with the aphsorption ctr 0, A sujtapl e th | ength shoul d be chosen,
typi callﬁ”qaﬁé’??‘&,‘s PR lgﬁél‘ogﬁs@avafdévodi?’eo YBMcensi ti vity. This nay be
achi eved by pimeipRetebd\6f taa?fexérﬂﬁn@@ﬁ_@ma@ fiRBebnPkisé MeG€ep of shutting

pi pewor k/ ductwork. Alternatively, this may al so be achi eved by feeding the

gas to bdown thagreactguiy the gusrit thnt & doneentratien pbaxgendn thel outlehstreamof a t ube
havi ng purge ,gases..f inter jate the nonitored gas feed point and the
ends. of P ERERETRER Tk Bo e R BBt S R IR ER G aRR T B Bl s oo
essendi ahbdesth@, tB@6xyRnRBnEANRation 8CkhaBUi1étR@eRHiOMolRSea] foP8XEMSIE By at each
end of the tube. The w ndows of the detector are then nounted transverse to
t he t ubecpmp8tet fevagions peintsi alonghibe resyrloroem rifariespmplee senstanhddjmentethgas t o

be nmonitored. Suitably e | ene. may be used as. pur as. The process of
Che. or esSREEHRORaTIEN O e} Mestgy b o aionifred s Ptk 3eBiRane Be BORE Do
reactor. In a fixed bed reactor, a m xture of oxygen, acetic acid and
ethylene is introduced into a fixed b reactor via an inlet. In a fluid
bed reactor) the oxygen, 10 ethylene and acetic acid are generally

i ntroduced separately. This elimnates the risk of ethylene and/or acetic
acid conbusting prior to entry into the reactor. The reactants are then
contacted with a fluidised catal yst material which is continuously m xed
with the reactants to forma honbgenous m xture. This allows the

e o, . . - v - - I T



*0 4 ~uN ?nr~ In addition to a Goup VIIl netal, the catal yst may corH)rise ﬁﬂ
pronoter. Suitable pronoters include gold, copper and/or nickel. A 4 JUN 2003
preferred pronoter is gold. Suitable sources of gold include gold chloride,
tetrachl oroauric acid (HAuC 4), NaAud 4, KAud 4, dinethyl gold acetate,
barium a e | i 4 i I . The

pr onot er@ﬁiﬁgfilﬁsggyasgée g?ﬂeggﬁfgﬁb%}ngfﬁe\gfn}gmgc?@é ﬁroﬁgghailgt%l%r%%ggwel ght in

t he fini Sloadtheatpdrysdn uri?e; efiedlpldsyit erhérgectroml tits tornprepsos ahd fourthlygas donpri ses

a co-pronoter material. Sujtable co-Prqrmters include Group I, Goup II,

| ant hani @&esgestioam theiGrieniex e remayal waih nYihen eheseigsn eQnFRNGRHI ONA ANYIm

pot assi u ' ' ' : ' i : | &nt_hanum
i on ar &1 S Heliagds BRocctaAARERE il L HBnoa kY AP PafRBON P I E e AL "0 T
The psef dowadigal isacavaeqot assi um or sodi um acetate. The co-pronoter may be
present in the catalyst conposition in a concentration of up to 15% Were
the catal yst iIBanalterpaivassabedimanty e oxy gen eanceitirion&f theonlehstragt isn i s

pr ef er abl 3 1 % _\Wher cat t is.a flui,d bed
ot al yot PRl shal Sade o bt R BV B Shnct i Do (0 14

W % prebit aldetdsa tReshoW Valuddefinaa by akedlatatabily s limit] e saat-adwistigh@t eri al
may be supported. Suitable catalyst su(%ports i ncl ude @)orous silica, alum na

si | i ca/ alivgdtivatedsin theary thedrp oint maxriicalefined aothe ot alpag Hurrecylefoopabl y t he

SUpPpPQRt i phigca, itably, the support,na e.a.pqre _valu from0.2 to
3EPRD paf Wi oy SLoRRROls PR uROdh BBt s
support  gdiafiomlndRRpéaite, PHskurt @R8 bhilet @fredin BoinPoditién thalfleauskiiRe Sutpport for
a fluid bed catalyst may typically have a particle size distribution such

that at Isteam tGedced its Aemobiity simipether thireat therep poiptrthishes tdibaratesr of
bel ow 200 ni cron r ef er abl. t |east,50% 1 ess thapn | 05 m crons d no nore
e 2000p 26sanguhes odr e e el SRveencaneanAlion 24 e b PR A or ono.

