WO 03/ 074465 PCT/ GB03/ 00619 PROCESS FOR THE PRODUCTI ON OF AN ALKENYL
CARBOXYLATE OR AN ALKYL CARBOXYLATE The present invention relates to an

i nt egr at edopocass for the oxidation of a C2 to C4 al kanecraGRsodiee t he
correspondi ng al kene and carboxylic acid and wherein the al kene and
carboxylic acid are further used as reactants to produce an al kenyl
carboxyl ate al kyl carboxylate. 5 Carboxylic acids are useful feedstocks for
t he production of al kenyl carboxylates and al kyl carboxyl ates. Thus, for
exanpl e, acetic acid is used to manufacture vinyl acetate or ethyl

acetate. Acetic acid may be produced by the catal ytic oxidation of

et hyl ene and/ or ethane. Vinyl acetate is generally prepared commercially by
contacting ethylene and 10 acetic acid with nol ecul ar oxygen in the
presence of a catalyst active for the production of vinyl acetate. Ethyl
acetate is generally prepared by contacting ethylene and acetic acid in
the presence of a catalyst active for the production of ethyl acetate.

I nt egrated processes for producing acetic acid and/or vinyl acetate are
known in the art. EP-A-O 877 727 discloses an integrated process for the
production of acetic acid 15 and/or vinyl acetate from a gaseous feedstock
conprising ethylene and/or ethane. The integrated process conprises a first

step wherein et hylgRecid PORCTAREROD TETRONIOR AN W 1orNgsed in a first
AM-CO NP R S t

reaction zone to preduse W RMHORSAKE PARBORYEiAYEEene, unreacted
et hane, acetic acid—3a oJuis =3 Hy be passed directly

e :
to a second rEhepicssnt zoReti@nclaanbaatisdgiatedpeodessidr theoxigdtanuwfarC, to
oxygen-containing gas in 20 the presence of a_suitable catalyst to produce
vinyl acetatkangOdaagucs ts “s%][eé%‘tﬂd@gzaj We@dfé@?"ﬂm‘%‘?@wﬁ%@ Hescribes a
process f | dat;d L9k a6k RY bRRABd & Rkofyce acetic acid
in which @&%ﬁﬁdpc%dgggﬁé %}(\1/\%1{60%?3%85 PC?T/ GB03/3061% carbon nonoxide is
oxi di sed taboaisienlkyl carbadelatéccording to this docunent, the unreacted

et hane_ and/ or et hyl ene r be-recycled.ta the oxidati react or.

A tor i vely, CombER e R aecosgarit Su e pRSAEEn & AP a TSP Bt e

et hyl acefaf ArorcardixlyhACahhs PGP 20X KIRM &k Asé PRt e. 5 In
t he manufacture of vinyl acet'ate or "ethyl acetate from ethyl ene ‘and acetic

acetate or ethyl acetate. Acetic acid may be produced by the catalytic oxidation of

ethylene and/or ethane.
Vinyl acetate is generally prepared commercially by contacting ethylene and
10  acetic acid with molecular oxygen in the presence of a catalyst active for the production
of vinyl acetate. Ethyl acetate is generally prepared by contacting ethylene and acetic
acid in the presence of a catalyst active for the production of ethyl acetate.
Integrated processes for producing acetic acid and/or vinyl acetate are known in
the art. EP-A-0 877 727 discloses an integrated process for the production of acetic acid
15  and/or vinyl acetate from a gaseous feedstock comprising ethylene and/or ethane. The
integrated process comprises a first step wherein ethylene and/or ethane is catalytically
oxidised in a first reaction zone to produce a product stream comprising ethylene,
unreacted ethane, acetic acid and water. This product stream may be passed directly to a
second reaction zone and contacted therein with a molecular oxygen-containing gas in
20  the presence of a suitable catalyst to produce vinyl acetate.
Research Disclosure 2244 of 1992 (June) No. 338 describes a process for the

oxidation of ethane and/or ethylene to produce acetic acid in which the by-product



acid, the nolar ratio of the ethylene to acetic acid is desirably unity or

approximately wunity. Thus, in an integrated process in which ethane is

oxi di sed wo opioodate et hyl ene and acetic acid, the nolar PawiGBoabo@phyl ene

to acetic acid produced in the oxidation reaction is also desirably unity

or approximately unity. 10 In the partial oxidation of a gaseous feedstock

conpri si earbeh mydrenaleds dxidisbdtresarbarhdiopide.d decordingda thig dewmagnt,the onpr i ses

et hyl ene, unreacted et han acetic.acid water.. Thi s, product stream may
be conder‘n‘%‘é‘?ﬁ“’tﬁa&}}@fne ay %@Me?eomﬁyBﬁ'ﬂ%cgcggg%%é)ﬁ(é({atlg? treeagF%?'corrpri si ng

et hyl ene apgh SRR eheadtith1dhe il belreatte@ ¥ThcRBIE A6 Rgpragedd dth@aicetand  wat er .
The gaseous stream conprising ethylene is typically recycled to the

oxi dat i orwillagetie¢igrand oyganriodus viaglaselalyy of such an et hyl ene- cont ai ni ng
str ea§1 nW' T Sgll}gt rg:arrlluef?%t% Ur lv%f;h’ ch%te ot %&ﬁ%ﬁté‘%&é@?&é@ﬁé& QRefigactor. As

t he concentr at ene 1’ncreases e oxl catalyst wll becone
nore sel eeld, iR theMBrHS ofceldtitylat td aaet ddieisatsibably unixy cespprdwmetaly devi at i ng

fromthe desired ethylene to acetic acid nolar ratiop of élnlt 3%1&
appr oxi mawalyy Thiss, inan intpeiekpropess & PaishcHang IhH@dassbio pin Wﬁﬁky

i ntegrate raeessy f r - an: gk is AlRpxahe such as
Vi nyl aceag'z(il'lé21 8&gcr§ch},Q@{m&%?gaéf%ﬁfﬁl@%gn&éﬁ agéglcadgﬁé/rF acet1 at g. I na lparti cul ar,

it woul d rbsctidads slabbesirably nityan approrguatlgdnfiyocess for the production of
an al kenyl carboxyl ate by the qxidatio to.C4 al kane tf{%@ roduce the

f C2
25 coPr ejspondilﬁdh%tl’@é‘@iﬁlé)xé‘??él‘oe& B&%@ﬂopﬁ%ég%tac FRIREEET RY PR and > and
car boxyl 'tﬁe ﬁﬂdﬂct e %ﬁ%ﬁﬁ%’@&nfgﬁ&@ ethy IR CEHb A e PN ARNa &P LARLAY gas to
e” al keny ar boxyl at e,

produce t to be able to optimse the amount of
al kene f ewatto Thizgpradicasteeanx mdzbe condeneakaridor seowbedioghodursta gageaygui nol ar  or

approxi mate equi nol ar ratio of, gcid t | ken maybe .achi eved, . such as 0.8
T To 1 Siear CopTS e DA A1G0° FRLS SRBOMTHT HPRENE PRI IS 81 ho
al kenyl C\%@Rgﬁg gfa@qoﬁﬁﬁ?éahp&r&ﬁ&%é&ﬁﬂeﬁ@@ttyﬁlbzgty 1B6y@&d fo\thé Yxifigiot ny!

acetate may chieved. Accordingly, in afirst enbodi ment, the present
i nveriBi onrepetor iChetinaousirenyepgobich 2n Wbyt SP1sEnPLTACBeE]! BEELM: 2 pr ocess

or e BORCt L0l ALK BRI MR SO SR EDY GRS L
ol ecul arme ¥y iRfos B4thgitvillbeB@e nloREsdievtive Spoards agtiakhkianedaindcagipin onal |y
rater, In e Er e doatng foo i etic acid molar ratio of unity or
oxides thereby deviating from the desired ethylene to acetic y
approximately unity.
20 Thus there remains a need for an improved integrated process for the
manufacture of an alkenyl carboxylate such as vinyl acetate or alkyl carboxylate such as
ethyl acetate.
In particular, it would be desirable, if in an integrated process for the production
of an alkenyl carboxylate by the oxidation of a C; to C4 alkane to produce the
25 corresponding alkene and carboxylic acid and wherein the alkene and carboxylic acid
are contacted with a molecular oxygen-containing gas to produce the alkenyl
carboxylate, to be able to optimise the amount of alkene fed to the alkane oxidation
reaction zone such that an equimolar or approximate equimolar ratio of acid to alkene
may be achieved, such as 0.8 : 1to 1.4 : 1 and to also optimise the amount of alkene fed
30 to the alkenyl carboxylate reaction zone such that high selectivity to vinyl acetate may
be achieved.

Accordingly, in a first embodiment, the present invention provides an integrated



| east one catal yst active for the oxidation of the al kane to the
correspondi ng al kene and 5 carboxylic acid, to produce a first product

st ream cowprods74ags al kene, unreacted al kane, carboxylic aecda/Gsudooaber; (b)
separating in a first separation nmeans at |east a portion of the product
stream produced in the oxidation reaction zone into a gaseous stream
conpri si myoakkEonthesmdduation@fen elkerylicarhexslate which grricassseomuaisecbaiepsi ng

car boxylic acid.and water:.10 (c) separating I e tion nmeans
ot entt @ GorERBR WA Rdstbn ZRELT: |00 ARal SRAR Y ERRRaL,
separ at i QRnfXBRANS gdsNiHR dofsHRalIngAllEhE Qﬂdfﬁﬁ)tﬁdrﬁhy iwata| weneprschce af kiane; (d)
contacting in a second reaction zone at |least a portion of said al kene rich
stream deashpreentdlyspetivrsios hesritatiep af the ddkpngdaihe cogesmondingdrrae apd
car boxyl i ¢ ;aci I - N i resence
of atéleé@pxgﬁgc%ggéﬁyéghgg%gggpggyg?%ggﬂbgggkg?#%ﬂﬂggééﬁﬁ%ﬂ?%Qggg%oxylate
to producqrtdxyieadid apd odiegt stream conprising al kenyl carboxylate. In a
second enbodi nent, the present invention provides ﬁn ]ié)gt egr at ed process

ﬁ % uct

for the pbbenperaiph itbd fias searafiondBsaps Rleat & ARFHQOPY Gt ses the
steps: Zoprg&)ceﬁ?rp{h@%&ﬁdéﬁoh ?ea@@orpi‘drlg%ﬂo%a%&ﬁﬁ%{rgﬁn%% rifing2alkeRe &4 al kane, a
nol ecul ar* oxygen- contai ning gas, the correspondi ng al kene and optionally
wat er, i nir&etddratismeaad afliqaid stleeasbmpnisingabdloyglic aud anéwhier; t he oxi dati on

of the al kane to the correspondi ng al kene and car |lic acid, to produce
o 1 Gt " e biraersk FoaNeBRRRGIAG TS Ao ARer ] (A7 el S okl | ¢

aci d andoqfﬁ'%iﬁéd frém &ﬁ@hrs% ShAfAbh Rkahfirfo fdsp&live SREdAS HieinMane 2ad | east a

portion e product stream produced in the oxidation reaction zone into
a gaseousalkinegam conpri sing al kene and unreacted al kane and a |iquid

stream conpri sing carboxylic acid and.water; .(c).sepapating i.n second
separ at i 0@5) ﬁ%‘}iﬂ@g’&ﬂn P&E déeap‘fg?‘? Forf agfleqsf]%paggggagalgf’tﬁcgg%p Bf%"hed from
the fir St%}?ﬁﬁéd AbinQRe FRANG sdpatioh DA, dereSdrABIFECaFioxit Beidlakgae and 30

al kane; ( contacting in a second reaction zone at |east a portion of said
al kerd® r i mhlestleearygenisonianie gasoim ththpresense od aslepd rae runlypeastye Eidha

ERU AT AR S MR T W
car boxy! afiRerty® carboxylate.
In a second embodiment, the present invention provides an integrated process
for the production of an alkyl carboxylate which process comprises the steps:

20  (a) contacting in an oxidation reaction zone a C; to C4 alkane, a molecular oxygen-
containing gas, the corresponding alkene and optionally water, in the presence of at
least one catalyst active for the oxidation of the alkane to the corresponding alkene and
carboxylic acid, to produce a first product stream comprising alkene, unreacted alkane,
carboxylic acid and water;

25  (b) separating in a first separation means at least a portion of the product stream
produced in the oxidation reaction zone into a gaseous stream comprising alkene and
unreacted alkane and a liquid stream comprising carboxylic acid and water;

(c) sepérating in a second separation means at least a portion of the gaseous stream
obtained from the first separation means into respective streams rich in alkene and

30 alkane;

(d) contacting in a second reaction zone at least a portion of said alkene rich stream

obtained from the second separation means and a corresponding carboxylic acid, in the



produce a second product stream conprising al kyl carboxyl ate.

