WD 03/ 074454 PCT/ GB03/ 00686 ALKENE SEPARATI ON PROCESS The present
invention relates to the separation of al kenes fromgas m xtures

conpri si nwos@iod4ak kenes, al kanes and oxygen and, in parti ed@GBO300cIche
separation of ethylene froma mxture of ethylene, ethane and oxygen by
absorption in a netallic salt solution. 5 The present invention also
relates to the use of the separation process in (a) hydrocarbon oxidation
processes such as the oxidation of a C2 to C4 al kane to produce the
correspondi ng al kene and carboxylic acid and (b) in integrated processes in
whi ch the al kene and carboxylic acid produced froma hydrocarbon oxidation
process are further used as reactants. 10 Ethylene and acetic acid may be
produced by the catalytic oxidation of ethane. |In a typical oxidation
process to produce ethylene and acetic acid, ethane, oxygen and optionally
et hyl ene and/or water are introduced into a reactor. The reactants are
contacted with an oxidation catal yst such as a nol ybdenuni ni obi unf vanadi um
cont ai ning catal yst and react to produce an outlet stream conprising
ethylene ( either as 15 product or unreacted feed), acetic acid, unreacted
et hane and unreacted oxygen. The outlet streamis renoved fromthe reactor,
condensed and separated into a gaseous streamand a liquid stream The
gaseous stream conprisi ng et hane, ethylene and oxygen nmay be further
purified to obtain ethyl RIKENRSHPFAOATION PROGESS ream conprising acetic
acid and water may be further purified. 20 It 1S Khown that the separation
of ethyl ene fFhomrasedt buentizorrslats ¢hthasepsrhtioneof aliegneb Gronpgasingidtuest by
dlstlllatlny?1S progces ﬁgs su h _as cr)gaenlc disti.llation and adsorption

t echni queSPEHCK a8 Hresy ngwx}gig(}/ bbb RATHRY AT £ HeisRATal ot i on. 1 n
addi ti Orbthm&%rﬁa%ﬁﬁlﬁ’@ﬁét@@ﬁé REH86 and‘@}%fg%n%pﬁb%rg%}?{nad KEARIcYaR M xture
conpri ses _oxygen, such as the gas m xture produced by the
oxydehydﬁb@@ﬁatlon of ethane to ethyl ene as described, for exanple, in

EP- A0 262 2 [ naII empved.prior to par ati on of
t he alkene ?ﬂg#% nPéM HH“ﬁ ]egﬁékoxyg %fgmﬁ%Pm?% 88$BP}§$ to the
separ at |}g'drdn:hrﬁohe)xﬁiahyﬁl pﬂmagsbﬁmh ab e se@aioatof at,nb TG a8ens & prea@eent rat e

t he oxy en such %{1 he o en- cont a| ni ?(g)sstream beconmes flammbl e or
expl osi Jhe cqrpespo phgacid prd dBl intgeraiesinipeassesgn aficll kene such

as et hyligngedd 1 @r §11@h&<1& Bfo%uGMBﬁl% }pﬁr&ﬁﬁooﬂl HERFiRD 900%93 ghkane such as

et hane by a pressure
further used as reactants.

10 Ethylene and acetic acid may be produced by the catalytic oxidation of ethane.
In a typical oxidation process to produce ethylene and acetic acid, ethane, oxygen and
optionally ethylene and/or water are introduced into a reactor. The reactants are
contacted with an oxidation catalyst such as a molybdenum/niobium/vanadium
containing catalyst and react to produce an outlet stream comprising ethylene ( either as

15 product or unreacted feed), acetic acid, unreacted ethane and unreacted oxygen. The
outlet stream is removed from the reactor, condensed and separated into a gaseous
stream and a liquid stream. The gaseous stream comprising ethane, ethylene and oxygen
may be further purified to obtain ethylene therefrom. The liquid stream comprising
acetic acid and water may be further purified.

20 It is known that the separation of ethylene from hydrocarbons such as ethane
may be carried out by distillative processes such as cryogenic distillation and adsorption

techniques such as pressure swing adsorption and reactive adsorption. In addition,



SW ng absorption process conprising the steps of passing the gas m xture
through a type 10 A zeolite havi ng exchangeabl e sodi um and pot assi um i ons
and regerwpationgst he zeolite to produce an al kene-enri chedTga3/08i86h a
pressure swi ng adsorption systemis mechanically conplex and a single

adsor pt i, flke GeCAiRaralfishe Ak iR Ridor BANAALEARALL ol meShlyliagfe concent rati on.

No nmention i's nma separati €nes from=gas m xtures
conpr i sprogueedkertbs oxylckadregeralidn ok ythane to Bh\WeGB/d353B8d des exaniyds, ia pr ocess

for the_auto-thermal cracking of paraffinigc .hydrocarbons wth oxygen in
whi ch pEbeed §6@ ﬁédﬁﬁLﬁ)%&E&eﬂé? %@‘gﬁ? PQERd P é?%‘fatloﬁr%ﬂéerﬂ?en&ut ene and
carbon ggﬂ%é Qﬁané?ﬁﬂlﬂ%ﬁ AN nHBRBIEE Hic 18 BRAPhEH0A bt he  product

stream contacti ng e product streamwith a solution of a netallic salt
capabl ehpfromebanss the stparattmmqrbiesgcanmnetriisakeihe oapgenpuoh e therdygaeover i ng
t he ethéolene. 20, and/ or n;é)rc%%%\e flromt e.netallic salt. Prior to treatnent
with t hEPHAIRLE Sireand Apqondes Hnmable of ¢iRI95auct streamis treated to renove

conponent's SHBIA §3)49%Y8 ABscbEs & BFJRER 8 RphMbng ad AkeRE QAUGE Sth9fenthe _
catal ytic oxidation of ethane, ethylene and acetic acid, may be reacted in

downst r Bemn 3gas ceis Bes ceroppyingltheellenk gind amalbengdush es ehaehbns pwstiye acet at e

or al kenyl carboxyl ates such_.as vinyl acetate. | n..view of .t bove
Chere Bl RB RS BoiRs 3P0 e e Nins BT BARHE e Bod bbb let ABeR°C oy
sepag at AngoRtekanies ckeltgsatasSodiin bbld Potasyiinh iGisnad sedeteatike firTeokidekanes and

oxygen. W have now found that al kene may be separated froma gas m xture
conpr i storpgodugednlcanenrighadaee Hel 2@K5AgIT SHRSIFOTRIOE SHER 1 or pri or

renoval i LL aration
of al kel SBIAIA S CHELIAER o B S Bl g
be carr tagleneitoricantraival Normagios isi@ado b 00afba DS aREREBOR/AO686 st ages
than is required by the prior art. _Accordingly the present invention

provi deBEusss seEpESing alkeness plkpnesgnd QX ¥¢Wene from a gas mixture conpri sing

sai ¢s al kene, yah o@}sl@@%d@sg b%sga nér%@e%& &-the i&‘nﬁb—"(ﬁ&ﬁ%?%okiﬂ@ bfgargfff;&ess

conprises the steps: ( acting said gas mxture wth a solution of a
met al | i bydratdrbasprith exyglen seivbohipredeys the iperduchsttepmadssprisenethylene,al kene to
produc ep%p(e:rt]e? lg];lt%%cla lal){d ga?ﬁgrg El%goﬁldetf %%ﬁﬂglilecar}ldl pir ufi,n% are éerpg%ge]d from the
product stream by contacting the product stream with a solution of a metallic salt
capable of selectively absorbing the ethylene and propene and recovering the ethylene
20  and/or propene from the metallic salt. Prior to treatment with the metallic salt solution,
the product stream is treated to remove components such as oxygen and carbon dioxide.
The products of the catalytic oxidation of ethane, ethylene and acetic acid, may
be reacted in downstream processes to produce alkyl carboxylates such as ethyl acetate
or alkenyl carboxylates such as vinyl acetate.
25 In view of the above there remains the need for an alternative and/or improved
process for separating alkenes from a gas mixture comprising said alkenes, alkanes and
oxygen.
We have now found that alkene may be separated from a gas mixture
comprising said alkene, alkane and oxygen without the need for prior removal of the
30  oxygen.

In addition, we have found that the separation of alkene from a gas mixture

comprising said alkene, alkane and oxygen may be carried out in fewer processing



(b) recovering the alkene fromthe netallic salt solution. Advantageously,
the process of the present invention, avoids the need for costly 10 and
ener gy i nwengiowasdi still ation separation apparatus. Furth®CrgBs3/oodse
process of the present invention elimnates or at |least mtigates the need

for expsg%itg\{ﬁanriﬂerqlhgg& th%%r%?'#tp”em' Mor e advant ageously, the process of

the pres i nvention a e safe separation of al kene from al kane in
t he presenceAodordinylyehe piksent irereptioe povidet aphe ey fos ssplardtingantailenei s
particularly useful for the separation ]gf t he ?I ke&e from t he al kanes
wher e t B §38 REXBIFCOMMISHE e pa P EPRAANIGH 150§ P1Yas%¥8hunber  of

car bon .he present invention is especially useful for
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separati ng ne” fromgasS m xtures containing ethyl ene, ethane and
oxygen. (a20 dontacties prdgassixtdre twhth pyodgenmt ofiamuetalic salf cafablealflcaleetivedy

preferahly .a to,. CA4 al kane L or m xtures.thereof such as.ethane, propane,
bt ane gz Sbingsfs 8BRS kil peninly AR T E RS HEEE, B Rone or
m xt ur eg.dzher eof such as ethylene, the propenes, the butenes and m xtures

t hereof . Thé concentration of oxygen present in the gas mxture is at |east
0.1 nol @ 25resoshingdhealkénsafsam theomatelispsalbgplutipn.y, the concentrati on of

oxygen in th as mxture is in he range of.0. 1 | % u a

congent rati o URGIECRE akSarstos PE T e RS iom S b Br A Rr B e
OXYHEN &RTGRALY ialchéiNe URLNRBNFepArdfién Mpftathe such that the al kane- rich
‘product streamis also non-flammable. It will be known to those skilled in

the art t higurthepsorei the prosess ¢fdhe prgashd ventiemelaningtep aF el lpasgapigaiesnt on t he
pressur r ixture. The gas m xtures of the process
of the %Fglgg%f&ie%@%gﬁeg%ﬁ‘lggﬁ% g&lﬁg&é&ht er the flammabl e range at any stage
in the proce®s adibstagrssiyehanpaddesslof the preas inmytibealdsvatht agfeous! y oper at ed
such that a gas mxture is as.cl ose as possible 3 WO 03/074454

PCT/ GBOSspatstian of plkenaigom aliong Bt heDasrgRCS/Mi XY™ emai ni ng non-f | anmabl e.

itably, th i . AL ; : 1o
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suc as 0.2 nol % for exanp The separation process
of pr esthetalkeme ohi ihn alksnessphat did atkajpphi ekohebding pepaduied cdntst tleans of

chem cal processes. Thus, the process of the present invention is

parti cuf q?“ml?%é’?ﬁ‘frb?%?togjé‘par ating al kenes froma gas mxture of al kenes,

al kanes and @Ky gRRess of the present invention is especially useful for separating ethylene
from gas mixtures containing ethylene, ethane and oxygen.

20 In the process of the present invention, the alkane is preferably a C, to C, alkane
or mixtures thereof such as ethane, propane, butane and mixtures thereof.

Preferably, the alkene is a C; to C4 alkene or mixtures thereof such as ethylene,
the propenes, the butenes and mixtures thereof.
The concentration of oxygen present in the gas mixture is at least 0.1 mol%,

25  such as at least 0.2 mol%. Suitably, the concentration of oxygen in the gas mixture is in
the range of 0.1 mol% up to a concentration where the gas mixture is below the
flammable range. The oxygen concentration in the mixture must be such that the alkane-
rich product stream is also non-flammable. It will be known to those skilled in the art
that the limit of the flammable range is partly dependent on the pressure and

30 temperature of the mixture. The gas mixtures of the process of the present invention
should not enter the flammable range at any stage in the process. The gas separation

process may be advantageously operated such that a gas mixture is as close as possible



produced in the oxidation of a C2 to C4 al kane. Accordingly, the present
i nvention provides a process for the oxidation of a C2 to C4 alkane to
produce twe osor4espondi ng al kene and carboxylic acid whi clRCprGBRI856686 10
conprises the steps a) contacting in an oxidation reaction zone, said
2l Kane. 18k SRR N BE B G Uth b e Tn A BAL! Ol Y, Lhe corf espond! ng
al kene and optional ly"water, 1n e resence of at |east one catal yst
active for tBeitabty,dht carentfatiohef aky@nentﬂm gasenixtoe iséspantl mgl%,| swelne and

carboxylic_acid, r oduc first product stream conprising 15 al kene,
12 kB2

car boxy# é%igdin(’l%‘f’ rFé‘amB ﬁoéﬁ’épl\/\ht er; (b) separating in a first
separation n?ﬁ@§e;ﬁ§atioﬂ%§6ce§s r&éeﬂﬂﬂn%ntfdﬁ% bdgestalpaid gﬁlestﬁg F)F(ﬁﬁb into a
gaseous stream conpri sing kane and oxygen ‘an uird stream
conpri ssuﬁgantsarft@hmyiiqabpmwsdes Thys, dmmracﬁss ngt}s@wﬁegaawmsnss paafamlmily h a

sol ution al t. capabl e .of el ecti vel%ngihem cal ly absorbing

R R R T N R Ry PR o stream (d)

recover prgusdd ltkesadhitidihorata,aso,fdemet he netal lic salt solution. The
process of the present invention is also particularly useful when the

al kene and/ dlcc@fémgd)yeyhﬁ preseat metMDlﬂd@?aPmeﬂﬁpﬁéﬁ pb}dﬁb@@@fe@@z are used
at | eas 5 L.nte rate stre roGgesse exanple (a) for
t he pro%fu@‘il o%neo pro ucet eco S%PCO car%‘% %C ac ds%”ﬁﬂ%e?%e al kene or
an g cobsh @ges(ﬂliestépgr the pr oductl on of aI kenyl car boxyl ate by the
reaction olf) an oxygen-containing gas with the carboxylic acid and al kene.
Al kene @hd/ oPOIE&?tHkgxl? ap exidation reagtignezonecgidekenct melechiseoxyssduct of the

oxi dat i Ny / oxylic acid may
be. usedoyHERE Ao RRRIPRL OB b Afhe AR bR I T 20t fon
provi d,eﬁreafndemtfagreastme patt@lgvmufz@fortt]:lmaommtaﬂwftth@mme tartheal kyl carboxyl ate
whi ch process‘g i ses the steps .: WO 03/ 074454 PCT/ GB03/ 00686 (a)

cont act FOIEESPRAOGIRE alkeRmindirharybt pefh tfdmducaﬁ TptpapdIct HERAELEATBRTISHNE gen
coniai nhmgmg%b 0 d&H‘@' % Ehﬁ 8{5&9{99{@@ ng al kene and optionally water,

in %fﬁ pr esenlz:g gl% eagt oxg catal yst active for the oxidation of t he
al kane (W theepacatmlgespd’mmsqgaraidnenwnaraﬁleaarammgmn of the fickt ptapluprstdame a first

non {1 bl e BLOgNel, B S S RIS AL NSO PR LG, 2T 0.l Kane,

comprising carboxylic acid;