25 The cat@insid vaTRY nia? bBrd%Hé‘éaelS& ?ﬂaﬁaﬂiﬁbﬁh‘& E@Mti%n@ﬁéﬂ‘&ddeéé%e@mlt\e’ the
first stage of the catalyst preparation process may I nvolve inpregnation of

t he $0ppOBH4S4Hdt(arcogiorated herinstyl nefarencel ovithaallviweagce frer ereguiforeckaGpba@S X1 | |
netal and the prompter nmetal in the formof soluble salts. Exanples of such
salts ar éogfg TP B“Héi {OH éeSH’gPFQ/‘éWF vbthe S?WBﬁP%ﬁP"eEWe?@’FtﬁB‘ SRBET B ’g’_r

pr ef er ableyy BheAGHRAHEy SRl rlLrAVArblishsIR bR REaRA! Ut T On used s such

that it c esponds t etween 50 and 100% pore vol une of the
support, pref dhabhgstindd vaud @¥dyahititie bpestat vobalowe.1070l. % odyganN Fenn~ The

i npregnated support is dried at, appient qr reduced pressuyre and from
anbi ent Féi‘?ﬁ%‘rea‘t"ULé flagryeiey lgméf)gif asf% i tﬁwsaojgéalaﬁ i%ytheoseh%tt‘*aé ¥ol.
redugpi o 0 [ LIt ' te, the

i nprggna'%g;{&?gb%pﬁugg%?% gg%ﬁg%%bfhégéérae Béﬁﬁ%?ndthhgﬂiﬁéas et hyl ene,
hydr azi n@éeminbefaredmstdeddyde or hydrogen. If hydrogen 5 is used, it wll

usual |y be necessary tg heat the catalyst tqQ 100 to 850C in order to effect
conpl et e redud® PBHEMpPEIgEENt fhe QitlehSrepB s MYBPret AP RRhRS BN e E2FBd out ,

the redu ¥ i . - drd T i.ed Gar ner

is then %ﬁg%‘%gstﬁg%%g’gv‘hhﬁﬁwﬁg%&’%%@?@%&‘%{]ﬂéﬁ‘g@g‘-“ggsoﬁgtv ce)lr' @g%%;éte ereafter

dried. 1Qn diher embbdicheafls, tatoatlyisstrepmeap aoaitoed anathebpoindral@g thoraeptlem se

catal yst performance based on maxi m sing vinyl acetate yield and
sel egg i vilegp for example, as it emerges from the separator unit and/or the carbon dioxide
removal unit.

The oxygen concentration at the trip point may be monitored using an oxygen
analyser. For example, the oxygen concentration may be monitored by using an
analyser which measures the paramagnetism of the outlet stream as it emerges from the

30  separator unit and/or carbon dioxide removal unit. Such analysers (e.g. SERVOMEX)

comprise components which tend to be adversely affected by condensable vapours, high

temperatures and pressures. Accordingly, these analysers cannot be used where high
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" The activity of the catalyst may decrease with tine. This may arise as the
concentration of volatile co-pronoter in the catal yst decreases w 1‘0h4 ;jﬁﬁ- 9
To mai ntain a constant concentration of co-pronoter in the catalyst, S%l]l[]
co-pronoter nmay be added 15 to the catal yst during the reaction. This may
sui tably té?lgpé?ﬁ’t’bfé &1 ResurYcondiions afefcsih e @Bl Xaniié SidiRknttRe Fdagtoki qui d
acetic acid feed or to the liquid recycle acetic aci d. Alternatively, the
addi t i onakit.cthysr mrasakyserthe dudlet siteendhsd beimergeafroml the raantof exig.the pireem er or i n

acid) ditectly by spraying through a.suitable injection neans ch as a
nozzl e. hiS 1o Y RIFUeBld fop BLATRIS, R-raRipE e Slieam Qireaye e AR T r om t he
react or @Q}qqdrg%aggqxggfsﬁggigg fresh catalyst so as to maintain the activity
of the catalyst and 'the contentration of oxygen in the outlet/recycle

streafn at desiThalikggdnsaomkcentratios of theaeslst steeanpasrit exdergas from the resa®r arayand nay

suitably be operated at a tenperature of 100 to 40QC, preferably 140 to
210C and,beHifg‘ﬂtof??ié?ye‘?’%‘ﬁﬂl?“,g“&%“?%gi@@&.a Wch@éﬁchﬁihﬁg‘vﬂ% Srried out at

a pressu £ Vi tween 6 barg
and 14 bgﬁaﬁlgﬁgﬁéﬁ%ﬁh %‘r@fﬁ?‘;ﬁ%]@?q%%?e&gg’?@f"%i?g@%?@%"&?ﬁ The process
of the pmeselehgthnumaytbeaned@ysuiteble avaveledgthuh themear indmatdis apppadimetetyf hol di ng
10 to 50 é nnes. of fixed bed cat al ystl or 10 to 300 tonnes, preferably 30 to
150 t onnd80 t AP RIFieraly sePRreximgiely dpham, tet 5% ) SEng 4P APRARLUS The