Advant ageously, the process of the present invention, allows an opti nal
anount oWoaBkenesto be fed to each of the two reacti on zecesRBOIEDY

i nproving overall process 5 efficiency. Each of the al kane, nol ecul ar
oxygen-contai ni ng gas, al kene and water may be introduced into the

oxi dat i orpreseacd ¢fom leashencastalyse sdtiviedenitha pavductioref/akd cathopglaéaio. I n the
present invention r ef er abl the C2 t | ka is ethane, the

cor r esporRiPTHFC AL pﬁgﬁ?‘f?gS%%%?wsé%akﬁcag%oﬁygag%ondi ng carboxylic acid
being acetic Afvadtigdousty) thd¥fotdsk St theph@dhimnéntidh, illtevimastinial bmeent i on,
the ethylene and acetic acid are reacted with a nol ecul ar

oxygen- corftadiient tybeyfed te eaghrafdiBvaseagtionzoaenthereby smproyingsQusid]l RIREFEi nent  of
t he p|;5eseqr})t(;1 ii IQ(\:/enti on the ethylene and acetic acid are reacted to produce
et hyl ~“ace P& yl'ypi cally, the oxidation reaction is perforned

het er ogeneous| Fachidfthesflkan@, thblecalanbyysles-cantidine gase alk el watet they bé ui d
phase. In this case, the_concentrations of al kene and optional water may
be cont r onfreducgd iathg QHidgiondestien zpRe IHESSHLPULANIGH PSR SOBPORERe

catal ysts act!yand Bestt SRR A0Bly. Hf@N® ELambieRRaARd har boxylic aci d

may conprise any sul cat drysts own In the art, for ‘exanple, for the
oxi dat i oncodfespaidivaakéne teirpydtieyienceand the edriaspandiog eabaedicrachBtingaddte
4596787, EP-A-0407091, % 20 f1%620542,. WD 99/ 20592 DE%%QG 0832, WO
98/ 47850, 20ib lyghs fims gmbegdimenpofi ha Brsant ifisngen.763.6tYigac 8 5 38 Us

5300684, }eF&e@%%%aeaIlaMﬁ?% ?‘Sﬁlgﬁfgﬁ%x to pREAEPARAREaRY reference. US

4596787 relates to a proces t enper at ure oxydehydrogenati on of
et hane to et hylngheserondgmhodiateat ySthe prosenigndnsor b athydere dndragetfiacid
MbaVbNbcSbdXe as, 25 ther eihn defined, the elements being present in
conbi nati@ﬁr%"fer‘}%i’%g‘ﬁ?et EPICR407091 rel ates to process and catal yst for

the producti onp@ficAtNWeesGatidR dRtioR f8fck Br6d Betbiv geidoday iveith Rfidet hane
and/ or ethylene’in the presence of an oxidation catalyst conprising

mol y Bdenuentalyste miditheagatantnig shefivid Phaseo d2 054 2asecthgcencentationsys abiaen
Dot o achl g oY RETE S Rar S UERgt BRuS iR YEh Jo sl AReR 8IS KO P g o
sel ectively progiBisRhcBeeid ehed®iidhtioh@Malkahd &ikerrtai lcaidexglic 4vik ayes
t hereof and oxygen at high tenperature in the presence of a 4
comprise any suitable catalysts known in the art, for example, for the oxidation of
ethane to ethylene and acetic acid as described in US 4596787, EP-A-0407091, DE
20 19620542, WO 99/20592, DE 19630832, WO 98/47850, WO 99/51339, EP-A-0
1043064, WO 9913980, US 5300682 and US 5300684, the contents of which are hereby
incorporated by reference.

US 4596787 relates to a process for the low temperature oxydehydrogenation of

ethane to ethylene using a catalyst having the empirical formula Mo,VyNbSbgX as
25  therein defined, the elements being present in combination with oxygen.

EP-A-0407091 relates to process and catalyst for the production of ethylene
and/or acetic acid by oxidation of ethane and/or ethylene in the presence of an oxidation
catalyst comprising molybdenum, rhenium and tungsten.

DE 19620542 relates to molybdenum, palladium, rhenium based oxidation

30 catalysts for the production of acetic acid from ethane and/or ethylene.

WO 99/20592 relates to a method of selectively producing acetic acid from

ethane, ethylene or mixtures thereof and oxygen at high temperature in the presence of a



WO 03/ 074465 PCT/ GB03/ 00619 catal yst having the fornula MdaPdbXcYd wherein
X represents one or several of C, M, No, Ta, Ti, V, Te and W Y

repr esentwoon@74ass several of B, Al, Ga, In, Pt, Zn, Cd, BPCT@GRO3@ug19Rh, Ir,
Cu, Ag, Au, Fe, Ru, Cs, K, Ro, Cs, My, Ca, Sr, Ba, Nb, Zr, H, N, P, Pb,

Sb, Si, Sn, Ti and U and a=1, b=0.0001 to 0.01, ¢ = 0.4 to 1 and d = 0.005
to 1. 5 Gaalysrhavatgehe fappld MatPhX. DEVLOSiBY rggeseals angloasesral ©f &TsMmi | ar

catalyst __c sition in which a =1, b > 0 .c d.ds5 0t .

Pr ef er abfNp; %g})ﬂ’ Y,’ B and g\.”%ﬂ’r‘f%ﬂw (Gng Or Eegafai of §> _%l’gah &&:P(S’t %n’ f%O %W\D

98/ 47850 (.et8IRE, I, T12 AY AGEES, Haf) rOsPKQRECCQ,Q\/I%,CI%, iSe, Be; INb, {7, 0m7, @lifgne,

et hyl ene or m xt'ures thereof ‘and a cat al yst having the fornmula WaXbYCZd in

whi ch X Pb, $laicwe il endRendra=d eed-80010p O, cpt0.4 iyl andid 50.005 todpr esent s one
or several of A/, Nb, Cr, . F , j - i d Z
rep?e ents ongesqlagge;g?taﬁppg%tﬁnﬁ)lf\la%% I3<§‘%Ii§§’%)g~i &Z‘&Sé(ga S%?ar%a&ghg , aga, Sc, Y,

La, Ti, &bmpbiitioh whih a€q, bR, cl> 0 altl d AlQ toGa, Préferably,.a =S1, b = 0.0001 to

Ge, Pb, P, AsandTe, a=1, b>0, c>Canddi sOt 02. WO 99/51339 relates to a catal yst
conposi t i0ch ci=oh-1 thé-Osefdct P 4@l 8xi dati on of 15 ethane and/or ethylene to

acetic acid i Ik J | j : I I 1 xygen the

el enent s Nbamg?fg ?48&82@? él\%\gr?g?be?ﬁ@(ééls?f%ﬂg%ﬁg%%@ghlﬂ%%%te{?/l;an% is one or
nore el erBRidhesehtigtue theroal ddde @rayy havingitlst forguiafW X, Y Kinjn Waich® , B, Al,
Ga, In, Pt, zZn, Cd, Bi, Ce, .Co, Rh, , Au, Fe, Ru, Os, : My, Ca,
S B, zppresants gue o peverpiol PARt &% nd . f Tebrgs it O wierohol B NE . Ve and
f repres h rat i trh 1,

0< bel and i e Sn g8 Taf Bl Rl o8 B and g e e e M 0 a
cat al yst @xpBpoisigt CorSif B, )&, &uaj TalZi,dif, ®u, Oshandlt, &, BetyGards, Hnllor acetic

acid and/or for the oxidatjqn qof ethylene to,. acetic acid which conposition
conpri se<i% Kb Mt ToR ='(t)bn>§x?/§é) Hﬂlscgltgr%ents mol ybdenum 25 vanadi um

ni obi um and goje) d49)5 1936 BRESHE § cAhlyREd Indbisiion F6CME déIBEive®xid@os PRI I'i cal
formul a : MbaVWwAucVdNbeYf whereicn M one or nore elenents selected from

t he 1§r owthanonsd/st ethylené ta actic adid whieh composBionAomp@ses inrponppinatiph withd,  Bi |

Ce, Co, Rh, Ir . A ke, , | . ) y H, N,
P, Pb, SHX*Y&M ﬂ@%cwnfg%?a\&éégpéxgiﬁﬁﬁ?gﬁ%}Sc%? e%/%ea,gq\]eb %iélddvlf?@\t rlseélﬁeesent t he
gr am at orgrhadik Qenthid RRcRUGTERN e Sbeicdminting oBCrOMASTA, T, BRAgGin Hlh=1;
10-5<c<__0.02; 0<d<_2;0<e<_1;and0< f < 2. W) 99/13980 relates to a catalyst
for the s ButCdsdBidke.dm RonCof Avt FraRel, Os, Bckbii s, Mg, Ca, St, Ba, Zr, HE, N1, P,

Pb, Sb, Si, Sn, T1, U, Re and Pd; a, b, c, d, e and frepresent the gram atom ratios of the

20 elementssuchthat0<a<l, 0<b<land a+b=1;0<(c+d)<0.1;0<e<2;and0
<f<2.

EP-A-1043064 relates to a catalyst composition for the oxidation of ethane to
ethylene and/or acetic acid and/or for the oxidation of ethylene to acetic acid which
composition comprises in combination with oxygen the elements molybdenum,

25  vanadium, niobium and gold in the absence of palladium according to the empirical
formula : Mo, W,Au,V4Nb.Y¢ wherein Y is one or more elements selected from the
group consisting of : Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu,
Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T1, U, Re, Te
and La; a, b, ¢, d, e and frepresent the gram atom ratios of the elements such that :

30 0<a<l;0<b<landa+b=1;10-5<¢c¢<0.02;0<d<2;0<e<l;and0<f <2.

WO 99/13980 relates to a catalyst for the selective oxidation of ethane to acetic

acid of formula: Mo,V,Nb.X4 wherein X is at least one promoter element selected from



acid of formula: MaVbNocXd wherein X is at | east one pronoter el enent
selected from 5 WD 03/074465 PCT/ GB03/00619 the group consisting of P, B,
Hf , Te arOAs/7€63 s a nunber ranging fromabout | to aboutPCTEBB/0VEIL;, C isS
a nunber ranging fromabout 0.01 to about 0.5; and d is a nunber ranging
fromgreater than O to about 0.1. US 5300682 relates to the use of

oxi dat i orthegioap yeisisting lof @nPi Hif,&d anidoksnalisa ofimbsr rgpaing Gom elvait & thebatone or
nore of .Cu, Re, Fe, N,.N C, W. U T Ti <. 20, , Hf, Pt., Pd, Sri,
Sb. B, Ga ik o 1Ag ARk ory ooyt togBput hs: ¥y mumtet o .

val ence 1Ry bLfaRR M 0 tHApedAH84 rel ates to a fluid bed oxidation reaction
using for exanple Mdo.37Reo. 25V0. 26Nbo. 07Sbo. 03Cao. 020X 10 Gt her suitable
oxi dat i on cat /Y8363 relatse tq the upeohpddaion daiplshivibrempisca dysrilped in WO

99/ 13980 i rel ates. to the use. of | yst R e i nbi nati on
ot Do IR, e Bis ofe bEotOS: CF. (IR KR, ¥E0%, Wbl fe S IRA Stif 2 BAIPI N3 B
Hf, Te onyiASet, PAUSH8BIOR Cephb, A al Aesist00s tde buis @ lafndeadatibfietthe Wi t h

el enents in conbination with oxygen in the relative gramatomratios of
MbaVbNbc Padence wauuemee®84 whi ch rel ates 15 to the use of catalysts with

elenents in c L i i i Q; r i rati os of
MoaVbNbc Pdd aﬁ%bgwg\r}/%%%%%agﬁﬁ%%%%‘@ r%ﬁ?é Mrﬁggg(tﬁe@é al?lgférhe use of
cat al yst svivj £ ReLEiRNbS /Bl o8CaxlpiMat i on wi th oxygen in the relative gram

atomratios of MaVbPdcLad ; WO 00/09260 which relates.to the use, of
cat allPst s wi t HOBPEsEigble qxﬁﬁdatl% et TBhUSRITR FRegGtahImY ARt qRear? BFSSPﬁ% gram

atomrati. f ; MG, = : n be
zero V@B%?fg%%%\ggﬁ%%g%%é{% vﬁf(%ﬁ%aﬁgﬁﬁh ?(E)m%tﬁzrpﬂoslgblg?@%ﬁa\{vglﬁyst S

Wi th el ensyien inthe esthtiveagramraton tatios)of ém VieNbevinest i+ PeBgHfMeairadks; rati os
of MbaVbGacP exf. wherein = L Te, Ge S, In or Wand WO