(©) contacting said gaseous stream with a solution of a metallic salt capable of
20  selectively chemically absorbing the alkene to produce a chemically absorbed alkene-
rich liquid stream;
(d) recovering an alkene-rich stream from the metallic salt solution.
The process of the present invention is also particularly useful when the alkene
and/or carboxylic acid products of the oxidation process are used at least in part in
25  integrated downstream processes, for example (a) for the production of ester by reacting
the carboxylic acid with the alkene or an alcohol or (b) for the production of alkenyl
carboxylate by the reaction of an oxygen-containing gas with the carboxylic acid and
alkene. Alkene and/or carboxylic acid may be recovered from the product of the
oxidation reaction zone and/or additional alkene and/or carboxylic acid may be used in
30  the downstream process.
Accordingly, the present invention provides an integrated process for the

production of an alkyl carboxylate which process comprises the steps :



(b) separating in a first separation nmeans at |east a portion of the first
product stream into a gaseous stream conprising al kene, al kane and oxygen
and a |i qwDd3st48am conprising carboxylic acid; (c) cont 2TiGRY3M068beast a
portion of said gaseous streamw th a solution of a netallic salt 10

capal el Sehegiiniel Yo SOATGAhHAOAAL ALICRBLAAE L A pr oduce

chem ca sor ene-ric urd streani ring an

al kene- eértdinihigreagroptionstiyt the coléspbhdisg sikkhe sal eftionsllypweier,(ig)hecont acting in a
second reaction zone at |least a portion of said alkene-rich stream from
step (dpresensg oh2idlgrshans ratelysicchve fos tharxidationof the dkangitotheast one cat al yst
active . JolV A M r _ aid al kyl

car boxyF%%?gﬁlg%gk%&anot h@?yg%ﬁg’hﬁéﬁﬁcgﬁgﬂ%ﬁggeﬁaﬁ 1?{1]632 tiﬂlé'?lt provi des an
i nt efYr asteshm pmowesisg dlbene, babaryddacid, alkand, oapgeal dodmwdtergar boxyl at e whi ch
process conprises. the steps: a) contacting in an. oxidation reaction zone,
an al kaﬂé, nEfPEE g Bi—%éwaré E\G e@%&,%ogb‘m ‘?r;frjfﬁ? bWPFPéluEto’;FF%pondi ng

al kene ﬁﬁ&lagestebeﬁakéam M@ﬁﬁsdngnﬂkéﬁeeal%ep;n%%@g&q £id Piqli@d§danpne cat al yst
active for the oxidation of the al kane to the”~ correspondi ng al kene and

car boxytomgpasingicarbexygicadidce a first non-fl ammabl e product stream

conpri si | kene, ,cayboxylic_.acid, alkane, o e nd ter...(b

cepar at [goRagir &Rl SElbhr S huseRe SR ma DY IBRT PR MRt o1
progyct csfabRaMNselettil RcldasieAlsabsbibaRthe OMBhd ®i peddlelaashemicllikane and oxygen
and a liquid stream 25 conprising carboxylic acid; (c) contacting at |east

a port i epsogfedgdiicaedicbdiyid reemam wi th a solution of a metallic salt

1pabl e, qf i i i ngt: “or od
chom cal Py *isEEbE R et e R R tali SRR b Y D020

al kene- (d)ch sénteamgfin areddnd romtiah Lo & ddst $portibh 0 saiddilke3@-rich)stré@nt act i ng
in a second reaction zone at least a portion of said al kene-rich stream
obt ai nedopystan &b, qud)a cagbaxyhinasidy indhepresenge ot af 1n3st argieaialyshagigenior 81t ai ni ng

gas;cin : I : Lve for the production of
al k(i'-,‘snyl p%:otg? %()%{/ aihgﬁ ? 31%&)(%%(2% 8@32%%@%‘?%%%?%%%6 produce said al kenyl
car boxyl at e. Aldve irs@pélicattinbodimeant gbsprofent heyepti@senovides we nttegoated | | now be
described in yrelatio

oo Do L P A OR koLt el on oL 5,50 L Of abicang, Lo pr oduce 2
integratgd PLORE&ERSnbRSkRG@fion reaction zone, an alkane, molecular oxygen-
containing gas, optionally the corresponding alkene and optionally water, in the
20  presence of at least one catalyst active for the oxidation of the alkane to the
corresponding alkene and carboxylic acid, to produce a first non-flammable product
stream comprising alkene, carboxylic acid, alkane, oxygen and water;
(b)  separating in a first separation means at least a portion of the first product stream
into a gaseous stream comprising alkene, alkane and oxygen and a liquid stream
25  comprising carboxylic acid;
(© contacting at least a portion of said gaseous stream with a solution of a metallic
salt capable of selectively chemically absorbing the alkene to produce a chemically
absorbed alkene-rich liquid stream;
(d)  recovering an alkene-rich stream from the metallic salt solution and;
30 (e)  contacting in a second reaction zone at least a portion of said alkene-rich stream
obtained in step (d), 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



5 1n the oxidation reaction, the C2 to C4 alkane is preferably ethane, the
correspondi ng al kene being ethyl ene and the correspondi ng carboxylic acid
bei ng acewpm®3oams4d. These products nmay be reacted i n downPCTEBIBPOB6ESSES
to produce ethyl acetate or, with a nolecul ar oxygen-containing gas to

produce_yi nyl ically, the oxidation reaction is perforned
B el

het erod’eneous catal ysts and the reactants in the fluid
phase. |n tHlls epaetiod precess e drtgredenpmsemtfonopilli mwabe datiesteinasdldtiopt i onal
wat er may be contrall O%pﬁafarti al pressures in the oxidation reaction

zone. Caihg yefaioggti © XP@ERF PO UG SHEAR COBPHPREHE and car boxyl i ¢
acid i it.ahl o Bt t, for exanple,
”%rre?;gg}[alfﬂm%@yalﬁéﬂe A0 oﬁgf%éHe ﬁ?{}ﬁfgﬁg‘fégﬁg@cés&s,tﬁéeé’ﬁ nmp

for the ox 15 et hane acetic acid as described in
US 4596787, IERhdeXid@itdotactiDR, the 952054 2lkaDisqe¢2abbrcthdeE, 18630832, WO

98/ 47850, WD 99/51339, EP-A- . 1043064, WD 9913980, ..US 5300682 and US
530068 OTERCIIHE ?@%@&ﬁﬁﬁgﬁﬁpeﬁf‘gﬁmﬁﬁ&g}m}dﬁ%% PAEACK\P PR &P lhce. US
4596787, ¢l phRs Riédauets B{aQ0RS8adt& intddfvns@¥irh BFAREIsES 1 Ro@xiedey deaaignat i on of
20 ethane to ethylene uSing a catalyst having the enpirical fornula

MbaVbNbarShyitie msleculitexapen-duttaineg, gas kepiedesrerinyg agefateg present in

conbi nation w t.h.oxygen., EP- A-0407091 rel a t rogess..and.catal yst for
t he producti)glﬂ’1 %lﬁleﬁ’%ﬂ(édﬁ on 5%8?%1}»135’85%%6%%% © %/I%(gggﬁgﬁhgsﬁﬂgf et hane
andjoor &kdlydtearl the rébRnBe HRNTEd phaseh 10 XHigedst dhe comdealrytins @O Bptidel ng

‘nmol ybdenum rhenium and tungsten. 25 DE 19620542 rel ates. to nol ybdenum
pal | adi alkgneraneoptipmab Aetay My Balledan parjal Prespiyes HBe pridatien i on of acetic
acid frl%g(}t%tnhz%gg and/ or ethylene. WD 99/20592 relates to a nmethod of

sel ectivel'y producing acetic acid from ethane, ethylene or m xtures

t hereof and OxilyeR astivehfog thetoxidaeioaofl akkanhatotdlieenp aed embexylic &id may al yst
havi ng the formul a MpaPdbXcYd wherein X represents one or several of Cr,
Mh, 30 PgsaprIsg anysuitable cpgalystekngwnym the prt<fop penye faf t%§é’€i HpngE B, A, Ga,

I n, 4Pt ' P debdribe@in URM596%87 - ARMO7681 O Rb, Cs, My,
m,lg,et@et%fhy%n? alﬁ@“eﬂ%’@ dﬁ%‘jr“%gfl“su Sré\?if T and U ard a=1, b=0.0001

to 0. 011962054D.WOtW/2D58AdDH 1963NTBA5WMD 98/478 WY (0:9)9(514&@13}?6'{0 GB03/ 00686
Cor o, BELEELRER A0 23 B8 A0 A Bl Bl B S
b = 0. Oﬁ)é}gb}t RicoPorrtedbyteferdRel. O andd=0to 1.0.
US 4596787 relates to a process for the low temperature oxydehydrogenation of
20  ethane to ethylene using a catalyst having the empirical formula Mo, ViNb:SbyX. as
therein defined, the elements being present in combination with oxygen.
EP-A-0407091 relates to process and catalyst for the production of ethylene
and/or acetic acid by oxidation of ethane and/or ethylene in the presence of an oxidation
catalyst comprising molybdenum, rhenium and tungsten.
25 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,PdpX.Y4 wherein X represents one or several of Cr, Mn,
30 Nb, Ta, Ti, 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.



WD 98/ 47850 relates to a process for producing acetic acid from ethane, 5
ethyl ene or m xtures thereof and a catal yst having the formula WaXbYcZd in
which X wepsesast s one or several of Pd, Pt, Ag and Au, YCTA[B0S&s6S one
or several of V, Nb, C, M, Fe, Sn, Sb, Cu, Zn, U N, and Bi and Z
represents o r.aly ok L , . Sr, Ba, Sc, Y,
Lo e, O RS B Higirr, 196 (fang K oy 1P iplfr clyst

Si , Ge, PboRpésaondifiewlaich a bt0h 2 80arddaslld ©2.t0 20 PADeR91152 330 reDA0eBtd 0 a

catal yst conpositiaqn far the selective oxidation of ethane and/or ethylene
to acet bé’ﬁé"l(gf\‘}%i@ﬁnégrﬁ)@gﬂ' 'on conprises in conbination with oxygen the

el ement s NbaW%ymg@}glat%raﬁﬂrﬂcc%s ek ﬁr@&c%%é@%ﬂ& §ci&|%oﬂf'&h¥ie Y is one or

nmore el ements sel ected fromthe group ‘consisting of M, Ta, Ti, B, A,
Ga, §n, ethptene anmiguresBhcrecfand @satalist haBung the, forrayla R(X,0e74 i wHRth XCs, My, Ca,
Sr, Ba, _Zr N, P, 15 . OP, St Tl Re and Pd;..a, b, c, d, e
and 11 Egpesellyont HEs i B PO Rk PEL AT TR R SO P RN 0 <1
0Sb<1 aqy, MhbFd, <6800, ¥nOULIND 584 2 and 7 RprebatRondd-sboatRctdG4nn ek ates to a
catal yst conmposition for the oxidation of ethane to ethylene and/or acetic

aci d an&befsfR, M Rr.dit Sony.dfa, di.Hn Hidkw.dw et Rb, ladd.dAwliach, T20
conposi ki r i L0 _combinat | Wi, t.h en the el enents nol ybdenum
vanadi u%’%n?’%gmnégﬁrgi E‘gl‘j‘d%?ﬁrec %@sagﬁgels gi‘%%al | adi um according to the

enpioi cal f avowoss 133MeaMbMecMabddesY Lot edigom fof theseldtbvObxidatiéh 6f ement s

sel ected fromthe qroup consisting of: Cr, M, Ta, Ti, B, A, Ga In, Pt,
Zn, Cd, ethane epd/onghylpge tojaeeticagid whggh cpawposition camprses mycorghinatign with, Sr, Ba,
Zr, H, NgenR M , - axRr.c o d, e and f
repr eseﬁ%!’%e}?etheg @gﬁegg%émbﬁ%%d%? f F}# gregi‘l?}ér%ﬁ}%égﬁ%ﬁs {"ﬁé‘%’ ¢ :V’%lg'adgf; 0<_b«l
anda+b=br mbbe Sementd s€I2¢ctE&k ffem2ah® gebp ;cand@tife of Cr, MNTD I, IBABOGaghat es to a
catal yst. for the. selectjve oxidation of ethane to gcetic acid of fornula:
MbaVb Nb%i(ﬁ\mﬁ:t_élr §?’rﬁ:e°>(&i°skléth’é’&‘s e O mrﬂ’_e %S’el}’lén’g'i‘rtsrs%?’e%p B XN 8m the
groyp copsgstdingh, af I, RBmnda; I8, andeAfd ffweﬁréseatﬂﬂeg%i afofGHBYof fhgm about 1
to 30 about 5; b'is 1; c is a nunber ranging fromabout 0.01 to about O0.5;
and d i slementsrsnel that A 9¢, fOr On<gr aat ert b Hdn 0 fco- Aot ; 0 <le < PSiki300682

relates to the use of oxidation catalyst with enpirical fornmula of 7 WD
03/ 074484 £€3/ GB03/ 00686 ~ VPaMbOx where Mis one or nore of Co, Cu, Re, Fe,

A a s 0 50 e 3 0pos oo heorthoetdh it oFaibh of Bndy 49 207

ethylene and/or acetic acid and/or for the oxidation of ethylene to acetic acid which

20  composition comprises in combination with oxygen the elements molybdenum,
vanadium, niobium and gold in the absence of palladium according to the empirical
formula : Mo,WAu,VgNb.Yr wherein Y is one or more elements selected from the
group consisting of : Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu,
Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T1, U, Re, Te

25 andLla;a,b,c,d, e and frepresent the gram atom ratios of the elements such that :
0<a<l;0<b<landa+b=1;10"<c<0.02;0<d<2;0<e<1;and 0<f <2.

