"1 JUN 2006 WO 03/ 055838 PCT/ GB02/ 05455 *@00002* | NTEGRATED PROCESS| FOR bl
MANUFACTURE OF ALKENYL CARBOXYLATES The present invention relates to an

i ntegrat egosRcass for the oxidation of a C2 to C4 al kan duce the
corresponding%aﬁﬁgne and carboxylic acid and wherein the §§ﬁﬁgﬁéﬂg#§
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 may be produced b tic
oxi dation of ethylene and/or ethane. Water is produced Eﬂ&ﬂﬁ@@@ﬂ@&ﬁct of
the oxidation process. In addition, water (stean) is ge ed to
the feedstock to inprove selectivity to acetic acid. 10 Vinyt'“aCétate is

generally prepared comercially by contacting ethylene an i cid
wi th nol ecul ar oxygen in the presence of a catal yst act 1\%@%@&@“‘%“‘(
production of vinyl acetate. Water is produced as a by he
reacti on. The water produced as a by-product and additi onal r6&#y added
water in the afore-nentioned processes nust be renoved fromthe product
acid and al kenyl 15 carboxyl ate, necessitating expensive capital

expendi ture and -operating costs. |Integrated processes for producing acetic
acid and/ or (i 1ERA%ARPRACESSTUR il MARUACTBRADY AT ffe¥adi scl oses
an integrated-process 107 tHe proguctromn of —acetrc acra anas or- vi nyl
acetate froma gaseous feedst ocKARBOKYLIADESt hyl ene and/ or et hane. The

i ntegrated prqQcess conprises first ste erei n _ethyl ene .and/or, ethane is
catal yticall yo% DB SO PR TR %ﬁ&%ﬁ? 05RO tHe BrBiatieRoha br Biuct
stream CQRfat MPpR&&Lk! the 8k paiding WALEY and BB AGRE hGidach dvirtdigap may be
passed directly to a second reaction zone without prior renoval of water
and cont abterelanderiediyliniatid age frother vsedras ooagtpats-to prodiicaiangligagl in - 1 JUN
2006 WO 03/05%838 PCT/ GB02/ 05455 t he presence of a catalyst to produce a.
second prodiete&tream conprising vinyl acetate and water. Research

Di scl gsure 224%exy@83d¢ enedfuNesedd8&sdestt pRRRicBoPHLSRESyIf Or the

oxi dati on of ethane and/or ethylene to produce acetic acid in which the

by- pr oduéfrbsx ¥atepohbue faexaap]cs agstic @risldg used te arapufrcairexingdaceideor di ng t o

this docynent i, AGeH) fucodblthe UANCACLEM LI Aid, DLERERLL, ARtheeL Y ene

IS passed W ut car e an enoval, to a reactor
havi ng a ispriotiadzidess adtyglrydict bb thetdxédapion grebssoin afdittdm) ylater (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 broduced 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, with the addition of oxygen, for the production of viny{ jun 2006
acetate. It is also knowmn from for exanple, EP -A-0 985 656 that the |

i ntroducwioors/sf83810 water into a reactor for producing vipyi/ceogbase 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 conbihgippgesidiflaanalysteehioduech stcandpaiduereyrgan cospisiigniing agaateat
el evated tenperature in the presence of a catalyst, the liquid by- product
st ream &hRREi ng acetic acid and water is treated to reduce the water.

cont ent 15t her.enh, ekl o Dol NGy IREYGhRY N33 sLEBG! ProcTUSy fer e remai ns

4 e
a need for an 1 nproved 1 nt egrate process for th facture of an
al keny! oxidrtdaxyfl ealteme audtor athyleinaycb pmdeteaaoetxc heid p]ﬁWth(thhaby pr@dumul d be

desirable, if in .an.int ted S r the t|on n . al kenyl
o bhay Fiibet Bpnprae ik i 6800s | ook i ipd %ﬁ”é’&% PREs
cor r espefdi MeRtdeMRrRNE preleROanl iethyRsk 6 SRELINRE 6 Rithber @ tkﬁﬂﬂoﬁﬂg

carboxylic acid are contacted with a nolecul ar oxygen-containing gas to
pr oduce andheater kewyial, tcartrokyibaves awitablaicailyet fohtermndieqtionfolwdirér renoval

processi_ng .steps..W th versel ffectl vity to al kenyl
car boxyl %ﬁq%t Og’%fp\,\%g agﬁfﬁ] Oig\é¥%etne¥0r %P%H’Cﬁgw?vwi e(riéésent Jinvention
provi des an it @b &hSHn BfoRs, §8Sexapiplé, /B -426 995@96'ﬂialtﬁ[k1ﬂfroélﬁbt1®hkﬁny|

car boxyl ate which process conprises the steps: (a) contacting in an

oxi d@t | d\ﬁitqfe@.t@talr@@ﬁt(zrcfnep@d@@ngdlm aggtitanen a efﬁ@b’eftffﬁcéthe SIFYHBIY tont ai ni ng
gas, optional lgltf: ro uct Sszgoa? l? (g%i%%e aleh sc oggsazll% cg\@tfg thel N the

presence € "oXidat’1on the al kane to

the conigspends agwaykwaet@mdcmbﬂnmgydth}dm&ga@hnctae]dpﬁﬂchmcxe(y@em rst product
stream 30 conpri si ng]ﬁal kene, carboxylic acid and water; Eepar ating at
| east acseﬁatrinaﬁ]ga@fat@ watgd E?dma@ferléé}?ﬁ PIESRCS Phpcatalyst H}e&l%lq ¥ction

conpri si ] [ d and
vator - B GRRRR B B PR S F BsPag RhO  PnB  2
secdnd nrleaedfibeforz baiagascyickddsd tle pactvr.on of said al kene fraction produced
in step (b), car boxylic aci nd a nol ecul| ar -containing gas, in
t he presenceﬁ‘?l g%erq@ggln%%eegﬁé?ryg?prgﬁqW@cfa(gecf(;{%ges&ﬁ Buiéti on of al kenyl
car bOXy|n%n%f§c91r9BPS’IPQIEex?yI%ﬁ%Q?laEHs%H% vl &amEonpri sing al kenyl
carboxylate, 5 water and carboxylic acid; (d) separating at |east a

portion of tHeppricdlactit wowlddrm desomlatibm qoptearatedproresader the PESIUEloh of t he
A N e O T T
a bage fdoaetioddineMhk Shalgabakixatid sndwhétein 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 C, alkane, a molecular oxygen-
containing gas, optionally the corresponding alkene and opﬁona]]y 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;
(®) sepérating at least a portion of the product stream from step (a) into a fraction

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



10 (e) recovering the al kenyl carboxylate fromthe overhead fraction :
separated in step (d). Advantageousiy, in the process of the pr €sbntbN 2008
invent i onwotddskag boxylic acid/ water stream obtained in %’E%PSI;OQ)O% nd the
alkenyl -carboxyl ate/ water/carboxylic acid m xture obtaine romthe second
reaction zone are separated in a single distillation 15 neans thereby

el imnat {9 aReRdns 8f a SKBAA AaeHEcHHMRIEE: ANM:; & afRRORXRI AL €/ wat er/
acid sepg;?ati on meg S %1%% theret;y aﬂfeow? ng a ré%éf%na]%%ﬁcap?{t al

expendi t ure. Modeeddv stap dneausibpxyliheiprotesslcohlat heygenesattininggent i on al so
allows a reduction in oyerall ener requi renents to. be hi eved.
Distillative @gfb%]?rgf?”&ﬁo ft lgaStl‘?P%f‘i‘f%Stoafcgﬁ? REASA pr@ﬁ?cﬁ&]ﬁi%m&nyhar boxyl i c
acid and wat egarbGHité BSprb@SE £Re6AYploladt stibah dBpfisdN@dyl QrsgRarate a

m xture of carboxylic acid and water by distill aPl on. Fufthermore, in

avoi di ng f eedwrigr andovaslelrodic geideam cont ai ning water fromthe oxidation
reaction,gone_di C r [of | kenyl .c | ate, good
el ect i viDy T STarREh ot b8 Rk TN Abe b SRR R eI L L The
separ ati on of patobokkicarbagiylid ¥ad end antr &laksiyproddeed in step (b) by

car boxyl at e/ wat er/ carboxyl.ic. acid m xtures .in a single_distillatjon columm,
the total antRFRIORE Hkllation wig provsh JCHOMGORPTIHRE AR AR Y be

typically pre ' GRS i faalkenyl

car boxyl at e/ m%?dggrf%gﬁ%?c acﬁé ‘2»%}8%‘&]%5?’3“ singly, in the case where
the &0 kaf® i sreebveame theelkeing cexoxgladinai niy: eartirad flactomedpdratad imesedp ¢ aci d,
it has been und that the | arger anmounts of water enables inproved
renoval of th&/by 30 product, ethyl acetate, fornmed in step (c) to be

achi eved. EacPipfniieudl kange pldeb@ Ol prose oM aletafthgas. al kene and
water may be introduced into the oxidation reaction zone as fresh feed

and/ or r e¢ifotaier s ebihained3n yiep @B) B3B3 8lkenyl cailbx POGBOV atPCTHEBO2Ic@EHES5 | n
the pres inyenti ef er abl .the C2 to C4, alkane i.s .et.hane, the
correspon )lt[tHrge Oé%(%endgﬁl%’@{%{\egseé:%@f %ﬁ%o%%odletaﬁ%seES?aFezfslB8%‘?%% dggﬁ%b%l ic acid
bei ngs acedeass thaeb clihhftial bykeedforagshras atidsy A6 MhdalenyEesbed 1Mk hta/

nol ecul ar oxygen-cont ai ni ng?egas to_produce vinyl acetate. Typically, the

oxi dat i oACHEERHAtER epnpard Brerby dletérmyEdasia iy capitdl esppiditureat al yst s~ and
the reactant syife LRg H&El?'ﬂ@élgrocés@ of fHe rE%ﬁFinvEﬁlFo GONCAMN:AL | ons of

al kene and optional ter Tay be controlled as partial pressures in the
oxi dat i oreduedst inaveriirencrg@at@liystatsaotbe\sehicoed. Thsilaxive a¢paoatiomfofal kane t o

al kene and car hoxyl i cid.ma conpri se any suitable, catal ysts known in
Fhe art A e A TE CaRRaTT BRI ReT b EHaNES L6 ey LB T acet | ¢
aci dogs %%%ﬁ%g%ﬂt%ﬁ%Q?&%arbgggﬁM@ZQ@‘%’atePEy ak8a29542, WO 99/ 20592,

