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FOR THE PRGN SOF AN ALKENYL CARBOXYLATE OR AN ALKYL ?,% 5T he
present invention relates to an integrated process for the oxidation of

C2 to C4 alkane to produce the correspondi ng al kene and carboxylic aci d
-and wherein the alkene and carboxylic acid are further used as reactants
to produce an al kenyl carboxyl ate al kyl carboxylate. 5 Carboxylic acids
~are useful feedst t he production of al kenyl carboxylates and al kyl
car boxyl at es.\ @Mﬁ%\mxaml e, acetic acid is used to manufacture vinyl
‘acetate or et e. Acetic acid may be produced by the catal ytic

oxi dation of ethyé&he and/ or ethane. Vinyl acetate is generally prepared
commercially by contacting ethylene and 10 acetic acid wi th nol ecul ar
‘oxygen in the presence of a catalyst active for the production of vinyl
acetate. Ethyl wmmmmm\wmmner ally prepared by contacting ethyl ene and
acetic acidin of a catalyst active for the production of

et hyl acetate. |nteggabed processes for producing acetic acid and/or vinyl
acetate are known in the art. EP-A-0 877 727 discloses an integrated
process for the production of acetic acid 15 and/or vinyl acetate froma
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Carboxylic acids are useful feedstocks for the production of alkenyl carboxylates
and alkyl carboxylates. Thus, for example, acetic acid is used to manufacture vinyl
acetate or ethyl acetate. Acetic acid may be produced by the catalytic oxidation of
ethylene and/or ethane.

Vinyl acetate is generally prepared commercially by contacting ethylene and

10 acetic acid with molecular oxygen in the presence of a catalyst active for the production
of vinyl acetate. Ethyl acetate is generally prepared by contacting ethylene and acetic
acid in the presence of a catalyst active for the production of ethyl acetate.

Integrated processes for producing acetic acid and/or vinyl acetate are known in
the art. EP-A-0 877 727 discloses an integrated process for the production of acetic acid

15 and/or vinyl acetate from a gaseous feedstock comprising ethylene and/or ethane. The
integrated process comprises a first step wherein ethylene and/or ethane is catalytically
oxidised in a first reaction zone to produce a product stream comprising ethylene,
unreacted ethane, acetic acid and water. This product stream may be passed directly to a
second reaction zone and contacted therein with a molecular oxygen-containing gas in

20 the presence of a suitable catalyst to produce vinyl acetate.

Research Disclosure 2244 of 1992 (June) No. 338 describes a process for the

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



carbon nonoxi de is oxidised to carbon dioxide. According to this d(ﬁcAug?ptzuos
the unreacted ethane and/or ethylene nay be recycled to the oxidatio N
reactor. wWbteglhhraksvely, the ethylene may be reacted with apﬁ} G acid to’
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20 Thus there remains a need for an improved integrated process for the
manufacture of an alkenyl carboxylate such as viny! acetate or alkyl carboxylate such as
ethyl acetate.

In particular, it would be desirable, if in an integrated process for the production
of an alkenyl carboxylate by the oxidation of a C, to C4 alkane to produce the

25 corresponding alkene and carboxylic acid and wherein the alkene and carboxylic acid
are contacted with a molecular oxygen-containing gas to produce the alkenyl
carboxylate, to be able to optimise the amount of alkene fed to the alkane oxidation
reaction zone such that an equimolar or approximate equimolar ratio of acid to alkene:
may be achieved, such as 0.8 : 1 to 1.4 : 1 and to also optimise the amount of alkene fed

30 to the alkenyl carboxylate reaction zone such that high selectivity to vinyl acetate may

be achieved.