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

acid of formula: Mo,V,Nb.X4 wherein X is at least one promoter element selected from
the group consisting of P, B, Hf, Te and As; a is a number ranging from about 1 to

30 about5; bis 1; c 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 catalyst with empirical formula of



val ence requirenents. US 5300684 relates to a fluid bed oxidation reaction
using for exanple 5 Mbo. 37Reo. 25V0. 26Nbo. 07Sbo. 03Cao. 020x O her suitable
oxi dat i orwoaBalssts for use in the present invention are @#e3aBBOSsi N WO
99/ 13980 which relates to the use of catalysts with elenments in conbination

wth o in the relative gr om r at i.9s . of , X =P, B,
i e SPRD! Mg BB AT bR B Mhat e By th e 2hate T

el ement {1, Pt, @A, B BOTMALNASQn@ANIL 0.5 td B 58 BAdd/e saifsamy @kom rati os of
MbaVbNbcPdd ; WD 00/ 00284 which relates to the use of catalysts with

el emrent valgneegeqsionebison with oxygen in the relative gram atomratios of

WavoNacPd gadondPANPAAS Bdlya ni SRRTRIL. MLk S AL BB e Lhe use  of

catal ysts wi enent's 1 n conbl nati on wt el ative gram

at ong r aMogs;Repfs Vi Pl adas WO 00/ 09260 which relates to the use of
catal ysts with elements in 15 conbination with oxygen.in the r]%l ative gram
atomratios Ethenpaiableepdetimertalygcioruseinthepregsnt yveptien gregaisrivedan be zero

, VO 00{ 2810, o%@f?é&%éﬁé)o@%%ﬂcﬁiat B Jrvg? elelRniSE BhbeaLa ¥ahs With

el ements In co%gljgnatlon Wt en in ative gramatom ratios of
MbaVb Gacydn b thfralagye gramXatemlratiosTef, M, NBRXq Bhere = & BWHE EE MAH0/ 38833

which relates to th se of catalysts with elenents in, conbination with 20
oxygen MR QOI%Q”rQeWg’th\? 2igp Inthg vgHP %ﬁ?ﬁés Wfthﬁlfg\?ﬁﬁsdﬂlﬁﬂﬁﬁﬂél?f’n% rein X = Al,

G, 5> ofeyr%m?im tHehElaBPOLSRE SoRfralib FMARENBEF RO DORRLM 3hid Bt ef er ence.

Solid catalysts active for the oxidation of the C2 to C4 al kane may be
suppor t edthe ose ofitadysty will eleBeatsgh esmbinatoi wathloxygempipdhe selativelguaie sil i ca,

di'at omaceous .ear ri 1l qQni l,un id-i ca al ym na,,. zirconi a,
B o aSogl R EEh Moy b aiotrey QY L aRog TR Bns Ty el i Brané bl "o 1
cat al yspBcagydty §ith@entdh®s @codMid0i0n Hithl xS gbrin tBe tatdlekARB MY riRsuUsed in
the formof a fixed or fluidised bed. The oxidation catal yst woul d be

expect edf M. boliddiae VRO Q04260 pdrich rstatesrig thel ysewé catplygtstvgth ¢lements &t i on
i ne,. f l.e t h. i i i 30 Th
e ARl ST s AP SOl 0 T

nol g ga I e Ooxli n zone, may be

air or X-gasofiCzhad eand post B zdro ; D 60220206 sxd/BEN00/Da0awhich felstgitd abl e gas
may be, for exanple, oxygen diluted with a suitable diluent, for exanple
ni t r ogefhie use §bpatalysts FfthgAcmentyyy qonrtanailen Avitceryesn 3y Bo selativesas; en

Pref er ablaps of N, TRGESH] ROSPMRETR SA0EAITU, o, 93Ssi, & PwagR-wHhe nol ecul ar-
00/38833 which relates to the use of catalysts with elements in combination with
20  oxygen in the relative gram atom ratios of Mo,VyLa.Pd¢gNb.Xs wherein X = Al, Ga, Ge
or Si, the contents of which are hereby incorporated by reference.

Solid catalysts active for the oxidation of the C; to C4 alkane may be supported
or unsupported. Examples of suitable supports include silica, diatomaceous earth,
montmorillonite, alumina, silica alumina, zirconia, titania, silicon carbide, activated

25  carbon and mixtures thereof.

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.

30 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, argon or carbon



oxygen containing gas may be fed to the oxidation reaction zone as a single
feed stream conprising the al kane feed. Such an al kane/ nol ecul ar - oxygen
gas streawpmap74384 obt ai ned fromthe separation of the al kec#/dBodHv686

al kene/ al kane/ nol ecul ar oxygen gas 5 m xture. Preferably, at |east sone of

| kene/al ki lar oxyg 5 m abl y, i
| ndeporBEhEry PR SR e I STt b e GRS ve B AR RWNEETT 00 CTe

st r eansoxyuh tadthiingtdae negvedsd foathe oRidafiod Ractiol 2nulasn sgkofeed segabhai ni ng gas
(as fresh 10 feed and/or rec Clt%l_kis such_that the concentration of oxygen
i s fronsogrrsting the pkancpfegéPuch gnpikang/maleralaypygemers sHEon aaytise total feed,

| ncl udi ng. 8¢ gr(c\)gﬁec&ee #eo%];atéigﬁ.o??l;)e | dr@%rorts %ﬁé/ﬁﬂa&%&ecﬁﬁﬁé@gﬁﬂggx%g' 15 mol %

The al kane an in e oxldation reaction zon
subst anmibabdey pure or nmay be adm xed, for exanple, with one or nore of

ni trogen, argon, t hane, 15 carbop dj oxi de, carbon nonoxi de, hydrogen,
Thd ow | evel@lsebl  BRsieomitapfht maloeBl Sr ek e PR 15 (Oe

concent | ; AT PEYRAIG] is fromO
and up ({S%H%tgg] I?%%?h??%gmggp%ﬁgléﬁm oa;nﬁfE ﬁeeﬂ? g;éé;alfn foged, i n%lﬂgg(i%gg’%cycl es, to

t he oxamdaecyre stemotsi on zone, preferably from1l to 20 nol % nore
preferably fgom o 15 0..nol .% Suitabl t he cancentration. of water (as
fresh feed a%ﬂlfa(??[y’&}?CVBF?%@BHB8ﬁé’ﬁtr§1&9%uqarf¥’g'ﬁflbc‘?_ ABP RSP ?%gf?c?‘?él usi ve of

t het ot gk he®Er rdc PAUS G thAAHE L&RendrRidolSF oR¥bdHAL | fdin F RGN #ONE,
‘preferably fromO to 25 nmol % In one enbodi nent of the present invention,

t he al kemtp anslio¢ludisg 89 mydl ¥ned, theindalderde inchirding 2eydes, tellieiontdatiome oxi dat i on

reaction zone. Suitab the alkene, for exanple, ethylene, and water may
be usedreiaﬁuoe{l%ngei%re@efalb{yzégi@%g‘g by wei ght, such as 1:0.1-100 or 1:0.1- 50

but pref er abffie hikade dndtalleend fed Diolth Qxidayionvedagiidn zofkenaysied dullstaatiadlyyst s are
used in the oxidation reaction zone, the al kane, 30 correspondi ng al kene,
mol ecul B ok Jravecémixadniongxgmaele, wihoanar H\%ﬁ%frmté?ﬁfnaﬁﬁf’?ééﬁbﬁ@a gases are

P <l Bt RaRREH CORRUALGE, SHAEH) S TPRABNCERRECHG 1 oot conce (1
500- 10, f@6hystalkanehe 9 WO 03/ 074454 PCT/ GB03/ 00686

Suitably, the concentration of alkene (as fresh feed and/or recycle component) is
from 0 and up to and including 50 mol % of the total feed, including recycles, to the
oxidation reaction zone, preferably from 1 to 20 mol %, more preferably from 1 to 15

20  mol %.

Suitably, the concentration of water (as fresh feed and/or recycle component) 1s
from 0 to 50 mol % inclusive of the total feed, including recycles, to the oxidation
reaction zone, preferably from 0 to 25 mol %.

In one embodiment of the present invention, the alkene, such as ethylene, and water are
25  co-fed into the oxidation reaction zone.

Suitably, the alkene, for example, ethylene, and water may be used in a ratio of 1
: 0.1-250 by weight, such as 1 : 0.1-100 or 1 : 0.1- 50 but preferably in a ratio 1 : 0.1-10
by weight. '

When solid catalysts are used in the oxidation reaction zone, the alkane,

30 corresponding alkene, molecular-oxygen containing gas, optional water and any recycle

gases are preferably passed through the oxidation reaction zone with a residence time

corresponding to a combined gas hourly space velocity (GHSV) of 500-10,000hr™"; the



GHSV bei ng defined as volune (cal cul ated at STP) of gas passing through the
reactor divided by the bulk volune of settled catal yst. The oxidation
reacti on wayw3sui4sably be carried out at a tenperature in Po&/GBAEGES6T r om
100 to 400C, typically in the range 140 to 350C. 5 The oxidation reaction

may Suli Ly Db | b\ I 64 GoPr ESSUr €,

for exglfgslt\é?ée]inﬁ dfg’ﬁ{éédragsg‘ag&*%’? g%%kgh{igégﬂ@ﬁﬁ%g%@%ﬁ%?@gﬁane (():onver sions

i Nt he diadegebyliht GuRkSisluray obsttidivaetystl i n the oxidation reaction of the

present invention, Typically, ox{%&q conve El%e 30 to 99.99%
Y itadbnd

| . Jat} .
may be achi dpe@xidatipheaction B er%?%‘?‘{ ?S)ll?'foagfs‘ t%?%er%ﬁré’rs‘g PR%Enti on. The

concentr at Of nrOXY. bt r oeam w || depend to sone extent
on the lﬁ)gb?@(gtoo 00a¢k%§§agngt§§§@§§qgﬁgot§ deggiegree of selectivity to
proguct s. AThe@Ridatibk asaeticomue switably bé tdrriedsutlat ainmwsphdrmvorconcent rati on of
oxygen present in the product stream A high selectivity to product al kene
Wil r 6uRAratnRqspBeris RYFSSHEsn EQ FEAHPIE o ¢ ?railgeéf%i}gir? ff]batrg.e product stream The
maxi nrum ( saf-g) . C i . LR hHeS determ ned
by the fIan@%ﬂ%ﬂp’aﬁgée&gc%h{tpﬁselg%sx@ggﬁFd?lgb éltig%oéog?ﬁ?%&gﬁvg?%snepar ation of
the ald¢aneioh hevcddn ofthe Prasent iavembiongh t he concentrati on of oxygen present

| ess than

in the product ;streamfrom 20 the _oxidatjon ion,zone nay:

0.1 ol % it D@IGal¥; ey COversinsin fleranpgs %}qp fo 9;9%% qey be aelig ?dylé‘gge mol %
,SUi1bab|&kidaB'bﬁY%]a@ﬁgnBf‘ﬁne@ﬁ&%’t‘%ﬁve’iﬁibﬁﬁm is.non-flammuabl e, the concentration
of ‘oxygén 1 n the product streamis in the range of 0.1 nol % up to and

i ncl udi ng 10Thesiongersratihn afoxygen irothg presdups sttesm wilbdgperd tagsome i@t npl 9% | n

t he oxidatiqn reagtjon, the catalyst, suit Chiwviidy in the
range 1% th? 8e$r83 ?gﬁk CPNE S8R aﬁ‘iﬁ’ﬁo%?ﬁqec&g%ll}ég@t}gﬁpcg@g{aébéth:{%ﬁ acid, per
hour  pefik el BETENLR will sbR Y & low bhckhigativnl ki géh presat incthe piddactcat al yst
suitably has a productivity in the range 5 to 5000 grans of  _al kene, such

as et hydtremm, Agugh srdentivigs to Rioduerlsene il sesultys a highLopefntaHABRf de can have an
adverse effect.on s al ysts used in the 30 production of vinyl

ace]gat e‘?xy$%’§l,th88f)oed?ilg{lssr%g%‘h the nature of the catalyst enployed, it is

desi rabl e t hpie tbgnfunt Gafe) coOtbesiratiinr Faxy gémiulthe padectatrtawiconcent rati on of

carbon deqé)rpn?r)x(eiddb%/ ttljlg -ﬂglrn(r)r(ljallj)% range of the oxygen to alkane ratio after separation of the
alkene therefrom.
Thus, although the concentration of oxygen present in the product stream from
20  the oxidation reaction zone may be less than 0.1 mol% it is typically at least 0.1 mol%,
such as at least 0.2 mol%. Suitably, provided the product stream is non-flammable, the
concentration of oxygen in the product stream is in the range of 0.1 mol% up to and
including 10 mol%, such as 0.2 to 8 mol%, for example, 0.2 to 6 mol%.
In the oxidation reaction, the catalyst suitably has a productivity in the range 10
25 to 10000 grams of carboxylic acid, such as acetic acid, per hour per kilogram of
catalyst.
In the oxidation reaction, the catalyst suitably has a productivity in the range 5 to
5000 grams of alkene, such as ethylene, per hour per kilogram of catalyst.
Carbon monoxide can have an adverse effect on some catalysts used in the
30  production of vinyl acetate. Thus, depending on the nature of the catalyst employed, it is

desirable that the first product stream should have a low concentration of carbon

monoxide by-product.