DE 196308 47850, WD 99/51339, EP-A-
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.



1043064, WD 9913980, US 5300682 and US 5300684, the contents of which
hereby incorporated by reference. US 4596787 relates to a proceSS f”ewazb[ﬁe
| ow tenp\é’todpﬁ?r%g%xydehydrogenat| on of 15 ethane to ethyl POBGBSL/OHYSA

catal yst: having the enpirical fonnula MaVbNocSbdXe as therein defined,
the el enments being present in conbination wth oxygen. EP-A-0407091 rel ates
to process dndhapressny stvenven, tphefembbbdmhﬁtfﬂom ©f alledriey$ ethene,ghel/ or acetic acid

by oxi han and/ eth in th ence of..an. oxi dation
BRI Rk SR SR ca T e R SRR

rel at esacidd T ayfpdeniand fealié a@la 4F8 reb Bed R ahﬂ@]%@lum@ﬂa%eh%ma]ﬁag ahysts for
the productijion of acetic acid from ethane and/ or ethylene. WO 99/205 92

r el at eslOPERCHEIPbRECHTe-sel ecti vel y produci ng acetic acid from ethane,

eLhyl ene or Moty She LIRCRRE ARA-RXY IR, AL, BLANLEMRIALIES Y the presence

of a catal yst erein epr esents one or
sever al cagdftysBr z;ndl\t‘he reZBtahh mTIa: ﬂﬂ‘nd ph‘dse Te taxmhéél th\é cbﬁ@efrﬁﬁemhs obsikery sever al
of B, A Au, Fe, Ru, OCs,

K. Rb, o@éi nalé%gte]gpay cor}%)]]eéras ppﬁtlal Nlessur_es 111,1:15: oggatlcg} rea@wn Zﬂneand U and

a=1, b=0. OOO@-atB]?stQ aBve ©r rheQ»f}d&tR)n]oﬁ%ng tGalQer%%dt&rﬂ xyﬂﬁ@ LERMmRAL ent

application'DE 832 Al relates to a sim cata conposition in
whi ch acoriprish any mltablacamalastdkxjown@ the a2, fdPrefr@plebioy th@aoxditiorbof= 0. 0001 to

: 5, 0,to.1.0. 8/ 47 I

forl%pr odﬁ%ﬂer’i& i‘é&PFéﬂga?f‘dwa}ﬁ ‘Eeﬁglﬁléed mﬁcl%ﬁ@ﬁgﬁ{-@ﬁﬁ‘@i h%e?eg; Ogﬁzsa
cat al ystodzavingy e,/ fosbaube 19650520y H @8%7*89@ \ﬁo499/5i33UJ@P2QQﬁ WO

03/ 0-5, 5838 PCT/ GB02/ 05455 represents one or several d, Pt, Ag and Au,

Y r epr eKMAPEL, KO 991 3880, FR63ET68, anfB]S §3006844the E@;teISst v@h)qh Qahe@hy U, N .
and Bi resents one or several of Li, Na, K Rb, GCs, Be, M, Ca,
Sr, ﬁggpgf\?k%p” RS W, Ru, Os, Co, RN, Ir, B, A, Ga, In, TI, Si,

Ce, Pb P, AJSAB067RA, reRes tha procesOforGhelod t@ﬂi{éeﬁl}mré oRy&é Jaroénm&&f 51339
rel ates %o a catalyst conposition for the se tive oxidation of t hane

andPor @ Wlt@ﬁ@yfe@e asiagiaccailyd bapng b %@ﬁﬁ@ﬁ?ltfpﬁnmém\fbé\%sbdﬁxe@énbl nati on
vy dmdanadies ShERRMANMNAIC HChURial ik chopdfie el ements N and

V; Y is one nore € l'ect ed rom He group~consi sting of Cr, M,
Ta TI , B, A]EE A@407|0|9;1 re]E’tes t&procE, anBicataet fothe Rodudion d!ﬂhth)ﬁa;e Ru, Gs, K,

P, 10 Pb, Sh, Si, Sri, Re and
Pd %W% acgfic B Oaﬂdﬁgfﬁ ekeshine e gredmienedmieaTeerncs ol pR R&%idafighont o
such th@ﬂal%@mﬁm@ﬁ@ﬂol%&nﬁf‘fpﬁen%ﬁ%ﬂ'@}uﬁggeﬁ O<e<_2;and0 < f<2.

EP- A- 1043064 relates to a catal yst conposition for “the oxidation of ethane
t o 20 DE 19620542 relates to molybdenum, palladmm rhenium based oxjdation.

catalysts for the production of acetic acid from ethane and/or ethy]ene.
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,PdyX.Y¢ wherein X represents one or several of Cr, Mn,
25 Nb, Ta, T1,V, Te and W; Y represents one or several of B, Al, Ga, In, Pt, Zn, Cd, Bi,
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,c= 0.4 to 1 and d = 0.005 to 1.
German patent application DE 196 30 832 A1 relates to a similar catalyst
composition in whicha=1,b>0, ¢>0 and d =0 to 2. Preferably, a=1,b=10.0001 to
30 05,c=0.1t0o1.0andd=0to 1.0.
‘WO 98/47850 relates to a process for producing acetic acid from ethane,
ethylene or mixtures thereof and a catalyst having the formula W,X, Y Zq4 in which X

.



et hyl ene and/or acetic acid and/or for the oxidation of ethylene J&&:%dsc
acid which 15 conposition conprises in conbination wth oxygen tﬂe

el enent s wolbybdessum vanadi um ni obi um and gold in the ab§,%q;ﬁ§?9;0\gal | adi um
according to the enpirical formula : MaWAucVdNbeYf wherein i'S"one or
nore el ements selected fromthe group consisting of: Cr, M, Ta, Ti, B,

A, G, r&gﬁeseﬁf&ongﬁr séedral %‘deq@t A%Omdahm Y'Irepregéhts oﬁg@r é%‘averamf VqSIb &, Ro, Gs,
My, : U, Te, 2D and La;

a, b ¢ My FeeSmrih, fCllrép,rTé,sTéman@ Be a@(ﬂ émm@‘@msr@m|msewaltdféleNe,dé riﬂs such

53?23580(’Or<§ al\glg (J)SI’Z]QS’ +g| ;%%%520 e sepgi?(%ﬁ) 85(%3%\'11&@%’ ]%5{‘] ?hane to

acetic a@a,(ﬂbpﬁ,AwﬂM@aﬁwé\ﬁaNb@m anderiebno X i s at | east one pronoter
el enent selected from the (tgroup consisting of P, B, H, Te and As; ais a
nunbeér rangi MYOO6Th3aBaeates Ta dcaplysitcompgsition gorjthe ieleﬁtﬁ’eloe?“%a“ﬁﬂr%er rangi ng

from ab%an@axﬁ&o{@hggﬁé&% %eéc A% &nﬂso@%ﬂi’%’ﬁ% R %onfﬂl o Ahgaf er than

0 to about O ates to t Use “of Poxi dat i on alyst with
enpi r i c alxygor the klenehts MB’@YMQ@AX Wseexh/m 5 thndemenyiNtearnf VCF,is G Re, Fe,

Ni , As, Ag and
Au, a IS r(.’)ﬁq\gv%](?%msﬁellegte@ frf“hﬁ‘& gkro?a‘ﬂné‘? ”é%ogpés\fi[@ ,\%b@ geAll’e ienents. US

5300684 eries dche t r [ [ 0 I
V0. 37Rec. JENG BenEs O Sho Bacha boa 8 i og obke B PR sate

