WD 03/ 055838 PCT/ GB02/ 05455 | NTEGRATED PROCESS FOR THE MANUFACTURE OF
ALKENYL CARBOXYLATES The present invention relates to an integrated
process fwo wlosssexi dation of a C2 to C4 al kane to produc@CrhaEB02/05455
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
carboxylate. 5 Carboxylic acids are useful feedstocks for the production of
al kenyl carboxyl ates. Thus, for exanple, acetic acid is used to

manuf acture vinyl acetate. Acetic acid nay be produced by the catal ytic
oxi dation of ethylene and/or ethane. Water is produced as a by-product of
the oxidation process. In addition, water (stean) is generally added to
the feedstock to inprove selectivity to acetic acid. 10 Vinyl acetate is
generally prepared commercially by contacting ethylene and acetic acid

wi th nol ecul ar oxygen in the presence of a catalyst active for the
production of vinyl acetate. Water is produced as a by-product of the
reaction. The water produced as a by-product and additionally any added
water in the afore-nentioned processes nust be renpoved fromthe product
acid and al kenyl 15 carboxyl ate, necessitating expensive capital

expendi ture and operating costs. |Integrated processes for producing acetic

aci d and/ or yWTWGRACHIBIPRACESKTFUR THE MANUFACTERBOF AL KENYIdi scl oses
an integrated process for the proauctlpn_of acetic acid and/or vinyl

acetate froma gaseous feedst ockARBOXNYLiABESt hy| ene and/ or et hane. The

i ntegrated process conpri ses LLSt. - i | : hane is
catal ytical l y%%ﬁ PS%FQF{{E%%‘%PH r%.at{e%s Eos%n l?l{eegg%t%{woﬁg Og%sﬁg&itgégggo 8@291;8%% g(%juct
stream cQiyRliaak dOpRERtd the 36irébpanding wikeas andlkebagtt acidand dvisteirdm may be
passed directly to a second reaction zone without prior_renoval of water
and cont atiesd andearbpyyligiacil ase fther niedras ssapipain e predichPAdsaY i n WO

03/ 055838 I%CT/ 02/ 05455 the presence of a catalyst to produce a second
oroduct SEPSENR®onpri si ng vinyl acetate and water. Research Disclosure
2244 gf 1992 (Cuib&ylidacidsdak weft fiedescla for tegsaduktion bhalkewpli dat i on of

et hane and/ or ethylene to produce acetjc acjd i%@%%iCh th? Q¥-groduct 5

car bon naterylatass Thus, dpsegmpe @SFIAR S YR§ede m PP 8°EHPs docunent

t he aceti aci.d, Lic B Sehans. wagsed with
or wthou ce(t:lg%%r?l %ﬁ@gg&&gﬁyhﬁﬁéélﬁlzﬁ}%@g@(%foe%%q?gtaggﬂtdlcl)r havi ng a

sui t abl e i¢picaluyeat asfatsy-priodugirod theodxiidationfpraxtess In addition, water (steam) is

generally added to the feedstock to improve selectivity to acetic acid.

10 Vinyl acetate is generally prepared commercially by contacting ethylene and
acetic acid with molecular oxygen in the presence of a catalyst active for the production
of vinyl acetate. Water is produced as a by-product of the reaction. ‘

The water produced as a by-product and additionally any added water in the
afore-mentioned processes must be removed from the product acid and alkenyl

15  carboxylate, necessitating expensive capital expenditure and operating costs.

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
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

20  oxidised in a first reaction zone to produce a product stream comprising acetic acid and
water. The acetic acid stream may be passed directly to a second reaction zone without

prior removal of water and contacted therein with a molecular oxygen-containing gas in



acetate or, wth the addition of oxygen, for the production of vinyl
acetate. It is also known from for exanple, EP -A-0 985 656 that the

i nt roduct wono3mbss3g0 water into a reactor for produci ng vi rRdT/GBEIEIE can
adversely affect the selectivity to vinyl acetate product. Thus, in EP -A-
0 985 656 which discloses a process for the manufacture of vinyl acetate
by conbi {h Beesehddydfanatalae &l prodaed dseact] product ygeam camptisingivinyl gedatat

el evated tenperature in the presence of a catalyst, the liquid by- product
st ream cHV#EI-ng acetic acid and water is treated to reduce the water
content 15 thgreol 1G5t Ap&0sh0f ROYGIER) NB. 3380465 W prodddyiforither € remai ns
a need for an rnproved Integrated process for the manufacture of an

al keny! eddotydfatieans and'onsthyleny ko produetaeetid acigdar which itha by-prodwetul d be

desi | avionl . .
car bokyl HBOBYODABdLiE AT eHO ST AT Rabs F5 (eaasee By

corres pom&,%gﬂc@%hﬁ@gifg)%s@&)} ¥%hd Eth§lehélistadsah@fLow it @hdoen @ickidh

car boxyl 1 c aci are contacted”with a nol ecul ar oxygen-containing gas.to
produce titbwalek emydval, can benctdr hpeing teuititle patelysttfethn preduction ofwthyy r enoval

processing steps .w thoyt.. adversely.affecting th Lvity t | k I
car boxy| &f%ate Qgé’ﬂ\t%aé‘e\?&}wn Qgglf}éﬁeg’?/ foﬁ&@(ﬂrﬂ‘ﬁ%f’ﬁ} ,OFY%? aSC%Eealstéélr]t yi n\c/)egti gﬂy
provides an mi§9fsé%%ﬂT&%$& &Qmpld)EP -A50 PEDESEthaOihe dhtréducabkeny|

carboxyl ate which process conprises the steps: (a) contacting.in an
oxi da@ i owatezamtbiagmactarfer prodecing vioyl agekaip ean adversklyadifest thexelgeRitydent ai ni ng

gas, optionally the correspondi i Il i
presenceV&y?ﬁ?e\(?tgag)(duﬁtni&&sgf%ﬁygg’ 'g)lcét%s\r;bg 63@? Cl?@léélg%?éax%f ?%}%5 gj;r’ﬂtlig :[alhﬁane to
the cor LesRPRAI S Ahifeetaa sy cantigMylcis/léae stetit acidaadunexpgdn-r st product

stream 30 conprising al kene, carboxylic acid and water; (b). separating at
| east a pomtpingrg gAs athlévﬁtﬁ‘btﬁmef@ﬁeé%ﬁhefmwgﬁt‘éfpﬁ‘(aé’f)lﬁtn%le(h&“‘ﬂrt%igti on ]

conprisin he .al kene and fr-act. ,Si i i d d
vator: - BroipEasCa T i C AL AL FAPR Sl bR BTG Gl 2t on
zone 13t RR&If RfREbEInERed¥tledab theakkgme fraction dg di t b

ing Re | roduced in ste :
carboxylic acid and a nol ecul ar oxyg,en-cY(}[(}t,ai ni np %as, in the Brt(asZancg of
at | east one @N&F@%W%ﬁwq@érf%%’em}ﬂ% d’é"ieg‘ﬁt%fp 9FSBR IRAIte car boxyl ate to
pr oduce %?%ﬂﬂer%g%ﬂg%nﬁtc&%%ﬂ}rﬁférﬁﬁEﬁ 3 RdyPlckaRy| carboxylate, S vater

%
and car box@l aci d, Separating at |least a portion of the product
stream from stigpafichlagritiwatldbeaksirable, if in an integrated process for the production

of an alkenyl carboxylate by the oxidation of a C; to C, alkane to produce the
20  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 minimise the number of water removal processing steps without
adversely affecting the selectivity to alkenyl carboxylate, such as vinyl acetate.
Accordingly, the present invention provides an integrated process for the
25  production of an alkenyl carboxylate which process comprises the steps:

(a) contacting in an oxidation reaction zone a C; to C4 alkane, a molecular oxygen-
containing gas, optionally 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

30 comprising alkene, carboxylic acid and water;
(b)  separating at least a portion of the product stream from step (a) into a fraction

comprising the alkene and a fraction comprising the carboxylic acid and water;



portion of the carboxylic acid and water fraction produced in step (b) by
azeotropic distillation into an overhead fraction conprising al kenyl

car boxyl aw® 03a88838 base fraction conprising carboxylic acirT/ABo2(08)55
recovering the al kenyl carboxylate fromthe overhead fraction separated in
step (d). Advantageously, in the process of the present invention, the
carboxyl (@) aedhfldomien astdondreahioaizondatileass s pprtiph)of aaid atkeae daktsony |

car boxyl at e/ wat er/ carboxylic acid . m xt urq?g%itl)tlai ed fromthe second

reaction z onePepdBceap Stept (BN ai“ﬁﬂ%?xéﬂl?n gfid 29 qleciar OXY§e-CRILHRINE 30 py
elimnating ai\fefdrdsBhoci Rl M NeAa  0tnablitlionf of diRey at ef vt er/

aci d separation ans an ereby all'owmng a reduction in capital

expendi ture. biabexyateanpageons kgcond peoduciatess cinprivimgmilemghecarberpdaie, on al so
allows a reduction. in oveir all.energy requirenents to be achieved.
Distillative ¥@farad reRoOBHICLCG i ure of al kenyl carboxylate, carboxylic

acid and <¥)ﬁt eg aﬁﬂ?higra%%ahﬁéﬁoraaﬁbﬂmetph@dﬁc{é Redar?Rota @yl (€ pshd 4 168par ate a

m xture carboxylic acid and water by distillation. Furthernore, in

avoi di ng f eedipndgioa gftlicachoxylic @eithand tassrfrastonarodoced-igiapH®) bHxi dat i on
reaction zone directly to a reactor for.producing al kenyl [ te, good
selectivity t 825QMieR 1#3:‘%“8.8 ngé)vwae}a%ﬁac R glngfﬂ%égyf%rﬁog@é% t he
separation of 6@k Be/rddtionComp¥isingicaBdyldl kady| 25 o _

car boxyl at e/ wat er/ carboxylic acid nixtures in a single distillation colum,

the 10t alle) anuenoverdig thetadienylcarbaxylase fram the onerberd Gachien seprrichBLIeP be
typically present in the separation of al kenyl
car boxyl at e/ er/ carboxylic acid alone. Surprisingly, in the case where