10



WO 03/ 074454 PCT/ GB03/00686 Thus, it is also preferred to use a catalyst
in the oxidation reaction zone that gi ves negligi bl e carbon nmonoxi de

by- pr oducwoO odw74ddi t i onal catal yst conmponent in the oxi dRCIraBBOKSEI ON
zone may be used to oxidise carbon nonoxide to carbon dioxide. The

addi ti onal Clzllngltt/ﬁtals%ga 13'85' o 1BY% 61 o}g{ ﬁlstﬁgt)xfdgtl&h OXd Atk A cat al yst or
catal ysts 5 I'h"a 'secon reacti on zone l%e present as a separate
cat al ysgﬁvdsﬁhe@l@bl@)étaﬂ)@hanGhoxtcEmprodanMeaddenl eﬁtbﬂasia:onmomsrﬁdnds a reactant
for the oxidation reaction, the praoduct tream es acetic acid,

et hy| eridatipn geaetiemzeaEbe ey é‘é??“glﬁﬁc P%F‘O&H)dl %‘bdloé fit a| n inert

gas co 2osthiinehy BL bie8GR 1 ARG NG Q)Satﬁfy@fjél'%

acet al glgﬁyggglftl%g%%%%nﬁn%% i g and C egon di OXIXde 0Acet al dehyde and car bon
nonexi de i yedoadary mecetive doteyortrhey erewcnt @va spgencatdydtan tiernyidghisnt o produce
acetic acid and carbon dioxide respectively, either in downstream

process}’é%CtlBP Z0Ofter recycling, in the oxidation reaction zone. Ethylene is
present in t\bﬁerpétﬁ%ws u§é(fa%aame9cftaﬁt|i’@r 18X bt G reh &AM RProduclSrdapconver t ed
reactant ethylene fromthe and/ or as oxidation product of the ethane

r eact arfompfises geetdedd, fgluylammmre@md ¢thansx peygenend s tane Maydie i s separ at ed

ina first se arati on means ,into a us_str i ng the al kene,
unr eactSodt i 15 e%a%ﬁ?inp%ft)géﬁc%ﬁsdaréot%tifﬂﬁo ?nraélgﬁ‘]ﬁ%}i%??‘fs“t’%g the carboxylic
aciig.  AR¥afishi@DLAbLER RANBLIde And BarbB:adiSx B O Wiefaltichde @idicaftiyn be enpl oyed
‘such as a nmenbrane separation unit, condensing unit or a distillation

unit. Rnemem@mmy be penverpdhbrthieanolpali o Xy Bp-6YENING 23S IORIRERISEFIC Waer e t he
pr OdUC;aec & iR étﬁbon dtttlﬁgre%gécgl%f Qtlfe?ﬁ]ddv%ﬁtrgm%c%gs%s 3 %tﬂeprgegelglﬁa .

et hyl e oxygen stream’may
pr ef er ajaliie od8atimpeicioatoly condensation into an overhead gaseous stream

conprising ethyl ene, ethane and oxygen ase |i | d stream conprising
acetic aci d Ehylenaisdresenhingagpiogpct s ﬁ%nogg"?é&‘fgat@fllr@a W1 al so conprise

Car gﬁ n 1%1)9 gﬁe?teﬁ‘l‘&h:ta%% e 699 @roﬂ‘lh %589 an Rt LO88kAYon ﬁ@&lﬂﬁ%ﬂﬂe%ﬂﬁﬁb d and/ or

e nay be recovere rom e product stream of the oxidation reaction.
30 The gageaus streamfromthe first separation neans |s contacted wth a

2 kene o prBaRBOGEt sETREBAT S oX50YDEA e R A Cq0ra e r eam
separation means into a gaseous stream comprising the alkene, unreacted alkane and
oxygen and a liquid stream comprising the carboxylic acid. Any suitable separation

20 means known in the art may be employed such as a membrane separation unit,
condensing unit or a distillation unit. Preferably, the separation means employed is a
condenser.

Where the product stream from the oxidation reaction comprises acetic acid,
ethylene, ethane, oxygen and water, the product stream may be, and is preferably,

25  separated by condensation into an overhead gaseous stream comprising ethylene, ethane
and oxygen and a base liquid stream comprising acetic acid and water. In general, the
gaseous stream will also comprise carbon oxides such as carbon dioxide.

Optionally, carboxylic acid and/or alkene may be recovered from the product
stream of the oxidation reaction.

30 The gaseous stream from the first separation means is contacted with a solution
of a metal salt capable of selectively chemically absorbing the alkene to produce a

chemically absorbed alkene-rich liquid stream.

11



11 WO 03/074454 PCT/ GB03/00686 Suitable nmetallic salts are those capable
of formng a conplex with the al kene. Where, the al kene is ethyl ene,

sui t abl e wetoalo7aad t s conpri se, chrom um copper (1), mang&oggRo3niaskel |
iron, nmercury, silver, gold, platinum palladium rhodium ruthenium

osm um ol %@%%et&lﬂ@ gﬁ{sea?ef §’H89e &gﬁﬂfe oxﬁnﬁ Qt:@ﬂh?mdmtﬁ feRhal salt

conpri ses si era y sifver Were the netal
salt is a siWher, thaltken¢ fseﬂwléneesulsahldmetsl pite tempibiey chreilivey capper at e or

| ver fl oroborate Where the nefal a co r alt, the copper
?II )Vsal(Da H@HE’?‘I@F%P&’&W IEBFPECUrYS F1§ cgéﬁ tpéal‘tﬁ’BB’pB@ﬁfd?‘fr?’( Ill'ti’l)ofh?lg’fe or coppgrIo

(1) Sul.ghah fun BOStubROGERALY, GARAEA abd dhefihikfate. 10 The metal sol ution

may be ‘aqueous or nmHEy conprisé af organic nitrogen containi ng conpound such
as pyridine, Plpfepeéﬂy,dhamgatahgedtr@xqpmssmlvgnmt ¢0pper (D), ariast mf@ﬁélf sﬂ%ﬁm ne,

acetonitril for acet eriva € fer ably,
the netallic ewé‘ﬁfettﬂaglie@ﬁ%tds assalﬁ?‘f Sﬁﬁug‘&ﬁ Ve§(§‘fﬂ t5 Péﬁf%“\LRﬁ’eP V?rﬁlétrate salt is
copper iy fiidigbsaacent rati on of netal salt to nitrogen- 15 cont a| ni ng
conpound is suitably in the range 1 : referably, 1 2. The
concent r at i oWhefe themstal salt is almppﬁél)ﬁltiﬂlﬁ GWPHCE 13 ﬁ@lg’élﬂri‘feﬁ‘blﬂ @RBET 0.5 ol es

cal ¢ pdD 1oRfi cBRber St REPYD s e et iesiy RETRE (R alRE O T

t hgopgaseous shd @afal foitith ray BOagetiN &Xmay tdnprixe anekginiid sitregdt- sol ution to
any significant extent. The contact |e§g of the gaseous i@@r eamw th the
met al | |®n@amlpg§9mn@wu%9s pidipg Pineadinguhy JrOEPRPPITE D e means such as in

an absopbe }?%er{dme %&%orﬁ‘@ﬁé) [0 anab %agf%y paag:}l'vﬁtﬂ\%q tl’ﬁ@r%(ﬁ trays or

packi ng su& rings or structu I ng Preferably, the
absor ber Colerétbralﬁy,fthéfnethllwiahsphnﬂonmgan &feds dopioave the purity of the

Pr ot or abl y, PHRERUBE Ot FEILBICGRRAD: BBGPATOU-GIR o B O GRESAT 11 ow of

ut ot s PERRE chfipbdid ic Skt 2’2‘3%% g s L% et erabl v, 0 to

100 C. Sui t ahycortcheration ofiotetal galtraythb eolotion issditehly atleas Oy meksaré in t he

range fr Otal g'alt per litre of solvent, preferably, at least 2 moles of metal salt per litre of
solvent.

Neither the alkane nor the oxygen present in the gaseous stream forms a

20  complex with the metallic salt solution to any significant extent.

The contacting of the gaseous stream with the metallic salt solution may be
carried out in any suitable means such as in an absorber column. The absorber column
may be fitted with trays or packing such as raschig rings or structured packing.
Preferably, the absorber column is fitted with packing.

25 To improve the purity of the alkene, the absorber column is suitably equipped
with a reboiler

Preferably, the absorber column is operated with counter-current flow of gas and
metallic salt solution.

Suitably, the contacting may be carried out at a temperature in the range from —

30  10to 300° C, preferably, 0 to 100° C.

Suitably, the contacting may be carried out at a pressure in the range from 1 to

70 barg, preferably, 3 to 30 barg.

12



70 barg, preferably, 3 to 30 barg. 12 WD 03/074454 PCT/ GB03/ 00686 \Where
the contacting is carried out in an absorber colum, the netallic salt
sol uti on worspn7asng the netal salt/al kene conpl ex may be PemmwBdd/06G8om t he
base of the absorber. As the al kane and oxygen do not conplex to any

Si gni i cant \xLeme W RGLDR cofidBhALl LEaRaklcr S0k 88 hieieagp T ermoved as

an over head Feamfrom racé anounts of oxygen
and/ or salukieneompsisinp ek méetak slaE/alﬂ&halcbmpl&&ahdy Isotentoived framethe bestdfithe enoved
fromthe solution with the al kene. An al kene-rich stream may be recovered
from t BBSH¥B®Tal | i ¢ salt sol ution by heat, 10 reduced pressure or by a

conbi nat f on 416 St EREERESRLY pol Bingel WiBnineNbbaGkadul poa T educed

pressure suc at t e co econposes to rel ease the al kene. The

pr essumeetaidiedalt evluti@ciey age rafhovdieasankereiend stican frosmthe pbosorbdre metal |ic sal t
solution may be 2 to 98% of the absolute pressure used to formthe netal
salt/aICRBWé‘X conpl ex, preferably 10 to 80% of the absolute pressure used to

formthe Conﬂla@é(améiﬁltﬂ)it(ﬁ(ry?é{ hﬁ(ﬁér%lkéﬂé%bé’drﬁ@d‘ﬁrthb afet3lid @ABoNERIbNRE: r ecover ed
fromthe netallic salt ution by degassing at a tenperature in the range

from 0m@tﬁﬁemowpdrﬁbmﬁh@wuthmWmtherﬁéknjlé 15 to 35 C above the tenperature

f f fo.th Kk d
From t ho. sol A PBRGEr OV BBBY Far SRt spnt e AR IE e Rl 70 Se

t enper abdiRd pe&istrb@r By @ £5tbmati 6l thetdod) rPrBﬁ:YaBIrjé th@sotitéch i9Whibjedtedtvea or nore
stages, for exanple, I1n one or nore flashing apparatus. \Were one or nore

f1 ashi mgdugsgaressurs saqalgth@htbp e9replex [dReoTBPIsEh - [elcase the P]é(ﬁﬂﬁ" is renmoved
ther efrom aspAl xR tréc%g@}y %ﬁﬁ%@}’(@wﬁ@ﬁ’ﬁ AP rREIGOIR essed
ona e over

prior to be Sing opt érnative st ream may

be dri edlyionGhayie 2 cb 51!8% ngtheabwlemmsumeecemt ﬁo&nalhdqeata} mltrz&dikmer eamis
conpressed, it may npressed to a pressu itable for feeding to the

second SOEHUES, @FPf?@hlé’ 10§8|894b‘|’fﬁhe ?@SOIWQIGB%HEB?F&FBS%‘EW GOtREXpr essur e of
any saddi ti ong telﬁht(lf:\flegf t%@%gerk%éh%eﬁﬁc‘rﬁ%dbé Fe%G\tféer’frOQQH@meﬂTﬁc glikene-free

conplex may be re re-use I n the absorber. 30 The al kene-rich
st r eam sotutlondgnjeghstng da tahpenarcindhaeypge topr 0 £e80°dly prefembly iofthe
range 15 to 35° C above the temperature of formation of the complex.

The alkene-rich stream may also be recovered from the solution using a
combination of reduced pressure and increased temperature.

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

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

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

The alkene-free complex may be recycled for re-use in the absorber.

30 The alkene-rich stream will comprise the alkene and may comprise low levels of
alkane and oxygen and other impurities such as carbon dioxide.