PCT/16BOHt0815%, &,y UsBe eabPé axi,dad comddataesest ﬁaefgramm@nlmmsm"ﬂpfr esent

invention are de cri i 99/ 13980 ich relates to the us

cat al yst rV\ﬁ"f%sué ﬂfsa rﬂﬁc&gth ﬁétaf‘g V\)ﬁh I Oox{cg&d) ISI’Q]ZF‘R%<I6é2dtang gram
atom r ati pgoof MoaVbNocXd where X = P, B, Hf, Te or As; US 6030920 which
relates to the use of catalysts with el ement s in conmbination wth 5 oxygen
in the rel at |EIéAgT(BJGOé4 mhtesaﬁolmtajjfstlb/bmybshmeﬂﬁl the WIEDOPBKaneho ch rel at es

to the use. of ¢ sts el e n co nati on with ox genlnthe
relative l@ﬂmanﬁ%oa fit%%tﬁc ’@(OWB gen 3«5’3}%@%%95@ fclys 6087297
whi a3 1 eloatpRsitibe c&rﬂﬁné&%@n c&hbmatieh %ﬁh%x%émﬂh@ LRARASmb! gzb@é}m% nation with
oxygen in the relative gramatomratios”  of MaVbPdcLa WD 00/ 09260 whi ch

rel ates ‘taﬁadlh@, wobiupf anchgdd ysthg algpanie ef patadiusn pevotding emticreampiiderl wi t h oxygen

inther .MbaVbLacPd NbeXf Cu or Cr and
e and f ﬁ%og%mu%q%% bfﬁ%’ Ao IBP 55 1a8 \A@?\Ct?%ﬁgfn %o the use
of catal gtsﬁﬁcdhkﬁshngb?@ml\&n I, TOHIiAIaGh R, w h, @ayme@el ol R Fehative gram
atom ratios of aVbGaPdd NbeX f wher ein = La Te, Zn Sl In or W

and WO 0b%.388Bs, %ufeerr &lsaMes CeoSt Ba. %rsélfoNl &aPh §5 154, S/n {H, Wi Bedivt s i n
g ?%g{‘/g}_dgg %3\2%\1;% ﬁlémﬁaé%éﬁpﬂﬁgft %i% gtr%fa'id&‘{ Cat B BFUA QILLAL L0 that
0<a<l;0<b<landat+b=1; 10'5<CS0.02;0<dS2; O<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 X4 wherein X is at least one promoter element se]ecfed from
the group consisting of P, B, Hf, Te and As; a is a number ran ging 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 catélet with empirical formula of
VP ,MyO4 where M is one or more of Co, Cu, Re, Fe, Ni, Nb, Cr, W, U, Ta, T1, Zr, Hf,
Mn, Pt, Pd, Sn, Sb, Bi, Ce, As, Ag and Au, ais 0.5 to 3, bis 0 1 and x satisfies the
30  valence requirements.

US 5300684 relates to a fluid bed oxidation reaction using for example
Moo 37R€0.25V0.26Nb0.07Sb0.03C20.020x-



or Si, the contents of which are hereby incorporated by reference. Solid
catal ysts active for the oxidation of the C to ¢4 al kane nay be §u1§ H?’,t@ﬁ
or unsupPéra38a:83&xanpl es of suitable supports include sil PER/GCRIR/EAFGiaceous
earth, nmontnorillonite, alumna, silica alumna, zirconia, titania, silicon
car bi de activated 20 carbon and m xtures thereof. Solid cataly. active
for the oxi d@theosmtafbletmd@mm@tmﬂst&fq{é}ﬁ@m9P@ems}éﬁeq’fwnt%% eﬁcﬁgﬁ‘?o

fixed or quéeﬂgfﬁgga\? ichy ]rJatEy%; 113%%%& 8he ata 9{%9&%’1& 04 gmb@orﬁlgﬂ%(gne\%tﬁo

OXIdISE a ene e OxXl atIOH react] on zone,

for exaspfeninmthelatos pRaPMI NnGosaf M@WJNEYamhdre X 26P, TReH ol it sar
Oxygen conta|n|ng gas used in the oxidatiaqn reaction zo e air or a

gas ri CH§r60§p93(90‘6]a@P TF]ﬁYEﬁﬁ(P thesgof Sggga,lgétﬁ wihglegents I%C%PMBP%%&E s may be,
or &E’y s gyrgggﬁ # %ﬂ%tn%ﬁ Bf K1Y %b(} Bafi WieLhd/003 § wliTRlagsNi trogen
r era e

or car bSO & ki mof etul‘ar® oxygen- containing gas is
oxygen. td¥hehes eftdayalyat whtead:émmm afmbitdiennuoitlecxygan o dyageetptysrai ni ng gas

fed h d | k d
opt | onaFoa KGR SBGK: ks Sor Moy 8 Ebr Ganl s FRG AN RAAT AP OF Bihe Ted
into t h%f 51?&& \Nq{ilﬁ e{l@rﬂ%th ﬁpc@rﬁl'i‘i‘%at@c;n whe oﬂj?g%%Qﬁ%@xfeldtﬁ@ %rﬂil%@ﬂtratidwent ion

may be. antia ure or may be adm Xed, for exa , Wwwth one 6 - 1
JUN 2006f Momurd%mf WQ ®ng%2ﬁ0 \ahlgb melamtm@nelse cheddnistsl W)?h %léme’@félﬂbon

nDnOX|de dr.ogen, and s _of the

Sui t9bl fomgﬁ’étl%wc}@rﬂw&?f? Bht\QIBF 53 1Y<ee$f&m( g ?%%Shofﬁ“igﬁ} {F CFN%

conponent ). chSor A 1A LR aH Belz8r MW O R IeNgdS0 0w/ 296 i whhh rtlmteab f eed,

i ncluding recycles, to the 5 OX|dht|on reaction zone referabgﬁgfron11 to

20 ol %he worod cprbfstsrwith ylementﬁ in combiBtionBlithepXygen tnaﬁbP yelatihe 8 @ghiet r at i on
of water asfre cl nent do 50 nmol %
i ncl usi \f%t ofiViga ¥y gﬁgﬁ(ﬂf ?Jﬁ Cjé fo TEOR 20 gl ?rw’é}m@’

i ng’recycles, he oxidation- reaction

zone, preeiRRadbnhidd @Mt tthe?ﬁsemﬂca%ysﬂstlﬂme]anmh&flﬁrcbmdinmm«)dwﬁent of the
present invention, an al kene, such as eth | ene, qj&?ené re co-fed into

t he 16xi dayBonintbardatiie Zomaiomgaiosiyo aﬁﬁiﬂ%f GaePhyl ene,

and wat er i ght, such as 1 :
0. 1. 100 BSVte p?i‘.t‘%_]rftggf%“ﬁ C%pa:reg !g‘r%g anq’fpﬁngg?gf?%@fn:wogl 10 by weight. 15

When solid caﬂoanldyc&tzﬂymmme“dr iha othistiox pffdeiCarto ICa atane mayobresupppiée@l kane,
the optional correspond] n al k nol ecu] ar - gxygen cont gas,

opt i onal TWAFEPOHA Eé?ﬂ?lﬂreé &?IE%S%%’QBO%%lé‘db’ﬁafglr“ﬁvb‘f%}w%é’%@%pét E[rgough t he

oxi dat i W &l PalufnB, GREGSe, kitdiRa, SAIdoASRMIGE,MGtivaled conbi ned
gas hour §6t§§’§?gﬁeeeza2@?my ; V}] 500- 10, 000hr"'; the GHSV bei ng defi ned

as a9 unertfonmadndwhaxtheds aiere@TP) of gas passi ng
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
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 alkéne 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 -



20 through the reactor divided by the bul k volune of settled catal y§it. TQ@
oxi dation reaction of the present invention may suitably be carried ollih 4406
a 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
carried o } herd r le, in
The. T ange 1o o0 o L B R O oo A BB AR, e
conver si olow levels h€othangeCl alkenédgdkamays be achi eved in the oxidation
reaction of thg .present invent.ion i cal.l Q n_canversions i\n the
range 30 to log'ékpai’i’g’ﬁr%ﬁeecoélc??ﬁeiwgﬂ Ofﬁlig'ﬁee as gﬁ%/lﬁge?ﬁ%ﬁ&%%?&’? BROBPOIRY Br esent
i nvent i ongodQ dnd P a0d iktdidieg 50 aRe v oNnthe totilfeed) i@l te3y€Elsd, t®@the t he
catal yst suitably has a productivity in the range 10 to 10000 grans of
car boXy| i exidation reagiion zase, peeferablyafiem 1 tpaP mel Jormerspreferably Giomdrtodat al yst. 7
- 1 JUN ZOSP‘VV\D 03/ 055838 PCT/ GB02/ 05 !55 Carbon nonoxi de can have an
adverse efrect on sone catal ysts used in the )duction of vinyl acetate.
Thus, dependi nguicubly, liiee ¢cvmicenteatioh of hvatet gdsetosh tfeeirgnld @y ectycletconpodeas) isabl e
that the first product .stream should have .0w concentration of carbon
monoxi de B9MHeRPano!l % inglpuve pkthe otal fegd, H@‘f‘ié%@&y‘ﬂ% é&@eé)xeﬁflavyst in the
oxi dat i ong.b aact i QB F#eReHI{Pfbm (ggovgsmgﬁg[ i gi bl e carbon nonoxi de by-product.
e