the al kane is MivhaRgeaRE, e pesdessehe pregert anveanyl,ithe ebolkylie acetic aci d,
it has been found that the |arger amunts of water enables i rove(g
removal @ridiwidtensream htainedin stem () pnditheralieay! ¢ashoraipts/Watsr/sprbprylicaside
achi eved._.Each of. | - | o -ah kene and
nater ey BER e BBt A peon R BEn SX A RO LE BB B g e
and/ 5 r egauak ehetsbyRdinENAtingh WBdA3Y @p5BRMCRIZTAEBAR] k4 catboxylhte/waterd ent

i nvention, preferably, the C to al kan(ﬁ’gi.s et hane, the. .correspondi ng

al kene becifpeptmiprpisantrndtherclnrlepg Adritgticn FIbWP]i EPRYYBei ng acetic
0 o o MRS P N
react i on redugtion imovazall bedrgy ogeivemensts yo bé adhieveti istillative separation of a
mixture of alkenyl carboxylate, carboxylic acid and water requires less energy than that
20  required to separate a mixture of carboxylic acid and water by distillation.
Furthermore, in avoiding feeding a product stream containing water from the
oxidation reaction zone directly to a reactor for producing alkenyl carboxylate, good
“selectivity to alkenyl carboxylate may be achieved.
By carrying out the separation of carboxylic acid/water and alkenyl
25  carboxylate/water/carboxylic acid mixtures in a single distillation column, the total
amount of water in the column is much larger than would be typically present in the
separation of alkenyl carboxylate/water/carboxylic acid alone. Surprisingly, in the case
where the alkane is ethane and the corresponding carboxylic acid is acetic acid, it has
been found that the larger amounts of water enables improved removal of the by-
30  product, ethyl acetate, formed in step (c) to be achieved.

Each of the alkane, molecular oxygen-containing gas, alkene and water may be

introduced into the oxidation reaction zone as fresh feed and/or recycle component.



catal ysts and the reactants in the fluid phase. In this case, the
concentrations of al kene and optional water may be controlled as parti al
pr essur eswiow3toass3exi dati on reaction zone. Catal ysts acti veedToGB28455

oxi dation of al kane to al kene and carboxylic acid may conprise any

sui tabl e catal ysts known in the art, for exanple, for the oxidation of 10

et hane to et hyligngresdid ideatibs, preferhbhs teeS Lo (hetkand iLShdis) 687,
EP- A-0407091, DE 19620542, WO 99/ 20592, DE 19630832, MO 98/ 47850, VO
99/ 5133%orErpndms alkepsiwing eieylonn ansabe corespondag SR IR acetip e

cont ent s, of mé H}r]ﬁﬁee?ﬂ?ﬁ{c Ry acﬁ@?@feﬁ&%@&fgﬂhﬂﬁoﬂé@ﬁlﬁf _ @n—c%aﬁ%%&%7 rel ates

to a process ow t enper at ure oxydehydrogenati"0on of hane to
et hyl enetoygodigeaimghhedtyst having the enpirical fornula MbaVbNocSbdXe as

t herein defined, the elenents bei.n resent .in conbin th oxygen.

EP- A-0407091 FBtigallysthexd 36‘@8§§a"3ﬁg %&“t"iﬂr’?g@ h?tﬁ?og%eé)“gﬁyo‘?ﬂﬁtml{ﬁln of et hyl ene
and/ or ag lyﬁs A fle By c%'tsdiﬁtth@ﬂufafph%éq%th@@Qs{eothe%'bﬁd/én%ﬁoﬁsfbﬂahl&n@r esence
of an oxi I on cata yst conprising nol ybdenum rheni um and tungsten. 20

DE 1962054120ptmhaltve&elt mayrbé ymtmilsvd]as paﬂtllahphe&ﬂmresrmém ariddmaaeaction @ard-on
catal ysts for

r oduc n ceti aC| om et.hane [Q yl ene. WO
99/ 20592 rel aFéféﬁ’ﬁg a&“lﬁf‘ef"ﬁg‘& d% g aﬂ’i?&?y"%‘l‘%‘bﬁﬁ?udﬁ&r 08%’{'?%"1%&% from
et hane, rlfﬁep'ﬂls%% Qﬁnm&aﬁ@&sm@mg{m& o edanpRL fod e otieaparcgt ure in the
presence o catal yst having the for nul a I\/banbi(ch wherein X represents

one Wi setheneio etffyl¢pe, antitacetipackdbas descritigd inWS 4896484, HR-AY04@9Pd@Rt s one or

Vel ity B oy o (posBrisgmlo 19 & e

and U anqio@foa WeP9PB920.110S 8300682Gnd UB 4300684, the ortdertts 6f Gfxhtage HereliSer man
patent appli cation DE 196 30 832 Al relates to a simlar catalyst

conposi t insarporatedhbyxrefererse. b > 0, ¢ > 0 and d = 0 to 2. Preferably, a = 1,

b = 0.0001 topg?&ggz% retates tQ) éqrb@es}fcg ﬂ)v&ﬁte Qrathﬂe %ng%h;?@ ﬁﬁ?o%ﬁﬁ reI ates

to a process ducing I'C aC| rome hane e or m xtures

t her gpf amdn@toceaﬁﬁ&nes\isﬂgaa/cmgygtnavfn«grthmbmpmmwamamnommtsbxxe ds WO
03/ 055838 PCT/ GB02/ 05455 represents Qne o severala of Pd, Pt, Ag and Au, Y
r epr esenthsreip defireds thgelaments bging REssentiin co na‘qt%n WHR OX¥gPN. oy zn, U, Ni, and

gg a g g ZYr eE;%‘ib T& t(ﬁg%ﬁl_‘%fat%ﬁx %@ess‘)ﬁ{ndl-d Rhal%@for%he Fductich ofi%%lylé_ﬁ}, g? g:) ,
Pb, P, Asndoflackéic adddylbxidation®f ethane Snddockthlylere i@ thez)p@sence of an oxidation
catalyst comprising molybdenum, rhenium and tungsten.
20 DE 19620542 relates to molybdenum, palladium, rhenium based oxidation
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
catalyst having the formula Mo,Pdy XY wherein X represents one or several of Cr, Mn,
25 Nb, Ta, Ti, V, Te and W; Y represents one or several of B, Al, Ga, In, Pt, Zn, Cd, Bj,
Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Nb, Zr, Hf, Ni, P,
Pb, Sb, Si, Sn, Tl and U and a=1, b=0.0001 to 0.01, ¢ =0.4 to 1 and d = 0.005 to 1.
German patent application DE 196 30 832 A1l relates to a similar catalyst
composition in which a=1,b>0, ¢>0 and d =0 to 2. Preferably,a=1,b=10.0001to
30 0.5,c=0.1to1.0andd=0to1.0.
‘WO 98/47850 relates to a process for producing acetic acid from ethane,
ethylene or mixtures thereof and a catalyst having the formula W,XYcZ4 in which X



5 WD 99/51339 relates to a catal yst conposition for the selective oxidation
of ethane and/or ethylene to acetic acid which conposition conprises in
conbi nat | w0 asioskB38 oxygen t he el enents MoaWAgel ydXeYf wherremGBO2i0s435he
elenments Nb and V; Y is one or nore elenments selected fromthe group
consisting of C, M, Ta, Ti, B, A, G, In, Pt, Zn, Cd, Bi, Ce, Co, Rh,

Cu, Au, feBresélis ofidSor déverabof I@ Pt I\/m alﬁaAqu' ;re;Bes,entquneldt se\Nlral BV, Nb, B, Sb,
Si, Sn, Ti, U Re and Pd;

d t
Lt o8 oM Fie Sno bz S S w2 Fersons opehr el ght A RIRE ST .
(c +d) & r#) fVIg,t a SleB<a—Sg YWT@er it Ry, 63 éolﬁﬂe‘@@ AEL 8BS TI,&ia catal yst

conposi tl & &”6x1°dati on of ‘et hane to et hylene ‘and/ or acetic acid
and/ or fGe, PH)@, AxiadaTepn= df,bet(hyzl>e®|end disse®3.c acid which 15 conposition

conprises in combination wit en the ele bden: adi um
ni obium and gWQi-g?/r?l%%r%gsetﬁ&ec %l??ysﬁﬁ?rflﬁ “&l‘?ﬂ@ﬁ@ﬁrﬁeﬁév? 8X1t%n9é0 e(?rfnpl rical
formula @l@ﬁ%ﬁ) a%ﬁ:ra%id‘wﬁlch%oﬁli}@mﬁén BRNFrifk @ﬂil Bcﬁﬁlsméﬁérewitbd from
t he . group consi st Ta, Ti, B, A, G Pt, Zn, Cd, Bi,

Ce, Co, Raygehrthe c(mmenté\Manég,AgEhldXe@& whireirR¥ is the elevvgents’chib agd V;BAIs %€, Hf, Ni,
P, Pb, Sb, Si, T 20 and .La; ngk, fr,r epr esent
the gr anPREGH 91%1‘??1%5?}?‘:[{?‘?150@%%“8 cgﬁs(%quthr,R&bﬁa? OI? @bg P Ahda+b=1:
10-5<c<_ 92%209<ﬂ o’ éseﬁh,lcm@lp?ﬁm@s K, WD, 89/Mi2968, SreBat &sHfNiaPgat al yst
for the sélettive oxidation of ethane to acefic acld of formul a:  MaVbNocXd
wher 80 n Rbj $b, &%, Srp T4U Reanst Brlron, & c.cd, empd € repspssat g 2rate Afont FEog ph

cbout - pefestent spet oot €1 Wi 1 P 3 PV RE G FBEE % e 2pBio o 57

and d is %n‘oer ranging from greater than 0 to about 0.1. US 5300682
rel ates t_o't e use of oxidation catalyst with enpirical formula of
VPaMu O, , V\/ner @PMUHMOO@I relatesape catal @b corapositke foFthe awidatiun, of ghansfo U, Ta,

g' 1 iﬁnd >@ﬂ§’é@(nie§¥1¢/@§ a%%l@ asrs{] ﬂf'é‘? L rf%re‘fth Bgﬁﬁ?@h@ﬁ%le%%@‘%ﬁ%%ﬂg rwg’l‘ o f 0 2 e
Nbo. 37Res BB b D e o o B0 05455 her
s ui t abl e vaadiahj wiobinat aidsaild irf the abseace of palledivneacsardingipdhe eeRiigak des cri bed
cormbi nat 10RAR ¢ Mo B gBeV e BBt L o e el s R e
where X Z:Bip Bmsisfing € ©F, M Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, B1 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,
20 andLa; a, b, c, d, e and f represent the gram atom ratios of the elements such that :
0<a<l;0<b<landa+b=1; 10°<¢<0.02;0<d<2;0<e<l;and 0<f <2.
WO 99/13980 relates to a catalyst for the selective oxidation of ethane to acetic
acid of formula: Mo,VNb.Xg wherein X is at least one promoter element selected from
the group consisting of P, B, Hf, Te and As; a is a number ranging from about 1 to about
25  5;bis 1; ¢ is a number ranging from about 0.01 to about 0.5; and d is a number ranging
from greater than 0 to about 0.1.
US 5300682 relates to the use of oxidation catal}}st with empirical formula of
VP, MO, where M is one or more of Co, Cu, Re, Fe, Ni, Nb, Cr, W, U, Ta, Ti, Zr, Hf,
Mn, Pt, Pd, Sn, Sb, Bi, Ce, As, Agand Au,ais 0.5t03,bis 0 1 andx satisfies the
30  valence requirements.