Suitably, the alkene-rich stream, such as an ethylene-rich stream, comprises at
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al kane and oxygen and other inpurities such as carbon dioxide. Suitably,
the al kene-rich stream such as an ethylene-rich stream conprises at 13
WO 03/ 074MB43PANs4B03/ 00686 | east 50% al kene, such as at PCeasR0380%6 al kene.
Preferably the al kene-rich stream conprises at |east 90% al kene, nore
pref er A0l sof kR éﬂﬁﬂaga@fagst@@f%al ! PRy (B alldRAsdh dtagf al kene. The

al kene-rich str € recovere romthe’netallic salt solution in one
5 or nwmmtssmtﬂbasoa(b%eﬁlmanm stfagdly, 956 blkase, ané nalssprefitratdy, and t wo
desorptjon §tf%§§ Advant ageously, the use of an al kene feed to the second
react i df@s 8 ¥hg reduced levels of inpurities allows the amount of
purge gas whigaRaR-hch s%afﬁerﬁaﬁs'e ret:we%& Hsm&ﬁ@%@am@@mommaqmné o be
reduced and hence the | oss of al kene fromthe second reaction zone is also
r educ e dor mi@re Bheorptidusdesogridnciaggs nuch ascas absprhioreand otp dasempting siagss. conpri se

| ow | evel s o al kene .a uri:ti.es .such a rbon di oxi de. The

i kane- 1 oh SevsRREg e e s S O RE IR EhEENES | Tdepend
on, foregxaantels sENPRFHALIAIR ANHe aRbes O Hardf gak MhicH kanebe veltest ream
however typicall t he oxygen concentration in the al kane-rich stream may
be in tient @e@omgueap@m@mmo%reﬂschm@k@@q& therdess of sbksae fremthef the process
of the % %f{fe ctﬁ nvention. reIaecedal kene/ al kane/ oxygen gaseous stream (gaseous
stream PRI S ! separalon neans), prior to being contacted with the
metg) | i ¢ sal Thealkatid oid,oxlygert §tRaingdlkiape-HeNoream)anpp c@nprise 16w dévelsofcar bon

‘di oxi de, and oxygenates such as acetal dehyde. The al kane and oxygen

cont ai nalkepeqed osher dapiss yeh pernrep darids: rT}Fﬁﬂl}éa@trﬂ@a%‘@ammusﬁ 8et he

oxi dat i n t t i ally, prior
Co bel ity LA bR TRE A0 Anle Wi Qb BRELL el per B AR, e

cont ai nprﬁg;uﬁet ofhenlkaye-tieh segat, énb@/dv¢rntyp1c&ﬁp,&th&b&y@lnkﬂneanmaﬂomky@en gas

streans._ The additi onal lktgne may be fresh al kane and/or nmay be unreacted
al kane #keperriesstroam 183y hain BA 9088 Otk 9 0ZBRkOwhi ch has been recycled after
thedirst Seﬂﬁi?ﬁef&féd%ﬁ%ﬁnﬁ&t of iR p?&eg@&ftﬁgpfe%@&tlh%u%ﬂnﬁre The

al kane/ oxygen stream and addi ti onal’ al kane may be i ntroduced into the

oxi dat i mhene@kanemxygmgaseommeamigwpmsiteemffegd thagt ﬁrsamamrtloamﬁan@ ngl e feed

stream r%)r Ielsnlgrz: acte WlH’l thgllmk ?aﬁ']ec SR 1o%n1ds t%% eldttg) (r)e%olveacloiénponents

such as carbon dioxide, and oxygenates such as acetaldehyde.
The alkane and oxygen containing gas stream may be fed as one or more streams
20 to the oxidation reaction zone together with additional alkane.

Optionally, prior to being fed into the oxidation reaction zone, the alkane and
oxygen containing stream may be separated into separate alkane and oxygen gas
streams.

The additional alkane may be fresh alkane and/or may be unreacted alkane from

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

The alkane/oxygen stream and additional alkane may be introduced into the
oxidation reaction zone either as separate feed streams or as a single feed stream
comprising both the alkane/oxygen and additional alkane.

30 The alkene-rich stream is fed as one or more streams, to a second reaction zone
together with additional molecular oxygen-containing gas, optional additional alkene

and carboxylic acid to produce alkenyl carboxylate, such as vinyl acetate.
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30 The al kene-rich streamis fed as one or nore streans, to a second
reaction zone together with additional nolecular oxygen-containing gas,
opti onal wodBw7asal al kene and carboxylic acid to produc@Caldeenyese
carboxyl ate, such as vinyl acetate. 14 WO 03/074454 PCT/ GB03/00686 The

al kene-rich gl -rq‘[&ﬂ AddLLLE Qé‘éi%igllé aRenE Ay B8 iﬁt?&du@g&'ﬁﬁ@}ﬂee@%&nhh e second

reaction zone either as separate streans or as a sing eed stream
conpr i skeagiohabhe eitlek enseparateired tiremm and aadgld feod alreaah kemprisifiheothddi t i onal
al kene nmay be fresh allﬁe ,algﬂ/]%r recycl ed al kene fromthe 5 second
react i GHKEGECR 8EPasR @ %‘?ﬁ?tt“? 49f"%he al kane/ al kene stream fromthe

oxi dati on__ rRACKHRRNEPNReneARS bd RO ok Rtk T e second

reaction zone for the production of alkenyl carboxylate nay be

subst ardetaid rgagiionezooe amdlyr dportidmok the alkape/alagpiream pmithe oxidatvm nor e of

ni trogen, argon, mnethane, carbon di oxide, carbon nonoxi de, hydrogen, 10 and
| ow | eViErLI98f2%8-her C2 to C4 al kenes/ al kanes. Suitably, the concentration

of al kene (0RYdiALRI aBRHE HitRABEcdahitene sdcosd raabon addecoetheipebiustiseam f eed)
such as ethylene, fed to the second reaction zone is at least 50 nol % of

t he t otalkenfyéeatboxylath maydeonbistrriadlyipvre @raney bprdopigpdfpyexample, &gy 55 nol %

nore preferably.at |east 60 | % i t QN af i f alkene is
up to 8@er%lmgr8¥f3§mtgﬁ% atr%c%na}n%ﬁmeag Ct%abo%q%@l’%g%gn Oﬁeac%?%)c%’ f%%cﬁgge%pr ef erably,
in fohe £ANEH lateld ERRher®), t60), YikeBePkam®®l % such as at |east 55 mol %to 80

‘mol % Catal ysts known in the art for the production _of al ken%I car boxyl at es
may be usedSuitbbhéhanopeedtation of plkens (eptonal pddiipral gHengfisd a0l at al yst acti ve
for the producti vinyl ' ARS8 ohdisdt B8G3Rd reaction
zone ofal?%ngqgcﬁlegggﬁPq%%@é%L{&?{gﬁ rr%e%%feéé\@rr%? isg@,ﬁ ? or exa(r)rp{les, catal ysts as
descri bgdl Yoof@R tbtdFd34Ghe dd801nd H8&BOBnemefeRblAa0BI@F53nolke nowat ent s of

whi ch are hereby incorpqrated hy reference, 5 5.9 54Q de i bes a

cat al ysPregé%qW_é%F%?t _69 I‘l‘%‘ﬁ%}* éﬁ’éﬁ‘kgft”i té%CWeW%W%@é‘tea‘? ¥ WO HE&%%I_?H on of
et hyd eng, @Elefeé&toatﬁb gec‘%ﬁg rEXUEE Bond PRAGAIZ! YiShe £8PShiSIEARNG0 @fIRNbisal |y of .
(1) 'a catalyst support having a particle dianeter of from3 to 7 nmand a

por e vohoite, suth a@at 1kaso ip rdltto 80.molfd./ g, a 10% by wei ght wat er suspensi on
of the catal

al oy di ot 11 pbaPARORndR esgerf dyBronietPn ar dietd yde-ilssBb et he sur face
layer exl-andifgprb&ssof thaprdded iFenticAMTHIE cotdlytesetive forltheprodu@ardf, the
palladiumin the alloy being present in an amount of from1.5 to 5.0 grans
vinyl acetate which may be used in a second reaction zone of the present invention may
20  comprise, for example, catalysts as described in GB 1 559 540; US 5,185,308 and EP-
A-0672453 the contents of which are hereby incorporated by reference.
GB 1 559 540 describes a catalyst active for the preparation of vinyl acetate by
the reaction of ethylene, acetic acid and oxygen, the catalyst consisting essentially of:
(1) a catalyst support having a particle diameter of from 3 to 7 mm and a pore volume of
25  from 0.2 to 1.5 ml/g, a 10% by weight water suspension of the catalyst support having a
pH from 3.0 to 9.0, (2) a palladium-gold alloy distributed in a surface layer of the
catalyst support, the surface layer extending less than 0.5 mm from the surface of the
support, the palladium in the alloy being present in an amount of from 1.5 to 5.0 grams
per litre of catalyst, and the gold being present in an amount of from 0.5 to 2.25 grams
30  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 impregnated catalyst active for the production of
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per litre of catalyst, and the gold being present in an amount of fromO0.5
to 2.25 grans 30 per litre of catalyst, and (3) from5 to 60 grans per
litre of watoalysss of al kali nmetal acetate. US 5,185, 308 ae3aBoBossa shel |
i npregnated catal yst active for the production of 15 WO 03/074454

PCT/ G|303 0686 tate f  j i
cont a g gadee Rty R iR BEh el sofifl g Rond E" 21U e,
suppor tcohél\!ﬂl@es@erﬂﬁﬂpbﬂ(ﬂ?) ﬂba&ﬁﬂ@ﬁt&ﬁl If)dwm\&ﬁ)g)mparﬁcle(dlﬁbaaﬁ frémmiboatrtd a pore

volume of 0.2 to }% pal | adi um % | d dIS i buted in

t he outtélﬁhﬁlétﬂ@mm@rhﬁ%?&klupﬁﬁro%@ hel pgt s t? B?ﬂoﬂup aﬁélgf’ les, and 5
3) f wh th
Gol o 1 LBt 7 R0 AP thc1afét (e Slal ARL AT BROR, 308 WIoLoio

1.23. HB) Aoﬁﬁalﬁdﬁﬁsmam B8 bﬁlwleagiht ufrp«itamtmm adetage MEMIyﬂlegokhm their
preparation for, fluid, bed. vi acetate process Typically, the
productl?aé]ﬁ M yeig 10&‘5?%@)5‘(%}&&9(43% ﬁr%@p\pr o1 giet ate in the 10 second

reaction zo '15§ 0@@4"5%%@50%‘5& fi'eﬁfa@flﬁg@&ﬁﬁﬁﬁl%%aﬁ%ﬂ}%ﬂ dnAehdiepepaation bei ng

present in as phase. The nol ecul ar oXygen-contai ning gas used in the
second ﬁoeﬂutdbndmmdeceft@ﬂepm@ssegr oduction of al kenyl carboxyl ate may

conpri se un act cont ai nin as_from a) and/or
addi ti onal %ﬁaﬁ’o 0’3:8?1%@ lﬁar%a@atefgglr% Vindd Cgﬁag Iltlhf’fml ecul ar
oxyg@en- éé@@ﬁ@fe@étﬂﬁl B8 is dai’né!ﬁ@ﬁ,hpfé%/%eha)@ gfwﬁﬁ the re@Sants bahepredéntpoor er in
‘mol ecul ar oxygen than air. A suitable additional nolecul ar oxygen-

cont ai nibngagpkaspay be, for exarrpl e, oxygen diluted with a suitable diluent,

for exanple ;g;l%lrogglﬁ a n co tsaml(f rgﬁ%sg& %b?gﬁfcoﬁ&g%a%{l %&Te hPfeaddi tional

nol ecul ar ox Xygen era east sone of the

ol ecul ﬁod@éﬂﬁ&ﬂaﬁ&ﬂ%&iafbdiglateZﬁiagwmpﬁsé&ﬂedcfbdeﬁ@ladﬂmdwgém t he second
reaction zone fromthe al kene and car box%l ic acid reactants. The

car box yq:qr@algl@ggasp Famsten (b andiersiditioanabmplsay %‘i’?@’g}e%'tcmt‘tﬁ@“}ﬁ &tucti on of

aI Kk car lsfnf Ief erably, at
g] a port ?gér(\édo cﬁﬁm(@? éiﬁ%%c Cg)glﬁgmﬁ%gér cfuced to tﬁr géq'cond
react i Oficked ve peaapinirsascudardxygyl than aci A %tabllecaddxtledalfmdﬁculhnmmﬁmiat i on.

reaction zone. The f and rec cle a be intr duced into
the sec®MHRININGLAE K Eo‘gée’é%@ﬂ%r Xéfge%é@ﬁ?‘gWéLﬁéBﬁC@? pgﬂ%’é fgjf ®single
feed st ﬁﬁl%gkrﬁ%%n' otlcBBoRRidkide. Preferably, the additional molecular oxygen-

containing gas is oxygen. Preferably, at least some of the molecular oxygen-containing

20  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 for the production of alkenyl
carboxylate may comprise fresh and/or recycle acid. Preferably, at least a portion of the
carboxylic acid introduced in to the second reaction zone comprises carboxylic acid

25  produced from the oxidation reaction zone.

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
fresh and recycle acid.