An additional catalyst conponent in t oxi dation reaction zone may be
used 1o oxi di sk cprefroredrembodinient bbthegrésent idvaniodean alkeneasibhtas ethaleneat al yst

conponent nay be pre t i the, oxidatjon catalyst or catalysts or in a
secondar yal}de‘é?:tﬂﬂ%cﬁ%ﬁ&m‘ig’e\%é%%&lﬁ% “#€sed as a reactant for the

oxi dati on procgsisably, Mg AKEHHIEGr ckhhpRMth o) ahs Katcraflyi e WB6d th a RtiBYFene and
water, and nmay al so contain ethane and OX¥%§?§§§ i nert gas conponents such

as argon ahi-230byormehtasghiené : Byl-PRGerulct & prerepBly én a ratiey bob Ii¥noxi de
and car bopn di %g& de. Acet al dehyde and carbon nonoxi de may be converted by
the nol ecty 4r Xygen-containing gas to produce acetic acid and carbon 15
di oxide respecthealsylid eathlysts arenusdd wnihie beAlatiopreactiasamepthe akhhethe ecycl i ng,
in the oxidation reaction zone. Ethylene is present in.the produgct stream
of the oxPRIERLEPrIeERRdIRNAIkEne, MOlesHIREPYYRFICOR RTINS 835 ﬂ?/tll%ﬁgwf‘ﬁebﬁ‘i‘ he feed

o he. ) e B A a0 2
fracti on osidpndesimecernespandegty acanbkinéd gasthiourly spangrviekiciiy (GHS Vo af bo%y | i ¢
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(0.65 to 2.86 MPa).
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.



acid.and water. Any suitable separation neans may be enpl oyed such1a§UN 2006
menbrane separation, condensation or distillation. Preferably, the )
separ at i ¥ 93405688ri ed out by condensation. 25 Wiere the PCBAIRIL/OZLSE eam
fromthe oxidation process conprises acetic acid, ethylene and water, this
may be separated by condensation into an overhead fraction  conprising

et hyl ene and Cartisaseorfoxidetjap havo mp pi e seeiteeben some Falalyptd vied @rthe Suj t abl y,

the wei ght, ratio. of ,water =.acid |n: [ f ' i S,.hn, t.he range
e ooyt & ghn bl uRC LIl BE LA bLARK! Bolet BN, T AN
in the dadig®leXhat the id® ptakictstredm Batkiayt hdowacbskbeandiion obtdboe nmay be

opti onal | recovered fromthe product of the oxidation process. 8 - 1 JUN
p y p p

2006 VD“WP@@S@SS’TT”@FFGBO'ZI 05455 The al kene fraction fromthe separation
stage is fed, ]g?jsdﬁ)tqgaf%lp%ﬁeéltorl%@%ataggtﬁathg%ﬁﬂﬂﬂoﬁ eathbRRofOMms: t oget her

wi t h opti onal itronal nol ecul ar oxyden-containing gas, optional
addi t i omales akkiegiele amd on andnmxjdei by-@oiddctt n pddidoca catakenydmpendndythat e, such

as vinyl acetate. .5 Unconverted .al kane and/or a]kene may.be,.recycl ed

t oget hero"_taﬁ:"%“%‘f fFtGHh Zqnedety b%‘éﬁefiit%PX@égﬁé?g’PPG?P"}O?‘B%tf’ﬁé EM%lﬁéam process
to the opy.dalieRa1'8aG)k 9&1}%&(&% Aial Betpkssenth th GRS datAl itk R s@r nore
separation stages. Cdtalysts known in the art for the production of al kenyl

car boxyloatres sgmayddyg reagged zowe.-t he process of the present invention. Thus,

cat 3by5t act I\gﬁg{ ?pthzﬂ;[egg ngr Oz%uatc }ﬁéc AN o3 th%OO-X}/({a{é]ﬁl,l[l Pgo(r:?%%’ﬁgilh% Cp\gh%%&cq S be used

in second r present T nv rise, ftor

exanpl e,cofphistysblc &8d0R8RERDAM WiteGand m§ A1s248ntaiSetPad S BB gand EP-
A- 0672453 the contents of which are hereby incorporated by reference. GB 1

559 540 inkrsgas mponcmasadhyastargaat andanitregent4nd the byRratuctnaGltaldeide, acet ate by
t he reaction of ethylene, acetj.c agi Ny th - onsi sting
cssent | arfarortitiitnddihifs "SR R e T BRI Beer or o
from 3 t@nvertddBnte sroluar bRY gomec@tainihg @@y & plothacelachtierhéig and cdi®om by wei ght
wat er suspensi on of the catal yst support having a pHfrom3.0.to. 9.0, (2)
a pdPl adliermgEIsBecAElyy cidies i VR SFATPIaCesSRsOACRTN A5 FliBE 1B e ORIy st
support, the surface | ayer extending less than 0.5 nmfromthe surface of
the support, the palladiumin the alloy being present in an anmount of from
1.5 to 5.0 grEthgle@@ispeesehi inrtke pfodueit stlesnmtof thanokititeongshdidyedsng present in an

0. gr ams BB AEE Fci £ g Senbiear Y Gra arichdpapviect (ehs e 50
descri bgg;@aghel | inpregnated catal yst active for the production of :
20 The product stream from the oxidation process is separated in one or more
stages into a fraction comprising the alkene and a fraction eomprising 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 : 1to 0.5 :1, preferably in the range 5 :1 to 0.5 : 1, especially in the range 2 : 1
30 t00.5:1. | -
| Carboxylic acid and/or alkene may be optionally recovered from the product of

the oxidation process.



vinyl acetate fromethyl ene, acetic acid and an oxygen cont ai ni ng-g1a§UNtm
catal yst 25 consisting essentially of. (1) a catalyst support having a

particl e v a5isgfs fromabout 3 to about 7 mmand a pore f.0.2to
1.6 m ‘per gram (2) palladiumand gold distributed in tﬁ&’gﬁéfﬁﬁ‘aﬁt 1.0

mm thick | ayer of the catal yst support particles, and (3) fromabout 3.5

to about 9. 5% byBed - Qf I Lm erein the gold to palladium
wei ght ratio in Sgﬁ%ﬁ&g%{ogl@@ﬁ%ﬁ&%ﬁﬂ%@é&@éﬂgé .al%o{’%oﬁr.n%?gsq?ﬁméﬁp A- 0672453
descri bescopdidaationumoeangabariwith opticlaysidsti@atmbheilar opfepasoataiging f or 1l ui d

bed vinyl acetate processes. .. An adyantage of using a pall adi umcontaining
catal ys a?>s°PP‘H5"§ “%‘ﬁ&}%i?ﬁ*«%ﬂe F AR G/ 935838 POIYERPIEIDE CAPeT) B S F5455
nmonoxi das pigrateee.i n the first reaction zone will be consunmed in the
presence of _oxygen and the palladiumcontaining catalyst in the second
reacti on zon&ncomeriepylkant pnd/praalkens miebswsertlébiogethsepartay et keastbon nonoxi de

I Typi I t duct i f.alk | .. boxy!l h
viny! - abatar ey BoE e U b B s b LA SR it B B gemeoust y

wi t h t her iirettinifeer et BEmPBrESPRtatibM stage gas phase. Additional al kene
reactant may pe fed to the secqond reaction zone for the production of

al kenyl car b&@{Alstsekpenis|the &6 faribe RTodasiwfaf eilenplecodxixddateomay bact i on zone
as oxi dati PR 1 Qv teactant . 10 Additiepnal '
al kene int réduclgjg %%togn%/ﬁgésgg@gﬁgﬁ ?Heﬁggrth?'(g)’nkc%%? Séa%gre _Eﬂ%]eﬁ)rr%@tféF? 8§ of

al kéfyl voatd boxtatt athéechmayy beusdbs b anddndlrbactipu zenost thayrebentasvenkes mafyor
exanple, with .one or. nore of nitro e(g,]eq?r qon, met hane, carbon di oxi de,
carbon BRBYFALr %?WP@géﬁ?lysféﬁﬁdFsﬁ%gF P 05f59c§f1ﬁépsé219(§430<§lﬁ€’é‘rfé)s/ al kanes.
The nol @GUBW%%N&@%&%WMWQregfé?eﬂiﬁﬁé&f)&atteﬁ‘B $eEARde reaction zone for
the 15 production of al kenyl carboxyl ate may cgnprl se unreacted nol ecul ar

oxygen- cont &ithil A§9 46 déscohesst eytalst)actinaifon theasteparationadf vinylecethrriby
oxygen- ¢ont ai.ni_n as. The.addi.ti onal nol ecul ar oxygen-containpi gas, if
e, " R B Teng B A ap B Ve OB o o TR 8 FBRYI P han ai r. A

sui 1abl g1 pdeitdlyaRapp ARG AparfdY edinct&UTHRINDE RY7 988 JBY P vdifhe 8XaNDl €,
oxygen diluted with a suitable diluent, for exanple 20 nitrogen or carbon

di oxi de frop} B£49 A5 Y g.tand % B ivtei S atatsrshenensian obby getalysosupmoriibagingas i s
oxygen. Prefenaplyw apli:, SO ul ar exygen- aining gas is
fed i ngepenr‘gent{(%/9 (t)’g‘tz)t %gﬁgatgé%ﬁgglrﬁ@g !Hgsr?%gemﬁ%%%g%gabgf ﬁ@ﬁé and