00/ 38833 %ﬁgﬁoﬁgﬂﬁil&reﬁﬁeé ‘ﬁ’éﬁ(%w @Ca@% Yith é%aeflh 1%F%’H§W€‘E°‘? W%Eonbi nati on
W ;Jh gy&@eﬁzﬁl thb Pe1hi®lAdrhMEitSh MM ALAMG 3, NBPAQ| W aYobagrdtiheefaewher ei n X

5 or S, the contents of which are hereby incorporated by
r ef erlénceto tliotdechf catabisisswith eletnients ifi opmbinatioxivith ok pgendh thawglagye geants al kane

ey, be SupBertesSlo YIRABPE' R FPLE s B RER Ot RIL G R
zi rconi a, oft datBAtPwitB blehfe@f i 3bMbARt oA Kith\l 8h inahs RdivapdarTiadniFfids t her eof .
of Mo,ViPd.Lag ; WO 00/09260 which relates to the use of catalysts with elements in
combination with oxygen in the relative gram atom ratios of Mo,V,La -PdqNb.X¢ where
20 X =CuorCrande and f can be zero ; WO 00/29106 and WO 00/29105 which relate to
the use of catalysts with elements in combination with oxygen in the relative gram atom
ratios of Mo,V Ga,Pdq Nb.X; wherein X = La, Te, Ge, Zn, Si, In or W and WO
00/38833 which relates to the use of catalysts with elements in combination with
oxygen in the relative gram atom ratios of Mo, ViLa PdgNb.Xs wherein X = Al, Ga, Ge
25  or Si, the contents of which are hereby incorporated by reference.
Solid catalysts active for the oxidation of the C; to C, alkane may be supported
or unsupported. Examples of suitable supports include silica, diatomaceous earth,
montmorillonite, alumina, silica alumina, zirconia, titania, silicon carbide, activated
carbon and mixtures thereof.
30 Solid catalysts active for the oxidation of the C; to C, alkane may be used in the
form of a fixed or fluidised bed.

The oxidation catalyst would be expected to oxidise at least part of any alkene



30 Solid catalysts active for the oxidation of the C2 to C4 al kane may be
used in the formof a fixed or fluidised bed. The oxidation catal yst woul d
be expectwo oBo74a%3 di se at | east part of any al kene 6 WO @8TGBHAOEH19

PCT/ GB03/ 00619 fed to the oxidation reaction zone, for exanple to the
correspondi ng carboxylic acid. The nol ecul ar oxygen-containing gas used in
t he oxi détd torthe exidaticnreadion, zonayfor gramyile toghe gogesponding ertberylgasier in

nol ecul ar oxygen than.air. A suitable be.. : ygen
diluted with SEHQ?%“BJF% T T ) 2 %gg%ﬁl@% (?Crl%%l(e%% redctidlUptle, i e, 5

Pr ef er ablpy airldd@ ga®liekdtoa posrsy BaRokoMbRHNigos tigasin. A exydbngashnefter & y, at

| east some of the nol ecul ar oxygen-contai ni ng glas,i s fed trg tHe. .

oxi dat i onxareplet 9omen dHuted FatieTvdahieIdjiuenty mexHEDIS NKEQESN O Q19PR AFHle- al kene
feeds, a ny../ acy } ) I d.;i

oxi dagi on o eaEbt B oatis SO SOl BR%, AR RIS BPahACel e

subst ant itd mylepulteodfgen@yniaminglgasxie td tb dlie. @xdatipnapaction zonnmdefddhdentlyror e of
nitrogen, argon, mnethane, carbon di oxide, carbqn nonoxi de, hydrogen, and
| ow | evelfipmpihectiang apg Retieng] alkengieeds, & PIOICGYCIE e ncent rati on of al kene

(as fresh fee@g%@ﬂﬁ%ﬁé &aggm%@feaq%%@aﬁhaﬁ& re%&t%ﬁ‘zﬁﬁ@@f&'é pkdrats riaed up to
0

and i ncl udi ng e total feed, including recycles, to the
oxi dat i oprésesicihiveanionansy, bepubbtentiilyypuie onmay be adixed] fovgxanple, Wwitkepes abl y 15

from1l to 15 nol. % Suitably, the cqoncentr.ation of wate as fresh, feed
and/ 6P r &mrgoggﬁ%gmmgm@ éethfa%’rﬁagmp ol F‘rb%lin?%oﬁgevlgy%?getnh%nq ot al

feed, | n%wq%ﬁgﬁ&e&y@l ﬁﬁ%ng%{?lﬁaﬁé's. oxi dation reaction zone, preferably from

0 to 25 no n one e ment of the present invention, the al kene, such
as et hyl ene, auitabiDthaabasensmiomnr of 4lkehei (as Heshhfsedznddenteeyrle exppinsat) ine.

Sui tably,_ the al kene, for exanpl.e t hyl ene,, a sed in a
rati o of fionfl §roptes .nﬂg/a%‘fpg ta%é%“é‘ﬁ‘ﬁa% gqm(’?o/‘.’ 9{1’?’83&%&6&&@{%&@9@0 but

pr ef er abl ¥ JdsaroltBs bRidation RadiohQzonBYypré@iapy froMhie 20ahbihes flodd prefesalty € used
in the oxidation reaction zone, the al kane, 25 correspondi ng al kene,

nmol edbl arfranygedseamt’ai ni ng gas, optional water and any recycle gases are
Gor r esponi g T0aD: BAetr GUE hE kD SRR ARnaRp ecllbisdofbobiaifRNCe T e
500- 10, 006 '0'to sHM&o1 % inclusive of the total feed, including recycles, to the oxidation
reaction zone, preferably from 0 to 25 mol %.
In one embodiment of the present invention, the alkene, such as ethylene, and
20  water are co-fed into the oxidation reaction zone.
Suitably, the alkene, for example, ethylene, and water may be used in a ratio of 1
- 0.1-250 by weight, such as 1 : 0.1-100 or 1 : 0.1-50 but preferably in a ratio 1 : 0.1-10
by weight.
When solid catalysts are used in the oxidation reaction zone, the alkane,
25  corresponding alkene, molecular-oxygen containing gas, optional water and any recycle
gases are preferably passed through the oxidation reaction zone with a residence time
corresponding to a combined gas hourly space velocity (GHSV) of 500-10,000hr™"; the
GHSYV being defined as volume (calculated at STP) of gas passing through the reactor
divided by the bulk volume of settled catalyst.
30 The oxidation reaction of the present invention may suitably be carried out at a

temperature in the range from 100 to 400°C, typically in the range 140 to 350°C.

The oxidation reaction of the present invention may suitably be carried out at



GHSV bei ng defined as volune (cal cul ated at STP) of gas passing through the
reactor divided by the bulk volune of settled catalyst. 30 The oxi dation
reacti on Wb oslet4ps esent invention may suitably be carri ed PORIGEIB/08619
tenperature in the range from 100 to 400C, typically in the range 140 to
350C. The oxidation reaction of the present invention may suitably be

carri ed atmospheriZoniDPEBL0FsphsHc PETRUGRIGY Cele, imtherangediim Sdp 27 barg.

super at nospheri c. pr,essure, for .examle, in,theqd fron 3 7 barg.

Typical ly, al RIS o i EhS %‘H&%l%’ 037388 %écwgégé‘ﬁfhg"ved in the
oxi dat i oRx{R86H kaBti&] of the pRiseseiMentibyent i on. Typi cal Iy, oxygen conversi ons
in the range 30 to 100% nmay be achieved in the oxi dation reaction of the

o) .
present i nventhyaisallypxysen exvaesionsin fhedargot? ©f100kemay b ashtieyedviaihs on, the
cat al yst suj t.abl i vity in the range 10 to 10000 grans of
{5t R BpoR BAHIH N

car bo c acl per hour per kil ogram of catalyst.
I n the oxi dat ifafhd @aditiodneadtioe of diegryseht iwueritiinl thelvamlyst pridlychaswi ty in the
range 5 to 10 5000 grans of al kene, sugga g}@gt hyl ene,. per hour. per

ki | ogr ampseduskiviy isthe ranged§rio A8 kerams @ 11, guedr gl e RS some

cat al yst I ction of vinyl acetate. Thus, depending on the
nat ur e o?lo{dﬁgé}cﬂé@ aeg?f(gdqﬁ%?%yed, it is desirable, especially in the first

enbodi nent of Ihhie @riésentreaactioanthe omtalysharitablydiaf k pseduchvitdincthe sangedrtoshoul d
have a | ow concentration of carbon nonoxi de by-product, .15 Thus, especially
in tA8 fix08p géar?%%d@ﬁ?ﬁ %‘Icgtaﬁéthéf%?%’é?‘?fgpmw f‘rq%cagal%f‘l?so preferred to

use a catal ystcdfod Renoxitdald BRe a8 20T drideZQ06n kAt cahMes weinitaE bl e carbon
nonoxi de by- proéuct . An additional catal yst conmponent “in the oxidation

react i on prodetiomay ving] arstade.tugydegersting em thematye ok thgeatalyst embloyediibiéi de.
The additjonal catalyst. co nent..ma resent in.th | dation catal yst
or cat al Y% %Wca?@éem_ﬁg@e : goqnélg%ttqqghggrgﬁ%ﬁ B}Veﬂté?/n’ﬁléﬁﬁ’ee%ékt as a
separate ;?%@t!@éarﬁ hdullEhSi 2Bt RAcdBatbh eNcabRemonWieabeiphadet,i s used as a
reactant for the oxidation process, the product stream conprises acetic

aci d,15et hyl eneThansdespecielly inethe finst pmbbdisnend pf tie preserfdneendion, $IgAeh, inert
Scet al derprared SR OREREST B Siubh RS RoRRe U8 Mol BBl aon 4 carbon
monoxi de @BYoi& BPpRanve Aheddiniltatily: esubarenoiyige oxderiveicattiin gas t o
produce anclg}tl ll)g us?e(c:lltg ogirc]l?seccgb%%qnonoxide to carbon dioxide. The additional catalyst
component may be present in the oxidation catalyst or catalysts or in a secondary
20 reaction zone or may be present as a separate catalyst in the oxidation reaction zone.
When ethane is used as a reactant for the oxidation process, the product stream
comprises acetic acid, ethylene and water, and may also contain ethane and oxygen,
inert gas components such as argon and nitrogen and the by-products, acetaldehyde,
carbon monoxide and carbon dioxide. Acetaldehyde and carbon monoxide may be
25  converted by the molecular oxygen-containing gas to produce acetic acid and carbon
dioxide respectively, either in downstream processes or, after recycling, in the oxidation
reaction zone.
Ethylene is present in the product stream of the oxidation reaction as
unconverted reactant ethylene from the feed and/or as oxidation product of the ethane
30  reactant.

The product stream from the oxidation reaction zone is separated in a first

separation means into a gaseous stream comprising the alkene and unreacted alkane and



di oxi de respectively, either in downstream processes or, after recycling,
in the oxidation reaction zone. Ethylene is present in the product stream
of the oxwoaBiores eacti on as unconverted reactant ethyl emeTiGRIg00d1e f eed
and/ or as oxidation product of the ethane 30 reactant. The product stream
fromthe oxidation reaction zone is separated in a first separation neans
into a gadspidstermecompising the cargoxyie asid ofvey arteblofepretietmginedidvand 8 WO

03/ 074465 PCT/ (B03{0061 liquid str i S ] . ]lic acid.
oy out £ 31 SRRy Y Phioyed sich st iR EOBR Rblthchlifh EANAMGRE CL
menbr ane pgeRAbLAL, Y sepsiafte RSAtHddbue by dbsdenkdtiil on.  Preferably, the
separation is carried out by condensation. Were the product, streamfrom

the oxi dati on Yheredhaspredngsireas mearteoxylatign procgssirpprises @eHaaddand wat er
t he prody tr By ' y ation
into an g\gﬁ r1 ngagtﬂgg%seoﬁ&g ?Heé %b%%ﬁéaﬁﬁ%&éf h@tﬁggg@%gblgﬁeg%% and a base
liquid stooaamssiumpintcimgyealtat igaseans siraandcomprésing ¢thylganandéthateremdgaseous

streamw_ ||l _also conprise carbon oxides and_oxygen. tionally, carboxylic
aci d and/bgse Bauid sEeam fomarsiag 6?Fé1rcéaldf%“éﬁ‘(att?{eh’p%%‘g{f’itthggﬁﬁeg’t‘sr Hreamovilk he

oxidatio r LENn of the gaseous streamfromthe first
IR GIER: chboheRts 200t

separati on nea separation neans for separation into
an al kene-ri cOpsttonaHm cartbxglic atil and'or alkbne wmay bamcosryd Soitt thbipeodwetins f or
separating al kenes from al kanes nay be enpl oyed as the second separation
means! %F%‘EI %ﬁ%ﬁgat}%rﬁ%?é&cr yogenic distillation, chenical 15

treatment, neniyRIE  $BRAAIHRNREoR SREMFors Mid WksPipHalbh Ritandis SeLiAD Y
chemi cal treatnent. Chem cal %reat ment may conprise the ste{)s of (1)

cont act i regsecom] sEipkeatien aldhantor seprsasivangntotansdikangirich stregmland ppalkene-sichet al

salt capabl e of selectivel hem cal | absor bi t he al ken uce a
cheni cal | eﬁlﬁ‘sépﬁé‘d‘?%ﬁef(@ﬁ%‘%/sr PEHPAA Hgélkf{]?setg?ﬁ%ﬂ%nfszl}la)é © F@E@&gg %\% an

al kene ris%l?o&isfe?ﬁﬁtii)ﬁ i%hd) SultEbl@inead incluab biyoSenic Sistilladre chahighl sal ts are
those capable of formng a conplex with the alkene. Were, the al kene is

et hylléne, treatientbimembeang Seppattion ar prigssrssWinthadsaintion. Risfppdly chomicalrpnganese,
ni ckel , it;(%?mergercury, silver, gold, platinum palladium rhodium

Chemical treatment may comprise the steps of (1) contacting the alkene/alkane
gaseous stream with a solution of a metal salt capable of selectively chemically
absorbing the alkene to produce a chemically absorbed alkene-rich liquid stream and (2)

20  recovering an alkene rich stream from the metal salt solution.