effe o] tor . size. : [.O [ j i scussed in

of 1 260  Rah BA8) 2 3hSiihe Aol 1 PSE% HUEALk OB RBAL WAk ) o0t

EP- A- 084 Agiddfacwiiedtindes theneicprark Laskras by Nobsk Elettes Optikk A/S INdrwhly).N ~( 1f 1~
The ethylene used in the present process may be in substantially pure form
or adm xed wi fHodmlasespersrasceiry inbasedparthe salediiwnef oae piagle abserpemling.oxi de
and et Cldrlaby9n L SRl GLERATML (P REy Ol I PBlpNGEOREN (SR @hikenes or
al kanes. € oxygen-contai'ning gas nmay"s abl'y" bé arf "or a gas richer or

poor er i RoEHee ghdes hatxat@orptioRdimedht the Shdstablayelehftd. Jas frEBYele® ofxhegen
diluted with a suitable diluent, for exanple, nitrogen, argon or carbon

di oxilde. dmdeflesenisityned teeogrgepang teihedgiigle phsopptioning fpeexyeeny ajustERg | east

P ononentt eBPFTFe PR alFing Rk of i e85 1Bk sPRERT Bah Bt JQBIR i 11 oy
limt incbﬁsffdérgél?haﬁ@ﬁa&hh@tﬁe&@e&m%&h-ofl& abR6rpl6R 1iné fRUxYgemYBPE

introduced into the reactor as a liquid or a vapour. In a fixed bed

react or, venying thadicdellgseadurreritethe dide dasacwavedlengtinisrsganneddcress thevapour. In a
fluid bed, reactor, a mxture of acetic acid vapour and liquid may be

enpl oyed 2PIEPUGN MR- d acetic acid is preferred. Liquid acetic acid my be

i ntroguced i ntmetolsl?géd MbRchesin Baep@tal BithaR¥wsdi théBlode el ki on means,
for exanple a nozzle which may be a gas-induced atom sing nozzle or

| i qui d- odEtgctopabsprh thedranomitieddasentghts ¢amingl thy intensity loéthe tegl laser &0 may be
introduced into.the reactor. The.re- |l ed acetic gcid e pr.e-m xed

W th t he TEMAE HRSRMSTaEh A ge ey Bt e ot sitre pE sl BeatSoBHohci ng
separ at elih@h%tﬁe%emﬁculé@ﬁ%rﬁ&ﬁt ef Wgeﬂ%@@@eﬁ R rddighiférep@ e | Nvention
wi |l now be déscribed, by way 20 of illdstration, with reference to the

Exanpl es remetvet.o t he acconpanying drawings in which: Figure 1 is a schematic

ilTustration of a systemfor carryi ng out the process inpéccgrdance wth a
firse>enbodi néiecroRs t ABalyscEs WH 1lG9E e PRI AR RS gLdsel 0907 2nd BrepBiet i ¢

Lt oS 051 RO RN A LT RECE Tl 2 e Bane i Ch
monitored. It is important that acetic acid and other condensable components in the gas
stream not be allowed to condense on the windows of the detector. To achieve this the
windows may purged with a gas which does not interfere with the absorption spectrum.
30 A suitable path length should be chosen, typically 1 metre, to ensure adequate detector
sensitivity. This may be achieved by placing the analyser across a vessel or large

pipework/ductwork. Alternatively, this may also be achieved by feeding the gas to be

5



"Figure 1 depicts a fluid bed systemfor carrying out a process in
accordance with a first enbodi nent of the present invention. The system
conprises a reactor 10, a separator unit 12, a conpressor 14 and @4cdMoaM™
di oxi de renoval unit 16. The reactor 10 conprises two inlets 18, 20 for the
i nt r oducthéitdpéd %%ﬂox@@dldaﬂéﬁrﬁm%’%&hﬁe qu; putfe 085 F&BiRtPhediftelthd t her
conprises a grid 17. A mxture of fresh ethylene,” and a recycle gas

conpri si n’gommr@hgasefded)mlgeandahdemr@am @be,@tunlytlmhdlel gas umthle@dum:@df that o t he
reactor 10, through the %{lidg)ate 17 vi.a d'atg inlet 22. 9 1\1'\' ?nn~
| oper attPrcorHEes EenayhE £ G et fnelihe ahkeyeas Seprpsseins i o
bed. The d@edthetuBe.! Thé LR dfme%ét&%orra%@ﬁkﬁrrn&ﬂt&ﬂiﬂan%%ﬁ@fattﬁs'tmem the
catal yst to produce a stream conprising vinyl acetate, water, carbon

di oxi de ahecemireencthe degi@acdraprissng él'sbwtsaﬂlyélmwgas&obemmnﬁdra‘dr cﬁmtalbig reactor 10,
cool ed an |ntroduced |nto the separation unit 12 5 via |ine 24. The vinyl
acet at e, 1ene maYDE hied R8 PHEEEE38 acetic acid in the streamare condensed
and separat ed , S
component o ar o TP e GE ethshd ip b R m e Gl G P B P2 QK

conpr esseud redceorgamacﬁusd bedrmutentmmwre é oyydeadadetic bbid ahdattytsnevs a | i ne 28.