Accordingly, in a first embodiment, the present invention provides an integrated
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WO 03/ 074465 PCT/ GB03/ 00619 process for the production of af sabkergls

car boxyl atwowbiochicpr ocess conpri ses the steps: (a) cont act[j&g%%(ﬁoan
oxi dation reaction zone a Ca to C4 al kane, a nol ecul ar oxygen {026 19 ng
gas, the corresponding al kene.and optionally water, in the presence of at
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. separ aPi onATROXHEC aid, ta Reqduge 3 Hrst praflust strgaen epagutsing dlkeneamueatiedaliad, f r om
the first sepRalRLifafE@RgI Nto respective streans rich in al kene and

al kane; (d) contacting in & second reaction zone at |east a portion of said

al kene ri ¢b) spamang incbfisi sepdration mdahe aslesn apogapEsfahe PROAIRARNSam A
correspondi ng ¢ rnggljc.acid and a 15 nol ecul ar oxygen-contai ning gas, in
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for the production of an alkyl carboxylaie which process comprises the steps:

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

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

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

30 alkane;

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

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



3 0 4 SEP 2006 WD 03/074465 PCT/ GB03/ 00619 presence of at |east one

catal yst active for the production of alkyl carboxylate to p#&difPe286second
product stweammtanprising al kyl carboxyl ate. Advant ageous! ypcihgophfiGess of
the present invention, allows an optinmal anount of alkene to be fed to
-each of the two reaction zones thereby inproving overall process 5
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react eg wi th .a nol ecul ar oxygen-containing gas to produce vinyl acetate. In
the sedondBHH¥di ment of the present invention the ethylene and acetic acid
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Catal ysts acti \/IE%?%PW %1%‘55’P8§?’ip6#é@§’?3éltﬂ%ﬁ2 tp ?éaﬂqlkaé‘ﬁés %f[\%f’eegifeboxyl ic acid
nmay conpriger diil dIRd e epdt @hyish | iRl ic 8% : the
oxi dati on of e%et%ﬁhgtlge to eet h)a/%t enge/l laﬁﬁﬂﬁ;@g?iofcres c@glr%s&abgzgﬁ? Eeeig%lgir?%ﬁgwg
4596780, ERidA-ID4by 0ot embpdinx@t 0062 @Ee2nt MOB2 @EI2hyIBE de686832:id WR

98/ 47850, V\Dtgcg/ 5%339(51 Elﬁ- A- 0O 10_4306.4,. WO 99139(?0, ,US 5300682 and US
5300684, tHEEONIEAIROGE A BgCL RN R RS §2s ORITYSE VAL ACH3ter ef er ence. US

4596787 r el at eSpyttRe feddh@EBBOAMnt bhﬁaelpqygeheﬁﬁeﬁ@énwyl@p%lyeﬂgQM&’%%QE%H on of
a

et hane to ethylene using a catal yst having the enpirical fornu
MoaVbNbc Shrxecagted 26 praseice ehybiedetated, the el enents being present in

conbi nati on w th oxygen. ERP-A-0407091 rel.ates,t rocess and catal yst for
the production of 1¥%ypleen°em&§‘r‘?8/r83rcz‘88ést Pf_fff%}ea hﬁ%r “8%1‘{5?3'0?{”@150@% hane
and/ on et haakRRes Al thB @caRERELINARe ﬂfligg:{ha@éﬂ GathisQse, ¢Rd @ntelr£@APbF 0%

nol ybdenum rheni um and tungsten. 19620542 relates to nol ybdenum

pal | adi um andrptiongh WiseapRe dentradled agpaiad aregsitres inghe phidatyrotactiinoronef
acetic acid fr 0&%&@@%‘8&%‘ ﬂ(r%e oe)IiHé/tioennc?f alkane to alkene and carboxylic acid may
comprise any suitable catalysts known in the art, for example, for the oxidation of
ethane to ethylene and acetic-acid as described in US 4596787, EP-A-0407091, DE
20 19620542, WO 99/20592, DE 19630832, WO 98/47850, WO 99/51339, EP-A-0
1043064, WO 9913980, US 5300682 and US 5300684, the contents of which are hereby
incorporated by reference.