US 5300684 relates to a fluid bed oxidation reaction using for example

Moo 37R€0.25V0.26ND0.075b0.03Ca0.020x-



US 6030920 which relates to the use of catalysts with elenents in
conbination with 5 oxygen in the relative gramatomratios of MaVbNocPdd ;
WO 00/ 00284 oshissdssrel ates to the use of catal ysts w th elPEITRGBE®R/ SIS

conbi nation with oxygen in the relative gram atomratios of MaVbNocPdd
and/ or MoaVbLacPdd ; US 6087297 which relates to the use of catalysts with
el enents in cotet BatabboMilitionawatalests fonusenia theprasdnt envgntion atecleserdeiios  of
MbaVbPdcLad ; WD 00/ 09260 which relates to the use o .cat%wnz%.s vvi.téth

el ement sin WOL9P/EFHR0; which erlatas torfhe usapfifatalystswith glegieptsdn gp B3t os of

MoavbLacAANDE Kl RRLE pralh Tofitaftfs SFMBRANG R h{re 008 PO®, 28T o or MG 00/ 29106

and WO O whi' c ate to the use of catalysts with elenents in
conbi nat USrs080910 whicheelaien td the usebfdatalpstgwitmebenmmts ingombdnasion Mitvb Gac Pdd

NbeXf wherein X = La, Te, Ge, Zn, Si, | : . ich relat
o tHb USEYish ie BedF Y S FoB) Biery PV bRl P o e Ry eEn 11 the
relati Vet&ﬁl@%@&@%}?ﬂﬁ’# grﬁth%ienh\éﬁ@s\éaleeﬁﬁﬁﬁwbﬁ%ﬁthv&@g@i ih e Feldlive ggam Ge  or

Si, the contents are hereby incorporated by reference. Solid
cat al yst stoactativeof Mo,V ibBai ataifdrdviodhLadids CIS1008 2P Tavkishaclaigy tide dshpor t ed

or unsuppqrted. Ex | es of sui.t.abl e supports.incl i]1.c L.at omaceous
eart h, H\to)Fﬁtﬂﬁ?tF Wlw?%?nt%ﬂr{ﬁﬁn}})é?g’saplnggg)glgﬁ%nntgl? réigg\(’:ez%{agl, Eﬁ?]lns gt?](lgsa,

si licon gafkj ¢epd Beliwe ®H0920 wiathaiand th ydeifestalysereil elefehisdn cat al yst s
active for the oxXidation of the C2to C4 al kane nme used_in_the form of

a fited eombinatich wath dxegen itihe latiygeram atom eatips of MoV d-aBddNbedeVRget o

oxi dise g | east, part of any,al keng;n~f [ [ ' zone,
for ex an%# e “oortq{@ng(?rarngstf%% i ﬁ%r%(i 37}7900??/% 9}196 g}g(?g% 'Og?b-l Qsllk\@?%g%%%}f)ar
0Xygen- CqRd @e Y BskaBas Wisie€leiBnts recanbidaiononith egpdendn teaebfiveganbatom r or a
gas richer or poorer in nolecular oxygen than air, As 'ta(g{)\;a gas may be,
for exampics of MesyeFadidi Nbe¥s Wherpingl sdias 4B @, §bﬂ¥9rwﬁm Yelpl e nitrogen
or carbo Q% de. . P > 1l - iy as is
oxygen. - DOERESRgen ELRRIRRY ts of BRp R REH Al B i g gas

is fag tQ)x?r @thdallitbn graaatdnd ratios 0EMoUdpePddi X ywh@einf X ek ke, @Ekane and
optional alkene feeds, and any recycle stregns. .The al kane and al kene fed
into t he wSi.dhe arerteaf whish asohEeyf npHRomstsl e E%€he present invention

may be_ subst %@%%%}f@égicﬁvé’ ForTRY o R8atRANBAHBLIC, fPC, SXAEhEy bikippotee 6 WO

03/ 055838 PCT/ or nore of nitrogen, argon, nethane, carbon
di oxi de, @anbgporredoEkaaplehylisuigkle suppwits ihdwld Blied, diatdmasenss eatd, C4
al kenes/ allmgl?trr;l%?ﬂlonite, alumina, silica alumina, zirconia, titania, silicon carbide, activated

20  carbon and mixtures thereof.

Solid catalysts active for the oxidation of the C; to C4 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
fed to the oxidation reaction zone, for example to the corresponding carboxylic acid.

25 " The molecular oxygen-containing gas used in the oxidation reaction zone, may
be air or a gas richer or poorer in molecular oxygen than air. A suitable gas may be, for
example, oxygen diluted with a suitable diluent, for example nitrogen or carbon dioxide.
Preferably, the molecular oxygen-containing gas is oxygen. Preferably, at least some of
the molecular oxygen-containing gas is fed to the oxidation reaction zone independently

30 from the alkane and optional alkene feeds, and any recycle streams.

The alkane and alkene fed into the oxidation reaction zone of the process of the

present invention may be substantially pure or may be admixed, for example, with one



Sui tably, the concentration of alkene (as fresh feed and/or recycle
conponent) is fromO and up to and including 50 nol % of the total feed,

i ncl udi ngwoesysssss, to the 5 oxidation reaction zone, prefrEaTabBoz/osssm 1 to
20 nol % nore preferably from1l to 15 nol % Suitably, the concentration
of water (as fresh feed and/or recycle conponent) is fromO to 50 nol %
i ncl usi v@ mdre b Bitiopt A arg@e thethane) cathanglioddy,clagdon rhandxtde, bydmgei,end reacti on
zone, preferably fromO to 25 | % 10 In a preferred enbodi nent of the
present IpywJerals @ﬁf,’th%frpﬂaCkélﬁ%‘}esﬁ@ﬁe%s ethylene, and water are co-fed into
t he oxi dationgr: i S ¥ abmbenentiby! ene,
and wat er ma)r/S lggdﬁf};élg%rﬁoﬁeéa]ﬁrragtg? I(())}”%]l‘R E%e (a%ﬁ?sl%%e%@%@d/gi%:ﬁ? sugh a? 1

0. 1- 100 #6mD and@ple 2Ad mefuding 5@ mmbbiyof the totaldeed irkcluding tecydles, iy theei ght . 15

When solid catalysts are used,. jn.the oxidati,on reaction,zene, al kane,

t he 5opt‘P’@ﬁi\"é}(’ncfé?‘%tl%ﬁ%%liﬂﬁife’?Pb'eﬁi@?EiﬁB?héml OP’-IBWd’é#e ag’#f ]§Prrr11i 1n%)hl§as,
optional  weder and any recycle gases are preferably passed through the

oxi dation reaction zone with a residence tine corresponding to a, conbi ned
gas hourly spSutemblg tlecidngert@tiowof shates (&-fresb fopiomd/or regysle BB iy def i ned

as volu cal cul at ed .at. STP) . of Sc. passing 2 r t ctor divided
by the EEP‘&‘ U9 rfBOIO% 1§@P§W%éf@5tt%€v5$£ 1%%£%§?e&g&e%#9 ?%aea(gﬁcll%ﬁﬁof t he
present juMen!ione, sretersil tokl 0'1dEs @eryd ed out at a tenperature in the
range from 100 to 400C, ypically i'n the range 140 to 350C. The oxi dation

react0 on of thea preéamdienitindimenton theayesent apntipnpan alkeng, suc tpetipglene,
at msphe%fﬁgﬁgb%%%geﬂégﬁg heeé{%i at%%eféasc%ﬁmﬁeqr exanple, in the range from 80

to 400 ane ‘conversions in the range 1 to 99% nay be
achi eved in t Rgitatdy itH@kIkene, feasKhingle, othylehe, apdessdatmayiventeddn a ratiqpofcal | y,
oxygen conversions in the r angg 30 to 100% nay be algf}’i eved.in _bﬁe
oxi dat i on0AeX@ttiyoreight, surd asrlabin 09 gy baPilor) bugrafpraplysngiatiad i 8n-12Lact i on
of the pgeseent i nvention, the catalyst suitably has a productivity in the
range 10 ¥ §¥83%600 grans of carboxylic acid, such as acetic acid, per hour
per kil ogr am g¥heaboitlyatalys OuQ:a/if Be8381AGT rGB0H 06us She dkarisothenonoxi de
can have an adverse effect on sqne_catal ysts used in the
optional corresponding alkene, molecular-oxygen contamning 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 GHSV being defined as volume (calculated at STP) of gas passing
20  through the reactor divided by the bulk volume of settled catalyst.
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
atmospheric or superatmospheric pressure, for example, in the range from 80 to 400
25  psig.
Typically, alkane conversions in the range 1 to 99% may be achieved in the
oxidation reaction of the present invention.
Typically, oxygen conversions in the range 30 to 100% may be achieved in the
oxidation reaction of the present invention.
30 In the oxidation reaction of the present invention, the catalyst suitably has a
productivity in the range 10 to 10000 grams of carboxylic acid, such as acetic acid, per

hour per kilogram of catalyst.