The carboxylic acid fed to the second reaction zone for the production of alkenyl

30  carboxylate may comprise at least a portion of the acid obtained from downstream
processes such as from the separation of the acid from a mixture of the acid/alkenyl

carboxylate/water.
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fresh and recycle acid. The carboxylic acid fed-to the second reaction zone
for the production of al kenyl 30 carboxylate may conprise at |east a
portion oWotohe7464 d obt ai ned from downstream processes sBRCH/GEB30063m t he
separation of the acid froma m xture of the acid/al kenyl

car boxyl at e/ A@%ﬁ%té)aljt?f we cg%ogéﬁél da P FROIBRERG i chnI% 3’ rt of the

carboxylic aci he se reacti on zone nay When solid
cat al yskiquidre used in the second reaction zone for the productl on of

al kenyl carb | at e e al kene_ fromthe second se i on, means, the
carboiyllc a nﬁokqﬁﬁQYﬁ%mﬁkﬁﬁ%FﬁBﬁs?ﬁaéf?ﬁﬂmkaﬂﬁqaﬁﬁ§pﬁﬁh???%ﬂgl al kene

or car bgxyly ‘éax@%kﬂat%%@ LARLS frof e sdBRY Qéﬁra‘iffoh@ﬁéﬁﬁs andlc b8l adld
oxygen-cont’ai ni ng- gas are preferably passed through the séecond reactlon

zoné at framdbﬂbxud@tmbrgasctmtmny agp additiondl ablieny of @Myhofacsh@actamﬂ agPohr -

The second ,reacti on zo or _the duction_of e nay

U t ol (PO SEE BT A ox e b et e PR F AL BE Do0c
The secqignd £A68Hn8 AL cBbinkd BasHREYGhaRVelicitd(KEISK) F30boxyl at e may
suitably be gperated at a pressure in the range 50 to 300 psig. The second

reacti oh0.8¢Me for the production of al kenyl carboxylate may suitably be

oper at e.d as ?ht h%'g)nd"’l rea&tlor% ?1'[3 f(grc}ye ﬁﬁ%‘ug?&l (pfea(ilk P&?ﬁ ylagtg %sﬁﬂ%ﬁ#' ¢ a.C' d

conver sl ons e range e achi ev con eactl on

ZOﬂﬂ)fOBebﬁ&at@a@ﬂmmp@ﬂuﬁé na{hléemgembwwwoec Oxygen conversions in the
‘range 20 to 100@6n§§ be achieved 1n the second reaction zone for the

product i on offhaibdceny feagtianyemg|fon the pridueiien efaiveankeashexylae iy spHmds 3 to
100% mgggpeg% r(gs%upe l%lh(ﬁeisa% Qgﬁlto Sqgcti on zone for the production of

al kenyl he” se ond reac n zone for the production of

al kenyl car bQ’hyb@b@d rdabigon Lok dbyiht produtid of Mamybcpbodiat maytsyitiblyt he range
10 to 10000 grans of al kenyl car boxyl ate per hour per kg of catalyst. \Wen
t he al khpepeiaied ap pithopa fixed eea duhsed hed prassdnt i nvention is ethane, the 25

proflict S”e@a}ﬁo& B IR ARERIS'if B LA R0 BlayRGcREAA G hon of alkenyl

car boxyl at e onprlse Vi ny aceta . wat er and acetic acid and
opt i onakdcyna k@ﬁtlunzmcfmeﬂe production of alkenyl carboxylate.

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

20  reaction zone for the production of alkenyl carboxylate.

In the second reaction zone for the production of alkenyl carboxylate, the
catalyst suitably has a productivity in the range 10 to 10000 grams of alkenyl
carboxylate per hour per kg of catalyst.

When the alkane used in the process of the present invention is ethane, the

25  product stream from the second reaction zone for the production of alkenyl carboxylate
may comprise vinyl acetate, water and acetic acid and optionally also unreacted
ethylene, ethane, oxygen, acetaldehyde, nitrogen, argon, carbon monoxide and carbon
dioxide. Such a product stream may be separated by azeotropic distillation into an
overhead fraction comprising vinyl acetate and water and a base fraction comprising

30 acetic acid and water. The base fraction is be removed from the distillation column as
liquid from the bottom of the column. In addition, a vapour from one or more stages

above the bottom of the column may also be removed. Prior to such a distillation step,
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et hyl ene, ethane, oxygen, acetal dehyde, nitrogen, argon, carbon nonoxi de
and carbon dioxide. Such a product stream nay be separated by azeotropic
di still atworm3jont484 an over head fraction conprising vinyl R€CEtGR03/06d8d wat er
and a base fraction conprising 30 acetic acid and water. The base fraction

is be r&gg\éﬁg eiﬁaam debB1dhydd EdBbh ﬁgns%eaﬂd 8stbor ¥, ﬁméﬁé;oi}] gmbgztom

t he col dition, a vapour fromone or nore stages
of the colaved fwaythalswnt}@mchmwﬂadm, Rritabty ascansavethead gas;*buda fracttlomrfrcsnep, 17 WO

03/ 074454 P /0068 .et hane,. .acet al deh on nonoxi de
and car BH&H" 8&?&3 rP@HﬁhaﬁéVI%&gaCth’éﬁBWBHSIWBWI ?\C@t%%c%%ﬂ oduct stream
sui t abl yce@e a8id 19 ¥eRNRRA%HPHE BHS. fl“h@@fh'y%efaﬁ&}’ﬂ} ethate H bé‘gec?élle&'mhe' n which
a liquid fraction conprising vinyl acétate, water an acetic acid is

r enov edoxXidatmon ieactismsene mr@orethhwoenér@numw@tanmthwcm separptibed to the 5
oxi dati gn rseactl on zone and/or the second reaction zone and/or the second
separatfngﬁn means. The al kenyl carboxyl ate, for exanple, vinyl acetate is

recovered frope hikenylex@okead, for agihpls, viayl dcafateyis f&bv&&amhﬁh@y decantati on.
The recovered al kenyl . carboxyl ate, such as vinyl acetate, may, if desired,

be furt Aesrhepdrfractien, su Suitabdy Suirexaanledty, decantatien. bH?s?eref/'QVééftq dkewbnpr i si ng
car boxy A[rﬁo %tﬁ u%Hng | A56H Pnf Cﬁ%ﬁfb‘i’i p@hﬁ] é?ﬁ ﬁ&‘c‘s%g'n?aqmew th or
| e econ

prefera out er pur tatro reaction zone.
Al t sy nati veI The bhse fmnbmwhpmnag:caib@;@htacmlyeuohdls‘acam deheartdasstef magt i on and
‘may be furt her purified if desired, in known nmanner, faqr exanple bye

di sti | | B e eerh\@ﬂi PRIRETORY wtb@utrfaxxb%@urlﬁpwnp 10y the sepnd gsasHeM &G o t he
Figure. %;ml{h@elg @UEabbES 1SRRIk §?aooﬁea 26 TR bal E&Jﬁoﬁ'aﬂs beFRRAEAL US

sui tabl e rocess present 1 nventi on. e appar at us
conpr i sesrified idxledead] mrknowactanmer, zfma(np)ewmvmlébentnw th a suppl y of ethane

and optional eth . ene. nol ec I _oxygen-contai ni ng gas
(4), a suppl ypfve %%ng(@[é%bﬁﬂﬁﬁgg@%{h %@W&ﬁ“e‘%ﬁ%ﬁ@ﬁ% ene (5), a supply
(19)50f et hange 2ihmAd Eﬂ%éﬁg@ﬂl dchamh@bIstingned, Pﬁﬁﬁlﬁé@éfﬂﬂﬁé‘f&’awfnber col um
(21), and an outlet (18 for a first product stream Depending on the

scal e oﬁptmsmfdbesmsemhé’emmrdatl on reaction zone (1) may corrprl se either
a single rea ver al appar at us

B T gt L S e T O e Rt
al so conpris Tt ? Py f treaminto
a gaseoysethhneal (HOIBRAllySdtigderds @ylmpplyeifmaﬁﬁe@nﬁ ox§paoBoXindRagnd a 25
l'iquid stream conprising acetic acid and water. Optional IIy t he appar at us
conpri sé&b,a supply of recycle gas comprising ethane and ethylene (5) a supply (19) of ethane
20  and oxygen from an ethylene/ethane/oxygen absorber column (21), and an outlet (18)
for a first product stream. Depending on the scale of the process, the oxidation reaction
zone (1) may comprise either a single reactor or several reactors in parallel or series.
The apparatus also comprises a scrubber (6) for separating the first product
stream into a gaseous stream comprising ethylene, ethane and carbon oxides and a
25  liquid stream comprising acetic acid and water. Optionally, the apparatus comprises
means (not shown) for removing water from the acetic acid, such as a distillation unit.
The apparatus also comprises a series of flashing apparatus (flashing valves and
drums) (22,23) for subjecting the ethylene/metallic salt complex obtained as a base
fraction from absorber column (21) to a reduced pressure and an optional compressor
30  (24) for compressing an ethylene-rich overhead stream from the flashing apparatus (22,
23).

The apparatus also comprises a second reaction zone (2) for acetoxylation of
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means (not shown) for renmoving water fromthe acetic acid, such as a
distillation unit. The apparatus al so conprises a series of flashing
appar at uswQfiBastasg val ves and druns) (22,23) for subjecPChgRBO0686
ethylene/nmetallic salt conplex obtained as a base fraction from absorber

I t 24) f
conpr o< Bl sPHEE SRUERTHE AU AL AR (1) B SRARALATEacE? 20 ot b
(22,  Zsbrtion hﬁhapparoadcmsfr@hsloe aouliber 69 €nta thegonat] reeatin mezaptongly f or

acetoxylation of, 1s WO 03/074454 PCT/ GB03/ 00686 f ene to vinyl acetate
whi ch 42 Bresans & TRPPHnENAHE fropyiheriguidSregay A AEPRIY of Walecular OpteeRi on of t he

acetic S ptionally
Ve o rORmpE R L S AR oleRacelt Rl (RS FEAInABAEH AR shins of

mol écul axtioagid@nd/oc ethyrna () gndasupEy (2@ (ﬁaﬁp'ﬂqnecffom éxcquhena;icetl c aC| d (10),
an opti onal lies of etic aci,d and/.or ethylene (8) and a
suppl y %regpp@{%yﬁ %F lﬁécaé?){’ftg‘ﬁQfoceﬁsoﬂi?rsggcg@rre?‘glﬁ?}‘ 20 endi ng on
the scahgy Q(f)m%ﬁ& &fl@p§§1§g1etr€&to%€eﬁ@&%rm%ﬂ¢@ﬁh 5&91@:16% sefy. conprise either
a single teactor or several reactors in parallel or in series. The

appar at us f uFbheppacswpluitbesompsiseubinrnbler £)2)for the peodpeiodernithe sesomd he second

reacti on zone; nean aratin et| aC|d fr.amthe roduct of

t he secdfl 10f020p83189?r8§(@0fﬂresep\z}1i ﬁgg A gfdaﬁ IO FS s FURE opt i onal
acefg ¢ Rettehndnkf viadtdcete pﬁsﬁmloﬁh@anmdi)%ymoﬁal awuicea@@paﬁﬂéatmﬂ rreans (16)
‘for separati ng carbon di oxide from the gaseous stream obt aj ned from

scr ubbemegis)(1 ahandopiei B irare yepmﬂoﬂ@wvéﬁ der ssppliemhearbes dgtide fromh use, the
0x1 dat | 9 oh GAGL L0 BGintd brofiosRIWBY (S dndloblloilly (GARLoRAPoFaRALYS! €ach 15

active oXI ion o e et ha et hyl ene.
Sui t abl yrotii@. oxi dation catalysts are solid catalysts. Ml ecul ar
oxygen-containing_ gas. js fed to the _oxidation reaction zone (1)

supply (4) tHrgghcoxidagen maron #ng((Y) 1s mroyadedavith atﬂ%@ﬂ@"tl%ﬁ%albfﬁr?ﬂ?l? SI ng
et hane Qd%f%%ﬁ%k SRRlatish bEfe E@ia{x] & B%h qéédc%cr SR A Z 808t hef FOM  supply

(3). Recycle gas conprising ethane and ethylene is also fed to the
oxi dat i exid&fbr eéadystoare zolndcatdlysts. rMulsmlbaponygﬁ)con@maggamacfeﬂbwgen fromthe

bsorb ol 21 fed t t 1) f I
(15) THExHRHERm A5 Ch e paRebY 1) THACE! BRaEO et RD) 2GRN recyc o bas

are i nte@dyaechrhptising dBarshd 3iHyRhe i€ RAD A GQMRioh Hactibh @9.941({19) A@nPr nore
inlets separately or " in partial or conplete conbination ionally at

| east oswpphf (3) hReoyclegassofipusing ethhre and ethylene is also fed to the ox1dat10n

20  reaction zone (1) from supply (5). Ethane and oxygen from the absorber column (21) is
fed to the oxidation reaction zone (1) from supply (19)

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

25  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, optionally unconsumed
molecular oxygen-containing gas, unreacted ethane and by-products such as carbon
monoxide, carbon dioxide, inerts and acetaldehyde. At least a portion of this product

30 stream is passed to a scrubber (6) from which a gaseous stream comprising ethylene,
ethane, oxygen and the carbon oxides and a liquid stream comprising acetic acid and

water are removed. At least a portion of the gaseous stream is fed, after separating by-
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25 oxi dation reactor also conprises water. In the oxidation reactor a first
product streamis produced which conprises ethylene (as product and/or

unr eact edwbeadj445aceti c acid, water, optionally unconsune@CTmBOMSar
oxygen-cont ai ni ng gas, unreacted ethane and by-products such as carbon

monoxi dgyoG&s Redh 4 dﬁiﬂo‘ﬂ%oﬁi&@i&tsgpﬂﬂﬁiolﬁﬁl%&rﬁl (fi@mﬂ(ago tié‘haﬂr%{aéééve?ing‘arti on of

this product 30 streamis passed to a scrubber from whi ch gaseous
st r eam partipn iof ihecetieylnd rendict by trietnels kosyg entheradt, tdeehigh phessure ebsbelserand a

liquid st i sj t] i d and ter. d. At |east
por t  oncOmA L AR ASske BrPgn A 1 5P e PR RIRP LD 03/ 074454
PCT/ GBO%Q&@?&atiaﬁ G Q 651 GheyRR AT ERAK iGN i8R tbA z&RPA) ¢al sﬁap%mgps (16)

and optionally recovering a portion of the ethylene product by methods
known i Ahe pesegus stream epnpirgmgpiiedens ethapsardseiyge tsl fodie the apsorlir | east a

porti Onﬁ_@;nni% s(g ?‘fv%ﬂl%ﬁ g@ﬁt%%ggﬁh&eg rfrlpéa{ g i%origti(?nt \Q}ﬁm %&Hl‘;fchatﬂg eﬁ“lnge%? ?eafc{sqm separation

means ( recyc € Oxl dation reaction zone vi‘a gupply (5).