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

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

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

DE 19620542 relates to molybdenum, palladium, rhenium based oxidation

30 catalysts for the production of acetic acid from ethane and/or ethylene.
WO 99/20592 relates to a method of selectively producing acetic acid from

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



WD 99/ 20592 relates to a nethod of selectively producing aceri GE&c2086 from
et hane, ettwl®neswr m xtures thereof and oxygen at high tenp@f/@tﬂ%/ﬁocw t he
presence of a 4 0 4 S E P 2006 WD 03/071465 PCT/ GB03/ 00619 catal yst

havi ng the fornul a MbaPdbXcYd wherein X represents one or several of Cr,
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Pt, Zn, Cd, Bi, lr, Cu, Ag, Au, Fe, Ru, Gs

Ce, Co, .Rh, , K, Ro, Cs; Mj, Ca,
sr, Ba, NBb,Zp, TigV, Tgjand BV; Y pepressmts agje orggvern] ofdcAlGantn, B51Zn, 64080001 t o
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to 1.0, WD 98/47850 rel at es .to.ablgrgocess f or groduci ng .acetic acid from
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Bi and Z epres@ihtsldrmdalr=90avértal of Li, Na, K, Rb, Cs, Be, My, Ca, Sr,
Ba, Se, Y, La, Ti, Hf,. Ru, Gs, Co, Rh, |Ir, B, Al, Ga, In, Ti, Si, GCeg,
Pb, P, As and T¥O 9§;‘i78|595916§eé£@ﬁ5%ﬁe§°of069r0%r@g'ﬁst1%@9d Famegteanet o a
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Cs, My, Cags, Bk, MBaCaZr, BEf Sc, N, LaPTi, R0HE T, &, CoSRy, i B, Ab, GRen@Rd fd; a, b,

c, d, e and f represent the gramatomratios of the 20 el émeht$ sSuch that
O<a<_1, 0&GHEbahdAsastle, @<t Eildy 90c ;e @jsahd D <f <2. EP- A- 1043064 rel at es

to a catal yst Lii.@n r the oxidation.of ethane to ethylene and/or
acetic acid an&&@_r’g: %ﬁ?’? Hrgfag itﬁﬁtc_ﬁttﬁlﬁ'sgfor@?‘?ﬂq‘(érhg’rpﬁ sgleatiy o datpngdi ch
CONPOsHt i QhAne ARE/OEEylehe EQMERMBALIIAM N E@mﬁiﬁig&?c&ﬂﬁ%s%k AR Sin ryxpfélg‘ num
25 vanadi um niobiumand gold in the absence of palladiumaccording to the

enpi ri cal oxpyeemilieglem AV NeMkeYY c wheneli K iythesleomatolNb pod ¥; & iemrat s
selected f

el ec! 0 ondr et B SRR NG0B ol Ay, B i G & Pl
Zr, Hf, NPt By, &RhBiSbe, C3i, RbSCu, Al Fe, Bu, R, KTRD, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P,
Pb, Sb, Si, Sn, T1, U, Re and Pd; a, b, ¢, d, e and f represent the gram atom ratios of the

20  elementssuch that0<a<1, 0<b<land a+b=1;0<(c+d)<0.1;0<e<2;and0
<f<a.

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

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

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

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

acid of formula: Mo, VpNb.Xg wherein X is at least one pronioter element selected from



and La; a, b, c, d, e and f represent the gramatomratios of the el enents
such that : 30 O<a<_ 1;0<b<l anda+b=1; 10-5<c<_0.02; 0<d<2; 0<e0<4ISEé’n@R§& f <2.
VO 99/ 1398BOPMHES 1o a catal yst for the sel ective oxi datiReI/GBogedsane to
acetic acid of fornula: Ma\TbNocXd wherein X is at | east one pronoter

‘el ement selected from 50 4 S E P 2006 WD 03/074465 PCT/ GB03/ 00619 the
group condlesgrppcassispng gf PB, Hfclepnd As;:a ig ajnyumber tanging fremgbevt I toorboabout 1

t bout 01 tao about. 0.5;
and dis & Rl fauErAeEh LA PP A8T B30 15 m b & im0

rel ates tfrotrhgeatsetheﬁ Ocmmda\hﬂmn cat al yst with enpirical forrmula of 5
VPaMbOX where M1 s ogg nore of Co Re, Fe, Ni, Nb, C, W U, Ta, Ti,
Zr. Hf, Mh, p{JS jﬁ&)O %relglgs tq_aﬁhe U@of %ldatp@ %@]ygj;l}wt‘raerpgmgala?omu]@ ofb is 0O 1