production of vinyl acetate. Thus, depending on the nature of the catalyst
enployed, it is desirable that the first product stream should have a | ow
concent r anvioons/osfs3gar bon nonoxi de by-product, 5 Thus, it iKTaGBR/0PsBf erred
to use a catalyst in the oxidation reaction zone that gives negligible
car bon nonoxi de by-product. An additional catalyst conmponent in the

oxi dati on r eaChibon nrmozidesgn bavemadivese offedtionsonwrdatatysteorsestimidet o car bon

di oxi de. The. additional catal yst conponent resent i e. oxi dation
O al voi gt yind A FsY SlnsTR P Tatliésn TubfEas rloleds B 0% &
used as BediaBRiRAthd Bist bFoAuSSHERMISBOUIRhREES Bow EdiReREAUGIT cabbgam conpri ses
acetic acid, ethylene and water, and nmay al so contain ethane and oxygen,

i nert gamoooxidehemralustich as argon and nitrogen and the by-products,

acet ol defyde, 1ar BODTDRRALAS A1G SALICN 0 Rl Rui sl al fomNdyend carbor

nonoxi de may b ar ‘oxygen-contal ni ng gas

produce gl heglslel caBen GnbRide by-plbduct. cen adzstxaml tatellyt coripohent in the
downstream processes or, after recycling, in the oxidation reaction zone.
Et hy| eneokidajierexsaetion; zone meayhredued to atidisaprben meBowds Ingarben 4ie%idei on as

R e s R G T R T e S e

separ at egr ina @R6ndiry FAatEon sm@ges into a fraction conprising the al kene and
a fraction cogﬁl)’g sing the carboxylic_ acid a%d wat er .

sepal@tion nedWkenrilansds vypdias paenciint fordke o F%OC?éﬁﬁgé]ﬁ ﬁi?‘ﬁS%gla}ﬁdens ation
condensatP RS actiEiEd Hllenc 8 yARROAREMA IS i BhneHhd Bhymen o

conpr i sesnecgisicompohehts swehtay besos aad ditwees and theity-pregudis aseipldelaydsd by

raCt T on CEORDRITPHGS ABUCTEORGIHH dinc EN S G E g MM HE RGN Ee ! at o of

e or ot &5firtel o2 BEI0HEL Hach!cBRlalHl b bhrd e koM Reid dmor 6 20 1

30 ta50. BidkidGasmotiytlyceithet th dovdistieam pkasassesray afier iwpydlivgain the pridatiay ed from

t he product of the oxidation process. 8 WO 03/055838 PCT/ GB02/ 05455
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
reactant.

20 The product stream from the oxidation process is separated in one or more
stages into a fraction comprising the alkene and a fraction comprising the carboxylic
acid and water. Any suitable separation means may be employed such as membrane
separation, condensation or distillation. Preferably, the separation is carried out by
condensation.

25 Where the product stream from the oxidation process comprises acetic acid,
ethylene and water, this may be separated by condensation into an overhead fraction
comprising ethylene and a base fraction comprising acetic acid and water.

Suitably, the weight ratio of water : acid in the acid/water fraction is in the range
from 10 : 1 to 0.5 :1, preferably in the range 5 :1t0 0.5 : 1, especially in the range 2 : 1

30 to0.5:1.

Carboxylic acid and/or alkene may be optionally recovered from the product of

the oxidation process.



The al kene fraction fromthe separation stage is fed, as one or nore
streans, to a second reaction zone together with optional additional

nmol ecul ar waxoagass3gont ai ni ng gas, optional additional al keva/eeat/sasboxylic
acid to produce al kenyl carboxylate, such as vinyl acetate. 5 Unconverted
al kane and/ or al kene may be recycled together or after at |east partial
separ ati on f rpie dlkenedation freanihpseesttont stagehe fedy adatel @mmoreattans) teane
directly or_indirectly after one or fr’(!llc)ir.e, separation sta Cat al ysts

known i nsecpd gpetiqngzong ﬁ%eﬂ%aﬂ tqp_aﬁn%i ditieaslymolecly Sye _‘géﬁtmgbe used in
the pr ocg%’s %@fon%f@ddﬁﬁﬁéﬁﬁkeﬂéﬁﬁ%@af%&zliﬁﬁé to protifeatkerft EArBEx 106, Subk

product i 0 vin acetate whic y be used 1n a second reaction zone
of the pasdayltacetaieenti on nay conpri se, for exanple, catalysts as descri bed

in 1 559 540; US 5 5,308,and EP- A-0672453 the contents.of which are
her eby i ncor pﬁf“é‘f"éfﬂrtf)‘;/gli@‘?ee?ngiﬁocf@ﬂ(e@n?yﬁge‘é'lfga%&gg‘%?rl%éﬁﬁr %A?a?ﬂ yst active
for the praRGEAIhGSh BbmihdHbwRGRhAlo&Ys td thE okRIBGEN RActIn AnB\liese; acetic
acid and: oxygenh, the catalyst consisting essentially of: 15 (1) a catal yst

support bamidmertly af@r e drmieseparationstagesom 3 to 7 mm and a pore vol ume of

110, 2,10, TRt g R SR oL BRI S Iy "

di stri buhed ih hedprostsh 8 thelpadsent iaterion. ThaS, ahtiBlst Suivp d6it the prdustivf efce | ayer
extending less than 0.5 mmfromthe surface of the support, the palladium

in tHe avingladstatenyhisherasnbe ysed itha seponhteastion zene of e present MVGREGHRMOY per
litre of catalyst, and t I ! t2nQf mO.5 to
2. 25 or areroi R Flbisy AP G PRLARARIRET s 0 BB S T B R BN 2, e Ot
cat al yst Ach62UBRtHe doRtents ofaddtinire hetdby mcbBimradedbdesferenbes a shel |

i npregnat ed cat al éSt active for the production of vinyl acetate from

a
et hyl ene, acefdklag? é%ﬁ%ﬁcahe%%%wt@%Y%@hrhﬁ@r@%@gétlophévwﬁ apSIiE by
consi st ti foalid) | st i i¢l e
i et er U SAEA Sl Bltenf sochiSAci® pf FbRIAE; 0B CRRKL o REKRBSERI 1 %S 1t per
gr am 5 ( 2)1)padakagkt sipponichagaloth patiide didmetedfiftont heo Dutne ands pork. @lume ohi ck

0% by, e o1yl acel Pk aEi B abriionet YoraaPat SRR BT Bk Auel ght
Goscr i LQ?@%?‘P?@? B62l iF%‘i&r‘?Sﬂ‘?ag? Kty gisg?\%&?dﬁié’?arssuﬁt?ge R Sl ui d
bed vi nylatalyst supponprtbe egfes layanextdnding legethen Ofsinnygfrempiad $wthice of dent ai ni ng
catalyst Slilpspotl’tt]t te p%ﬂgdi%%ritﬁ%'e al?oy being present in an amount of from 1.5 to 5.0 grams
20  per litre of catalyst, and the gold being present in an amount of from 0.5 to 2.25 grams
per litre of catalyst, and (3) from 5 to 60 grams per litre of catalyst of alkali metal
acetate.
US 5,185,308 describes a shell impregnafed catalyst active for the production of '
vinyl acetate from ethylene, acetic acid and an oxygen containing gas, the catalyst
25  consisting essentially of: (1) a catalyst support having a particle diameter from about 3
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.
30 EP-A-0672453 describes palladium containing catalysts and their preparation for
fluid bed vinyl acetate processes.

An advantage of using a palladium-containing catalyst is that any carbon



WO 03/ 055838 PCT/ GB02/ 05455 nonoxi de produced in the first reaction zone
w Il be consuned in the presence of oxygen and the pall adi um cont ai ni ng
cat al yst wo a3wssssecond reaction zone, thereby elim nati ngpdieBrasdsst or a
separate carbon nonoxi de renoval reactor. Typically, the production of

al kenyl carboxylate such as vinyl acetate in the 5 second reaction zone is
carri ed @uhoies prodgeaddn s firstiehétidnhmne edli bacbssubeidny thermsente o t he gas

phase. Additional al kene reactant nsﬁ] be fed to,the.second regcti on zone
for the opesnand fhsmabadiampcamiainiag cHalsH 15the speopdreactian 1ons: BEielYe from t he

oxi dat i ogy; 1 &agh | 2% LaioR TR GEmBR/reictdtnconsuned al kene
react ant&u&@gﬁ%%@t@ing%@aﬁngl%ﬁ%ne i'ntroduced 1 nto the sc_econd reaction zone for
t he producti ofygitallyathegmyduction ot slkenyleartmyylate siobes winyl adefaje mihe or my be
adm xed, for_exanple, with. one or nore of nifrogen rgon. ne ne, carbon
i ox S sceapbEACHBNGRE dhCatighP B Blroeare o AR s SE e

al kenes/a{e?gsﬁase_‘rhe nol ecul ar oxygen-contai ning gas used in the second
reaction zonhe’for the 15 production of al kenyl carboxylate may conprise .

unreact ed nol Additmnaloatiape meactam maybefed tpathe feconsl seasport gnelRBhsr addi t i onal

nmol ecul ar _axygen-cant aj ni s.. T di t0on I scant ai ni ng
gas, if B9 H?ltg%‘gfca@@nﬁ ?arg&yga%ag%wgﬁﬁgﬁlg ratll%e:ﬁe %‘lé’gme?‘ r ?}%?]Haﬁ% g%‘éﬁ(gf?zcg{%ygen
than air a igsidaRbeuckasi/bi @ahsmdEMRres@en- contai ning gas nmay be,
for exanple, oxygen diluted with a suitable diluent, for exanple 20