5 The gasaoiusivt hta/ abyipid GinfideetThglctife atld bayRnarth@Xxygplexesd ahed to the
absorber colunmn (21) which contains silver nitrate solution with which the

et hyl enareremeved asan ¢vsHiead stssapy Epmyihe celuame Anipluion copigpiegthe sHeeret hane and
. h
oxygen ﬁf&%&%ﬁ&dﬁgﬁ:@%ﬁﬁl@g 1sar%ov<?c¥]§oﬂﬁﬁ§¥§sg o i%l}eaaﬁ)s@rpglr {%)?/l]?rgxﬁ sfﬂees%mt{oko .m the

col um. taining the silver nitratelet e conpl'ex is
r ey edisfpagsaditbe sbasseofdfash-dennad@ar 2 rwiset itinsubjdveedsolautduwed pessigepassed to

a series of flash-druns (22, 23 re it is subjected tqo a, reduced

prhessurEndewﬁﬁogﬁwseBmﬁwraﬁ%%t%ﬁﬁ%w%wl% SPOPRISSE FY/FASIE conpl ex
deconpoggsidg! BA51ef0is rBERRS an BYENEENSrdath. TRE BYEHEMA ARyIaR: &%@ﬁh@ad_
stream The overhead ethylene streamis fed to a conpressor (24) prior to

bteih ng ; &l miaa:oscqqnt gHsyr (f@zt}a})ri?rgo bhiggsfexlgmiladupﬁdmﬁ)qn tlmmaec;nd(?)ctioﬂzgge y

et hane/ gxygen stream from absor ber, col um i ed, to .the oxidation
Fenct | ol 16 BT oech St fpR bt 18P 16 8P BT e Ty BECRREGITRE 1 1om t he
i qys d §5ﬁ€e(?grwgfsu§?lwlpge_r (6), for exanple by distillation. At least a
portion of e acetic acid fromthe |IﬂUId streamis fed by neans (17),

optional | y vidgetc egid arayrbenespakcreddeons thenopidstesam) of scrbben (6 feecond reacti on

zone (2 Q I .S provided with an acetoxyl ation catalyst, suitably a
solid cgjfaémz/lgtb%‘&@%%@%ul ar oxygen-containing gas is fed to the second

reaction zonetfi¢aata porpiph yf heacetAcRid fomahelligsid stredin iofell be ns@@o(Id)y eact i on
zone fromrecycle suggl y (10). Optional l&é addi tional ethylene and/or
acetic Qplienagyyihe Weks renovahmearsc@abshoamdtipterihs sreand reasiian ey by

20  which is provided with an acetoxylation catalyst, suitably a solid catalyst. A molecular
oxygen-containing gas is fed to the second reaction zone from supply (9). Acetic acid is
fed to the second reaction zone from recycle supply (10). Optionally, additional
ethylene and/or acetic acid may be fed to the second reaction zone from supply or
supplies (8). Ethylene is fed from the separation means (21) to the second reaction zone

25  from supply (22). Acetic acid from the liquid scrubber stream, molecular oxygen-
containing gas, recycle acetic acid, optional additional supplies of ethylene and/or acetic
acid, and ethylene from the separation means (21) are fed into the second reaction zone
through one or more inlets separately or in partial or complete combination.

In the second reaction zone the ethylene, acetic acid and molecular oxygen react

30  to produce a second product stream comprising vinyl acetate.

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

20



supplies (8). Ethylene is fed fromthe separation neans (21) to the second
reaction zone 25 fromsupply (22). Acetic acid fromthe liquid scrubber
stream mwbasll4s4 oxygen- contai ning gas, recycle acetic &¢Cira;Bosjpodsonal
addi ti onal supplies of ethylene and/or acetic acid, and ethylene fromthe
separ at ;pﬁtﬂluﬁﬁéa@ve(ré’d%)n ficoriiBéte s Ratl dMstHRE G shORDHYARBEBAEkndWH @UIh one or
nore inlets separately or in partial or conplete conbination. In the second
react i ofhershel heyEemaiiyg ethelengest ¢thanganey baecydeétoubafirsrydensacendt 30 to

pr oduce pnoduct -str TPLi Sing. vinyl tate. The second
reactioﬁgﬁﬁéggc Sigggggé%%%¥%a%?%§%ggﬁg?ﬁg?r??%%{gﬁsgﬁl%ﬁéc ﬁﬁm'liquid are
separ at ¢iduidGadiorecsiclok idie s&cose pakabe gorer vaardciele gaspl AN OWptiepaly,y et hyl ene
20 WO 03/074454 PCT/ GB03/ 00686 product recovered, in one or nore
separ at PERYCACKHR G graytedaEpyversyd fram HrsrscyahosFearmby meangr(d 5), fore r emmi ni ng
et hyl en r I . i eaction
zones. E’é@?@g %grﬁﬁ%aga%ta\? g}lldat%g%&i p% g%]’tt‘acg zlis?% ?\{)erkléé;r%%lﬁgl% %’%Bb%% ? gﬁl\ﬂfl rl? scrubber
l'i qui d aredns € 4) oy etamable by tiisgllgemond reacti on zone via recycle supply (10).
Optionally, 5 acetic acid product may be recovered fromthe recycle stream
by neans (15), for exanple by distillation. Vinyl acetate product is
recovered fromthe scrubber liquid by neans (14), for exanple by
distillation. 10 15 20 25 30 21 WO 03/074454 PCT/ GB03/00686 d ai ns:
1. Aprocess for the oxidation of a C2 to C4 al kane to produce the
correspondi ng al kene and carboxylic acid which process conprises the steps
(a) contacting in an oxidation reaction zone, an al kane, nol ecul ar oxygen-
contai ning gas, optionally the correspondi ng al kene and optionally water,
in the 5 presence of at |east one catalyst active for the oxidation of the
al kane to the correspondi ng al kene and carboxylic acid, to produce a first
product stream conprising al kene, carboxylic acid, alkane, oxygen and
wat er ;

15
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(b) separating in a first separation nmeans at |east a portion of the first
product stream into a gaseous stream conprising al kene, al kane and oxygen
and a |i quDd3st4eam 10 conprising carboxylic acid; (c) comCagiBoagoasai d
gaseous streamwi th a solution of a netallic salt capable of selectively
chem cal |y absorbing the al kene to produce a chem cally absorbed al kene-
rich liquid stream (d) recovering an al kene-rich streamfromthe metallic
salt solution. 15 2. An integrated process for the production of an al kyl
car boxyl ate which process conprises the steps : (a) contacting in an

oxi dation reaction zone, an al kane, nol ecul ar oxygen- containing gas,
optionally the correspondi ng al kene and optionally water, in the presence
of at |east one catalyst active for the oxidation of the al kane to the 20
correspondi ng al kene and carboxylic acid, to produce a first non-flamuable
product stream conprising al kene, carboxylic acid, al kane, oxygen and

wat er; (b) separating in a first separation neans at | east a portion of the
first product stream 22 WO 03/074454 PCT/ GB03/00686 into a gaseous stream
conprising al kene, al kane and oxygen and a |liquid stream conprising
carboxylic acid; (c) contacting at |east a portion of said gaseous stream
wth a solution of a netallic salt capable of selectively chemcally
absorbing the al kene to produce a chemically 5 absorbed al kene-rich liquid
st ream (lainsr ecovering an al kene-rich streamfromthe netallic salt

solution and;, (e) contacting.in econd .reaction, zope at | east a portion
o sai d lal kedutbefi 16t PE AR bR CER Lokt PLET IS e ating. [ « he
pr esencgikehe ahd &ﬁ@@iyli@%@id@ﬂii&igﬁkeﬁ%bm\pﬁséﬁhekﬁégs production of alkyl
carboxyl ate to produce said al kyl carboxylate, 10 3. An integrated process

for the(Prodgerieeiingin aawxidakiemidaciten Bowytmtlkansgh mofeculsr 0%¥&®- conpri ses t he
steps: (a),. contacti i xldat i,on reactjon zo al kane, nol ecul ar
oon- CRAPRIE el BB LR R ERE e nd Ry AR SRt

oxygen- e corres ene and optionally

wat ef, ipfestit® offak Rasiee cahlyss actieasdr theexidatic yRthe alkhne/® ther the oxi dation
of the alkane to the 15 corresponding al kene and carboxylic acid, to
pr oduc e CarrespPREIng GHene AndheAsPE YHE deideto Prefiee ARISLAFIAYE SRR CRERESINE ar boxyl i ¢

aci d, alahéﬂg,’cawgﬁ@aaa,dal%'%?&éygen and water;

(b) separating in a first separation means at least a portion of the first product stream
into a gaseous stream comprising alkene, alkane and oxygen and a liquid stream

10  comprising carboxylic acid;
(c) contacting said gaseous stream with a solution of a metallic salt capable of
selectively chemically absorbing the alkene to produce a chemically absorbed alkene-
rich liquid stream;
(@) recovering an alkene-rich stream from the metallic salt solution.

15 2. An integrated process for the production of an alkyl carboxylate which process
comprises the steps :
() contacting in an oxidation reaction zone, an alkane, 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

20  corresponding alkene and carboxylic acid, to produce a first non-flammable product
stream comprising alkene, carboxyli;: acid, alkane, oxygen and water;

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

22



(b) separating in a first separation nmeans at |east a portion of the first
product stream into a gaseous stream conprising al kene, al kane and oxygen
and a |i quwDd3st4e8am conprising carboxylic acid; 20 (c) cecraRBogsat | east
a portion of said gaseous streamw th a solution of a netallic salt

capabl e iafo Bgdsecis stehiy ehpikiaglalénabignbiafd ok feenni@NRuiPstRhpduce a
chemcally absorbed al kene-rich liquid streami (d) recovering an

al kene- rGOEWTSINELARPYEAR¢ide netal lic salt solution and; (e) contacting in a

second rgact i - rtion of said alkene-rich stream 25

obt ai nea(g)la1 n s({%gﬁa%?gg?ﬁtga%g%%%??lq?galgé%ﬁogﬁ8H%awlt c?LﬁOEFIOB Qé’ﬁe-tglgﬁt ai ni ng
gas, in salieapgbi@stseizetiofly aherhiealdy a0bis@ iRl Yedne 86 biodficd HEhdniigaRy 0duct i on of
al kegyl argo%g ate to. . produce said al kenyl carboxylate. 4. The process
accordi r‘?%s?r © py-geh ligudstreamsi n step (e), said al kene-rich streamis fed
to the §FONGeERREHE AN 2ARRE (R0 oget her wi th optional
30 addi 3i )(;nal eaI ke_n%. %. “?’ﬁgag?tg%glsgggggér& ?a%lé@?%?s&h}%o%aﬂg, wherein the

addi ti onal aldostestinmin Heecobndehctioal dornat Bad/aqorti@cylc bad aikekerieh kiam t he
second geactggorzd)zon(i and/or.a portion of the 23 WO 03/074454

pPCT/ GBO3T BB &S (ChPREAEFRPRAITECkh PethmProsshse Het besipaeicailistacive der thone. 6.
The pr oGRsucsS OF fik Dcatrlgb)?fw NBo@fceGhal By wherein the

concent ?gti on of alkene op?i gﬁ%l 3 h@ta{@lgffbgﬁg‘gﬁeé feed and al kene-rich
strdfm feed) Awrintegsateterosessdpuithe peaticiiomofanakersyl atrbbegste vAickol % of t he
total f t he.second reaction zone. 5 7. The process according to claim
6 V\here&ﬁ&fe 2" CONCE &feasg?pgn of alkene is least 60 nol% of the total feed
to the ggcondon@aig ManZexi@tios reabién %r&?§§§lkﬁﬁ&%diédﬁgartoﬂy%]rﬁi m6 or claim?7
wherein the concentration of alkene is up to 85_ nol % of e total feed to
t he sec&ABIAHERE 83% APHABREY thp comgepopdingedienacnd ogtionpllyovateryimohe of clai ms 3
to 8, i I -cont ai ni s used in the second
reactio %zsgfrllgeé (#%?lt e&%%(%%b’éfig%ﬁ)é%g%e@? %ﬁ? ron Q‘%Bg P%foetﬂ?:onpri ses

unr éact edrrasploadinigaiken ygé carbeyliaiadid) & §H88uder OMsshGP1AdnaBRYr&duct 2ddi t i onal
nmol ecul ar oxyg}glg-.c,ont i ning _gas. 10. The process according to claim9,

wher ei n SEFED SHEPEPIBR at<eRp|caLgK wic 20ids gdine coiyeen pdyalgts i s oxygen. 15 11.

-(I)-Pet E;OQE)S S 3EFRAGHIY ol s ARYarBeh Abaks A1 Spdifiod 3 ML Dl st GBSt some

into a gaseous stream comprising alkene, alkane and oxygen and a liquid stream
comprising carboxylic acid;

20 (o) contacting at least a portion of said gaseous stream with a solution of a metallic
salt capable of selectively chemically absorbing the alkene to produce a chemically
absorbed alkene-rich liquid stream;

(d)  recovering an alkene-rich stream from the metallic salt solution and;
(e) contacting in a second reaction zone at least a portion of said alkene-rich stream

25  obtained in step (d), 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 said alkenyl carboxylate.

4. The process according to claim 3, wherein, in step (¢), said alkene-rich stream is
fed to the second reaction zone as one or more streams, together with optional

30  additional alkene.