and X gsat kgies, (e MabBRES: s%fesm@@e WS NBAERE welakgsTE 9, 8yt ! i d

bed oxidati 6n reaction usi ng

Mbo. 37ReoMis Vo, P&BIboSlmEbﬁlﬁoBQa@g arzd)Au;Lﬁnsm hes 3 sisttabhiel oxitdaks g3 cat al ysts
for use in the rl%resent i nvention are described in WO 99/13980 whi ch
rel ates t 2R GSUTSRY%t al ysts with el enents in conbination with oxygen

in the relative;gsamsal Atthieatd £8uff bR | JH, Te or
As; US 6030920 which rel atees tout he use ﬁég% gsutlséva_'i%a ements in

conbi nat i bmowRdastEMNanﬁbmotCheo@I ative gram atomratios of MaVbNbcPdd ;
V\DOO{ré)I0284 WhIC rel es 15 to th use of catalysts with elenents in
conbi Mati on wi Qﬁ x%}lj% €{oxidafign F%tla fs\far @%eaﬁqthepraﬁwatveagormremwmqﬂcPdd

and/ or N%W@@Eﬂd%o Hﬁl(ﬁlq%@i?e%%o‘f‘m EaQ Jf%hﬁh%?s Jvﬁ'h EQﬁleHl%qn c?rfnbﬁ)a ég thS \M th

el ements in conbination with oxygen in therelative gram a
MoaVb Pdc L adygenWDHE0reb9me @ravhiatdm raiaatof M, 0" bNbemeerefX €& Bl ¥isiBe o AR

Mhavb acPiEERIR R0 By %&lérﬁwéﬁéﬁa{wﬁ%@%ﬂ@%?@ﬁﬂ/\g c
00/ 29106 aRglsfion QY Pl g‘Mlh(élfbrﬁ A iV I‘tﬁjeVW) 0BARf03kY %?chvide[a!{'es

el enments i n"conbination wth oxygen in t%e refative gram at om of
MoaVbiGac Ptid thebeXb{ edialysts wiph dellnantSTleporGeulatZam w8h,oxlygeroin the ealatiVéQra@0/ 38833

oxygen | n e At Mk g BrhaPbfoy Mo sl P ann IR Tk A iodha e = Al
?Zf erngcz:g . gacffﬂ: (SJItS gﬁt&la?&?%gt@gﬁ tC %g%ggﬁt@\é%ﬁggﬁﬁ%ﬁ péc})?wt% %e%@g?xg){@losal kane
may be suppdft¥eld.Las; WO 00/09260 which relates to the use of catalysts with elements in
combination with oxygen in the relative gram atom ratios of Mo,V,La.PdgNb.X; where
20 X =CuorCrand e and f can be zero ; WO 00/29106 and WO 00/29105 which relate to
the use of catalysts with elements in combination with oxygen in the relative gram atom
ratios of Mo, V,GacPdg Nb.X¢ wherein X = La, Te, Ge, Zn, Si, In or W and WO
00/38833 which relates to the use of catalysts with elements in combination with
oxygen in the relative gram atom ratios of Mo, VLaPdgNb.Xs wherein X = Al, Ga, Ge
25 or Si, the contents of which are hereby incorporated by reference.
Solid catalysts active for the oxidation of the C; to C4 alkane may be supported
or unsupported. Examples of suitable supports include silica, diatomaceous earth,
montmorillonite, alumina, silica alumina, zirconia, titania, silicon carbide, activated
carbon and mixtures thereof.
30 Solid catalysts active for the oxidation of the C; to C4 alkane may be used in the
form of a fixed or fluidised bed.