car boxy lchtglyatsugpont.ahe thafics layEhexteadibglegh than &¢3 @inf £6mtihe tlitice@€rrd reacti on
zone, nm cid. 25 or a mxture of car boxg/IOi c acids, but

rone, oL ve BV SRRSO e Bl 25 or 8 e oL car oyl
20  per Iitre 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 impregnéted 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 wei ght ratio in said catalyst is 1n 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



t he al kene enpl oyed in the second reaction zone. Were the al kene L{sed i_n
the second reaction zone is ethylene, the carboxylic acid used is JUN'2006
pr ef er abWQ 03@8833c aci d. The carboxylic acid fed to the secgrgBmeaski on
zone for the production of alkenyl 30 carboxylate may conprise fresh
and/or recycle acid. The fresh and recycle carboxylic acid may be

i nt r oduggsokidt prdduecdsigabi drst FeRMbh atnezOiEbeeidnbehedih the padsahe dfeed streans

or as a single feed stream conprising both 10 1 JUN 2006 f&esllg and recycle
aci d. TRYYESAFHDKBA RaHadiepyCPEpning PHYY Bt Bir de @4 dE3HRD Z6A8 PHFELY he '

pr oduct %ﬁ&imingkﬂg%w forGAdePa%Yd %@oﬂ%Xn&gﬁtp{e'nﬁ)%aﬁ%eaét%ﬁSt a portion of the
acid obtained fromdownstream processes such as fromthe separation of the
acid from a fiygically tlof prokectae of Bk doyhydrbsydae bochydsatieyflwatete inThe car boxyl i c
acid fed to.the.second reac iog ztone such aﬁjn cetiF ngi d, has q. wat er
cont 2nt SEOREFCACHAR 29KdS SHHGHOUHRCIGREEERCOSRY &1 @et“?ﬁg@ BHbe PSR Bn zone
preferably;LOAMNe ses | ess than 6 w% nore preferably less than 4 wt%
especially less than 3 wt% of the total carboxylic acid and water entering
t he second r daklitiopal Abere reaganmaielstedpaile S@ﬁoﬂ%éa@mﬂmylfmcﬂlaci d fed to

th d ti be I Lqui.d. l.id I : d i
the scoohir pRAED BR-SERE- P ERe vish e RO S0 ek O BRI BT

product 3t bRitfiepRtidahien uheashned akenercadiyt. addi tional al kene or
carboxylic acid reactants, any recycle streans and nol ecul ar

oxyd@n- cont aifidiipnghalkars: iatredpredriniodhe secpad sragtioheaisghr thverredrdind of eact i on
zone at i-ned. gas _hour e ' )30, 000hr - .

The secondny Ban e g B sr i ARAT sutiSaH U (T REL P PR R ey

sui t abl yne benopesatigdgat, afzohenpaat, wathoni doxite cariogendroxide] 40doger200C. The
second reaction zone for_the production of al kenyl carboxylate may suitably
20 be opBAATEEVALs oA ofree Serfrelkenet/AE2PSihge 50 to 300 psig (0.44 to 2.17

Mpa). The SeCﬁ%%&@@a%mggéﬁesnwng ébﬁfueé&%%& g&!&@k@h%ﬁ%&m@xyl ate

may suitably e operated~as either a fixed or a fluldised bed process.
Car R6xy Ipredvetid of dkered stibosylate minecorapige bir¢otegidolrayabexyeehi eved in the

second reacti.on zone for the prodyction o | kenyl carboxyl ate. 25 Oxygen
conver si’GR%TIRE g3 k58 (B)p Orlagg%oﬁﬁ{/]m[i%c‘i%? ’(TCPﬂtafrHégg%scond reaction

zone for the JHOdHRhAMOlec@hKEMHen CRRRARNYS Bleif ALKSNS, BORYBF 8@NS in the
range 3 to 100% nmay be achieved in the second reaction zone for the

pr oduct irtairendr rioke my modenulrayoyly atrethan pirt Hesustablsrdditionek meleclonexyssp- t he
product ic%plta(ijxxinga lgeh(sergagll bg,%&b gxxa%%pa}é,%b&ygpbediluted 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 tbé 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




30 catalyst suitably has a productivity in the range 10 to 10000 grang of

al kenyl carboxyl ate per hour per kg of catalyst. The product streamn?r«’g?‘nms
the second reaction zone conprises al kenyl 11 WO 03/055838 -1 JUN 2006

PCT/ GB02/ 05455 car boxyl ate, water and carboxylic acid. At |least a portion

of the pr ;yomthe second reaction zone is fed together with

at | east ggs%girnfli%%(%’%mcﬁie carboxylic acid and water fraction obtained from
t he separ ati onThd carbexypicadiddied &1 the aeeohd oeactibhe zend fdathegmoducéan bf alkemydne, to

a distillatjon, colum for. separati on. of .the carbo i.c acid fromthe 5
o Kenyl | COBORS Y Snmoriss Scishe pPRigBof s SRRE BERESSEET o1 s eom

from the Gxi&atd QEhhea6H 188 sGRRRICNRY tREaciERom MBGurdiot healcid/ARSHy1a portion
of the product streamfromthe second reaction zone and the co-joi ned

st r earh f echrbexylaervater. nore streans, into the distillation colum.
Al ternatively addi 1 j.onal | I L.on_of r tream
fromthe oxi daﬁl%%arg?}}ylhga?gdi t%?1 t%ﬁgg%;@ rgaé:% é%{)&ag&c}} natgqg?tpcn%?dejlcliatsfaeans,

into the @h&t bddt@iti Quah Eigt HTarsaMR b Aiveley entbrigimht Recant @elstibn sbecam from t he
second reaction zone. At least a portion of the product streamfromthe

second r eprefardly gomBrisrgyess shaneiwtiasmerserrefierahby essthpd v 7o, penesiatlidess
distillatonsGabiitine Ria dabdA iy foid BRAGAL: Bhefihe AR AIMIH R LLAAM T om the

second re&action zone an e carboxyli1c aci water fraction

obt ai red fr om Abkastgpardithocarbdxylibacidrfeditocthe sabné agucfioromortehraybd dat i on
reacti on zone produces an overhead fraction conprising alkenyl carboxyl ate
and a bas]éq"F‘&acti on conprising carboxylic acid. The carboxylic acid base

fraction al so QAERSHEEEaNGES are usBE iNhEREIonATedRliah 86ne fOF iRiglodtRBon of
distillation colum may bé sel ected according to the desired reduction in

20 wat er aberydeanbaxylets, the product ipdhy dxidatia igadiwseone, aoy iadditiomialkeae boxyl i ¢
aci d/ wat er ml%(t ur.e rra;; bg \{\n t hdra\/vrlFf{Ioms\tﬁq{g1 base 1of t he di@t.i Il ation

col umm ei YHEFPPH P AEHGTERCHS GBHETYC'P STHRMAAHE Y R &) RARE G ¥ETIF #e
process Ofrelph&eRbBSRRLed thiRBh Y betSndaehaivn zoh8 8t a Wniislh&t gSthoaaspdcem t he
second reaction zone for the production of al kenyl carboxylate 25 may

conpri se vlegity GEETL &f SARLo dP-0RBr acetic acid and optionally al so unreacted
ethyl ene, et haf. «36fd Al Ashe i the BRRACH S HllkeriPLAORIRD Bt AGiAY car bon

di oxi de. The carboxyl i c aci raction obtarn

separ at i Obe Sfferitbé apd Relipetaturstin drmradgedrorh 140 ax2@ECi on reacti on zone wil |

conprise acetic acid and water. The vi nél acetate and acetic acid
C

stream from t hEhaBEandrseenRn 1K ©Dbe PRk fien ?frﬁlk%hea\égé’g@atg érff’é(rsa’ct%l?ly from
o NS RASRT O RS0 R fg  y, cton o e
distillation i@h®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



an overhead fraction conprising vinyl acetate and water and a base fractlz(a&
conprising 12 - 1 JUN 2006 WO 03/ 035838 PCT/ (B02/ 05455 acetic acid” ah

vat er. The Bassséracti on may be removed fromthe distill apt9sseobhisan as
liquid-fromthe bottomof the colum, or as a vapour one or nore stages
above the bottomof the colum. In a preferred enbodi nent of the process

of the pLB&EMte WPEMHdWArbdHYECcRERNAE least [sdrtieaoT fhe produre ssecofidnrthact i on
zone is separated in one or nore stages into.a %aseous fraction comprising
unr eact exond kepeorzmheas faddapether wWih pblsad 8 meFi HgharRBAYYICaE | at e,

car boxylje for A6LA t@'on Nd, ey ¢ mﬁ@%e%ﬁgﬁﬁpéﬁhéﬁﬁ%@ﬁdsls qfamha@yld@@onerml oyed

such as e e Separation ensati o tion. Preferably,
condens adacOsh tc&;eem AdysithtiohGolhus forwhparetidrhel %ecnhdxjdm@tm@ trogt theam
conprises vinyl acetate, water and acetic acid, a gaseous fraction
conp? i s@H‘QnﬂtcﬁW"eﬁ@te %ﬁh‘ﬁ?f@r acet al dehyde, carbon nonoxi de and carbon

di oxide, If afYeas 80 o?fﬂ%vﬁ'gdflcft@ﬁbﬁrﬂ@ro%?fh@%hd%h@ﬂH@dch%b [Z88éina@%e an
overhead froma sc % bing.col'um, in which a liquid fraction conprising