5. The process according to claim 4, wherein the additional alkene may be fresh

alkene and/or recycled alkene from the second reaction zone and/or a portion of the
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nol ecul ar oxygen-containing gas is fed independently to the second reaction
zone from the al kene and carboxylic acid reactants. 12. The process
accor di ngvoe3anmssone of clainms 3 to 11, wherein the carbopgriGBoaoi6
introduced in to the second reaction zone conprises carboxylic acid

pr oducedlianofaikehe str@in Grindae boidati@aehition Z2a8e. 13. A process according to

any oneéjof t pr ecedi ncggfl ajms, wherein the alkane is selected fromthe
group consi stifrBFeS T LHIRG A 27 O glanss i drvelerein dresesmeentention ofr ocess
accor di ngehe (§MonaNRIdRfonk ALl SE&A I IER1IE, eafgﬁr ' | kanei's
et hane, the ((:(?rlr espondi ng al kgne&?és et%ﬁ%er%%sén tfgéedjg%dr]{r%etg%%eﬁafl%g
car boxy|r¢astige zgng is at ®gstaddanolds af il tothbfeed tpthesesmdaemtiodizoge.t 0 any one of

t he precedi ng~cl ai ns,  wher.ei he ecul ar oxygen-containing gas in step
(a) |gs gzgygegljhefé(.)ceﬁ%mﬁ]f(%%@s&ad@c%‘?vh?’rﬁﬁ“ t?‘B C%‘Fﬁ?“%?’n%onoqf allepae iy ]@@58 @Ong
cl ai ms, nvd1ey &ff the tdisl fe€PIBABOSAAd RActRIn 2d3€. Mol ecul ar oxygen-cont ai ni ng gas
(as fresh feed and/or re%f'/cle) is 30 fromgreater than 0 to 20 nol % of

1

the tota fedde progesyficarlingioywddiod or daitthe whriedmtheennceniraiidr ofnlkeare. 17.

The prog J e.of th recedi ng clainms, wherein the 24
WO 03/ 074 tzfa%é%g}égg}%gggg%e%gon@gﬁ?crogflirgaﬁ '8f “di%ene (as fresh feed and/ or
recycl e 9conpdhemijcessadcomiingdrota@y 98e BPtIafths™s to ) QyHeddiRtheliREEey1anC! Udi ng
rec_)i l es, to the oxidation reaction zone. 18. The process according to

[

cla 1??‘%@%‘?‘&@“‘?8@%%%&%@?%@ rggctighlzenefar $he productiontod alk@nyiol % of the
total T eatolfaklniis Sl o doARLLAN B8NS, 5o e BLoGess acgording to

any one of the pr I'ng clalns, erei ter (as
fresh f edditiamd movlecudaycdygercoonmaini@gighs.i s from 0 to 50 nol % of the total

f eed, iﬁ Iudi@g recycles, to the oxidation reaction zone. 20. The process
accor di é t o 1OF BFofctrccopiitede slame, pdsednthe adidionglimeleewar dxygér-om 0 to 25
ol % otohthRirdOsRlis {)g%gnjto t he oxidation reaction zone. 10 21. The process
according to any one of the preceding clains, wherein the al kene and water
ar eléo-ﬂgd i e pravessoccomlingin angant obelainsrieto 122 whitet gileRessmast@edi ng to

2" at o BrechltF B A5 g Rk Bt red waeSeadpiiciods Siond torion mariprone of the
precedi i@ ke ®Bd cudek BidadidRactants.
12. The process according to any one of claims 3 to 11, wherein the carboxylic acid
introduced in to the second reaction zone comprises carboxylic acid produced from the
20  oxidation reaction zone.
13. A process according to any one of the preceding claims, wherein the alkane is
selected from the group consisting of C, to C4 alkanes and mixtures thereof,
14. A process according to any one of the preceding claims, wherein the alkane is
ethane, the corresponding alkene is ethylene and the corresponding carboxylic acid is
25  acetic acid.
15. A process according to any one of the preceding claims, wherein the molecular
oxygen-containing gas in step (a) is oxygen.
16. The process according to any one of the preceding claims, wherein the
concentration of the molecular oxygen-containing gas (as fresh feed and/or recycle) is
30 from greater than 0 to 20 mol % of the total feed, including recycles, to the oxidation

reaction zone.

17. The process according to any one of the preceding claims, wherein the
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15 concentration of oxygen present in the gaseous streamfromthe first
separation neans is at least 0.1 nol% 24. A process according to claim
23, wher eWp oBhatasoncentrati on of oxygen present in the gaee@mB3moGeam from
the first separation neans is at least 0.2 nol % 25. A process according to
cl ai m 24pneengreomof dkereqac feshriadd aml/@fre@cko@mIvNesS i frdh 0 1380t cgaseous
stream f mtgﬁ first]e)]geparat'on neans is 0.1 to 10 nmol % 26. A process
accor di r‘?éﬂleoto {pedninclypmerecyslesda dhsgridationigactigheere.n the first separation
neans i gga NMEMRMROR j i, i 1 o) distillation
unit. 27. A pr ocesgssg(%gg?ﬁlﬁgl#g‘ lc7l° g:flrgnl%g‘g@%\ﬁﬁg?eéﬂjﬁa?rhéfagléeﬁlgl}%frf) altrr1=3ans
enpl oyedo 28 mw! ¢ ohie tetel feed® tRBoxiTmEomeactmnoaecor ding to any one of the
ene_is e and the netal salt

precgdi ng cl aIihréB vvher%i n,. t hte al k et E%I ep ) _ _
capabl e Of selPSEFPSVRY SFCaiting 0 any gnepEle prevgdingslaimgorisrea dheor i ses chromi um
copper (bicentrafigianeseter Ak G feed hfior ﬂé@ﬁ(ﬁé‘%%ﬁn%&ir%hﬁ% frofQ & 50 r%%i hum

pal I adi um_ rhodi um rut heni um osm um nol ybdenhu tungsten or rhenium 29.

The pro®Eds taek &edi ingludimgataycles,28 thawradaion redntiomebmd.| i ¢ sal t conpri ses
silver 3 . The.pracess according to claim?29, wherein the
met al | i gb's al t% hi%g’p‘gc%ési %&8‘%&% tcfalfgé%s Wfr‘ﬁ@"’p‘ﬁS&B‘é‘?%HE%‘B’r i WgeR 18 ol m 30,
wher ei nté P&l Pyvef ths althl fesd ®ithy/exidatidn BiRiodzon@> WO 03/ 074454

PCT/ éﬁBO%/ OOGEFEl silver fluoroborate. 32. The process according to claim 29,
whelt8i nlhe HBERI9Gess acsprdingto @y pee of thy preseding chaims, ophpesin ¢le)alkerer at e or

COPPET Ghd vk BRAKErd Ho (NSRRGSR B 58N g Lo any one of the preceding
t he net al sollutlonl

cl-ai ms, wherein §agueous or conprises an organic

ni t r oged2conflhe provgsscwopditgto aly ond bRthp bRCEdiSg ALGAE, Giiigkik thedfl¥er@Ne Of the
pr ecedi g{g%cl ai ns, i contacting of the gaseous streamfromthe

erein t
first s WQTCFBWWE\AQH%&WUPWQEHQ-W%WW@%EI t solution is carried out in
o, SOFOISE, SR, WS BRI e

metallic salt solution conpri S

r endy ed concgntratinn dfasygof preseat althogimevucateanmiroraniat fiat kphetisnehaanygen are
rermvedatal% Sgua OvEfo ead stream fromthe absorber colum. 36. The process
accordi ng o el A '35, wherein the al kane and oxygen containing gas stream

is fed 28 ON@ Mocd¥®bEooPding BBaitiP23, WehePoth AR doRPedt&RGH Bp&ﬁ%ﬂﬁrésg&qflher W th
the gaseous stream from the first separation means is at least 0.2 mol%.
25. A process according to claim 24, wherein the concentration of oxygen present in

20  the gaseous stream from the first separation means is 0.1 to 10 mol%.

26. A process according to any one of the preceding claims, wherein the first
separation means is a membrane separation unit, condensing unit or a distillation unit.
27. A process according to claim 26, wherein the separation means employed is a
condenser.

25 28.  The process according to any one of the preceding claims, wherein the alkene is
ethylene and the metal salt capable of selectively chemically absorbing the alkene
comprises chromium, copper (I), manganese, nickel, iron, mercury, silver, gold,
platinum, palladium, rhodium ,ruthenium, osmium, molybdenum, tungsten or rhenium.
29.  The process according to claim 28, wherein the metallic salt comprises silver or

30  copper ().

30.  The process according to claim 29, wherein the metallic salt is a silver salt.

31. The process according to claim 30, wherein the silver salt is silver nitrate or

25



addi ti onal al kane. 15 37. The process according to claim 36, wherein, prior
to being fed to the oxidation reaction zone, the al kane and oxygen

cont ai ni yOIBRAM | S separated into separate al kane and @XTFEBIINNES6
streans. 38. The process according to claim 36 or claim 37, wherein the
addi t i orsélveraflkapleorats. fresh al kane and/ or unreacted al kane fromthe

oxi dat i reagti on zone V\(,gi ch ffas fee 20 recycled after the first

separ at i'6n nealfP Pt AXOERNE S FYM 75 Jteredn thegpgalliggalt 1repperd®ess accor di ng

to any apewaf c b (5 nftfa®d &0 3Bndron38i erein the al kane/ oxygen stream and
t he addi ti onal &ﬂa{)i%kg?\e are i n?rr)ggu)ce&)hlﬁ%to the oxidation reaction zone

t oget her33ei t e rrecese pepording fosay ost 08 tepreredany daigisngh@eiabedmstal eam
corrprsi Sis@ﬁlti ot.pathe al kane/ ox %en and the additijonal al kane. 25 40. The
0

procéss “accordi AP Ang BRECoT! TREIGPEOSH RO ETREROMBANEfei n t he al kene-

rich striaam iThe'26e4ea@Rrdih@ M i dnBBY Blelgrécedplotclffls WhQBinGREP! ex by heat,
reduced pressure or by a conbination thereof.” 41. The process according to

cl ai m 40oniAREREPHthe gascows sireanyromn thaifisbesperstipn means with dednprBicsalte such
t hat th%ﬁ%ﬂh?&%ﬂ@&&ﬁﬂﬁ?ﬁ%é&é @%ﬁ%‘e the al kene. 30 42. The process
ep I'ng"

according to any one of rec clainms, wherein the al kene- rich

st r eam GSpr iBepratess aastdibid Mikene whiiin HRenRAINE 888 sAGEH Bnfdishy c! ai m
42, wherein the Ial kene-rich stream conprises at 26 WO 03/074454

pcT/ 80 3r06t6 salt/alkene commlen k asraovedfromTHie hssoebibs absasberdiohgn, endny one- of
th - b ar Shlns m. the first
© P CGRDG bRy Ut AR A oe B ORIA My SR DRI Bl | o1

separati on neans, ior to berng contacted w

sol uti ons6. i s Thegmoess saordimptoccliOraso ndbien telatiehednd 62yach Ren@idip

consi sti ng of ca(r}bé)n 5 di oxi de and oxygenates. 45. An Integrated process
for the 5B SHEET 1SR] 8% ORA GiyRots skeamsdops eHdprnTeadionzanpiaester wib st eps: (a)
cont act i;p8itibRaldik4xs] dati on reaction zone, ethane, nol ecul ar

oxygen-contai ning gas, optionally ethylene and optionally water, in the
predéncé7of dihelpsessss anverding @lcjam 361 @heein, peiof trbdifefedxo datdxidntioh et hane to

et hyl ene_and aceti.c id, to produce.a first non flapmabl e product stream
conpri si-hy Plg? A HE aq]g%lgtaflé Oéggea,co’éﬁaﬁ%‘?m@% SePaaad (e agparatg gikangapar at i ng
in a finsd ospmaratseenieans at | east a portion of the first product stream

38.  The process according to claim 36 or claim 37, wherein the additional alkane is
fresh alkane and/or unreacted alkane from the oxidation reaction zone which has been

20 recycled after the first separation means to the oxidation reaction zone.

39.  The process according to any one of claims claim 36 to 38, wherein the
alkane/oxygen stream and the additional alkane are introduced into the oxidation
reaction zone together either as separate feed streams or as a single feed stream
comprising both the alkane/oxygen and the additional alkane.

25 40.  The process according to any one of the preceding claims, wherein the alkene-
rich stream is recovered from the metallic salt solution complex by heat, reduced
pressure or by a combination thereof.

41.  The process according to claim 40, wherein the solution is subjected to a
reduced pressure such that the complex decomposes to release the alkene.

30 42.  The process according to any one of the preceding claims, wherein the alkene-
rich stream comprises at least 50% alkene.

43.  The process according to claim 42, wherein the alkene-rich stream comprises at

26



I nto a gaseous stream conprising ethyl ene, ethane and oxygen and a liquid
stream conprising acetic acid; 15 (c) contacting at |east a portion of

sai d gasewospraueam with a solution of a netallic salt caoahlirs300686

sel ectively chemi cally absorbing ethylene to produce a chemcally absorbed
et hyl endeasi 8bbolallqmied stream (d) recovering an ethylene-rich streamfrom
the netal lic.salt sol utig(? and; (e) contacting in a second reaction zone at

| east a ‘Por t i off RBPCEHPLFOBYRG Fey-aor o thepretaditgnlBsarheig; fhesasgousd) ,
ecel© Skt aCE AP RE Ok SPGB i S RS o
vi nyl aceludion, is 2ated Qo re@Yove components selected from the group consisting of carbon
' 5 dioxide and oxygenates.
45.  An integrated process for the production of vinyl acetate which process
comprises the steps:
(a) contacting in an oxidation reaction zone, ethane, molecular oxygen-containing
gas, optionally ethylene and optionally water, in the presence of at least one catalyst
10 active for the oxidation of ethane to ethylene and acetic acid, to produce a first non-
flammable product stream comprising ethylene, acetic acid, ethane, oxygen and water;
(b) separating in a first separation means at least a portion of the first product stream
into a gaseous stream comprising ethylene, ethane and oxygen and a liquid stream
comprising acetic acid,
15 (¢ contacting at least a portion of said gaseous stream with a solution of a metallic
salt capable of selectively chemically absorbing ethylene to produce a chemically
absorbed ethylene-rich liquid stream;
(d)  recovering an ethylene-rich stream from the metallic salt solution and;
(e) contacting in a second reaction zone at least a portion of said ethylene-rich
20  stream obtained in step (d), acetic acid and a molecular oxygen-containing gas, in the
presence of at least one catalyst active for the production of vinyl acetate to produce

vinyl acetate.
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