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



or. unsuppbrted. Exanpl es of suitable supports include silicgy shratifraceous

earth, nmwdopeiskdsonite, alumna, silica alumna, zirconiapct I
silicon carbide, activated carbon and m xtures thereof. 3(’13)(:%{)(%1?’3)0@06{?& ysts
active for the oxidation of the C2 to C4 al kane nmay be used in the form of
-a fixed ofedfd thedixsdntioheehctibh eows ifctad:iadipl€ at Ak ¢oirespondifly babexyrcdcad to

oxi dise at |least part of any alkene 6 04 SEP 2006 WO 03/074465 PCT/ GL
103/00619 fed i MRECBlr gardesrroparing gas sddn thegpidatigppeastion zppm may
correspongli [ e B enc i i s.used in
The oxt dagy BRoFEERFA b5k in ATRLCGEH LGS D: ERALR DI MHRS 4]

mol ecul ar exaxypde pxypandihited wih auuitattit dilgasg, foagxdmple horogeg yabdiben dxy@en
diluted with ﬂgsz%t abl e diluent, for. exanple nit rogen or carbon dioxide. 5
© Pref erabl refarpRly e S1Qieciar oxygrancnssntiggan & gragen sPoisraeli. atpeast samamoly,  at

| east so 4 L EEHL ALinREYQE R [N o8 jdation
reacti onrqzﬁg(ri:‘?a()hi3 ndep()jgir%gent 'y ln%o%gﬁ]%(agf) %léé"ndéﬂgar%gﬁg%dtc?lg{\]g?n%ﬁﬁé%gd&éb’ds, and
any recyciremshe elame antheptminklbalkererfdeds] kishanf redydlaisteeatrise oxi dati on reacti on

one of the proce of t resent invention may be tanti al | re or
DO e e RSl R T S Bl S o
met hane, 6RO Hﬁg &%%ﬁ&%htﬁ??%féj&v mby g6 Qfgﬁiaed,afapﬁa'gﬁse%,'vﬁnf{g& of

C3/ C4 al kenes/ al kanes. tably, e concentration of a (as fresh feed
and/ o0 r ecyimbee afantpegesnaigonsnethamacgrbentderxiddaarbon anvdoxide; loydasgbnj ael udi ng

50 nol % pof the total.feed, ,including recycles, to the oxidation reaction
zone, pre&’é‘f%ﬁ%o?téj@la eBéséﬁﬂ?ﬁﬂs' % nore preferably 15 from1 to 15 nol

% Suitably, tREiAMNGROLE RO ' resha ;
conponent) is fr%ﬁlﬂo to 50 nol (%f}lgﬁgce?lﬁéiﬁﬁeggffgﬁeﬁdﬁg?gﬁﬁgﬁﬁqﬁﬁw{ljsgi ng
recycl es, from greasenthinl Qtand mp te e incbrdimpiiemop Vedfghatital feedymaluding 25 nol %

I n one enmbodi,ment ,of the present inventio he .al kene,, ,such as ethyl ene,
and 20" wat o C e ey S oPESTh b0k Pkl haR e of BB eI ¢ he
al kengs f apneExad @ol €. hyl ene, 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 webighly, thpepncsairptipreaftvadiorsias figslefogd end/prreeyide osingendnts

react ion £30% tot §t?m%l J§’¢§3‘1'I;"1(c35lusive of the total feed, including recycles, to the oxidation
reaction zone, preferably from 0 to 25 mol %.
In one embodiment of the present invention, the alkene, such as ethylene, and

20  water are co-fed into the oxidation reaction zone.

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

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

25 corresponding alkene, molecular-oxygen containing gas, optional water and any recycle
gases are preferably passed through the oxidation reaction zone with a residence time
corresponding to a combined gas hourly space velocity (GHSV) of 500-10,000hr™"; the
GHSV being defined as volume (calculated at STP) of gas passing through the reacior
divided by the bulk volume of settled catalyst.

30 The oxidation reaction of the present invention may suitably be carried out at a
temperature in the range from 100 to 400°C, typically in the range 140 to 350°C. '

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



25 correspondi ng al kene, nol ecul ar-oxygen cont ai ni ng gas, optional water

and any recycle gases are preferably passed through the oxi#at3EFh2W0&acti on
zone w t h YMOP&8idence time corresponding to a conbi ned gasprboudoynehace
velocity (GHSV) of 500-10, 000hr'; the GHSV being defined as vol unme ,
(cal cul ated at STP) of gas passing through the reactor divided by the bul k-
vol ume of aERASPRE YaFIRFRENOSPBENT RESSHIKe BN Evampleaint the rangk ftdue Spo 23 baty.