Suitable metal salts are those capable of forming a complex with the alkene.
Where, the alkene is ethylene, suitable metal salts comprise, chromium, copper (I),
manganese, nickel, iron, mercury, silver, gold, platinum, palladium, rthodium
,ruthenium, osmium, molybdenum, tungsten and rhenium.

25 Preferably, the metal salt comprises silver or copper (I), most preferably silver.

Where the metal salt is a silver salt, the silver salt is preferably, silver nitrate or
silver fluoroborate.

Where the metal salt is a copper (I) salt, the copper (I) salt is preferably copper
(D) acetate, copper (I) nitrate or copper (I) sulphate, most preferably copper (1) nitrate.

30 The metal solution may be aqueous or may comprise an organic nitrogen-
containing compound such as pyridine.

The contacting of the gaseous stream with the metal salt solution may be carried



, ruthenium osm um nol ybdenum tungsten and rhenium 25 Preferably, the
nmetal salt conprises silver or copper (I), nost preferably silver. \Were
t he net alweaBi74465 a silver salt, the silver salt is preferablGB03®IdIYer
nitrate or silver fluoroborate. Were the netal salt is a copper (1) salt,
the copper (1) salt is preferably copper () acetate, copper (l) nitrate
or copperout inanyshisthie eanpyich ps if ar dispiper epipan. The absprhencelumn3apayhie net al
sol ution b e | i ik i ni ng
conpound R Gs PR dfdte SRE of SiPhiedfef o A{AeE AUt ¥ bR UR 1 The
met al  salabsgBérbolin fEEfttddavicepackiag. 9 WO 03/ 074465 PCT/ GB03/ 00619 out in
any suitable nmeans such as .in an absorher colum. The abso&ﬁg&ecolunn may

be” fitted wi the mpagee Be pPpawIaiile dkens, e absubey @lymp gayspit tur ed

packi pg. P , absorber colum is fitted with packing. To
i npr ose te {éﬁ)%gé%?b)égfﬁ(%]ﬁeé al kene, the absorber colum may suitably be 5

equi pped wi t h Pacfieerbby, ltler abséibef esladnhys open@ed bsthrobentecolroen flosy aiges abdd wit h
count er-current fl(gw,of gas and netallic salt solution. Suitably, the
cont act i ABCARG SHESUMHP-ed out at a tenperature in the range from- 10 to

300 C, preferafliyyQ, #Q c%ﬁﬁc&%my% catribd 6§tsaﬂa%ﬁ1?erhﬁ§e 13RE Earfek Gl —t 0 70
barg, 10 preferably 3 to 30 barg. Wiere the contacting is carried out in

an absor bh@rtogoDuEnprefdrablyrdttall 06°aC tand sicd pressmne mathprange fignt héo Hebak,
sal t/ al kene_conpl ex be renoved fromthe base of the absorber. The
al kan@ ddsefergty $ EP%\QT?%& gnificant extent conplex with the nmetal salt 15

sol ution and rWlﬁer}lrl]é Yl g A cafle PUR iR GR do @ BR RB Tk lflle?ﬁ%ﬁ?ﬁ!ﬁ‘ltf romthe

absorber col um. al kene=rich stream may be recovere romthe netal
salt sol uplhgionkymipeaing the metiat edt/gkessonglarmby barenmvied dmin the baseeishé .

Pr ef erabl%, %he solution is subjected to a reduced pressure such that the
met al sal®PPPk'ene conpl ex deconposes to rel ease the 20 al kene. The pressure

reduction may g fARfdeid@ds Adtto bily SIBBIfRENtBRER S6AFIRR wifhQhe Be@iIBAIE, iNn one or
nore flashing apparat us. ,
15 solution and may be removed as an overhead alkane-rich stream from the absorber
column.

An alkene-rich stream may be recovered from the metal salt solution by heat,
reduced pressure or by a combination thereof. Preferably, the solution is subjected to a
reduced pressure such that the metal salt/alkene complex decomposes to release the

20 alkene. The pressure reduction may be carried out in one or more stages, for example, in
one or more flashing apparatus.

Where one or more flashing apparatus are employed, the alkene-rich stream is
removed therefrom as an overhead stream. The overhead stream may be compressed
prior to being optionally dried. Alternatively, the overhead stream may be dried prior to

25  being compressed. Where the alkene-rich stream is compressed, it may be compressed
to a pressure suitable for feeding to the second reaction zone. Suitably, it may be
compressed to the pressure of any additional alkene feed to the second reaction zone.

The alkene-rich stream obtained from the second separation means will
comprise the alkene and may comprise low levels of alkane and other impurities such as

30  oxygen and carbon oxides. |
Suitably, the alkene-rich stream, such as an ethylene-rich stream, obtained from

the second separation means comprises at least 50% alkene, such as at least 80% alkene.

10



Where one or nore flashing apparatus are enployed, the al kene-rich stream
is renoved therefromas an overhead stream The overhead stream may be
conpressewo opio74ansst o being optionally dried. Alternativel yCTidBO30%EP head
stream may be dried prior to 25 being conpressed. Were the al kene-rich
streamis conpressed, it may be conpressed to a gressure suitable for

f eedi ng to t h&refersbin theedkaneairhstiream comprisest af least 9Gyaplkisae, eGhpr essed to the

pressure of. a di t4 onal al e t reaction zone. The

al kene-r ipéfffersapbeggn) %%lg(gl{?ehgﬁ‘gﬁ%gﬁqrf) tf?ga%zyégglne g?g;%%g{%ﬁ%n means will conprise
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conprises at | 9 " ' -
Sorbrhace por/SERrRRsE. MG oF g‘g%@&? fika k@8 s oK Sone %ag% ses at
| east 90%eddcke hevelsradimpiridsaillabys yhe Sbowit af enge gasawtiichihss tbefatabl y, at

| east 99 % al kene. The al kene-rjch stream m e. recovered.frogmthe netal
salt sol UFmB G SCRkreRFion oG b Apted G SRS DR 105R SLT ERSTORA as one

absorptiqq. b MRNIESORldAdRades. S Advantageously, the use of an
al kene feed to the second reaction zone having reduced | evels of inpurities

al | ows the andlirtalleinepichgéegaobtamedfrdrashe ssciyal separation nferamwilhe second
reaction zone. t

be reduced and hence 1he | gss of ne fromthe, second
FeactPon s ety cE qa Fomerse i e of aivedt sELGiRBrRE ARt BB ATE he
second sqﬁg?@ﬁ L catba Soxdk! 10 conprise the al kane and may conprise | ow
| evel s of kene and other inpurities such as oxygen and carbon di oxi de

Optional |y, prOpfonalyquivr e eentestingshedlkenséglkane saecoys steenus withiteametdl t h t he
metal salt solution, the gaseous stre t

conponent s@hs?ﬁ Olé’stﬁﬁ BPSE S%E?PWP% 0 %%%aeﬁatérr? S% %Ig@‘%n:eg teSSs%gl{;J gﬂya\zggon

acet al dewgﬁde,ﬁyg&}ﬁa@ dgidendidsHicis by srmal@dlyaé.ned from the second separation
means may be fed as one or nore streanms to the oxidation reactiqn, zone

togetler wi t h Berhlkansrrigh sticrmbiainerfsoradien serenthierarakan ercay mBE de f&kh al kane
and/ or_ ey B8 of oFeshathsab BSAARMLABRELHALLARC! FRE iAok PRANE! Ch has

been rec e frrst separation neans oxl dation reaction
zone. The additional alkane may be fresh alkane and/or may be unreacted alkane from

the oxidation reaction zone which has been recycled after the first separation means to
the oxidation reaction zone.

20 The alkane stream from the second separation means and additional alkane may
be introduced into the oxidation reaction zone either as separate feed streams or as a
single feed stream comprising both the alkane from the second separation means and
additional alkane.

In the first, preferred, embodiment of the present invention, the alkene-rich

25  stream is fed as one or more streams, to a second reaction zone together with additional
molecular oxygen-containing gas, optional additional alkene and carboxylic acid to
produce alkenyl carboxylate, such as vinyl acetate.

In the second embodiment of the present invention, the alkene-rich stream is fed
as one or more streams, to a second reaction zone together with optional additional

30 alkene and carboxylic acid to produce alkyl carboxylate, such as ethyl acetate.

The alkene from the second separation means and additional alkene may be

introduced into the second reaction zone either as separate feed streams or as a single

11



20 The al kane stream fromthe second separation nmeans and additi onal al kane
may be introduced into the oxidation reaction zone either as separate feed
streans owoOas/oat46si ngl e feed stream conprising both the alPkaragBoBioeiret he
second separation nmeans and additional alkane. In the first, preferred,
enbodi mrent of the present invention, the al kene-rich 25 streamis fed as
one or ndeas sepBEREPTisinedodelkens frandhe wropdbipatalge Meers #d addiingat | onal

nol ecul ar,Qxygen- cont ai ni ng gas, optional additional al kene and carboxylic
acid to "produce al kenyl carboxylate, such as vinyl acetate. In the second
enbodi nent of THeadpitiessinikdns weajtbeofiieshialienabhdnerecydbd stkemafomshé ed as one

or nore streans, to a second reaction zg{ne t oget herm\gﬁ'th o(gti.anal
addi t i on&Fcond radokian @ongandiarraRarien et theie afl?fa%g%‘?ﬂf?@ g theHHBHRM ate, such
as et gyl r?&%ﬁtzgneihe al kene fromthe second separati on neans and

al

addi trona ene may be introduced into the second reaction zone either
as separat e f efdflisenaalksnomtragu@ddintoghesechid kaacd3) B¢ 465thPETYdEBIBT 00619

feed streamc rising b al.kene fromth econd separati.on jteans and
ddi 1 on ke REpE FRer Stk BreHA e RERE ST HaLY PUSH: AR A

recycl ed @} keng1f AR ddieor niGe OR dlitf ek ldrfth, ARMERNSIHRIN BoBiae idagonof t he

al kane/ al'’kene streamfromthe oxidation 5 reaction zone. Additional alkene

i nt r oduc edonaxide, bijdroges end lave kevels off Cashallfeses/alkenegr oduct i on of  al kenyl

;g;nbié)él “ fe o?r%‘ivlﬁlﬁ%’:ggguas@ﬁﬁyﬁﬁt‘ée%ﬁg? %Bgs%f?n i({d?fq %Ig?rt;lt Cdt gsrc?ﬁt l%k% ang,e car bon

di oxi de, ARHRPtimAPPRYEARETidINyA0 88 acldpebd yvsiMeabs caicefiBt(hs of alkene
al kenes/ al kang)g. 10 Advant aﬁ%y y, the process of the first enbadi nent of

the presentbeifedsiorthe sssondreagiien apei anellop coreeagaagnsioipbisey ta be f5d talfi eved by
o SRR OB 1 BRSERGghPBS % BoPRSy SEfaseh beamben zone

and |l ow C ns of —al ken ion‘reaction zone.