]1

nitrdyen or cadddiondiadkingantregusedindpthe seednsl raertionizenafor bt wedugiion of

en or ca ; ' , | e
ool Sout antkerygantsdafemiy ke S ERiaf] G LRl be Al iR fo SRR wih®
react i on oAOBembfdNHiteeucn| 4eos, mettareackbsy Hioxides taborr manoxide, dydibigen,

carboxylic acid fed to the second reaction zone, may be any carboxylic acid
25 or a mikiay Eevels o athen&yCealkeppsidkangst s preferably, the corresponding
car boxyl i c aci 0 - i ik RE S8 LRAChhoripne. Were
t he al kene us;@e%}o@%@ﬁgﬁ&%ﬁﬁ%@%@%@?ﬁ%?&éﬁi s et hyl e%e, t he carr boxylic
aci d18segréduchebaliediyy carboeflite nay abmpFise un@atted ylolecuke odygesd to the second
reaction zone for the prodtictié})n g(i‘ .allyﬁen | .30 carboxyl.ate may conprise
fresh an&P@ipininggas|feor sten (2)prd/of pdditony] n¢lerar| OXYBSF HUNAINE 88%i d may be
introduced in i Jlﬁ%éyg'él{l ARG JBGE u@, SAPBEaldrhead streans
or as a singl fal%fetggglt@?@gggne%onpri ing botlﬁ%léa’ ustd, Y w

richer or poorer in molecular oxygen than air. A suitable additional molecular oxygen-

containing gas may be, for example, oxygen diluted with a suitable diluent, for example
20  nitrogen or carbon dioxide. Preferably, the additional molecular oxygen-containing gas
is oxygen. Preferably, at least some of the molecular oxygen-containing gas is fed
independently to the second reaction zone from the alkene and carboxylic acid
reactants.
The carboxylic acid fed to the second reaction zone, may be any carboxylic acid
25  or a mixture of carboxylic acids, but is preferably, the corresponding carboxylic acid of
the alkene employed in the second reaction zone.
Where the alkene used in the second reaction zone is ethylene, the carboxylic
acid used is preferably, acetic acid.
The carboxylic acid fed to the second reaction zone for the production of alkenyl
30  carboxylate may comprise fresh and/or recycle acid.
The fresh and recycle carboxylic acid may be introduced into the second

reaction zone either as separate feed streams or as a single feed stream comprising both

10



10 WO 03/ 055838 PCT/ GB02/ 05455 fresh and recycle acid. The carboxylic acid
fed to the second reaction zone for the production of al kenyl carboxyl ate
may conprwoeosassd3gast a portion of the acid obtained fromrawsBG2/8aH
processes such as fromthe separation of the acid froma m xture of the

aci d/ al kenyl 5 carboxyl ate/water. The carboxylic acid fed to the second
reactlonﬁgmrmmmdacetlc acid, has a water content, such that the

anount of water entering the se ond reacti on zon ref erably ri ses

| ess than 6 wibg CarBexy 1]9@5@9&915‘? &‘elség@dtrﬁ%%loﬁ Z55e Orélgep%‘t‘?ﬁ‘é%}oy? 9f%ggegyft han 3
wt % of t dsReardnr eacti on

zone. Q%PE”B@%FP% ti ¥[39 lg%églﬁg%fvﬁﬁgﬁghf&ggﬂ%tgg@ﬁe second reaction

zone nayphﬁessbs achds ﬁ%hethesqtardlcumfetheymléﬁarreausﬁHTQQf threcidalkend reacti on

zone for the production of al kenyl carboxylate, the product fromthe

oxi dat i oﬁafp%)g%t%‘f? t%one, any additional al kene or carboxylic acid

reactants, anyng sﬁ%ﬁkﬁl&{cﬁ@ﬁ({&o ANk OB dBehd RN Z8KY,38th S0sedt Atidg hgas 15 are

preferably passed.t hrough the second reaction zone at a_conbi ned gas hourly
space velatticonteftCHBH)thafths@oowy of 5at@hieting thesegerbisacti®@s#®eon zone for

t he producti on of al ke oxyl a 0 a

t enper at grederp YtCHEIPPa‘??S‘éSSr‘ﬁ%'h?ﬁ O?G'Zg‘%é g#ﬁe(%gtlta%agrfg‘g F}gac |o%ﬁjyz%%1e for the
product i @nof wak kemélto@pEBe ll%ta@uiﬁiﬁd veater chipdring tROsdeend pactbedort a
pressure In the range 50 to psig. The second reaction zone for the

prodiieti on of Pézlkba@h}yart @ﬁhbG%PPMI@ %Pﬂilfeéldi) theegondyeadtionrrane % t her a
fixed or la fluidi sed bed process. Carboxylic acid conversions in the range
5 to 80%fHY"be achieved in the second reaction zone for the production of
al kenyl car boxyhe £1id2ataBe0ee usainvehcicoosd teactidiﬂomam'qethaﬁr(tducﬂ@f)% may be

achieved in the second reaction zone for, the Pr oducti on "‘iﬁ%
car boxyl alﬂl@nywamlaé@rﬁh@e?@ﬁ%ﬁiqu%ﬂ%e%@aélﬁaéeaﬁ 101 ZaRse 80 Y B ed in

ggg Oﬁgcfgg &Rt 8W fild 4 {egfr}%{n{] Oe{ngtrg ol?é QeS| faﬁﬂ r@lec‘%}z{f %ﬁy%encc%ﬂ?ﬁﬁﬂxg?h@- | n{ the

zone ction o enyl carboxyl ate
cat aljgst aséiprictdpibly ba@e@tmbmglme smotn;i réastibh eoncerigeoibitted gBG@O@Ihg ppege  of
al kenyl car box&l ate per 8%1kg of catalyst.
velocity (GHSV) of 500 to 10 000

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

20  be operated at a pressure in the range 50 to 300 psig.

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
second reaction zone for the production of alkenyl carboxylate.
25 Oxygen conversions in the range 20 to 100% may be achieved in the second
reaction zone for the production of alkenyl carboxylate.
Alkene conversions in the range 3 to 100% may be achieved in the second
reaction zone for the production of alkenyl carboxylate.
In the second reaction zone for the production of alkenyl carboxylate, the
30 catalyst suitably has a productivity in the range 10 to 10000 grams of alkenyl
carboxylate per hour per kg of catalyst.

The product stream from the second reaction zone comprises alkenyl

11



The product streamfromthe second reaction zone conprises al kenyl 11 WO
03/ 055838 PCT/ GB02/ 05455 carboxyl ate, water and carboxylic acid. At |east
a porti onwaro3tosss3pr oduct stream fromthe second reacti on PONEBI285EEd
together with at |east a portion of the carboxylic acid and water fraction
obtained fromthe separation of the product streamfromthe oxidation

r eact i oncabaelatt.Ov@earslt daboadylio acido tienst fagrortsmpefithe produoifsttena feam Bxy | i ¢

acid fromthe 5 al kenyl, r boxyl at, d ter. AL.least a.,pordti of the
product StPBAFRAFHEHFAITES i tastt ?fnwlﬁégtgﬁsgﬁp%mo "t’s‘ibo"éfl}@ja ludr?gg with at
least a %’Ee"rgr%@ti&f oﬁtgiﬁgcgﬁeﬂfk% sk ARM IR Profee: SREMM Goheasloxntisene  and

the co joined stream , as one or nore streans, into the distillation
col um.  redkctier natej toed Jistiltatimd diotvinuntolr Isgparation| of dlag cazbgyaticiagd A thfe product
stream from t he oxi dati qn ]tO reaction zone may be fed, as one or nore
streans, akseY Ahoxyiele Y3 ¥ n col um separately fromthe product stream

fromthe second léagt%{)d:)rﬂﬁn BP0R prééduck S&in Romahé bridatidn fehetiqar e etay teet r eam
fromthe second reaction.zone nay be fed, as one or nore streans, into the

di st'i | | atcbgoinedvithnat leBststpartien pfihe pegsictstiear fFam theeseppreiFaetia 7988 m f r om t he

second reaction .zon nd .15 th I j : r tion
obt ai ned °[°H8m§§ B&F‘H{‘ f%‘ﬁ P S? ﬁ%ﬁg@’éﬁ{ﬁ%ﬁsﬂgﬂtﬂ%@%@?ﬂ%%ﬁ i?ftlaﬁlgﬁi ::Iat i on
reaction gepeRERdaasitienaldy at kead goreat éfahe pridpet ssiemg fran kenpidatmnboxyl at e

and a base fraction conprising carboxylic acid. The carboxylic acicii base
f r actlDon redction gomeniny be fagafepne OFFBOLE FHERRS, dGito ;Shlea@lé%ﬂat\m‘ﬁf‘%m frparately
distillatdon,colu may b i } fon in
20 vt er 0N IEAP RcAh PR g s AREALE IR, eI b B T ¢
aci d/ wat eresfh fodi fheEByondaeadtiondoammaf be fied, heomeenode stieameliistoithe at i on
colum either in liquid or vapour form Wen the al kane used in the
process ofistillitiopeeydm i nvention is ethane, the product streamfromthe

second reacti Oﬁisﬁ(ﬂggx{ée &E)\a}\%pgrrl Bg ﬁ%lﬁ%dtﬁpst@canﬁfr&ﬁrlﬂé sdcBh@Ra@t onednd may

conprise vinyl “ace acetic acid and optionally al so unreacted
et hyligne, thetdremeylicachl alddedydieaction obtagred  fream dersepaatipoof o poyduge and car bon

di oxi de. The carbhoxylic, acid and water, fracti on optained fromthe
separ at i otream fraye therGrdation reactign ARG RERIEGFE aB)?l"%fgﬁcgﬁﬁa@é’Q(?PF’@ﬁl SPEne wil |

compr i se eﬁﬁ&%&r@&i atggﬂd WBL&S fracliOf c¥inPMbing @&BbRJIR achBt €r and acetic acid
stream fromthe second reaction zone nmay bé introduced 30 separately from
or as a singl eTemebstylie acidbasfradionatsetcompaisedvatay Tharamber alRlpgh into the

within the distillation column may be selected according to the desired reduction in
20  water concentration in the carboxylic acid base fraction. The carboxylic acid/water
mixture may be withdrawn from the base of the distillation column either in liquid or
vapour form.
When the alkane used in the process of the present invention is ethane, the
product stream from the second reaction zone for the production of alkenyl carboxylate
25  may comprise vinyl acetate, water and acetic acid and optionally also unreacted
ethylene, ethane, acetaldehyde, nitrogen, argon, carbon monoxide and carbon dioxide.
The carboxylic acid and water fraction obtained from the separation of the product
stream from the oxidation reaction zone will comprise acetic acid and water. The vinyl
acetate, water and acetic acid stream from the second reaction zone may be introduced
30 separateiy from or as a single feed stream with the acetic acid and water fraction into the
distillation column wherein the stream(s) is/are separated by azeotropic distillation into

an overhead fraction comprising vinyl acetate and water and a base fraction comprising