vi nyl acetjaihed Wlth/at Elastaarmbraombf theqed@nct straaenﬁvewdm penend hea%lézgéonerhe

et hyl ene or, et hane be 15 recycl.ed to. st nd/ tep (c). The
al kenyl ae&%&wpakeg SHF‘EHF‘ é‘ﬁ‘ﬁf“é O oKy TR ! t‘%igéj %8gvgr e rom t he

over hea%terrﬁa%%mr aaafubapxhy at 1QEt £ 8f theYréleeastahi fom fbexiddorer ed

al kenyl carboxyl ate, such 'as vinyl acetate, may, if desired, be further

pur ilPi edeaction z@mmmy berwhes onQor rnhee fegems fiptecth dﬁtlﬂé‘ﬂr@? ralmg SSBFRSLYI i c
aci d, Lif(ﬁ? ?hrs? &I 1itj;l} g‘?%gxéfﬂon?‘ trlllg s\é\@o eg? %Sx z&? [ﬁqga% g Ortmntcrf t é}é}%@ﬁ@ter ably

wi t hout °8h" %6 st €ss. rnatively,

t he car Q@éyﬁ]|f@name@et@drxe§@mrmeﬁmgmetfhe Dane of mact smmmtcml;p be further
purified if desired, in known manner, for exanple by distillation. The
i nventi thtvuaFIDHﬁ@iWYme illustrated wi t h reference to the Figure and the 25

Exanpl e. Fig. glstlﬁ]?ap Vs sseeglta?mb%f %@%dt%ﬁ@in?%nﬂh@gé d rRRRRM3HE asyi t abl e

for use in th 0ces resent 1 nvention e apparatus conpri ses
an opsi dahé @ﬂbéﬁﬁ@tdcﬁi’larﬁoxﬂﬁe( ﬂr)ictﬁfrmhtdﬁeﬂ fabinithasepappion of dlie prodaste and

optionally ethylene , a supply of nDIecuI en- cont ai.ni ng gas 30
(4), a sUspM %mtheefes}@qt@ng*sectlear?ﬁfl? Efoz‘aceétﬁﬁ‘ﬁéf’e’fﬁ@%gﬁl%ﬁwmﬂa% hyl ene (5)

an outl e&lhé%yﬁéar?&ﬂr]at@ ahd E%tasé)fr%%tcoﬂp?ﬁﬁﬁ@dafﬁcﬁﬁﬁc ggparation nmeans (6) for
separatin

I'r'st product streaminto an ethylene fraction and an
acetic acid abek mlbcethf: raicttasn frapieqresisn erynpiEses M@tq3Th6 number of plates

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
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- 1 furs 2006 WD 03/ 055838 PCT/ GB02/ 05455 scal e of the process, thel JUN 2006
oxi datjion reaction zone (1) may conprise either a single reactor or
several rwaOBERSE N paral l el or series. The apparatus al se@aEgRises a
seécond ‘reaction zone (2) for acetoxylation of ethylene to vinyl acetate
which is provided with nmeans (17) for conveying at least a 5 portion of the
ethylenemkﬁaaﬁﬂmndhm&mlﬂhebsap&mmmhmmnﬂnanmofémﬁmﬁmheﬂhéﬂ&@mnmﬂhmnaction

zone, ecul ar n cont ai ni ng gas , & su recycl e
acetic ae$h£ﬂ¥§@¥“5050%ﬂndﬁﬁi 1n%dﬁﬁF9V6W“§GB%PT%@“%ﬁa%Fﬁggg%g’and/or
acetic aghgh 8FmePsRERMI Ng-on  the scale of the process, the second
reaction zone (2) nmay conprise either a single reactor or several reactors
in parall el orInizrprs@meésmbbdiﬂmOéﬁp@rﬂmﬁa‘somm pm«:ntd:mmpjtibs,etbe arrdwpt i onal
scrub?er %1 £ Bi ] g m maF %gd reag;uonszo “eftlllatlon
means’ (13)° ? @éﬁz$§9 Ezﬁég%lélé%lé?V|n P OG OL P T et P O+ & e product -
of the seaeidh d@ﬁﬁkirﬂgmrﬁm&dam&n%hedaclqhidcfraaabﬂcarmgnmgemenjlr action from

separation means (6); vinyl . acetate purification neans (14); optional
acetic aéWﬁOﬁﬂwFﬂF@§FﬂbﬁaW@éﬁ@“@fﬁ) and one or nore optlonal separ ati on

means (16) f°%m§§u§£ﬁ@&%%hﬂ%n%%ﬁ9 a9%9éh§ﬁé%&9ﬂhhﬁqx&hﬁ§% r&h%"‘ the

second reaction’zone an opti ona for overy of et prodiuct. In
use, thecoxdedladtioanr dggdhbi@N Pzefmbbfltcondmmnowlsdmblwyetdw at | east one catal yst
each _active for the oxidation of the ethane to form acetic acid and

ethyfne. sui T&BY:yherfethe S BEEr Yo St AMYTPriseey 93] 3¢ Hara A 20 ecul ar
oxygen- cgahak as'a $IRRtib HE ngnélggteth@x%g aﬁargagae&ndgh§agtaa%n49&?mﬁéa from

supply (4) one or re rnl éts.” A gaseous eedst ock conprising
et hane, andicafpm dmaidleylfenhyhe;nbe reslofvedlfrtom thhecconil gatduohstreaaces em  zone (1)

from suppl ec S.conpri e and o tlonall | ene is

oo °F PRVl oAb b R RuaRTEh Wi iSRG o s Bl e,

oxygen- Copfkatiani AEELFASid 1s@érh@%el iﬁﬂﬁltH&%‘ﬂ@'ﬂe@ﬂE’l@fe%nﬂfHﬂéﬂﬁH@ﬂﬁileM0 t he _

oxi dation reaction zone (1) through one 25 or nore inlets separately or in

partilal éﬂ%@bﬁﬁ¢@?@@ﬁ@ onatePén: Optionally at |east one of the streans
fed to the OX'T%gta kreg%l ceaab S/Eatealfgr &%%%Peglﬁﬁlgffa%@attg S reé&/eh 5O ?gt lon reactor

a first product s duce rise ene s product
and/ or um)lva&eﬁcEﬁlacft@ﬁdéultaBE'?fdr(Exmplé bynadcantationt Tbenalcbyerum elhasylned

nol ecul ar oxygen-cont ai ni ng gas and géﬁ ag%ucts such qi ca bon nonoxi de,

car bon 363WP6X?We“mPﬁéWP§dé atg,dB, e e Aprthes paph O of this
product stfeamis passed to separation nmeans (6), such as a scrubber, from
whi ch a gaseous fraction conprising ethylene and a liquid fraction

conpi2Dsi ng acéthebasecirabtmnd omprismg apdox wiaced] sudt ad asat¢ acidlapd wategupy 2006 WO

03/ 05583%8 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 mvent10n
The apparatus compnses an oxidation reactlon 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



PCT/ GB02/ 05455 portion of the liquid fraction conprising the acetjq am @b
and water is co-joined through supply line (19) with the vinyl .
acet at e/ Wt ®rosseset i c acid liquid stream from scrubber (1R¢T/GHobhssgh not
shown, ‘at | east a portion of the acetic/water fraction from separation
means (6) may be fed directly to distillation nmeans (13) separately from

t he vi nydal&Sofabepatessyt exidatien reaction dorst (1@ snmy chngirise enadriasingle stactoraci d may
be recovered {rom a . port]' gn_ of. the liquid fraction, for exanple, by

di stil | 8t SR BRACPEIL P2 fﬁ P30 of the ethylene fraction from separation

nmeans (6) i sthedpRYatudBaNSohpridesiaeortdi@a&R:0REe (Dot hedlozdaondti ch s
provided with an acetoxylation catalyst, suitably a solid catal yst. At

| east aciolene tnviep! adsatewhighenprovidedtyighmeans Bd) fegoneyans 8dety 2into the
second reacti zone, ternat | L. hng-f ' econd
reacti of® l(?ﬂé)?meheghﬁ?nq%%csiongédp%(rajt’%lsc?ﬁg%b&ﬁ H%gré{)@lrﬁgﬁég ?égg%?gﬁgﬁrg; be

separ at egnd)¥ sepily abhRlecsRpak agdrotonmEaing ghn (), gy of reoprlbpegicodutt s such
as carbon dioxide: Additionally,. gf\ré of the ethyl ena Era]icjt iegjg. may . be
recycl ed!O\ind Bn eptional Rely By Syppbianiet ctewgas ard/eracetic agifd8 b, PERAPBIF Peact i on
zone. |If i - Vet edib AR difelgor tion of

t he fraélge:j%af,e Oggh enlg‘rtB E%ég’gﬂgﬁ%g\?ﬁg?%?%%gﬁesﬁﬁ %)Cﬁéﬁllsgre ng%(ygen%cont ai ni ng
gas is freqtdrertherdeecands irepabildmrzoseesr om supply (9). Acetic acid is fed

to the second_ reaction zone fromrecycle I ) tiona
addit?i oflal etWIaéﬂ%fla‘é’ﬁéﬁ@erﬁe@ﬂ)?éesaﬁ@tm%uﬁgﬂ%«ﬁé@éf?rﬁggléoéﬁg‘ﬁ%ﬁg%act i on
zone frqm s4ppd lyea&EO S1HpR! G884t mdhe (EhH)vt i?égﬁraftihg(‘a%ét%‘acimﬁ ul ar

oxygen-cont al ni ng gas, recycle acetic ac and optional additional

suppl i esacethteardigd feme teaphodnctad ¢lvd secand tactiorezdngdnil thoacete agdlewddvatetact i on
zone through gne or mare inle separ at el i.n partial,.. Or.: | ete
conbi natlfasHon ?rﬁmc frRAQEEDAFPR iY‘BﬁlaazCS%ge g‘ﬁﬁgcé'i’% i Plé"é’e?ﬁ)tlco(ﬁgfg})d and