Low conceft kathe@Ridatibe s&actibiaporkGlliond the edquired aduifreéd)or afprakikene fed to the
oxi dation reaction zone allow the required equi npl ar or approxi mte 15
equi A6l areqwimelar midnreAtialac andicahppbieyriddo deiprquseh d1igh SeRrEBINGS Gf

concentr a%i{ér)r%gé : ter Hali B0GnS19) GAE '%ot&lﬂ’g&is)g?d PhesQlonll li]@acfigxg %{)/qef eed) fed to

t he secon on zone maxim ze t ectivity to a car boxyl at e
product smekinfige the Bylkcthdttattkenyl carboxylate product such as vinyl acetate.

Similarly, the process of the second embodiment of the present invention allows
optimal process efficiency to be achieved by using optimal concentrations of alkene to
20  be fed to the second reaction zone and low concentrations of alkene to be fed to the
oxidation reaction zone. Low concentrations (less than 20 mol% of total feed) of alkene
fed to the oxidation reaction zone allow the required equimolar or approximate
equimolar mixture of alkene and carboxylic acid to be produced. Optimal
concentrations of alkene may be fed to the second reaction zone to maximize the
25  selectivity to alkyl carboxylate product such as ethyl acetate.

Desirably, the concentration of alkene (optional additional alkene feed and
alkene obtained from the second separation means), such as ethylene, fed to the second
reaction zone is at least 50 mol % of the total feed to the second reaction zone,
preferably, at least 55 mol%, more preferably at least 60 mol%. Suitably, the

30  concentration of alkene is up to 85 mol% of the total feed to the second reaction zone,
preferably, in the range at least 50 mol% to 80 mol%, such as at least 55 mol% to 80

mol%.

12



Simlarly, the process of the second enbodi nent of the present invention
allows optinmal process efficiency to be achi eved by using optinal
concent r awpan®74365 al kene to 20 be fed to the second reactcarcBdnesiand | ow
concentrations of alkene to be fed to the oxidation reaction zone. Low
concentrations E‘([I ess_than 20 nol % of tofal feed%ﬁﬂf al kene fed.to the
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al kenyl carboxyl ates miﬁ be used in the first enbodi ment of the process of
t he. pres(é)m catalysiriuppert hating a pesdicld dismetepef from tor7 mﬁlear@rm@tvol@mecﬁf vi nyl

acet Y S on

T mvenP: on iy Aot 10 F R0 R EERENRCL FRARR S Gallerlp P FRE Y e
540; us %H&%nﬁﬁ@t@Q@ B85 2A5218 Bﬂoyﬁdhltrﬁﬂilte‘d ink sﬂffbc@la?&’r@fﬂ@’ eby

i ncor porat ed by reference. GB 1 559 540 describes a cat al yst active for

the prepatetalyss ﬁunwrwthwurfa%ltawréxwdntgﬁés&tb%@ ﬁ@?mcﬁfmbiwpéﬁ@ offbeti c acid
and oxygep) I t. L support
havi ng a pBP§ g&gf’ad Hir:@lg?ihﬁlgagégfe%gﬂ}lﬁhgn {étoéf)fg‘)emggf‘ﬁtﬁgd %‘?}nslo from
0.2 to 1. Iﬁarﬂﬁitrk@;fcﬁal@@@/mh!/thﬁ@o@bemgpmsemm;memomt offronh@.5eaRabysims uppor t
having a pHfram3.0 to 9.0, (2) a_ palladi ld alloy distributed in a
surfd%e | REy difre of catplyst, and é)mnéﬁ‘bﬁ%g?amstﬂ?éﬂ%%?ﬁ@@]yﬁ%ifé’# kaliapeialii ng 1 ess
than 0.5 pm.ffomthe surface of the support, the palladiumin the alloy
bei ng present in an anount of from1.5 to 5.0 grans per litre of catalyst,
and the gold deSrSng;SrmSehtscribms amhdhimuprbgrmtedfaamysmaai\tecfoﬂthzir@hnﬁsn o6 per

;: L;FI of ‘t%g{/laalcetate from eth(y?gnef ;gc%‘gl]c gmtd%n an %gc}qgrg':ﬁ c%n{alnullgtg rge?s %He c%%tl}?slt yst of

consisting essentially of: (1) a catalyst support having a particle diameter from about 3

20  to about 7 mm and a pore volume of 0.2 to 1.5 ml per gram, (2) palladium and gold
distributed in the outermost 1.0 mm thick layer of the catalyst support particles, and
(3) from about 3.5 to about 9.5% by weight of potassium acetate wherein the gold to
palladium weight ratio in said catalyst is in the range 0.6 to 1.25.
EP-A-0672453 describes palladium containing catalysts and their preparation for
25  fluid bed vinyl acetate processes.

Typically, the production of alkenyl carboxylate such as vinyl acetate in the
second reaction zone is carried out heterogeneoqsly with the reactants being present in
the gas phase.

The molecular oxygen-containing gas used in the second reaction zone for the

30 production of alkenyl carboxylate may comprise unreacted molecular oxygen-
| containing gas from step (a) and/or additional molecular oxygen-containing gas.

The additional molecular oxygen-containing gas, if used, may be air or a gas
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acetate. US 5, 185,308 describes a shell inpregnated catal yst active for the
production of vinyl acetate fromethylene, acetic acid and an oxygen

cont ai ni yogas744bhe catal yst consisting essentially of: @CI/GBIGAa@byst
support having a particle diameter fromabout 3 20 to about 7 mmand a pore
volume of 0.2 to 1.5 nl_per gram (2) pall adi um&amd gold, distributed in

t he out efigbetor poorerin TRlesklar axxgen dhantgie 4 spiigbjeaddibionsbmolssalar PXYEE:- and

(3) from 3 t % i : i t ein the
Gol d 1o CBRtng i Bn bt exfmplt B AlkeaiupPLARDI LTI RCKS R RES, §
1.25. EPn#rd}ed 24p& clesebidnhdisxidal Pradérabvlycibntddinbng noetaillysixygand t hei r

preparation for 25 fluid bed vjnyl acetate processes. Typically,.the
product i GANBFILE g@éﬁ%/?’%g&?bgi%?r&%’]é@ & Je3st g Pﬁt)}/'lF r%fﬁ%‘i ré’xg’ge”t'ﬁ@t%g’@éond
reactg ON fORTed ﬁlgdggérfd'eﬂﬂjy Ruthe B&LAH PHRNEL sVt ik d1Réhe"PRChARKSLPENY

present in phase. The nol ecul ar oxygen-containing gas used in the
second re&ctantsy zone for the 30 production of al kenyl carboxyl ate may

S G e s e R B e B T
oxygen-c Q%kgﬁ&%rgﬂéﬁl chrboki8@ m Ao is8 iFesk Encﬁoﬂ%@yclé—@ci&@r@ﬁf@;iﬁ‘h@ S

PCT/ GB03/ 00619 richer or poorer 'in nolecular oxygen than air. sui tabl e
addi t i ona¢astmpextioh af thexopgwnylic aeid antradugedimsio feg/sepend feaetiaanzonpl e, oxygen

diluted with a suitabl.e diluent or .example nifrogen, argon or carbon

di oxﬁﬁe. CW@P@?Sa%FVXY{Iﬁ801338?%08(}1513%@? 8%@?@?11 rc?%étboen et aigni ng gas is
oxygen. Pref ergRlfvesh ahd k&%&% cERORYIM adid hafdk el ke DY@ iR-segondai ning 5 gas
is fed independently to the second reaction zone fromthe al kene and

car boxy| ireaction gong either angeparafhised alirenme,arias agiielp foed strepn pemBEERSHBOteact | on
zone for th oduction of al kenyl carboxylate or al kyl carboxylate ma
conpri se ée'sggﬁcﬁaeﬁgj& ragl;aécycl e aciyd. Pr efer;bl y, at Ie;st a por%/i on of %/he
carboxyl i ¢ aciThel satoreilie g€ld ifedl foahé Beosé esantion saetfbothe pestcith cbatkeriyd es

carboxylic acid produced fromthe oxidation reaction zone. The fresh and
recydbe carissxipe mapeomprsnat beast hporgan sk theiagidphipiped ey flpWnsEet® i on zone

either as, SERALahh I e &puBH ofthedof £h S hikRfle S B3R STng Dot

fresh and recycle ac
carboxylate/water.

At least part of the carboxylic acid fed to the second reaction zone may be
liquid.

20 When solid catalysts are used in the second reaction zone for the production of
alkenyl carboxylate, the alkene from the second separation means, the carboxylic acid
from the oxidation reaction zone, any additional alkene or carboxylic acid reactants, any
recycle streams and molecular oxygen-containing gas are preferably passed through the
second reaction zone at a combined gas hourly space velocity (GHSV) of 500-10,000hr"

25 L '

The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a temperature in the range from 140 to 200°C.

The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a pressure in the range 50 to 300 psig.

30 The second reaction zone for the production of alkenyl carboxylate may suitably
be operated as either a fixed or a fluidised bed process.

Carboxylic acid conversions in the range 5 to 80% may be achieved in the
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The carboxylic acid fed to the second reaction zone for the production of
al kenyl 15 carboxylate may conprise at |east a portion of the acid

obt ai ned Wopmait@enst ream processes such as fromthe separamiGB3oécibhe aci d
froma m xture of the acid/al kenyl carboxylate/water. At |east part of the
carboxylic acid fed to the second reaction zone may be I|iquid. 20 Wen

sol i d catetopdreactipe zoreigr the nroducsien of alkewd catbeny2ne for the production of

al kenyl car boxgl alee AR R R LA M 110 BOLANY 18 SAAEAI T RADS, L he

carboxylic aci romthe oxi on reaction z any a onal al kene or
car boxy! ir€actioh dorecfae thenirsductioy of alkeyylcerbekylagrs and nol ecul ar

oxygen-containing gas are preferably passed through the second reaction
zone at a conbﬁlh@}fangerﬁ@m}rythgﬁ%é%f@lBQﬁtrpax&@\gwev B 85-Seeems00hr - 25 The
secong T GagtibRDod RE ildrobRoRbPEER Rk Rtdenyl carboxyl ate may sui tably

£t
be opera at a tenperature 1n the Tange from 140 to 200C. The second
reacti on zone Sudtablyhthe peloctingtyitmsedodn thlelatkent tacte btkeplylataebaxgiatspiodatt, y  be

operated at a pressure i he e 50 to 300 psig., 30 The second reaction
zone for SPHR2 ‘P‘Bﬁ@&?"ia@rptg‘f ie&?tlgé%l%“%?%iﬁﬂsbg%ﬁﬂﬁg' be chiggpd '%8 operated as
ei ther agficradeRiion zhha!i di sed bed process. Carboxylic acid conversions in

the range 5 to 80% may be achieved in the 14 WO 03/074465 PCT/ GB03/00619
second react i dn theoseeoridoreactina 2one durché prodoétical devyanybearbosatattbe Oxygen

conversions.in t range 20 t.0..100% na achieved in.the second reaction
zone%or CPT?%VSE‘?‘B{%EM}?"’S%I’(W‘%E%‘K%Wtﬁ%é@é‘?ﬂ@ltgﬁgb%r?@ﬁé’féﬁﬁg sions in the
range 3 tg%b%@?fé‘ie‘”ﬂiaﬂh@u@ﬁéﬂk@‘b@@ath@sﬁ he second 5 reaction zone for the
production of " al Kenyl car bg;%l_l até. Suitably, the selectivity based on the

al kene to the Whuethiplalkaar besdyin dheproeesd o€ the prewsahingentinig pthapeth e of at
| east 850{%%&3;&%6%%1 fréréll:tﬁg Sdeofd (e B (%elﬁ%mhgﬁg%ﬁcﬂoﬁ gfallé%ﬁg %&%o{@r tion

zone Int . i on zone for e pro I"on nyl oxyl at e,
the 10 gaipdonsiriseuidydltetatdasatar Afdadett hold byd bptidratly aRo@@rckotetio 10000 gr ams

of al kenyl = carboxyl ate per hour per kg of catalyst. .

15 “ethylene, ethane, oxygen, acetaldehyde, nitrogen, argon, catbon monoxide and carbon
dioxide. Such a product stream may be separated by azeotropic distillation into an
overhead fraction comprising vinyl acetate and water and a base fraction comprising
acetic acid and water. The base fraction is removed from the distillation column as
liquid from the bottom of the column. Additionally, a vapour from one or more stages

20  above the bottom of the column may also be removed. Prior to such a distillation step,
ethylene, ethane, acetaldehyde, carbon monoxide and carbon dioxide, if any, may be
removed from the second product stream, suitably as an overhead gaseous fraction from
a scrubbing column, in which a liquid fraction comprising vinyl acetate, water and
acetic acid is removed from the base. The ethylene and/or ethane may be recycled to the

25  oxidation reaction zone and/or the second reaction zone and/or the second separation
means.