A portion of the streamin line 28 is jntroduced to a carbon di oxi de
renoval dRiredueed ingo gifixed bad reggtor yigan jpiet- Ine flwigded seagtarethe OX¥8a0, of t he

o D9, 4R Sl B S, SRYTUA m

recycl i ngthylertehmd/oracétir acidconithiating pyibetoenaginenhd fhatton Thd @actags Tah:e
reactor 10 is kept at desired levels by introducing fresh ethylene into

line 28 vhep ¢anﬁ49te§4w1t115 ﬂwrésqslr%&aéﬁémaser@éwﬂu@dlwtluwky eixediwithdhe such
that the r‘éé’c@ag t%}m%rho% é( e”xkure is aﬁlgﬁgrﬂq aé;ﬁL%FaﬁP? éalcF 48 and 32

are nmai ntaine AR (NS varue be Figure 2
depicts aactmrmebﬁdthsbfﬁélewhamn@%@Wb@gh@wat %errb'rﬂé@ﬁfo tuerbxa@&%da;mce with a
second enbodi nent of the present invention. The system of Figure 2 enploys
a fidéd zeadyed iy evealiodistriboted throngirout Hwnre@ptorl Uk s tﬂ@@lws«ath@n@lfo explasigrer al |y,

the system.pf .Fi ue2| ar. to sste ure 1 nd |ike parts
are | nai g o e bR e biohoTht o R Bl et i Py B gur e o
oxygen anghpeRidif adtiidbed Rabot isindt EOueRdd B tRcllAnimiablligy il ofelacdues  110.
Instead, acetic acid is introduced into the reactor 110 as a vapour using a
vapor i serOfIllezrea@imﬂfﬂ@ﬂ mmqr@n@cnfdt leastfped of theooxyigen islpdtd Bereati® via |ine 25

120. A further d|f€1 nce IS that pxygen i is not fed directly into the
reactor TTRPBGH A Fe!Ced FUTRYE Sooi nt "P" via line 118. Exanples In the

foll gy ng Examplugs ﬂalh%ea%a ﬁ%@ge@i%ﬁé{mt th@r}éac%ﬁ ceﬁélhsﬁéareeén@mhxo 1. The
principle reactions occurring the reactor are: CH3COCOH + 0.50z ~

CHz =CHOOR@kBe thatiPiie, oxgdn Wn&atmnlheom@strelamzmﬁalatam'ﬁldett pdeslr agas | aw
applies.

rrlig(imum value. This may be achieved by controlling the rate of oxygen conversion in

the reactor, which in turn is dependant on a number of factors, for example, the nature

of the catalyst, the reaction temperature, reactor size and feed throughput.

25 The catalyst of the present invention may comprise a Group VIII metal such as
platinum and/or palladium. Preferably, palladium is employed. The metal may be
present in a concentration of greater than 0.2% by weight, preferably greater than 0.5%
by weight, especially greater than 1% by weight based upon total weight of catalyst.
The metal concentration may be as high as 10% by weight. Suitable sources of

30 palladium include palladium (II) chloride, Na,PdCl,, K,PdCl4, H,PdCl,, palladium

acetate, palladium (II) nitrate and/or palladium (II) sulphate.



04 J UN 7. 003 3. Percentage oxygen conversion is defined as the total
percent age of oxygen converted to give vinyl acetate and carbon di oxi de
products. 4. Ethylene selectivity is defined as the percentage nurfperjygf o
nol es of ethylene converted to vinyl acetate di vided by the total nunber o

nol es of ethyl ene eted Vi n tate and carbon dioxide. In other
wor ds: Sel ecti @f?‘ﬁu ro(l.ggm télgt ?‘(S‘\‘)}Bt}% FROTRAEE g grome f2(1)2 nol es

out) 5. Tbeltéﬁlaﬁtmtﬁttﬂswcltddgotd %pllsmnw&htwcel | A profrie@PedAbtet & doken to be
10 vol % oxygen. imt in the outlet streamis taken as a

t ypi cal vaumdal@somcasmf golad; mlygegoldrhb)rmkytgtmctdmem ecid |(HAuC§4),rmm tored

along lin n | d oxy en con ntratlo t he
Shut S down ey RARGl ApaRebEdts aiprdhsy R0 RGPl BtePe i iy
acetate i prAMCIfbGRE be%érﬂélt MR p?&ﬁb@m&mmfy'ﬁ’é &b&ﬁfﬁxa%aﬂétﬁtt beRem.1 110 is
charged with an acetoxylation'catalyst to forma fixed bed. 15 The reactor

110 i s optr Hi%byateightn the fird<hed cbtatyst. 12 barg, and at an oxygen conversion

rate of 70% d an et hyl ene sel ect|vi of 90% The concentratjon of
oxygen enter i n§retft=ré bly Wb CaAYER CPRROSHIAM IS REBPTIRS § KG-PFOBRRBIISFE) | (i t of