12



distillation colum wherein the strean(s) is/are separated by azeotropic
distillation into an overhead fraction conprising vinyl acetate and water
and a baswd03ass§3en conprising 12 WO 03/ 055838 PCT/ GB02/ (€ABGB02808€tSi ¢ aci d
and water. The base fraction may be renpved fromthe distillation colum as
liquid fromthe bottomof the colum, or as a vapour one or nore stages
above t hgeetidatidamd afatérh @ hedlasefraction naaytreamor edifremsbel distiHatiaf cal@npr ocess

of the present invention, the groduct 5 stream from t hte Seg, {)gtﬂeeacti on
zone is achayidfiom the befemp! hgrQlump Qs ajVAPYIrHng oL HifEe S ag?saacg 'O conpri sing
unr eact egoﬂrh%gﬁleacgqm%_l iquid fraction conprising al kenyl carboxyl ate,
carboxylic acid and water. Any suitable separation nmeans  may be enpl oyed
such as menbr afiea pefaredtdantrwdimendod resao¢asnobibe gresent INEItORA, Pipéff@cngbl Y,

conpr ]SSR THBEESa] riRsfep Aids SBFTLE! M g AeBe Tty FEEERE,
conpri si 'ﬁquﬁ&hé’dlﬁgr‘rrgsg/n%&ﬁ@med AREHeahd ATy freiohanipBisimgiatieenyand car bon

di oxi de, any, e renoved fromthe second product stream as an
over head chmorylatescarbirhiliegresdndrivateri n whi ch a liquid fraction conprising

vinyl acetate,, water and aceti 1.4 1S dhe

et hyl ene and/ Oﬁnyespﬁgp]lg Smﬁboé”ﬁan?g%a&cqeee Iﬁ{)}%\séfs gﬁﬁ%é; glﬁc?ﬁl%? tep (c). The
al kenyl Ganlsyit® difiatiex arpletably icBydensaiphds emplyedcover ed fromthe
overhead fraction, suitably, for exanple, by decantation. The recovered

al ke9l  car bhyk.avisre thectecens! mpayat seast seraDrisea YNy ACEIYE; VI AGEAEHS t her
purified in a known nner T S I Y ‘hexylic
aci d, suc?ﬁﬁiag eaears ga%ncﬁomé)ﬁé%\%a@ﬁ%ﬁgt hgl%egﬁééetgeg eg? éd\{\nsdtnphﬁggégragf erably
Wi t hout faukich@on Ribxidd, ¢dnypmay be rahe@ed (fmm tie setmndyprodes streandlas@nnat i vel y,

the carboxylic acid is recovered fromthe base fraction .and. further
puri fi ed averhged fiomm sqrabhing Gelumaniayich 6$q%'3aff?ﬁl“8n BYMBEpE Y }”g’ﬁ(%eﬁ? ®The

nvent Lol dnWANPEL W Il BEmithe Bakeo TR ARGENS Md/Giafinany Bd Lhe | 25

Exanpl e. H represents 1n schematic ock-di agram apparatus suitable
for use ircjdial toRtepa@pandsdr stdpe(cpr esent i nvention. The apparatus conprises

i dati t 1 ided with I t d
bt onal |y ot HpteaHkem bR ey SHRRE P 6 AR R SRS SRR ng gas

overhead fraction, suitably, for example, by decantation. The recovered alkenyl

carboxylate, such as vinyl acetate, may, if desired, be further purified in a known
manner.

20 The base fraction comprising carboxylic acid, such as acetic acid, and water may
be recycled, with or preferably without further purification, to step (c) of the process.
Alternatively, the carboxylic acid is recovered from the base fraction and may be further
purified if desired, in known manner, for example by distillation.

The invention will now be illustrated with reference to the Figure and the

25 Example.

Fig. 1 represents in schematic block-diagram, apparatus suitable for use in the
process 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

30 (4), a supply of recycle gas comprising ethane and optionally ethylene (5) an outlet (18)
for a first product stream into a separation means (6) for separating the first product

stream into an ethylene fraction and an acetic acid and water fraction. Depending on the

13



30 (4), a supply of recycle gas conprising ethane and optionally ethyl ene
(5) an outlet (18) for a first product streaminto a separation neans (6)
for separwtaosgssdse first product streaminto an et hyl ene HaTaeB200848Nd an
acetic acid and water fraction. Depending on the 13 WO 03/055838

PCT/ GB02/ 05455 scale of the process, the oxidation reaction zone (1) may
conpr i sesqid éfake prosésagihe oxiatiboreacion zmedi pinay esropaseseithar paimgleireactesr
series. The apparatus, als onpr.i ses a second reaction zone (2) for

acet oxy| 8k §e¥fa aCt@‘fSHWPé’f?ilef%r%f‘ﬁ%/I acetate which is provided with neans

(17) for conveyi b tud 885 EorfpriselQlsbéoRa rédctibh 2ol (2y feneefokglatibenf f rom t he
separation neans (6) I1nto the second reaction zone, a s.uppli/ of nol ecul ar
g

oxygen- cethykhatnvngbee(ag) whigh supnovided withaugasis é1 Adex ¢anvaring at {282 and an

optional supply .or s | i es. of. et hyl ene_and/ qr L C i Dependi n

on the §8‘é’|°g nghet%@ig%oﬁ%cz@fl f{%H]&égggﬁatloﬁe{gg%l}sgﬁ)e@)ontg@%lz%nﬂrﬁ%/acggﬁ rrBri se ’

ei ther a,gingl 1? ﬁgﬁ{fogcug; oRFIEALRNtAEAE b 9), ar‘suggryaiﬂredycdrradeﬁc s@di es. 10
r er

The apparatus f er conprises an optional scrubbg (128%) for the gr,oduct
from thélBendauopeerci sepply ohappessef athdeneqndias apetiqac ( oPegefﬁg% R ng

acetic acid/vinyl. acetate/wat r : reaction
zone and%fertsé:afﬁcoitﬂ?ecprg%‘?sﬁ’t %?c\?\/a‘ﬁ égraCR@ %c %i (g%&g?g%mgé%éaér’iglte?g%&%gans (6);
vinyl acetRtd ob Yvetdl ¢actd@inmaslte] oL A)seriept i onal  acetic acid purification
means (15) and one or nore optional separation ﬁr%?n@af%l% fo%ﬁ;i% separating
carbd® di oxi d&'heepparpies fsther garpases a8 ephipral seBhy (L2I0F F5Pr9 Sy
optional Ly for recqver f i.ethyd ] ‘Re.axgat i on reaction
zone (1) ﬂ%{esseﬁ?% ea‘é&n\/\%)tn %’ %%gt EIF%Igg?I? egﬁgeagz?glSfé%}afé&zgé%cehggglsa{/‘}eﬂ?or t he

oxi dat i onc@htelBerSkdiatie prodiqmoiitrceton raaitnamode etditheanetic Bid entbwvter he

oxi dation catalysts are solid catal ysts. Mlecular ox -containing gas is
fed to tHeaction Ermogprghon Bsans G YA acette W@ﬁ%ﬁ?@%?i@’ PRYQGR one or

mor e i nl ea:[cgﬁcf @éﬂ?\%@tﬁ%ﬁon fn?eggﬁlgz knd 8RS AbRDpRbRAREparatith @RAdsqI6Y foy

et hyl ene 1'S e OxI reaction zone (1) fromsupply (3).
Recygke gaparaigarisomdioeidhdioen maycle gedes fimhl thesedopdaastion zapsand fed to the
oxi dation reactor from sugplhg{ 3&5)' The nol ecul ar oxygen-contai ni ng gas,

et hane arfPtioaaliciosrega¥ery ok eiylPE BN i nt o t he oxi dation reaction zone (1)

t hrough one 250k MG Ra&RRFoat EN)s frovidedRatH dtaéasDoncenmlyeteach
conbi nat i on. ?583‘.5%%?’? at Iegst one eic?f he streans fed to the oxidation

react or adctioe foanips dxsidstionaifahe ethane thdomx pepiciasid and gthydenea Syitabdy thsy oduct
LT eam | D guced W eh. SUDERSSS, MOIELENEASoRLATHE badldLoto o eact ed
20  oxidation reaction zone (1) from supply (4) through one or more inlets. A gaseous
feedstock comprising ethane, and optionally ethylene is fed to the oxidation reaction
zone (1) from supply (3). Recycle gas comprising ethane and optionally ethylene is also
fed to the oxidation reactor from supply (5). The molecular oxygen-containing gas,
ethane and recycle gas are introduced into the oxidation reaction zone (1) through one
25  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 7
ethylene (as product and/or unreacted feed), acetic acid, water, optionally unconsumed
molecular oxygen-containing gas and by-products such as carbon monoxide, carbon

30 dioxide, inerts and acetaldehyde. At least a portion of this product stream is passed to
separation means (6), such as a scrubber, from which a gaseous fraction comprising

ethylene and a liquid fraction comprising acetic acid and water are removed. Atleasta

14



nol ecul ar oxygen-cont ai ni ng gas and by-products such as carbon nonoxi de,
carbon 30 dioxide, inerts and acetal dehyde. At |east a portion of this
product swoeamsisspassed to separation neans (6), such asc/GB2BEESr, from
whi ch a gaseous fraction conprising ethylene and a liquid fracti-on
conprising acetic acid and water are renoved. At least a 14 WO 03/ 055838
PCT/ CEBOZ{gGﬁﬁ;ﬁS)ftij[c];md)fraﬁfomdmmpnsqlg the ficetictacidrand ovateriis p@r@omﬁbtha@@h c acid