Alternatively, at least a portion of the product stream from the second reaction
zone is fed together with at least a portion of the carboxylic acid and water fraction
obtained from the separation of the product stream from the oxidation reaction zone, to

30 adistillation column for separation of the carboxylic acid from the alkenyl carboxylate
and water.

At least a portion of the product stream from the oxidation reaction zone may be

15



When the al kane used in the process of the present invention is ethane, the
product stream fromthe second reaction zone for the production of alkenyl
car boxyl awe o3mpeTonpri se vinyl acetate, water and aceti c PaEiGBoanNGs19
optionally al so unreacted 15 et hyl ene, ethane, oxygen, acetal dehyde,
nitrogen, argon, carbon nonoxi de and carbon dioxide. Such a product stream
my be sepdviacéwithyat easior paspoeofiths pradugt stesam fhers thgsecondraaeten 3a08ct i on

acr 0 ana a0 spREEskn 3t ot PhFs B0 oo RR S F AR, CoPum

as | i quiMdtcaivelyns daoitionmpht lehe ag@itivinof thel gidduorsadehm, fréin Wapsxidatiohom one
or nore stages 20 above the bottom of the colum n@x al so._ be renopved. Prior
to such a&cagheR zpnempyhe &deps oneArHyore slicaray, patadhe disiaianogonliman separtdn

monox i de Sf%)%gth%%frg&{f&t gtl'r)«%%ﬂ f6m thi s%}{% rdfB¥or Sone! ?ﬁ%‘é&da $dr850 bh@e HEGRRE

pr oduct ream suita as an overhead gaseous fraction from "a scrubbing
col umm, istemhifioin thelseguiddedatian tzbnamap bp feds nn gnevomybreastresas, antowhe er and
acetic acjd_is renoved fromthe base. The ethyl ene and/ or ethane may be
recycl ed diillati@n oGUBR; dat i on reacti on zone and/ or the second reaction zone

and/or the Seq&mlﬁﬁeégfatr&t% of’fﬁ@@x%du&'sh{é&rﬂ@f&ﬂﬂiekgc&fd tefavh ZBndd i on of
t he secon

the product streamfro reaction zone is fed together with at
| east a pihe tdrboxydic atlieandawdsendydction abiathed fcbmlteesepdrataart dithe putsiugi ned from

0" aTH, StRPaoOh egr SR ey AP RbATE b Ru SRR cOaB R, o the ©

al kenyl caroK¥HBE:&1atd Rk WatePhnd AbadeTRtioR cRAPidiRNcAbot IR RIDEHIGHatst, I eam
fromthe oxidation’reaction zone may be 15 03/ 074465 PCT/ GB03/00619 co

j oi ned with atTHesdlemyhcasbexyilase, fof examplprviuil ecctateivarYarehiemdheecond

reaction zone d the co.jolLned streamfed. .as-one_or r eans, into

the di st iqvﬁﬁ‘te?‘gﬁaﬁtbqrh ﬁ]H?abjlyqur8{;%?11433&@0%?&%)&iﬁxlegﬁcavpg}a’ azlfe%&{aast a portion
of the pr@ehegylasd, kedsHiRyNat&bteOMmagar iedired) Rafttherpuzioied ifkilowe nfaader. as one
or nore streans, into the disti [1ation col um separately 5 fromthe product

stredm from t HEhedaso fractianeonippisingoneboxatic peidstich aparetic ghidomdirriersp®tuct
stream f rb%?ﬁeé Q;?eicﬁf g/(ft?l%q p?%%%ﬂ%o&? ?Hufl%%( Pgﬁﬁéa‘%gn 35hé gb%m?& {%@ﬁ@ﬂ 25eans,

into the ation*c VEé sepatation o e product
st ream f r giarhitevede clonchrb@atit iaoid ig teoevead frotothe baselftacyibh andaiagt bafartheat er

e on R T Gestred T khowh Samner, For exampte by dtsefiich
The invention will now be illustrated by reference to the Figure.
20 The Figure represents in schematic block-diagram, apparatus suitable for use in
the process of the first embodiment of the present invention.
The apparatus comprises an oxidation reaction zone (1) provided with a supply
of ethane and optionally ethylene (3), a supply of a molecular oxygen-containing gas
(4), a supply of recycle gas comprising ethane and ethylene (5), a supply (19) of ethane
25  from an ethylene/ethane separation means (21), and an outlet (18) for a first product
stream. Depending on the scale of the process, the oxidation reaction zone (1) may
comprise either a single reactor or several reactors in parallel or series.
The apparatus also comprises a scrubber (6) er separating the first product
stream into a gaseous stream comprising ethylene, ethane and carbon oxides and a
30 liquid stream comprising acetic acid and water. Optionally, the apparatus comprises
means (not shown) for removing water from the acetic acid, such as a distillation unit.

The apparatus further comprises a second reaction zone (2) for acetoxylation of
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10 stream fromthe oxidation reaction zone produces an overhead fraction
conprising al kenyl carboxylate and water and a base fraction conprising
car boxyl iwoasiotsend water. The al kenyl carboxyl ate, for @exargHoa/ooaibnyl

acetate is recovered fromthe overhead fraction, suitably for exanple by

decantation. The recover ed al kenyl . carboxyl ate %@Ch as .vinyl acetate,
may, if cakylerefo iRyl pestats ahighisipredded Witk AisaRs (b FEconveyingrdfdeashde fracti on

conpri si g&) g@?&éﬂaé&lca&%{d‘jﬁ SUYESATHLRE B o A6d a4t & zdiRYa délf?g £cycl ed,

W th or y W thout urt er purrfication, to the secon tion
zone. A dfemsiamulaxejxygen bentaiaing@ey (9)ca augipdly oﬁrecgde)a@tmdcfdr(d ), th ephemda
fraction an

furt her urifie 'f sired, i , for
exanpl e bsg,lpg]iyg}r iSPpRites §f acefigge i 8’!5{ q;ﬁe(z?) H\e Perh dég)s‘g?%‘i@ OPef erence
to the Figuee 1e%9/e£mﬁe Eépawu%nmhse@mt @ebéh&@m@searé b e b R84, B

apparatus suitable for use in the pfoceSs of the first embodi nént of the
pr esent mwmdne@monmee §hparatansprise wphérsesngle raagiod ar feoeral egectorpim zone (1)

provided with.a s of ethane and optionally ethylene (3), a supply of
a ol ecul B2 1EE’>]< E‘nsog%%t aining gas (4), a supply of recycle gas conprising

et hane and et hYﬂl afaBls cofptidBPd é’elpﬁﬂa%n%{eaﬁé hah ordepdrh@is BRpRidavkene/ et hane

separatron nmeans 1), and an outlet (18) for a first produ ct stream
Dependi ngsuch ag pasbee dlowidsf froméh@g@@@wtremefr@w@'abb@r@m$e®hratzl@1me (1) may
conpri-se eith [,.Sev C n_paralle r seri es.
The dBparartsd aDEsT i Fre SEFh e M SEY PR B R AP R Bl
product @by RAdh BholeAe-gidh §QetEN aiid AAShEIREH &tdag; alsbbbag12pfopaie and
carbon oxides and a 30 liquid stream conprising acetic acid and water.

Opt i onal | Brodedidroapiigsgeans redsiion zer MRsEH (sl 3) AertscRHatiRg adele aciddeum Hig wat er
fromthe S&%&ﬁdt%f | eortHERRR Andll (\131;1)'71 ggﬁfe n!ﬁ%tfon mddi§ 5@9%%13 further

conprises'a second reaction zone a toxy ation 03/ 074465
PCT/ GB03/ £@fid Acid putifitive theans i 15)landoat at movddephration preand dé)fosi t h means (17)

for conveying at |east. a, _portion of the ace cid fromt scrubber (6)
i nto 'the %‘v‘éé’@ﬁﬁg Fahen figridedian the sasepsptregn Oﬁﬁl@gﬁ"f‘%’i‘ SERORE Rg)&é‘ﬁt ai ni ng gas

(9), a su é?gé()%s,(ﬁ%zﬁryl&(e%;b&c@w) an optional supply or supplies

of acetic acr or ethyl and a supply (22) of ethylene from5 the
et hyl ene/ et hanhl septhe akidetionreactson 2hp (1)0e pmvntiemlgmdnattlhast soatagalyst catie

D oC e e SR S B N P TR COMPLLR, G Sl © o2t er
oxidation catalysts are solid catalysts. Molecular oxygen—contammg gas is fed to the

20  oxidation reaction zone (1) from supply (4) through one or more inlets. A gaseous
feedstock comprising ethane and ethylene is fed to the oxidation reaction zone (1) from
supply (3). Recycle gas comprising ethane and ethylene is also fed to the oxidation
reaction zone (1) from supply (5). Ethane from the ethylene/ethane separation means
(21) is fed to the oxidation reaction zone (1) from supply (19)

25 The molecular oxygen-containing gas, ethane, ethylene and recycle gas are
introduced into the oxidation reaction zone (1) through one or more inlets separately or
in partial or complete combination. Optionally at least one of the streams fed to the
oxidation reactor also comprises water.

In the oxidation reactor a first product stream is produced which comprises

30  ethylene (as product and/or unreacted feed), acetic acid, water, optionally unconsumed

molecular oxygen-containing gas, unreacted efhane and by-products such as carbon

monoxide, carbon dioxide, inerts and acetaldehyde. At least a portion of this product
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The apparatus conprises a separation neans (16) for separating by-products,
such as carbon dioxide, fromthe gaseous stream from scrubber (6) and a
separ at i owold/omaens (21) for separating at | east a porti oRCoIGROBOIGASEOUS
stream from separation neans (16) into an ethylene-rich stream and an

et hane-rich stream a scrubber (12) for the product fromthe second
reacti on seamis pesed tq dyutiter (6dpm whichp gaseusstraan gofmposmglsthylepeoduct  of

t he second, react,ion zone; .vi nyl. acetate purification.nmeans (14): optional
acet o actrp AT PO o e iR e LCuCRaR et Sitrafhe' (16)
for 15 sepa{@bd.NA: RAERGIHEDN HE ghdeom dthamdis $&1) dReisdepath@by-pidtrd:sf rom
scrubber (6) and optionally for recovery of ethyl ene product. |n use, the

oxi dat i onsucbas catbpn dippide(in pefagatignangage (il Giang optionallysecoygang apartipsofeach

i f i.dat i f f i i | .
21 8, Toh Ll S 0 kO IR AT BRELED g o
oxygen- Copdsabuyl shi@ar@dstoirespetih el sirebme ridl irvathgleh¢ o ¢thamt Ao teagiangor(idy) of rom

supply (4) through one or nore inlets. A gaseous feedstock conprising
et hane andgeseRyd Sisam eonmsgingsthylencoed sthang AoFbesPeETaEAN M5ABS (1) 15 rom  suppl y

(3). Recygl 1S - ' :
ot dat 1 oneorda T BEBRIG A RIRRRS TR LILCR, §DaBtipf il () b
et hyl ene/ edihpise a8 &pstr @icicoyogoriamistilla@dn unis Alendtivelyhsepaxitidatmeans (2dact i on
zone (1) fromsupply, (19) 25 The | ecul ar X)i en- cont ai niﬁg as, ethane,
et hyl Ehe @Y crpyieq @high dressue apsrpPG#9 ?“Hffﬁ ?ﬁ%&omfa%ﬂlre@ ﬁl‘g‘ﬁ%ti on zone
(1) throu ] i bkl ete
Combi nat | B OLpE BB ettty fo R A e i g8 Se %1 dat i on
react or ahmlléosairsobs®nwatteas. silver gitrateoxitidwhichthe ghylens iszapabls of formihget

streamis produced whjch conprises 30 ethyl ene (.as . prodyct and/or, unreacted
feed), acBCPEPEE Fg},‘e %?@rs,tre%tm%’ rleyloﬁﬁ‘gésn%‘??ée eaprgqo& eaFPﬂlmn and tn

oxygen- CO%ZiegE/ﬁ%teﬂ Al copRRAH RERENANELAB UrabMoPFrORURE SolsiHmhindPassa bon
monoxi de, carbon dioxide, inerts and acetal dehyde. At |east a portjion of

t hi s 15 odtcthe 371w oB8 PR 6 bt IOThEBOBS,006! 85 2 Sashargrydlve pabdum, towhicBcr ubber
(6) fromwhich .aseous stream c risi. et hyl ene han t he carbon
S Cer BT S SHa ica TG et gfie

oxi des an acl wat ér are renoved.