_invention may i Y. i out..at a ¢ ature in.the. range from
100 10 400C ¢ yaPieEySpRhe Rt eall o8 e £ GO RAG aebicviiin ot on o
t he preseokidativierdatiooh oftfie prise@ihyedi®ncan-ied out at 7 0 4 SEP 2006 WO

03/ 074465 PCT/ GB03/ 00619 atnospheric or superat m)sopheri c pressure, for
exanpl e, in thdYPEAGE FVERR soRvsrignsyarthe rangp 36 40 190%ankabeachevedrsiens i n

t he r@geo%idtaf?m?%%%tq@yoibtﬁf)?F&El?t\/iﬁgeritmnt he oxidation reaction of the
i Typ Y,

present invention. Ica oxygen conversions in the range 30 to 100%
nmay be achi evedn the dxiidatiob readitidatof dre fresat irdRnebn, thecpigsEitabf@ski on. I'n
t he oxidation reacti ﬁn of tge present invention, the catal yst suitably has
a  producPrasueyviphintherangsde to d00Q) goopoligrehes vhe agidr iskys Reetixgicitl, psuch as

acetic ac-hgurﬂ%‘?'kilo%ﬁ%!{ A&faikd;! ogram of catalyst. In the oxidation reaction,
the catal yst ‘'suitably cf)1as a productivity in the range 5 to 10 5000 grans

of al kene, sucln &® widwioamesctipey thheatal ysesuitublyogisanprotiu@ali il if $lo rakgs BN
rmnoxL(?e 58@ have a%n adver sg effect on sane catal ysts used in the
produtf i oY%} SsyAL ket eh asahyleng by P hBeTdvilogFan Ahealakyslof t he cat al yst

enpl oyed, it i i ; Lal iy .i fit inent. of the
present invent ?gﬁ#ﬁlﬁhgﬁgl P |t%§l'(téaﬁﬁé% Sggﬁg(ﬁrogas% seh%g%rgg%‘évg lﬁ(afeow
concent r apiaincodn ctvibpnovatoXide, depepdiagothe ddurthufshe eapos adlyyddnitihe
first enb di.rTEEet of t eaﬁres nt i]g(\)/ention it is also preferred to use a
catal yst PFURRE SRSy i thedirst sahodipeat elhe PEscRIdnYRiongihet hedusthon

monoxi de BysdkOGHGh: sk SR 19RHonEal ik ddd g Qi dat i on
reaction ?oone may bse used to oxi glnse cealrxﬁtgﬁegr%ﬁggﬁgltgxt% bz’hagrﬁglﬁadi oxi de.
The atfi ti onal Thas,aspstiallyciortpo festembaylinhat pf degresennidvegtiqxiidatisen cat al yst
or catal yst i 20.reaction zone or nmay be present as a

or masec&r;qiar 20 o .
separ at e PHTHFSAP Ush ARG e oFifatien ceachAn zemrihat gennea!ieble cardoused as a
At a0t o L LR USSR I B AT ARIILLTE |
may be used to oxidise carbon monoxide to carbon dioxide. The additional catalyst
component may be present in the oxidation catalyst or catalysts or in a secondary
20 reaction zone or may be present as a separate catalyst in the oxidation reaction zone.
When ethane 1s used as a reactant for the oxidation process, the product stream
comprises acetic acid, ethylene and water, and may also contain ethane and oxygen,
inert gas components such as argon and nitrogen and the by-products, acetaldehyde,
carbon monoxide and carbon dioxide. Acetaldehyde and carbon monoxide may be
25  converted by the molecular oxygen-containing gas to produce acetic acid and carbon
dioxide respectively, either in downstream processes or, after recycling, in the oxidation
reaction zone.
Ethylene is present in the product stream of the oxidation reaction as
unconverted reactant ethylene from the feed and/or as oxidation product of the ethane
30  reactant.