10 vol % gf Sahbikﬁc%—ﬁfcﬁﬁot% 5§ 5udedG Ly Iréﬂﬁgcﬁ latﬁﬂﬁtlﬁgéﬁﬁ%gfoﬁr}%tﬁk% are

controlle at the anount o n'exitin reactor’ 110 forns
3.1 vol . &haniple beppentcatimivoh,bueiuef, pgassiemi sodmgntllnm heabngse lififkel,Thi S
concentrat i on of oxygen.is significantly bel ow the threshold val ue of |ine

24 (41 v#tingny, A&%t lanthgnym, Whick apsoprssenatn e Mokt cafalyseas sabis &&ian wi t hin
I cor P Caftiard Dt PSSR GIS bR otk EnrATRARI k! THiToqhbhler St T eam I o

cal cul ate assu IOI']S ove an he resu {S ar e

shown in fﬁapbe pfesbetlinthe c’laialyst@onﬁpos'lfidﬂ\hnwdmhc&'ﬁbdtﬁmlbfﬁprwoﬁ%mt Wiegd theeact or
feed volume %Reactor Exit nol esReactor exit volume %ox enl03.03. leth
| ene5545. qadalystdap Hisad Bedsatalustothe coppomalsesorceniEitipngs pederablyeqween 3

acet at 08, 45 Puper Gt ShQ APl TRLSRIR0ARA RAOTPLSyded f Biearm e

vi nyl acelfte \'s pro uce usi he"s own in ure reactor

10 i s1hangesbnekrttation®f 6ptal ¥ i % @réf@faﬁlyaf& td 6lindbeflthe Tdsmlsca@dlystws t he
acetoxyl ation reaction to occur under i sot her mal condi ti ons, whereby the

heat gener at edThycatplystapateralynas beovapperied: | Snitable eatalyptsugpertyinpluded

thr OthouﬁorE)Qse sili&f aIumma s1 1ca/a1116r9ul%1 S&ilicastitania, titania, zirconia or carbon.

Preferably the support is silica. Suitably, the support may have a pore volume from 0.2
to 3.5 mL per gram of support, a surface area of 5 to 800 m? per gram of support and an

20  apparent bulk density of 0.3 to 1.5 gmL. The support for a fluid bed catalyst may
typically have a particle size distribution such that at least 60% of the catalyst particles
have a particle diameter of below 200 microns preferably at least 50% less than 105
microns and no more than 40% of the catalyst particles have a diameter of less than 40
microns.

25 The catalyst may be prepared by any suitable method. For example, the first
stage of the catalyst preparation process may involve impregnation of the support
material with a solution containing the required Group VIII metal and the promoter
metal in the form of soluble salts. Examples of such salts are soluble halide
derivatives. The impregnating solution is preferably an aqueous solution and the

30  volume of solution used is such that it corresponds to between 50 and 100% of the pore

volume of the support, preferably 50 to 99% of the pore volume.



+ 10 the risk of explosion and/or fire occurring within the reactor. Thus,
the concentration of oxygen that may be enployed in a fluid bed reLactor h'{s
not constrained by the flammbility limt of the reaction m xt ur & & JUN 2NN
Accordi ngly, the concentration of oxygen entering the reactor 10 is

mai nt ai ned abo h Lty kit | 2. 7. vol % of th tal feeds
enter ng the r o el CRBbow i ridd U gty oE et et e btErhR

tenper at irRbief @RDFRure B YSIPT, BRIUEBIS GO 2D A6 BLHMhRIENRELECITVI Y as
the reactor 110 of Conparative Exanple A In the present Exanple, however,

t he oxygeconvertcect materials into the metalldc ststej the irmpsegdated supportnia xeatadwithl aie of

4.0 vol %hy .increasing the anount of oxygen entering the regctaor 10. 20
The conpo%AbsiBs SEAT: SHRD A5 st enes YRS Fr chyqe phydapgant bt dydipgen he

12 o SEE TVITI AR RSN, PP B ERHe I SRR pdB el

nol esReacgdmpletgireductibnne %ox enl2.73.8 -4.0eth | ene52. 340. 442. 7car bon
di oxi de2022.423. 6acetic acidl154.34.6vin 1 . _
acet at e010. 711A8enthesEps descgbed ahaye hawe beenoagdedous, the mphicedepialyst iTabl e A

and Table_ 1 sho t hat hj gher, .producti.on rates of vinyl acetate are

obser ved WALRATHE VAL BREEnRY ot hE ke REER Pan e RV B or 1 < 5
nai nt ai ne@qgived Aol e shPrehmotet MR wekehfi@diry. the flamability limt, rather
than belowit. Conparative Exanple B The procedure of Exanple 1 is repeated