At | east g pef toRdnelly, theetBASROMEeatl i €M fed 1d £CompietF pHEPRIRIIgRd via
by- products such as carbon dioxide in separation neans (16) and optionally

recover i ngueplp 632 tothestcondirpastion roneEe Teadiirse rish SW@QI}%(S@;H @?ﬁéﬁ?ﬁri‘twq he art,
to a TEaNZ e r21318215 R fed EPAE %5(1&390111 Q%ction zone (1) via supply (19)
20 Acetic acid may be recovered from the liquid stream of scrubber (6), for
~ example by distillation.

At least a portion of the acetic acid from the liquid stream is fed by means (17),
optionally via a means for removing water from the liquid stream, into the second
reaction zone (2) which is provided with an acetoxylation catalyst, suitably a solid

25  catalyst. A molecular oxygen-containing gas is fed to the second reaction zone from
supply (9). Acetic acid is fed to the second reaction zone from recycle supply (10).
Optionally, additional ethylene and/or acetic acid may be fed to the second reaction
zone from supply or supplies (8). Ethylene is fed from the separation means (21) to the
second reaction zone from supply (22). Acetic acid from the liquid scrubber stream,

30 molecular oxygen-containing gas, recycle acetic acid, optional additional supplies of
ethylene and/or acetic acid, and ethylene from the separation means (21) are fed into the

second reaction zone through one or more inlets separately or in partial or complete
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gaseous streaminto respective streans rich in ethylene and ethane. At

| east a portion of a gaseous stream conprising ethylene and ethane from
separ at i owormsans6y 16) is recycled to the oxidation react iPORN/GBIAOIAIY) Vi a
supply (5). Separation neans (21) nay conprise at |east one cryogenic
distillation unit. Alternatively, separation neans (21) 10 may conprise a
hi gh pressembingebr ber col urm and at | east one pressure-let down means.
The gaseous st LS. f : r . j i itable
metal o salt SotheranidtBaght ARELARE, AR TR H G B DRde Rt 7
capabl e ofo fredutdWsecandpogh@streatheo@ptising vityl ecenatemy be renoved as an
overhead fromthe colum and the .ethylene/ %gl s;lt conp|/ ex is renpved as
a base fractioﬂhPﬁﬁﬁpgﬁﬁwEBWHﬂﬁugﬁﬂpﬁﬁﬁégﬂmgg’ b1 &omy whigh gps pressure
| et -do F=¥et Ang ; [ I nplex is
decommosea s b R A U s o M Bl S SR o
Opt i onal | produbereedeydde eorst eremore isspardtem stands (ot ahoempryesstbodyplrios n ino  bei ng

fed via supply. (22) to the secon eaction zon 2 he ethane rich
St eam {1 S ATheT SRRy RRGHY B 8 Peforged Rshe Arabd B ot | on
zone (1) YlR:SyPeHeX. (g%ea% %!r?d ﬁc‘s%f)arﬁtlea% %ﬁgﬁa)ﬁoﬁl@?éaﬁ_ﬁ(’l\@?"f%?] tlfhegeguw@r l'iquid

stream of scrubber (6), exanpl e by “distillation! east a portion of
t he acet i tiqaid abdfis meytlbdtd thes¢cdng reagtion zenehHaalrdsyclasupdy (107) Optiopalional | y
via a,qeans for.remvin ter fr the liquid str into.the second
Feact 1 Bn- 2t 1ol RN YR et O de ey e el Paes Gk &ty ot

suitably axsfplebyfstiRtion Wihyl MeldR] Redd s REGest HOMIR frikbedBguiddyf €d to

t he -second reaction zone from supply (9). Acetic acid is fed to the second
reacti on zeaes fIonfor exayatleby displlgiqui0) .  Optional ly, additional ethylene
and/or acetic acid my be fed to the second reaction zone from supply or
supplies (8). Ethylene is fed fromthe separation neans (21) to the second
reaction zone fromsupply (22). Acetic acid fromthe |iquid scrubber

stream 30 nol ecul ar oxygen-contai ning gas, recycle acetic acid, optional
addi t1@nal supplies of ethylene and/or acetic acid, and ethylene fromthe
separation neans (21) are fed into the second reaction zone through one or
nore inlets separately or in partial or conplete 18 WO 03/ 074465

PCT/ GB03/ 00619 conbination. In the second reaction zone the ethyl ene,
acetic acid and nol ecul ar oxygen react to produce a second product stream
conprising vinyl acetate.
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The second reaction product is passed to scrubber (12) fromwhich gas and 5
| iquid are separated. Carbon dioxide is separated fromthe gas and

opti onal IwoeBlyd4ehe product recovered, in one or nore separaiBodNIEDages
(not shown) by nethods known in the art. The remaining ethyl ene and et hane
may be recycled to the first and/or second reaction zones. Acetic acid is
separated in separation neans (13) fromthe scrubber liquid and is
recycled to the second reaction zone via recycle supply (10). Optionally,
10 acetic acid product may be recovered fromthe recycle stream by neans
(15), for exanple by distillation. Vinyl acetate product is recovered from
the scrubber liquid by neans (14), for exanple by distillation. 15 20 25
30 19 WD 03/074465 PCT/ GB03/00619 dCainms 1. A process for the production
of an al kyl carboxylate which process conprises the steps: (a) contacting
in an oxidation reaction zone a C2 to C4 al kane, a nol ecul ar oxygen-

contai ning gas, the correspondi ng al kene and optionally water, in the
presence of at 5 | east one catalyst active for the oxidation of the al kane
to the correspondi ng al kene and carboxylic acid, to produce a first

product stream conprising al kene, unreacted al kane, carboxylic acid and
wat er; (b) separating in a first separation neans at | east a portion of the
product stream produced in the oxidation reaction zone into a gaseous
strean1coqﬂ5%§'ng al kene and 10 unreacted al kane and a liquid stream
conprising carboxylic acid and water; (c) separating in a second separation
neans at lgast Appaeeidfontheiprédietionseasksl daesiylabivaich§rodesPeorlifeel i 1 st
separation means into respective streans rich in alkene and alkane; (d)
cont act i ngh¢ #{eR:second reaction zone at |east a portion of said al kene rich
stream 1 bt gJ . t - O a rr ndi ng
car boxyl | d%hei qorR A R RERRE O PRIAL LT CEARRER TR P T IBFE:  he
product i orconfairahkyds, terdonesgoatimgtatkene and optionally water, in the presence of at

5  least one catalyst active for the oxidation of the alkane to the corresponding alkene and
carboxylic acid, to produce a first product stream comprising alkene, unreacted alkane,
carboxylic acid and water;

(b) separating in a first separation means at least a portion of the product stream
produced in the oxidation reaction zone into a gaseous stream comprising alkene and
10  unreacted alkane and a liquid stream comprising carboxylic acid and water;
(0 separating in a second separation means at least a portion of the gaseous stream
obtained from the first separation means into respective streams rich in alkene and
alkane;
(d) contacting in a second reaction zone at least a portion of said alkene rich stream
15 obtained from the second separation means and a corresponding carboxylic acid, in the
presence of at least one catalyst active for the production of alkyl carboxylate to
produce a second product stream comprising alkyl carboxylate.
2. A process for the production of an alkenyl carboxylate which process comprises
the steps:
20 (@) contacting in an oxidation reaction zone a C, to C4 alkane, a molecular oxygen-
containing gas, the correspoﬂding alkene and optionally water, in the presence of at

least one catalyst active for the oxidation of the alkane to the corresponding alkene and

20



produce a second product stream conprising al kyl carboxylate. 2. A process
for the production of an al kenyl carboxyl ate which process conprises the
steps: 20wQap/otant acting in an oxidation reaction zone a EGETIGBIGAO@Pkane, a
nol ecul ar oxygen- containing gas, the correspondi ng al kene and optionally
water, in the presence of at |east one catalyst active for the oxidation
of the al Kamexykr 3%d te praduspa dast Rrodick drrempsnnzoingsaeorarssyed alkane,

PCT/ GB03/ lef%g caLPRxYhe-acid, to produce a first product stream
conpri sing al %ne, unreact €d al kane, carboxylic acid and water; (b)

separ at i ngb) n aepdratiig inefastdepaatior aranedt 1éa8s8 pordiopof tHegirodict kfenpr oduct
stream prod ceﬁg,@i@ﬁt he oxi dation reaction zone into a gaseous stream

conpri si ngTHHEE @X108H10M FEaGlAeEP1S IR Re2A87RYS &IP3 GPAPERg alkeBo®t i si ng
car boxyl i I i ) Log ol g tion means at
¥ %n?&bﬁd%nang]@ﬁ&a hg{uﬁ sSBARALHE glgrr?géﬁg%?n&i%@gfeﬁ

| east a portion of the gaseous strea i st separation
means i nt ¢cyseppetng inc scomdsaparation meanshtdease a aodionaif Kangisequd)streamt act i ng in
a second reaction zaone.at least a portion of said al kene rich stream 10
bt ai ned PPBHTHETS QoHa: SBRARER FRTEIEDee s FraG M HGICHF BBk yI | ¢ aci d
and a nolaggykar oxygen-containing gas, in the presence of at |east one
catal yst active for the production of alkenyl carboxylate to produce a
second pr ddluct confacting moriscond regetical omayt legs pipoxrtjdnatfsaidnlkefeaichrstreass

accor diyng .claim wherein the nol ecul ar _oxygen-cont ai.ni n s 15 used
o O n 00D bRt fne WOGKELBataiE RS B lre MR ch ROk T b o885 ot
CONpri ses malbaRaexgdeBbREHInd! ga8)Xid U8y preSnt 8 bNit6asBase EdtAaMRtaLeR: foaheand/ or
additional nol ecul ar. oxygen-containing gas. 4. The process according to

cl ai m 3, whedustign phakenidcaibengaterip Peasucap senepd errdughbsiteainndomeprising i s oxygen.

20 5. The ding to any one of clains 2 to 4, wherein at |east
sonme of tHe egﬁg(fsaz}f:ﬁzl%ga?é'oxygen-cont aining gas is fed i ndependently to the

second react i ormheqieceks autordif@todlkans, valiedeit Aidxaxlebiler @eigdn con@inmg gas 6. The
process according to any gne of clains 2 to 5, wherein at |east a portion
of the sdsehi thf serond rectemaeedor te predystipe pT slikeny! serbpayate campsises on of

the 1iqui gnSdabR8Molecular oxygen-containing gas from step (a) and/or additional molecular

oxygen-containing gas.
4. The process according to claim 3, wherein the additional molecular oxygen-
containing gas is oxygen.

20 5. The process according to any one of claims 2 to 4, wherein at least some of the
molecular oxygen-containing gas is fed independently to the second reaction zone from
the alkene and carboxylic acid reactants.

6. The process according to any one of claims 2 to 5, wherein at least a portion of
the second product stream is fed together with at least a portion of the liquid stream

25  comprising carboxylic acid and water obtained from the first separation means, to a
distillation column for separation of the carboxylic acid from the alkenyl carboxylate
and water.

7. The process according to any one of the preceding claims, wherein the C2 to C4
alkane is ethane, the corresponding alkene is ethylene, the corresponding carboxylic

30  acid is acetic acid.