0 LA AR B kel e Bl
shown, at(lir?aﬁgﬁoﬁhgﬁglgll#di}% Qf 1ch C}?fé’?‘iﬂ 6f the hedticiwaet frfioh TR sepastiohi on

nmeans (6) ly to I lation nmeans (13) separatelyfromthe
vinyl 5 mhsa(@/mm‘tmrikdidewtty taclisillgtioemenns{dd) sepavte Yﬁonh@ét"ifb’ acid may be

recovered fro ortlo of th uk.d fr e

di sti Pl apfIfe ‘Wf‘er agﬁté‘i acé oY olﬁddétflo H aceﬁg%ééggl rb%cf3 ?%% r%m gepar ation
means (6 )oltfonl E¥hdNqui BRGS0, Tdb) exaiipte, b?emslﬁamﬂ reaction zone which is
provi ded with an acetoxylation catalyst, suitably a soli E@ %@ st. At

| east a porti okt ledst 2 hertiontof thars Yﬁlﬁcﬁﬂfél@nl’f’é?n BRPAFAEEN TePags Ynto the
d t Al t d
Fenct | on s (D0 She {eEbE] REMSE ke wHUPS oA D b floabllaldc Bebon

separ at e¢taliYyss Wit 8 soﬁ&@eﬁﬂ?ﬁﬂ Aﬂleﬁﬁambr(imbf tabethiy)ent tfmml«mym]ay bddist s such
as carbon di'oxide. Additionally, part of the et hg)l ene. frac

on mad)r/ be
r ecydi0ed ,disgetn inge thmsﬁmfewmﬁr@%&lt@@éﬁﬂé’t pgr topemerfgd JUp P SeENY eact i on
zone. |If de ired Rafadien of
t he fractrle%)C fon zone eﬂ%é&@ﬁ %Rgﬁ%t}{?&@&lé%\&%ﬁﬁ Hae:&g%(?tegg)ycorﬁt ai ni ng
gas is fed é@tlémmeafsqﬁatchhbwaitfmmb}zpmducﬁts suoh aswprblop di@Xjide. A@htmablm dis fed

t th d t f
bl 11 onapartalitys eREenn BrdIonBBY peroaetiat melt Bt D rr oL AORREOK 2.1 on
zone f I’Of’l{h? YRR N o 1%:8gt¥b%pgo'ngslf @8 %lredT&ﬁ 1_-hOY0AR& hdyd deBbvereire@ll ar

oxygen- cont al ni ng recycle ace Ic acid and optional additional
supplises mfrtied bﬁ/ﬂhetﬁecmdfoglmﬂb@tslkmowoumtheaarta fed into the second reaction

zone through one qQr nore inlet arat e 0 rti l ete
combi nati on. |4 myecudaaxygey %‘?I@’i“ g?ﬁ)}feé %‘ﬁ%{hg %ﬂpgﬁgac RCé fi’l%ﬁgl%ipd and
mol ecul afsi@is ey AEafctacid R B RAHE Secdnd e&Rf6h PorRdksh rédyCRAUPPIFNPO). Si ng Vi ny!

acet ate. e’ second reacti on@‘{;roduct i s passed to scrubber ((12) from
whi ch gasOp’mzhallIy; a;qidutmbnal ghylepan @roaceu:amémamb@@@@ the seBdreacEAN f r om t he

gas and OpLl.anal L o Yl enEes B OHELn  BROKRLAS, mofboille o9fgdlichaiingr 2t on

stages (1
20  gas, recycle acetic acid and optional additional supplies of ethylene and/or acetic acid

are fed into the second reaction zone through one or more inlets separately or in partial
or complete combination.

In the second reaction zone the ethylene, acetic acid and molecular oxygen react
to produce a second product stream comprising vinyl acetate.

25 The second reaction product is passed to scrubber (12) from which gas and
liquid are separated. Carbon dioxide is separated from the gas and optionally ethylene
product recovered, in one or more separation stages (16) by methods known in the art.

' The remaining ethylene and ethane may be recycled to the first and/or second reactors.
The acetic acid/water fraction obtained from separation means (6) is co-joined via

30  supply means (19) with the scrubber liquid stream. Acetic acid is separated from the co-

joined scrubber liquid and the acetic acid/water fraction by azeotropic distillation in

distillation column (13). The acetic acid obtained as a base fraction from the distillation

15



The remai ni ng et hyl ene and ethane may be recycled to the first and/or
second reactors. The acetic acid/water fraction obtained from separation
means ( 6) wios03mas§38i ned via 30 supply neans (19) with the swmubkerosiisqui d
stream Acetic acid is separated fromthe co- joined scrubber liquid and
the acetic acid/water fraction by azeotropic distillation in distillation
col um ( £3lumnlh8) Beatycledaocitt soberal ieadtionzone.h@ptotallycadetin acidareduse
distillation 15 WO 03/ 055838 PCT/ GB02/ 05455 ol-um | & Fecycled to the
second r é‘éﬁﬁhedﬁcoéfé’f?é‘.é%f eorﬁ%ﬁ‘%l/_,tre&g)e X@C%{@i(&g)p;%aﬁﬁ%]tg‘%fre)av _lgﬁl?ag%g'ver ed from
the r ecy@xih% o%{hh@écmr&iﬁ B 8RE114tHe?) colfren (1% g@i’ﬁbﬁsd@)é vihydtabbth@tandwaterThe

overhead fromthe distillation columm ) conprises a vinyl acet alte and

water. \Winyl acaiatetproducp isooeverddsiromn des/evesepadl fiom theanepps (HBaler £¥¥AREhe means
(14), for exanple 5 by distillation. Experinment 1 A Mddel (A) was run
usi ngJst JHFEFH R ee phase distillation equations in ASPEN plus to

sinmul ate rid&Ruropic distillation in a distillation colum of a feed
Stream (i7). ream (i) conprised the conmponents vinyl acetate, water and

| ,
acetic acid. 19Mudel G\evasen usingslapfeddiuse phasgdisiagen editRBs "passed to a
condenser @%W @ﬁﬁ%& ?igx%ﬁé’ce tﬂee%gt?(gpi@di‘éﬁﬁ&’cwn it fa&ﬁ&fﬁgﬁ{}ﬂ cQuidn®fade&t ream The

liquid st vin cetate was passed to a decanter. The vinyl

acet at e PgRAHCEH). Mieaif@RomiRded therooidpencmms gyl acepitg setafanthectiberiht er . The
base streamfromthe di'stillation_colum was_k definged t% co r'hse

appr d0i mefle gregBadiiosmibe distilladomicolwmp s Ragsed toym aondgnsss 0\1??%10 P55acet at e.
A stream conprisin : L fSortivibyiom t he
distill at’ieB‘rr%r’B‘é%? M?%%’P?gﬁgﬁl“h%?ﬁ ?%@d;égé%ré.g%\gﬁﬁb% y%e"fif‘g?i olflg\(gfyt he vi nyl
acet at e Wastatealas padicd tbhaletaperoThe himybacstatd pmtlicrwasobeaveredThan Msdel  used a

distillation colum having 42 fheoretical _.stages. w,th a .condepser
t enper at uPIEARIE PQ@e@fﬁ%?dieﬁa?t@bé\tqe s¢ eiFR38Y ey e@‘ﬁgﬁ%ﬁf‘)&?mﬂ” Togen was 20

used to r&a{n%gg&néo”@}gs% gg-&ﬂﬂ&aﬁwxm GRIRQABRNS Syt¢ek et e19 githatgl car bon

di oxi de, “car , argon, and oxygen). The reflux rate, and the
et hyl 15acesqtae. A steeads compminthgetiyllaceiotetveasaemovetlasta side dram fromdke r at es for
Model (A) .are givep in Tab The c osi t.i gn_of iven in

Tabl e 2. d8iiEngeiyy AioRe e WaeE ol SRR R
feed stregf i ib6r dlb dlshilibdd QMusa! umm
The Model used a distillation column having 42 theoretical stages with a
condenser temperature of 35 C and a reboiler temperature of 126.3 C. Nitrogen was
20  used to represent the non-condensable components (ethylene, ethane, carbon dioxide,
carbon monoxide, argon, and oxygen).
The reflux rate, and the ethyl acetate side draw and vinyl acetate product stream
flow rates for Model (A) are given in Table 1. The composition of the streams is given

in Table 2.

25  Example 1- Model (B) ‘
Model (A) was repeated except that the feed stream to the distillation column

was a combined stream of Stream (i) and a Stream (ii). Stream (ii) comprised the

components acetic acid and water.

The flow rates of the ethyl acetate side draw and vinyl acetate product streams

30  and reflux rate are given in Table 1. Stream compositions are given in Table 3.
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was a conbined streamof Stream (i) and a Stream (ii).
conponents acetic acid and water.
acewa ®/is5838 dr aw and vi nyl

conprised the

et hyl

Stream (ii)
The flow rates of the

acetate product streans PCAOGBO2D5#33f | UX

rate are given in Table 1. Stream conpositions are given in Table 3. 16 WO

03/ 055838 PCT/ GB02/ 05455 Table 1 Model (A) Mdel (B) knol/hr knol/hr
Ref | ux Mabk 11975. 00 8571.43 Side draw 2.3142 2.3143 rate Vinyl 372.717
368. 45 acetate Product rate Table 2 Conponent Units Feed Decanter Vinyl
Col umm | Condenser | Igofelrtd) | nhiModeldB) |St r eam Aqueous Acetate Side Vapour Base
(200kghhr)  Str edmélr/dduct | kinel 8t rleam St ream St ream st ream Wat er kg/ hr
13016 8RRBuédrad 8. B0 42| 74589 |Acetic acid kg/hr 86223 0 0 19.1 0 86204
VAM kg @ngﬂggs 93185 30460, 9743 842.9 1.8 195.7 Ethyl kg/hr 25 0.14 0.46
19.1 04098 S acet ate Ntrogen kg/hr 975.9 16.7 33.5 0 925.9 0 10 Table
3 Corrpu 1 O ts3 L)b‘bdgl(igs‘jrsélw rnyl Col um Condenser Col umm | nhi bi tor
St ream)| A &ous Acet e Sid apour |[Base (200kg/br) Stream Product draw
St ream Sm St|ream Stream ,
ro uct
rate
Table 2 }
Component | Units | Feed | Decanter | Vinyl | Column | Condenser | Column | Inhibitor
Stream | Aqueous | Acetate | Side Vapour Base (200kg/hr)
Stream | Product | draw Stream Stream
Stream | stream
Water kg/br | 13016 | 8103.4 |318.8 |129 42.3 4539
Acetic acid | kg/hr | 86223 | 0 0 19.1 0 86204
VAM kg/hr | 31283 | 101.6 30460 |91.7 822.9 1.8 195.7
Ethyl kg/br | 25 0.14 0.46 19.1 0.008 5.35
acetate
Nitrogen kg/hr | 975.9 | 16.7 33.5 0 925.9 0
10
Table 3
Component | Units | Feed Decanter | Vinyl | Column | Condenser | Column | Inhibitor
Stream | Aqueous | Acetate | Side Vapour Base (200kg/hr)
Stream | Product | draw Stream Stream
Stream | Stream
Water kg/br | 55259 | 44579 315.1 12.63 35.1 10317
Acetic acid | kg/br | 196000 | O 0 4.1 0 195990
VAM kg/hr | 31283 | 559.1 30113 [ 119.51 |683.5 3.94 195.7
Ethyl kg/br | 25 0.011 0.006 | 13.8 0 11.18
acetate
Nitrogen kg/hr | 893.89 | 91.86 3315 |0 768.89 0
15

From a comparison of Tables 2 and 3 it can clearly be seen that by feeding in a

combined stream of viny] acetate, acetic acid and water (Stream (i)) and a stream of

acetic acid and water (Stream (ii)), the concentration of ethyl acetate by-product in the

vinyl acetate product stream is significantly reduced.