exceptO t hat t hEhe madodof ¢atalyst mpparatiandmay bemariedtgeptiousecataystn rate of 60%
The feed coppositi,on fed inta the.reactor is,10,identical to the feed
conposi t i%ﬁ%a@frﬁ?ﬁ? Ph FexEREmE VY, ?‘CCA%teé’éFid pad §eg:%9r'i‘_vft?'om Tabl e 3 bel ow,
the rate of oxygefiRanve iR QmIRIRIa9¥REeh® Wik tiftd! TTIRL RBY e ARHBt @i n the
concentration of oxygen of line 24 at or below the threshold value of 4.0
vol % | nneardiativhef golatikErtorproimoter i thexoptpdyst decrbasae wth vse. To maimthin% 0. 1

vol % above the threshold_val ue. Table B Conponent Total reactor d vol une
Veac o GRS BN RATGUREAOD §F CaRT oS 1B ST EB PiBiqier My b addsd

onesel A8 Beavion g ARIORY Sriutasginy it iiniaindue. o |,
t hi s Exanpbmoter heatqniad cetherlguaf acoopad fitcdvar tésteenipduid Bciysle meqieadcad] except
Alternatively, the additional co-promoter may be introduced as a solution (e.g. in water
or in acid) directly by spraying through a suitable injection means such as a nozzle. In a
fluid bed reactor, catalyst material may be removed from the reactor and replaced with
20  fresh catalyst so as to maintain the activity of the catalyst and the concentration of
oxygen in the outlet/recycle stream at desirable levels.
The process is carried out in a reactor and may suitably be operated at a
temperature of 100 to 400°C, preferably 140 to 210°C and, most preferably, 140° to
190°C. The reaction may be carried out at a pressure of between 0.5 barg and 20 barg,
25  preferably between 6 barg and 14 barg and, most preferably, between 7 barg and 12
barg.
The process of the present invention may be carried out in a reactor capable of
holding 10 to 50 tonnes of fixed bed catalyst or 10 to 300 tonnes, preferably 30 to 150
tonnes, and especially 50 to 100 tonnes of fluid bed catalyst. The effect on reactor size
30  onthe acetoxylation reaction is discussed in European patent application number

97309554.0/publication number EP-A-0847982, which is incorporated herein by

reference.



‘that 2.5% of the catalyst is replaced with fresh catal yst defined as being
tw ce as active as the deactivated catal yst of Conparative Exanple B. This

i ncreases the rate of 5 oxygen conversion to 61.5% thereby reduci figé tive 29
concentration of oxygen in line 24 to its threshold value (4.0%. The

conposi tion of ﬁm%t@ué&%seéﬁmemsém éﬁfai@e%sﬁﬂl@amﬁ@ﬁ @ﬁ%ﬁﬂ&

assunptions above i Table below. Tabl e 0 Conponent To reactor feed
vol une %Rednixed vAEth dbnevorl reeifRad gl toogea xinethand, wtanépoareonldidxidd afie wMater in the

| ene5546. 848. 6¢ar bon d|0X|de20%%ﬁ822.5 ic acidl57.67.9vin 1

acet at e07 19rm oL#EHR QY OBOUPBIEA! NY¥HI088A:! 48l W%@ﬁﬁgﬁap%n of the results of

Co ti ExafR t
i gher pr oduct 18 TAERE R AReS ey SISy b3 of Leal N OE P RS U Tt

concenfr atmcléculdr oxlpgernthih eir. Suiably, the gamnnlydcrvaggat dilded (vitarmsahablety 15
limt rather than above it. 14 p 4 JUN eOd~ Clains 1. A process for the
pr oduct i odfilagntyforgaraples nifregens araenor 6abes diaxige: | Brefierablyethsapis xyser. a)

oactor. (hf EPRLOREBE R el B BRI PN BR R BB AR g g

in the pr @l‘ieed”tﬁ@rdbfm eiR€ 86 Wlt@ttbt@r\arﬁéﬁ@d%ﬁ(ygdﬁ fedefcde8afté flambAbiitpduce a
process stream 5 (c) renoving said process streamfromthe reactor as an

out | et st ligdhin thetptal fagdsiie diareaggon he oxygen concent ratl on of said outlet

oo oPTb A 2 R gk R iy RO TR intd e L RRTAR R gk ol bguf Hd Bhor o ®

via a recyixb@btPRAcosERbdtetdy ANehOhcefBheidit RERTEdWasH RPesr. ThQ fuid A
process as claimed in claim2 wherein the recycle | oop conprises a

processi ngedreagiori mvmmr@wf aerticagid waposrt ansldiquie magitbe ethplexed; butdiggidepar at i on

unit wherei n. | i % ercf n%?nents of the outlet stream conprising vinyl
acet ate, WHEPRHHIPEY Ut eact ed acetic acid are renoved. 4. A process as