Mol ecul afcQX¥9EPurliS@Eion ntAnP| B WEE ode sEEORToRIRALEGpattibaameaas (XB)ifsi ng Vi nyl
acetate. 25 The second reaction product is passed to scrubber (12) from

‘whi dh gaspaning ¢agosrddigkide Separesels. casr o thil EronfbrepstiqepAan8d from t he
gas and gptignally ethyl r recovered, in one or nore separation
st ages (Of’g’)on%i}'ﬁ%i{%%%’%’fﬁ%%}d%ﬁ%qﬁ@%rt. The renai ning et hyl ene and et hane
may be recycliadisé ahé Beidhiidrbicaativh amegECio peoviéalyih at leastlomeaewlyisteadbi d/ wat er
fraction obtained from separation Ogtyaans (6) Ikﬁi co-Lo}@ne V] g]gSg supply
means ( 1@fivedaribe pridatian afihe ethpptiiodiorn peslin acad wnd ethyiepe TR IAF ated From -
the co- |qj E O dyidie L GerRCA A4 f4 patth e by
azeotr op%”gh%ﬁgtﬁgﬁ%%bag% Séla(ﬂwéﬁg%?'l Madtili gﬁﬁgg(?ganﬁ%ﬁ?} : ag 1aceti c acid

obt a@ione doxdéatmnyamiofizand (10 dirdm euppih &) dirstigh bat pomotsiniets. 4@RSEEE6 WO

03 05583 bCT) CR021 05455 col U (13101 SRSYS) £ b el oA Hbigact | on

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 _
ethylene (as product and/or unreacted feed), acetic acid, water, option.ally 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 és a scrubber, from which a gaseous fraction comprising

ethylene and a liquid fraction comprising acetic acid and water are removed. Atleasta
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may be recovered fromthe recycle stream by neans (15), for exanpl e tbyuN 2006
distillation. The overhead fromthe distillation colum (13) conprises a

vi nyl “acewetogossnek water.  Vinyl acetate product is recoverp%ﬂ,/é@ L ilge
overhead fromthe nmeans (14), for exanple 5 by distillation. gé iment |
A Model (A) was nin using standard three phase distillation equations in

ASPEN p'lbtﬁﬁb:@oﬁ!h%%ﬁﬁ@r&c'&%n%é&?}iéﬁ@'tﬁe £HeBE hdih @hd Qe s Go-fHisdd tht@khon col um
of a feed Stream (i). Stream (i) conprised the conponents vinyl acetate,
wat er an@PaveitedlAcwh theovimpeaceipty algtadetio avid Riguifi steptnl emoardbtum was
passed t r.f ich s repoved a yvapour. streamand a liquid
O cam RS ARRGFARE b T R SHPHERER PR oD H T Ry

decant er medisg 6yinay be faiedipdcely ps ddtiiiti madedre ¢ D)eEfdatklyOffbihBe vigygani ¢ phase

of the decanter. The base strearn fromthe distillation colum was defined

to cohpr FEB APBIERINEREIYS ST TS KIBEH Y a5eicReimaY b HeCEFTedA®™Y ppm vi ny!
15 acet aﬁ@rtioﬁoﬁfhre?iﬁmdcﬁ)éﬂ?i{oh,sfo?Q)Aﬁ%ﬁ'llél nAGSkBhgyvas renoved as a side draw

fromthe distillation colum. An Tnhibitor to prevent polynerization of
t he vi nyl acefatesstwgsrifiedof thaethyldre ftaopofromtsepathissn hleats @Ghiscioll bym. The

Model used a distillation.colum havi 42 theoretical stages with a
cpndensewe?xgn(gﬁlgiout&‘@S%Cfonégeaé BAGOR° WB%BF? HPVided s é‘c“lﬂ“étoégﬁff%. 3 C

Ni t r ogencagst2Qitdpc doBidcaRIRE1cAne PR RISISAB L sQIRARANE Steh et hyl ene,
et hane, carbon di oxi de, carbon nonoxide, argon, and oxygen).” The refl ux

r at el0 andiredily ietorle sesord ractien dwmed Adamaticely,ipmipr talkengfel iptaodastcostr eam

flowrates for_ Mdel (A are given,in,Tabl . The gconpositipn o he

streans 18 Cté?nvzeor?eﬂﬁﬁ aél"ﬁ%ﬁté" pfftgggo@gﬁ%xplgnﬁra%}bww Eﬁ’ g‘%ﬁ'&aé?é %A UI{RIB

repeat edsepuragiph nidaad (nobshdvaedrat beamduetstdieh & &hbdd AbkRR. SediubRalmas a

conbined streamof Stream (i) and a Stream (i %. Stream (ii) conprised the
Qu

conponenbdt akibeicthylear draghen wab &e recpisieds wahvor wi tdty-pieduditspparatipndeat e si de
dr aw andidiydarid fhehich PORIUesHLd BffRene BahEbL LA gL, 0T ven i n

Table 1. Stream conposi ns are given | 6 WO
03/ 0658 3forfiabloé tht fidodeh, HyAhethbdelnovB) in thkerak. / hrknmol / hr Refl ux

ratel975. 008571. 43 S . . :
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). The ethylene fraction, molecular oxygen-containing

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 -énd/or sécond reactors.
The acetic acid/water fraction obtained from sleparation 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



Si de draw2. 31422. 3143 rateb5 Vinyl 372.717368. 454 acetate Product _rat

Tabl e 2 Decanter Vinyl Conponent Units Feed Aqueous Acetate aterg/hr é@ ezgo%
St r eam Pwaxiesonssgs80168103. 4Stream 318. 8 Acetic aci dkg/ hr 862CB@®B02/05455 '
YAMKg/ hr 31283101. 630460 Et hyl kg/ hr 250. 140. 46 acetate k975.916. 733.5

Ni trogen 10 Table 3 Decanter Vinyl Conponent Units Feed Aqueous Acetate
at er g/ hrcStun@a(1B) is recycled to the second reaction zone: Optionally, acetic acid product

may be recovered from the recycle stream by means (15), for example by distillation.
The overhead from the distillation column (13) comprises a vinyl acetate and water.
Viny] acetate product is recovered from the overhead from the means (14), for example
5 by distillation.
Experiment 1
A Model (A) was run using standard three phase distillation equations in
ASPEN plus to simulate the azeotropic distillation in a distillation column of a feed
Stream (i). Stream (i) comprised the components vinyl acetate, water and acetic acid.
10 The overhéad from the distillation column was passed to a condenser from which was
removed a vapour stream and a liquid stream. The liquid strearh comprising vinyl
acetate was passed to a decanter. The vinyl acetate product was recovered from the
organic phase of the decanter. The base stream from the distillation column was
defined to comprise approximately 95 wi% acetic acid, 5 wt% water and 19 ppm vinyl
15  acetate. A stream comprising ethyl acetate was removed as a side draw from the
distillation column. An inhibitor to prevent polymerization of the vinyl acetate was fed
into the top of the distillation column.
The Model used a distillation co]thm 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 (i1) comprised the
components acetic acid and water.

‘The flow rates of the ethyl acetate side draw and viny! acetate product streams

30  and reflux rate are given in Table 1. Stream compositions are given in Table 3.

16




Stream Product 5525944579Stream 315.1 Acetic aci dkg/ hr 19600000

VAMKg/ hr 81283559. 130113 Et hyl kg/ hr 250. 0110. 006 acetate

kg/ hr 893. 8980
19:1 0 ‘Col

10

um Sid Side
PCT/ GB02/ OISﬁS Condenser Col um -
Model (A) | Model (B) |
kmol / hr kmol / hr
Reflux rate | 1975.00 8571.43
Side draw | 2.3142 2.3143
rate 5
Vinyl 372.717 368.454
acetate '
Product
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 ke/hr | 13016 | 8103.4 318.8 |12.9 423 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/hr | 25 0.14 0.46 19.1 { 0.008 5.35
acetate : _
Nitrogen kg/hr | 9759 }16.7 33.5 0 925.9 0
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/hr | 55259 | 44579 315.1 12.63 35.1 10317
Acetic acid | kg/hr | 196000 | 0 0 4.1 0 1 195990
VAM kg/hr | 31283 | 559.1 30113 {119.51 6835 3.94 195.7
Ethyl kg/hr | 25 0.011 0.006 13.8 0 | 11.18
acetfate .
Nitrogen kg/hr | 893.89 | 91.86 33.15 0 768.89 0

15

= 1 JUN 2006

1091.7
335 Nitrogen Colu nm  Side draw strea ;r@TJ@BOQ,O.JﬂQ\
e d?aw Stre am 12. 63 4.1 119 51 13.8

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 (1)) and a stream of

acetic acid and water (Stream (i1)),

vinyl acetate product stream is significantly reduced.