17



Wat er kg/ hr 55259 44579 315.1 12.63 35.1 10317 Acetic acid kg/hr 196000 0O
0 4.1 0 195990 VAM kg/ hr 31283 559.1 30113 119.51 683.5 3.94 195.7 Et hyl
kg/ hr 25 wa0BbsR3006 13.8 0 11.18 acetate N trogen kg/ hr BAGBR/0845586
33.15 0 768.89 0 15 From a conpari son of Tables 2 and 3 it can clearly be
seen that by feeding in a conbined stream of vinyl acetate, acetic acid
and water (Stream (i)) and a streamof acetic acid and water (Stream
(ii)), the concentration of ethyl acetate by-product in the vinyl acetate
product streamis significantly reduced. 17 WO 03/ 055838 PCT/ GB02/ 05455
Clainms: 1. An integrated process for the production of an al kenyl
carboxyl ate which process conprises the steps: (a) contacting in an

oxi dation reaction zone a C2 to C4 al kane, a nol ecul ar oxygen- contai ni ng
gas, optionally the corresponding al kene and optionally water, in the 5
presence of at |east one catal yst 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, carboxylic acid and water; (b) separating at

| east a portion of the product streamfromstep (a) into a fraction
conprising the al kene and a fraction conprising the carboxylic acid and
water; 10 (c) contacting in a second reaction zone at |east a portion of
said al kene fraction produced in step (b), a carboxylic acid and a

nmol ecul ar ? en-containing gas, in the presence of at |east one catalyst
active fofld - production of al kenyl carboxylate to produce a second
product syr eamAﬁq%gﬂa%dqgo@éskfd}xhe Srakleon 6Haf alke@t @bxytht€ hiwdxy! i ¢ aci d;
15 (d) separating at |east a portion of the product streamfromstep (c)
and at Ieasmmacom@nsmﬁheeﬁpﬁhe carboxyllc acid and water fraction produced

0ot e2, B, Yo 5r bt bl B UL R e
acid; (e) recoygithifith %h@ SHtioanyy theablesponaing allkcasnhdeptidalineate:] maké i on
sepat a; edin Si)fegence of at ?east one catalyst active for the oxidation of the alkane to the
corresponding alkene and carboxylic acid, to produce a first product stream
comprising alkene, carboxylic acid and water;
(b) separating at least a portion of the product stream from step (a) into a fraction
comprising the alkene and a fraction comprising the carboxylic acid and water;

10 (o) contacting in a second reaction zone at least a portion of said alkene fraction
produced in step (b), a carboxylic acid and a molecular oxygen-containing gas,
in the presence of at least one catalyst active for the production of alkenyl
carboxylate to produce a second product stream comprising alkenyl carboxylate,
water and carboxylic acid;

15 (d)  separating at least a portion of the product stream from step (c) and at least a
portion of the carboxylic acid and water fraction produced in step (b) by
azeotropic distillation into an overhead fraction comprising alkenyl carboxylate
and a base fraction comprising carboxylic acid;

(e) recovering the alkenyl carboxylate from the overhead fraction separated in step

20 ().

2. A process according to claim 1 wherein the least a portion of the product stream

from the second reaction zone is introduced separately from or as a single feed stream

18



2. A process according to claim1 wherein the |east a portion of the
product stream fromthe second reaction zone is introduced separately from
or as a swaogisesissed stream 18 WO 03/ 055838 PCT/ GB02/ 05452 CvéBd2/ o5k at

| east a portion of the carboxylic acid/ water fraction obtained in step (b)
to the distillation colum. 3. A process according to claim1 or claim?2
wher ei n atvithdbeat lgasha pertim offthe sraboypilis agidf waler fagtion obainedansiapdh) toghe
reaction i j.pined with at |east a portion of 5 the product stream
fromthe éggg%&}%g%ﬁbn zone and the co joined streamfed into the

di still at Bon cdl pmovess4ccoddipgoe elaim daxr olaitnrPgwhereialadigasth pdrdoeofithehe co
joined streamis fed as one Qr. nore streaps into th?1 distillation _colum.
5. A proc@sugistysagy iy iy Rt dgtiAnTeRstiop zans S A uiAwPE T lgasta porfopgf i on of
the 18 predi6iyc bk E&AOREE sBngteabh Ind £RGhL 9&'&9@%@& £l ili8 dhdre
distillation colum separately fromthe product s%ream romthe second
reacti on #ishdatid colpnocess according to claim5 wherein the product stream
fromthe gxidation reaction zope i,s fed as one.or, nore .streans to the

i stillatfon o6 HRRESS AoCorE A0 8an 330sTein iy 0 0uedTresmas T 5108F 87 wher i n

t he produgiorsttr@ai® ihfocaRe HRE11atldn &3&@pd reaction zone is fed as one or nore
streans to the distillation colum. 8. A process according to any one of

t he precedi ng & pioaesswhenrding to hlaim Blarelaim dosthdyoinyat dast 4 portionyf thecet at e, t he
C2to al kane is _etha t.ne. praoduyct stre romthe .oxidation reaction
rone K PreBRCteRn EE e bR A AT o AR bfE e 0 F ed 1o
t he secondegaeaclyifin 8RRttt 88€inh Eroalthe sedodd rbiRtioh astiect stream fromthe

second 20 reaction zone conprises vinyl acetate, acetic acid and water. 9.

A process Sacco/dpregess @cedrdingte claia Sevheran e preducistreara fiom theoxidagiono t he
oxi dati on I . . Of.di-mg. t O one of the
pr ecedi ngr%:ﬁ%gi&%&%ﬁé?%f% Otjrl%é) r?ﬂ%égtggﬁfsrtgg% (?)lgﬂﬂ?aglg%c? glbl%epar ation stage (b)

is fed to7the Pepobessaeastingno zhite Staghiiher witdrein thproddel siieamatomitieene. 11.
A process accqording to claim 10 wherein the additional al kene is ethylene.
12.  Alprosecosd seactp zors 18 dechan onsrs ngare steanyy todheidisillationi Godummer ei n t he

LI 5., ALk RN LS ERPORNE IR
carboxylate is vinyl acetate, the C, to C, alkane is ethane, the product stream from the
oxidation reaction zone comprises ethylene, acetic acid and water, the carboxylic acid
fed to the second reaction zone is acetic acid and the product stream from the second

20  reaction zone comprises vinyl acetate, acetic acid and water.
9. A process according to claim 8 wherein ethylene and water are fed to the
oxidation reaction zone.
10. A process according to any one of the preceding claims wherein the alkene
fraction from the separation stage (b) is fed to the second reaction zone together with
25  additional alkene.
11. A process according to claim 10 wherein the additional alkene is ethylene.
12. A process according to any one of the preceding claims wherein the weight ratio
of water : carboxylic acid in the carboxylic acid/water fraction obtained in step (b) is in
the range from 10:1t0 0.5: 1.
30 13. A process according to any one of the preceding claims wherein the carboxylic
acid fed to the second reaction zone has a water content, such that the amount of water

entering the second reaction zone comprises less than 6 % by weight of the total

19



30 13. A process according to any one of the preceding clainms wherein the
carboxylic acid fed to the second reaction zone has a water content, such
t hat the woonssss38 water entering the second reacti on zZorrETEBRINSESS | ess
than 6 % by weight of the total 19 WO 03/055838 PCT/ GB02/ 05455 carboxylic
acid and wajer .enteri t he second reaction, zone. 14. A process according
to any on%ar% X>@W@°ﬁra@331mtﬁgenzq%g ve@?éf‘ﬁ"?%Z%’&t alyst in the oxidation

reaction zpne ASs4RPHLEAnSo MW&E@ﬂecehllrhg ﬁaiﬂ{s%%e??iﬁﬁﬁé@it%g&gnt 0 any

one of the preceding clainms wherein the catalyst iIn e oxidation

reacti on themaidationseagtipmzaneds fupperted onunsugpaitdded or a flui di zed bed. 16. A
process acggordi,ng to an ne, of the precedi cl.ains wherejn the .

concent ra? ?‘on éflgg?el?%?ic@%fcg’ag PP iﬂbealfrfjf)%%}ge‘a@fr}sp‘ﬁh‘?ﬁlﬁth %atzlﬁ?'g‘r}?o and up
to ands i fheloketiafien Péhctibn Jorefis 1l ih MeforhREd fixeABLYEE HAuIBENYe@S. 17. A
process according to any one of the preceding clains wherein the 10

concent r al$.on Afprogesepcdording tp atyeonsaf dhe preceding@ainsrvhaseis ths from 0 and up

to and i ' 5 % Of et | feed. including recycles,18. A :
process ag(gcilg ? | *ﬁg’nt"g agﬁr%%}e/%ér%llet Ool?e ?’hgét%rnerg%c O §O0¢ gi%ﬁn &/r?éﬁ@% r%o ¢ pr oduct

st ream f r piehidingy Se@ONM of @abiabfecd dncludimgsenaledt €d i n one or nore stages
into a gaseous fraction conprising unreacted al kene and a liquid fraction
conpri si ng7-al kérFpcess agearding in ateone ol thronpeqdingelpignsarierroittes . 20 25 30
20 10  concentration of water fed to the oxidation reaction zone is from 0 and up to and
including 50 mol% of the total feed, including recycles

18. A process according to any one of the preceding claims wherein the product
stream from the second reaction zone is separated in one or more stages into a gaseous
fraction comprising unreacted alkene and a liquid fraction comprising alkenyl

15  carboxylate, carboxylic acid and water.
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