clai med in claifidWosicakm & eHﬁroahéedqﬁtotth@ﬂgwﬂe%treé&&g@x&dg%ﬁmg the 1S

separation unit Ts introduce nto a conpressor. 5. A pr as claimed in
cl ai M3 whdgeation rseams, fof exdm)loambzﬂle sthiakanay b@aﬁgangntdheedsa&pmisa'amg' worzlemrt i s

i ntroduced into.a carbon di oxi de r.enov unl rocess .as clained in
any. one. ofoWHeoTl SERTRS NoPaFie AMHBIEBHRY-cHE ISR OACETUERTOoFh |t he
outl et stiREMe rBadt®. NTRE f@&&c@éd &Eué’ﬁ‘&@%a%%e%r@l‘mkéﬂ WiR theBude atiBagi@ess as
clainmed in any one of clains to 6 wheréin the oxygen concentration is

nmoni t or edoatnay)be mtrodutocdemm dtgesaqtm using ar@pmteenjeompn pedng he reactor is shut
down if the ox ncentratlo

noni t or t.age exceeds
a threshold val Ese iR 2pRECES ﬁ?Fé‘lSWVGPS’/O‘}W O%Pegﬁﬁgﬁg br}'g‘f’% out | et
Streagp SOEﬁﬂu%ﬁf(ﬁS %vnﬁ%efé!r&'céf?cﬁth'e@xﬁh@%&?aﬁ%@ﬁ{e%hébr&ﬁﬁyﬁﬂg &ahald iyal ue is

set at or ow 10 vol. 25 % oxygen A process as
cl ai med i whidhai m 7 when dependi ng upon any one of clains 3 to 6, wherein

t he threshol d val ue_ iis 4.0% by, vol upe % t he sﬁta ge between the reactor and
the separation L&\‘F?IISCL@SChAmBP%HB’égat&g‘ EEDSIY Oﬁcé‘ﬁX/‘“éﬁét be PE9rESHifecedi ng

clai ms WL ol fink0&ith&AROémbotiAert Jritht SreBafl ifvRAGSA an
Figure 2 is a schematic illustration of a system for carrying out the process in
25 accordance with a second embodiment of the present invention.
Figure 1 depicts a fluid bed system for carrying out a process in accordance with
a first embodiment of the present invention. The system comprises a reactor 10, a
separator unit 12, a compressor 14 and a carbon dioxide removal unit 16. The reactor
10 comprises two inlets 18, 20 for the introduction of oxygen and liquid acetic acid.
30  The reactor 10 further comprises a grid 17. A mixture of fresh ethylene, and a recycle
gas comprising unreacted oxygen and unreacted ethylene is introduced into the reactor

10 through the grid plate 17 via a third inlet 22.
9



11. A process as clainmed in claim10 in which at |east part of the oxygen
is fed to the reactor separately on the other feeds and wherein tp ggygﬁﬂ
concentration in the total feeds exceeds the flammability limt tner

12. A process as clainmed in any one of the precedi ng cl al ns wherel n the

oxygen to concghide a?aftfoﬂnthb@egck& 104t bdre &H:ﬁﬁ“ﬁ‘cht% Lga

conprising a tun di ode | aser. 13 A proces al m 12
wher ei n tfeeds araéatddaced mecetheasatori 19 andepataetdd mtlﬁtheca{te@st norpfrdsdncead regi on.

15 16 A@t@ A A A A3. A3U. AF(% Al . AFNY. A. . Al . AYS% Al . Al . AFL. A@A, :j4 Eg f
stream comprising vinyl acetate, water, carbon dioxide and unreacted reactants. The
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10/ 10% &m{lpr to3hd OPdtesh OF Figuigl, _‘aﬁﬁ’dl&b @)ﬁﬁm#iﬁl%a%c( by Fke numerals.
410% & )I:I gvze%og{(él&e%e %lg{egixof lélg%r%/ 11%?{§§%n(2ndla%gfg§:1ci %r_e‘not introduced
directly into the reactor 110. Instead, acetic acid is introduced into the reactor 110 as a
vapour using a vaporiser 112. Liquid acetic acid is fed into the vaporiser 112 via line
25  120. A further difference is that oxygen is not fed directly into the reactor 110 but into
the stream at point “P” via line 118.
Examples
In the following Examples, the following assumptions and definitions apply:
1. The principle reactions occurring the reactor are:
30 C,H,4 + CH3COOH + 0.50, — CH,=CHOOCCHj3; + H;0, and
CyHs+ 30, — 2C0O; + 2H0

2. The ideal gas law applies.
10
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Comparative Example A

Vinyl acetate is produced using the system shown in Figure 2. The reactor 110
is charged with an acetoxylation catalyst to form a fixed bed.

15 The reactor 110 is operated at 140 to 190°C, 6 to 12 barg, and at an oxygen
conversion rate of 70%, and an ethylene selectivity of 90%. The concentration of
oxygen entering the reactor 110 is maintained at the flammability limit of 10 vol % of
the total feeds to the reactor.