17

the concentration of ethyl acetate by-product in the




| nhibi tor Vapour Base (200kg/hr) Streanttream 42.34539 086204 82 . 1 juN %006
2.91.8195.7 0.0085.35 925.90 C Colum Condenser Base | nhibitor Vapour,

St r ean{ 200kG/MT8P8 St r eam 35. 110317 0195990 683. 53. 94195. 7 BAT/GER2UBS5 890 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
et hyl acetate by-product in the vinyl acetate product streamis
significantly reduced. 17 - 1 JUN 2006 WD 03/055338 PCT/ G B02/ 05455
Claims: 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 correspondi ng al kene and optionally water, in the -

Claims:

1. An integrated process for the production of an alkenyl carboxylate which

process comprises the steps:

(a) - contacting in an oxidation reaction zone a C; to C, alkane, a molecular oxygen-
‘containing gas, optionally the corresponding alkene and optionally water, in the

5 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, 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 (c) 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 Jeast one catalyst active for the production of alkenyl
carboxylate to produce a second product stream comprising alkenyl carbokylate,
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 fraétion comprising carboxylic acid;

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

20 (d).

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



5 presence of at |east one catalyst active for the oxidation of thg ghkams
to the correspondi ng al kene and carboxylic acid, to produce a first product
stream opopsHskRg al kene, carboxylic acid and water; (b) Pé?Rﬁ'ﬁ)@fOkﬁg at

| east a portion of the product streamfromstep (a) into a fraction
conprising the al kene and a fraction conprising the carboxylic acid and
wat er; 1Ot &p atlsastagtortign ofitha carbosplic 1ddohied fraziseotinke astted (Pabtheon of
said al ke&&i]fa{iaﬁ:tilon produced in step (b), a carboxylic acid and a

mol ecul ar- oxyden<¢8A¥ai ning gas, in the presence of at |east one catalyst
active fa. thes producictomimy ol &eny br &%P%%E%ﬁrﬁaﬁ@aspﬁggial&% gdggcond
product stream conprising al kenyl carboxylate, water and carboxylic acid,
15 (d) seFﬁaﬁh%ﬁ PFgIRiromdle pXigapen reaeoroone hecqpoathdoyitls b learnafpootiorsoep ( ¢)

d ats | ' t | J ' d ) f j duced
" step (b P ROt MR oo eGPt s eMRR Shewh 2t mie 0

conpri si ngstalakemydlugmr boxyl ate and a base fraction conprising carboxylic
acid; (e),recoyvering the alkenyl carboxylate fromthe overhead fraction
separ at edi n <t BIPCeSGeerfingio chripy Hwhersingbe sp-dting steeant wifad ps abreerei n t he

| east a pablis@Bard inkd@RELIUGEL SELGRAM fromthe second reaction zone is

i ntroduced separately fromor as a single feed stream 18 - 1 JUN 2006 WO
03/ 055838°- PCT/AGBORES54E6dnig th cldim Bor dleiasd wheRar 4t 1ot QFJOfth;ﬁl ear®oxylic

aci d/]\ﬁat erroéurc?gtei on_.obt Ei ne_% i.n step (b) to_the distillation colum. 3. A
process aceordl hg™ HO% B Aridation Eagiicn 2ongaefeditn the distdladion£oBBIR | on of t he
product - sdep@atlyf ﬁ&[ﬂtﬁéﬁ@m@ﬁét@%brﬁ'frdn@?ff‘cts'eé’d})dzx%b%og%oﬁ&'J oined with at |east
a portion of 5 the product streamfromthe second reaction zone and the
co- j oi ned? st r ehpidces dcperdingte claiinst wherain tbe pordbunstearh. frénphoceadsti@ccor di ng
to claim In. the co joined streamis fed as one or nore streans into
t he di st ix%c‘é‘!??%ﬁﬁé;lglf%crﬁ%; of 'or'&a%rlggﬁrggrgs &]ctb%fjlﬁ‘ﬂ@hctrbc%‘lngpm 3 or claim4

wherein &t | easprozepictddmgab ddis 5 dQ1ar06WhErea] he PS8 tﬂﬁt ion

reaction zone is fed to the distillation colum separately fromthe
proddct SEFRLIFItiomzePRisSee ahens edBeicsHcann e, the disAllptioressmaccor di ng t o
claim5 whereifyt oxidation reaction zone is fed
as one or nore gti&ggé&ré:@?‘gﬁ{gﬁgtaéﬁgﬁng]t@‘ip%%%glg arms %eﬁlﬁﬁbec%g?ygccordi ng.
to cl ai m®rtexyleteds ming] adveate) the Cheo O elitund isetieanhé peduthereadbiraacmnd
reaction AN is fed as one or rmge streapns to the distillation colum. 8.
A process ac§:81|‘J EiARG°T 6 R TIRECb T Y]ﬁBe’ﬁF%tlfe%ﬁ%@’chaﬁeﬁéhWP@‘Dﬂwtaﬁ@ al kenyl
car boxy| atetd the Védoyl r@e8bALEne it rﬁ@etgacid)argﬂb@b}%%ﬂgt d2afl £3A%he (BT 0duct

stream fromthe _ _ _
- 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. |
1. 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
Qf water : carboxylic aéid in the éarboky’]ic acid/Water fraction obtained in'stép (b)isin |
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
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oxi dation reaction zone conprises ethylene, acetic acid and water, the
carboxylic acid fed to the second reaction zone is acetic acid aer1 tJHé 2006
product 3%Q ewiF$som t he second 20 reaction zone conpri seBCYigBok/oaGet at'e,
aceticracid and water. 9 A process according to claim8 wherein ethylene
and wat er oxi dat | on re ction zone. 10. A process according

car e]fe % t
to any one GF {HE! ?’@ ?fF’h‘f;n g e s dPAFUPR&OBE- kene fractl on fromthe
separ ati an. st agsrob&) aboriiag t6 and be M@ijecé«ﬁﬂgﬂaﬂﬂs me Vé] %{St‘Mth 25
additional al kene. 11. A process according to clalim10 wherein
addi t i on&e Qidasien TFESPUeIlﬁymfeﬁéupn@edmrwmsee@ccor ding to any one of the
precedi ngscl aiy h . car hox |c acid in
the car ngyl i C rg}é\%’ Or}dﬁ] % gﬂé o reca@p%m@{ra%w%se@ ?Jeiéé AYH & ange
from 10: thd exidativh. reﬁﬁoﬁaone%smse@ﬁs&emoéﬂh figededanh MNeized bkde precedi ng
cl ai ns V\IHSI’EI the car boxyl ic acid fed to the second reaction zone has a
wat er conPent /* RIQEFSS AAEHT Wﬁéoaﬂ?()@ﬂﬁOﬁ@e\ﬁmcé@mgé}weﬁ?IerligT@tllhﬁlesecond reaction
zone CONphLSEEati&S 006 WO
03/ 055838 PCT/. GBO 7?0?&@@ fg%tr@b@@ gﬂg%leg&l&h ?}\’étlse 0@1‘?%?‘?% ‘%%‘12 second
react i oniodnéng 14 moltopif ticetesal declpindivilgng ecpdlys. one of the preceding clains
wher ei.n ﬁge catalyst in .the oxidation reaction zone is _supported or

d

unsuppor DIORESS AEBdIRE 4R ABY Bt e Psyding elagns pHeresR Eitedi ng cl ai s
wher ¢gn "Cbx‘ibeﬁﬁﬁt‘%ryﬁtwdt& feé td hee &X&ﬂ%ﬁ'r%tlﬁﬁ%&ﬁé 9 @’roﬂ)ﬂeﬁl SL&? &fgin the form

of a fixed bed or a fluidized bed. process accor 0 any one of
the pr ecemlmng:ﬁ&m«vmwﬁehcenomltfm lm;dmimmf:cyxﬂeson of al kene fed to the
oxi dat i o rea(;a;tl on zone IS to.and, .includi.ng 50 %% of the

t ot al feeé |ncPrﬁﬁ?SﬁﬁccroegV&t‘egnyPﬁe %F%F%f:é@%‘n%ﬂ?&]ﬂwﬁﬁreﬂ% - of the

pr ecedi ngtrednioE D 8ERhA rédi8iod CoROREEMrERA iPh ﬁﬂ\@xte%'ia%eg%té 9 ghligugxi dati on
reaction zone is fromO and up to an i ncluding 50 nol™® of the total feed,

i ncl udi néfapidyraneryisirg viemtetakencandoy liiwd fragicampnynising alkérel pr ecedi ng
cl ai e Wgﬁ'r’b@i r]attehgaﬂg)ng,ﬁigc%l[d asntd\gaqm fromthe second reaction zone is
e

separ at N one: ges 'Rt o a gaseous fraction conprising
unr eact ed al kene and a I|qU|d fraction conprising al kenyl 15 carboxyl at e,
carboxylic acid and water. 20 25 30 20
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