8. The process according to any one of the preceding claims, wherein the

molecular oxygen-containing gas in step (a) is oxygen.
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25 conmprising carboxylic acid and water obtained fromthe first separation
nmeans, to a distillation colum for separation of the carboxylic acid from
t he al kerwb ocardaexyl ate and water. 7. The process accor diPeg/GRy3amioone of
the preceding clainms, wherein the C2 to C4 alkane is ethane, the

correspondi ng a kene is ethylene, the correspaondi ng carboxyllc 30 acid is

acetic aci’d. 8. hPrPéOCF?F%%f(% g OANYi Mg of Eheansceding dHmshwhererthei ng cl ai ns,

wherein the, BGVL LI S1 RP&R 021 WO

03/ 074465 BRSTERE Shlk @ e e %@%@é@%ﬁﬁ%ﬁ“ﬁ%@@(‘%"f“oln{ez’ Xppt

pr ecedi ng ofltte o] fast eineludingirecyctsntoehe paitlation whetadnkene. (as fresh feed
0.50.m] % of the total feed,

and/ or cle onent fro

i ncl udi ngclx)ecyc’[l%@g’gocteﬁs ?‘%?Qr @ ?IH‘nﬁ’r"iété?E?ng?‘P gRentratign Ofﬁgieber Bdeus 1

accor dsng t&Qo%&l%rbﬁshem@rr%wt&tlﬂ@oﬁﬂaﬁ&meraeﬁdxpibnef al kene is from1l 5 to
20 nol % of the total feed to the oxidation reaction zone. 11. The process

accor di ng itle aﬁ@hed’ﬂi@ce& aqcmhlpg @(ﬁ@dlomg of theiprecediviged@ing, whereirctbecent rati on of
is froam.0 5 % of

water (as fres eed. a

the t ot ar PhERTiEN ANGE B EST1EH SnfRT RRUSE hBrarh P it P an S0 BRL% 127 The
process acgeickornyfdeq, ﬁbﬁﬂfﬂg]réeycmefoah@oklﬂﬁtl&%ﬁﬁfﬁnrz%hb on of water is fromO
10 to 25 nmol % of the total feed to the oxidation reaction zone. 13. The

process ad@er dithg prereangccoringto dsim b, edetiimthecioapenttation of water isifzoralOkene
and waper ?ﬁ? n?o(?"’/f Sfithe?(gtglniteg(?tootﬁl g%daporlx Ie t | onzone. 14. The process

according to any rece nz\ﬁi’gr ein the al kene and water

are used i13.a r’l&ielpﬁo&f;s éccor(ﬁ)ngl’fo%(}'} dﬂy o\f\/ﬂieqﬁécedﬂr@ cl&ims [ WReOH8 8keas cor di ng
to any one of the preceding clains, wherein the first separation neans

conpri ses A MHEARE %%f?érlﬁ@.twa@@mgﬁtqn@@n@r distillation. 16. The
process aggor d' pffﬁcegé & cBhdtm to"ﬁﬁ f g&:’&f H{%ﬁm@c‘%ﬂﬁ{ aCtlélglps \kvﬁer%ﬁirtﬁé glgc ﬁUt by

condensat i on. e proces acc any € ‘precedi'ng cl ai ns,
wher ei n thﬁdmmcbuszd i1s e paticadfi 100. m&ﬁbywuﬂghtj ses cryogenic distillation,
chem menbrange separatiqQn or pressure sw ng adsqrption. 18.

| treatnent,
The p?gc eSS acACAIPRSSE FceTdngioEry ape&f therprededingedaing. wheraindhe &istneans

separation means comprises membrane separation, condensation or distillation.
16.  The process according to claim 15, wherein the separation is carried out by
condensation.
17.  The process according to any one of the preceding claims, wherein the second
20  separation means comprises cryogenic distillation, chemical treatment, membrane
separation or pressure swing adsorption.
18.  The process according to claim 17, wherein the second separation means
comprises chemical treatment.
19.  The process according to claim 18, wherein the chemical treatment comprises
25  the steps of:
(D contacting the alkene/alkane gaseous stream with a solution of a metal salt
capable of selectively chemically absorbing the alkene to produce a chemically
absorbed alkene-rich liquid stream, and
(2)  recovering an alkene rich stream from the metal salt solution.
30 20.  The process according to claim 19, wherein the alkene is ethylene and the metal
salt capable of selectively chemically absorbing the alkene comprises chromium, copper

(I), manganese, nickel, iron, mercury, silver, gold, platinum, palladium, rhodium,
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conprises chemcal treatnent. 19. The process according to claim18,
wherein the chem cal treatnment conprises 25 the steps of: (1) contacting
t he al kermwOaBkanes gaseous streamwith a solution of a net@&icTgsos/oo@apabl e
of selectively chem cally absorbing the al kene to produce a chemcally
absorbed al kene-rich liquid stream and (2) recovering an al kene rich

st r eam f r owthetiempesmaiuns aalybdshum; wagstgoodeniiie process according to clai m

19, wherei,n th | ke ' 4 e - saj.t I
el coti very chaip it ABeEhi oS rh ki B o Ml o BERR v Bler .,
(1), mangapgse(Hni ckel, iron, nmercury, silver, gold, platinum palladium
rhodium 22 WO 03/074465 PCT/ GB03/.00619_  ruthenium osm um nolybdenum
tungst en 8- r hdmemrecessaccolngiosdans 1y whgren ths meialalithe sivergpler ei n t he
metal gal t,;co i | : . o LOG ing to

ol ai m 31, Ziner ok Hipst AEfal o, BARPEL wbiein 48 ojH %R S AT nRERENE o
accor di ng sileerdlmrshozite. wherein the silver salt is silver nitrate or silver

f1 uor obor at e. . The process accardjng.to.claim?23, wherein the netal salt
i s copper ) g@@tpace@,ssp aceeﬁ%%&w(q? ekl %&@@%}hee%éeﬁalteﬁ SORRGT Qﬁa?%%teazs. The
process a%ﬁﬁéiﬁéggli&ﬁeéf‘&’oﬁi’)@?(lﬁulﬁﬁa@éﬁﬁ 19 to 24, wherein the netal salt 10

sol ution is ‘aquéous or conprises an organic nitrogen-containing conpound.
26. The pr6cessThaqraorss sgotdingitoyanywee of clelnad htolBH, wdeRsn thetneetel saltt he

cont aibl n% lglfg t he gaseous streamw th the net aIt salt solution is carried
out -i n”an “3BEER BetIEBYUTHTOTPRFES aﬁhfgg?%%%e%f&%?“&f%“wogﬂ one of clains
19 to 26, yeher e drb®s@hdeBRBng tocdhy odk bealIh$ 19 RCHY Rebih fRNBohhetiARbRal salt
sol ution by heat, 'reduced pressuré or by a 15 conbination thereof. 28. The

process adbogacouy stigam| vakimbe metaltsakt spltiomes copiagh Gubin s absgdjescolatin: 0 a
reduced pressurge such that

rel ease the - al r?éc.)ce%?cc?ﬁ%&g?o(r)rag%golge §§1€%{P§% ﬁ%{})tezoéc’ %%lregl)?(]t %gaﬁﬁ%l@ %I%C . ELS to
28, wher eigfrearRfi§ REoteReRBoMmant aetdl Bt iMeticl teetat, abdkroe pgRseedsbghr eam wi th
the netal salt solution, the gaseous
15  combination thereof.
28.  The process according to claim 27, wherein the solution is subjected to a
reduced pressure such that the metal salt/alkene complex decomposes to release the
alkene.
29.  The process according to any one of claims i9 to 28, wherein, prior to
20  contacting the alkene/alkane gaseous stream with the metal salt solution, the gaseous
stream is treated to remove components selected from the group consisting of carbon
dioxide, oxygen and oxygenates.
30.  The process according to any one of the preceding claims, wherein the alkane-
rich stream obtained from the second separation means is fed as one or more streams to
25  the oxidation reaction zone together with additional alkane.
31. The process according to any one of the preceding claims, wherein the alkene-
rich stream is fed as one or more streams to the second reaction zone with optional
additional alkene.
32.  The process according to claim 31, wherein the additional alkene may be fresh
30 alkene and/or recycled alkene from the second reaction zone and/or a portion of the

alkane/alkene stream from the oxidatioh reaction zone.

33.  The process according to any one of the preceding claims, wherein the
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streamis treated to renove conponents selected fromthe group consisting
of carbon dioxide, oxygen and oxygenates. 30. The process according to any
one of thwomseTEas ng cl ai ns, wherein the al kane- rich streamGHaddied from
t he second separation neans is fed as one or nore streans to 25 the

oxi dati on reac%fi on é&gf toget her with additional alkane. 31. The process
accor di ng *PBCERHIIYH ener{@ptipnat adflitionad plkenes feednd atkang oldaiapd Enmrthei ch
stream i s sbgphdaspRNGoChedRY B4S ]%g ad, . ion.gone, with
opti onal Saddi ti%nal al ﬁenEe. Byt eo%ér)rg%ée}gosnszg)glggs’?%}ilénaagg% om8F éi?ﬁgi wherein
t he addi t itetabfecdtkibnecormy répetibn esde. 30 al kene and/ or recycl ed al kene from

n of the al kane/ al kene stream from

t he secon§4reac[gji§on zone angd/ or ?.ﬁ]gitig

the oxidation reddf? s FEREINSE clap &V Yfé’é‘sth%lﬁ%‘lﬁeﬂ'irﬁbmt@am%ﬁéa%f t he
pr eceding 60lab1MBef thi estall Bed f38he S3oMO-A3iGY 4485 PCT/ GB03/ 00619
concentration of al kene (optional additional alkene feed and al kene

obt ai ned BPom tlhe prewsevngosiasioaidiom headsin Fewhereintthe cameningtignesct i on zone
second reaction zone. 34.

is at |ea -ml. %.0f the..total.feed to th

The pr oceéiskegg%:sor@pdtlo né)g5 l'fl%l/g?%tih?r?%% %@P&Fﬁsﬁcﬁﬁ&?ﬁﬂ@h?@&ti on of alkene is
least 5 66. molTHe @todeheadcotdg foaad ohe of R pPeeand ARSI WRReRMR fas3p: The
process according to claim33 or claim34 wherein the concentration of

al kene i s PAPIoRPIEE Gsboxydie apidntredugrd friedhe secohéreetionzbreeantprises zone. 36.
The pi@@%&m@%ﬁﬁé&&&' o Cﬁqlwoﬂ@t?edo%d%t?%dg%@cedl ng clains, wherein at |east

a portion o e carboxylic acid’in 4"“R"Fo the second reaction zone

conpri ses3710 Ghelpoooghs avcadding toraagdeaedf fhe@RdebRgRrdisiel WkReinG@Rkion zone.
37. The process a@:fordi ng to any one, of the preceding clainms, wherein at
| east a POFIONS th fishprofpstsiregh dverrioiradwitlgt 1sast  ppaioned the sehomd | east a

por 100 Obddi: SREAYAA RE SONHCALLEATANG UG 604 Bled SL 23180, o one

or nore streans, I1nto a dis ation u Yor di ng
to any oneolufnrt he preceding clains, wherein at |east a portion of the
first pro one or nore streams, into a distillation

ct reamis fed, as >
col urh jseg T at g‘ﬁ’? PFYGP 1HEr 8 raY preafibe PEQCP@@_B\CI%IQ& vhespig@elpastizor t he
product i 0Boffon\f i fidEHbARE sWRlH s RACKERS of ML L&t Bfo § 1R Ration

column separately from the second product stream.

39.  Aprocess for the production of vinyl acetate which process comprises the steps:

(a) contacting in an oxidation reaction zone ethane, a molecular oxygen-containing
20 gas, ethylene and optionally water, in the presence of at least one catalyst active for the

oxidation of ethane to ethylene and acetic acid, to produce a first product stream

comprising ethylene, unreacted ethane, acetic acid and water;

(b) separating in a first separation means at least a portion of the product stream

produced in the oxidation reaction zone into a gaseous stream comprising ethylene and
25  unreacted ethane and a liquid stream comprising acetic acid and water;

(c) contacting at least a portion of the gaseous stream obtained from the first

separation means with a solution of a metal salt capable of selectively chemically

absorbing the ethylene, to produce an ethane rich stream and a chemically absorbed

ethylene-rich liquid stream, and recovering said ethylene rich stream from the metal salt
30  solution,

(d)  contacting in a second reaction zone at least a portion of said ethylene rich

stream recovered in step (c), acetic acid and a molecular oxygen-containing gas, in the
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(a) contacting in an oxidation reaction zone ethane, a nol ecul ar
oxygen-containing 20 gas, ethylene and optionally water, in the presence
of at | eawD odneuemnt al yst active for the oxidation of ethaca/GRI3POG1Y] ene
and acetic acid, to produce a first product stream conprising ethyl ene,

unr eact ed ethane,égfetic aci d and. m?ter; (b) separating in a first

separ at | oRTSERITOT A lepaione C%tag’étr%qtléfﬁ grihe prodyetenn @livinyl peinte tpprndueed in t he
oxi dat i on s¢RRaa '&ﬂwggﬂﬁnj&%ﬁb - ream conprising ethylene and 25
unr eact ed etha%% and a quuiéggggﬁgﬁgégﬁ%?ising acetic acid and water; (c)
contacting at |east a portion of the gaseous stream obtained fromthe first
separation neans with a solution of a netal salt capable of selectively
chem cally absorbing the ethylene, to produce an ethane rich streamand a
chem cml |y absorbed ethylene-rich liquid stream and recovering said
ethylene rich streamfromthe nmetal salt 30 solution, (d) contacting in a
second reaction zone at |least a portion of said ethylene rich stream
recovered in step (c), acetic acid and a nol ecul ar oxygen-contai ni ng gas,
in the 24 WO 03/074465 PCT/ GB03/ 00619 presence of at |east one catal yst
active for the production of vinyl acetate to produce a second product
stream conprising vinyl acetate. 5 10 15 20 25 30 25
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