The reactor conditions are controlled such that the amount of oxygen exiting the

20  reactor 110 forms 3.1 vol. % of the total volume of gas exiting the reactor 110. This
concentration of oxygen is significantly below the threshold value of line 24 (4.0 vol %).
Accordingly, this comparative example does not fall within the scope of the present
invention.

The composition of the outlet stream is calculated on the basis of the

25  assumptions above and the results are shown in Table A below.
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acetoxylation reaction to occur under isothermal conditions, whereby the heat generated

by the acetoxylation reaction is evenly distributed throughout the reactor. This reduces

10  the risk of explosion and/or fire occurring within the reactor. Thus, the concentration of
oxygen that may be employed in a fluid bed reactor is not constrained by the
flammability limit of the reaction mixture. Accordingly, the concentration of oxygen
entering the reactor 10 is maintained above the flammability limit, at 12.7 vol % of the
total feeds entering the reactor.

15 The reactor 10 is operated at the same temperature, pressure, 0Xygen conversion
rate and ethylene selectivity as the reactor 110 of Comparative Example A. In the
present Example, however, the oxygen concentration in line 24 is increased to its
maximum value of 4.0 vol % by increasing the amount of oxygen entering the reactor
10.

20 The composition of the outlet stream of Example 1 is calculated on the basis of

the assumptions above and the results are shown in Table 1 below.
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water 0 13.0 13.8
total moles 100 94.7

A comparison of Table A and Table 1 shows that higher production rates of
vinyl acetate are observed when the total concentration of oxygen exiting the reactor is

5 maintained at the threshold value defined by the flammability limit, rather than below it.

Comparative Example B

The procedure of Example 1 is repeated except that the reactor 10 is operated at
an oxygen conversion rate of 60%. The feed composition fed into the reactor is
10  identical to the feed composition of Comparative Example A. As can be seen from
Table 3 below, the rate of oxygen conversion employed is not sufficient to maintain the
concentration of oxygen of line 24 at or below the threshold value of 4.0 vol %. Instead,

the concentration of oxygen in line 24 is 4.1 vol %, 0.1 vol % above the threshold value.

Table B
Component Total reactor feed | Reactor Exit Reactor exit
volume % moles volume %
oxygen 10 4.0 4.1
ethylene 55 45.7 48.8
carbon dioxide 20 21.6 22.4
acetic acid 15 7.8 8.1
vinyl acetate 0 7.2 7.5
water 0 8.8 9.1
total moles 100 94.7
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The composition of the output stream is calculated on the basis on the

assumptions above in Table 4 below.

Table 4

Component Total reactor feed | Reactor Exit Reactor exit
volume % moles volume %

oxygen 10 3.9 4.0

ethylene 55 46.8 48.6

carbon dioxide 20 21.6 22.5

acetic acid 15 7.6 7.9

vinyl acetate 0 7.4 7.7

water 0 9.0 9.4

total moles 100 94.7

A comparison of the results of Comparative Example B and Example 2 shows

that for a given feed composition higher production rates of vinyl acetate are observed

when the oxygen concentration of the outlet stream is maintained at the flammability

limit rather than above it.
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Claims :
1. A process for the production of vinyl acetate, said process comprising the steps of:

(a) introducing ethylene, acetic acid and an oxygen-containing gas into a reactor,
(b) reacting said ethylene, acetic acid, and oxygen-containing gas in the presence of an
acetoxylation catalyst in said reactor to produce a process stream,
5 (c) removing said process stream from the reactor as an outlet stream, and -
maintaining the oxygen concentration of said outlet stream at a threshold value defined
by its flammability limit.

2. A process as claimed in claim 1 wherein the outlet stream is returned to the reactor
via a recycle loop comprising one or more processing stages.

10 3. A process as claimed in claim 2 wherein the recycle loop comprises a processing
stage in which the outlet stream is introduced into a separation unit wherein liquid
components of the outlet stream comprising vinyl acetate, water and/or unreacted acetic
acid are removed.

4. A process as claimed in claim 3 wherein some or all of the outlet stream leaving the

15  separation unit is introduced into a compressor.

5. A process as claimed in claim 3 wherein some of the outlet stream leaving the
separation unit is introduced into a carbon dioxide removal unit.

6. A process as claimed in any one of the preceding claims wherein the oxygen
concentration in the outlet stream is maintained at or below 10 % by volume.

20 7. A process as claimed in any one of claims 2 to 6 wherein the oxygen concentration is
monitored at one or more stages in the recycle loop and the reactor is shut down if the
oXygen concentration at any one of the monitored stage exceeds a threshold value
defined by the flammability limit of oxygen in the outlet stream.

8. A process as claimed in claim 7 wherein the threshold value is set at or below 10 vol.

25 % oxygen.
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diode laser.
13. A process as claimed in claim 12 wherein the tuneable diode laser is operated in

the near infra red region.
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