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

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



inert gas conponents such as argon and nitrogen and the by- r,fo%gpt 86
acet al dehygdg g308@EPon nonoxi de and carbon di oxi de. Acetald 2 § r@ gar bon
nonoxi de may be 25 converted by the nol ecul ar oxygen-containi ‘gﬂgéﬁ L

produce acetic acid and carbon dioxide respectively, either in downstream

*pr 0cesses a Qiquidtietin doRfilgnte cirBot IR X IRA{ OMltablERGhIA8N ARAK: Y| ene i's
present in the product stream of the oxidation reaction as unconverted

_reactant &t tplagimeay boemplescd susd 2ameiobranssapriatiani condgnsatacbr diftiidienet hane
30 react ail}-ege%ny %%%%Haﬁ%tic?& %%?én}?%@ghgggw?%g%atl on reaction zone is

. separated’| i rst” v separ 10é‘aseous stream conprising the

al | cene and unneggt et pbé@etrémdl froth e Rila8 64 pRRest dmpreLactlO8cid .
PCT/ GB03/ 00019 a liquid stream conprising the carboxylic acid. Any suitable

- separ & i ofthyteassethansvind Waier e papduchslyedse manhicogrslds ptaftrably, sapeatatairtey

separatio i EStdll on. Preferabl th eparation is
calror i edI og?n%;{ Qagg)ﬂzg%;a%ﬁvgﬂ%egﬁééregug#éea& Gyl ?tgglry?{'? ?%‘ﬁ?’f’ﬁ% ialdat i Ion
process coaprligadstaat tam@eding adztiehbiyll Saevat@t Noge et thv@hRbus §thanprpduct

stream may be, and is preferably, separated by condensation into an
over head §¥8&BUMTIST FHBAR EHAPT I Ggy2eR-hyl ene and ethane and a base |iquid

stream conpri si{g: .G +aC] - ] equs, stream
will also conp |lsogg ércg%)%g%l% %ne“gaangF{l)l%%egﬁ.gﬁE}%Eeﬁé‘ﬁ%{fg&g@gba%F IQBWFE c acid
and/ ot0 al keewn phthelsidatioopescess. f rom t he product 10 stream of the oxidation

process. At |least a portjon of the gaseous streamfromthe first separation
means is fed t @\t lepskapeR@NoE i sesedly stsamdiane thedlesbeneiabian meaws iared to

al kene-ri g 1\ 10 ALl KRRe el LSt / ' ans for

separ at i ngggﬁeﬁg@%{rﬂ om a I%ane%%rz}%}ﬁ) e‘“@r?%%@?é‘ée’% S?r E%&1%§é§8% aEHSY ati on
means. Suistredrh eAmeansiblenutand docsepageng alkdnat frdrh athanes mepeat&ployddas the
treatnent, nenbrane.separatjaon pressure sw ng adsaorption, preferably

chenmical SE{BACRRATUIOTCREMSC H“t%b?ere'élﬁwrwclﬁé%ﬂ%ﬁ?}’ri? dtitlpenns clqmaicelf (1)
cor o5 OSr LAl g A9 SR SLAAIA R, BOLAIOR Bl T2,
chem cal | yreafpsat-bed al kene-rich liquid streamand (2) 20 recovering an
al kene rich st rﬁ%miée{l- 1%]attxft]e%t nnEtg/%lomsp%lsé thseoslte%ts io??l) contacting the alkene/alkane
gaseous stream with a solution of a metal salt capable of selectively chemically
absorbing the alkene to produce a chemically absorbed alkene-rich liquid stream and (2)
20  recovering an alkene rich stream from the metal salt solution.
Suitable metal salts are those capable of forming a complex with the alkene.
Where, the alkene 1s ethylene, suitable metal salts comprise, chromium, copper (1),
manganese, nickel, iron, mercury, silver, gold, platinum, paliadium, rhodium
,suthenium, osmium, molybdenum, tungsten and rhenium. '
25 Preferably, the metal salt comprises silver or copper (I), most preferably silver.
Where the metal salt is a silver salt, the silver salt is preferably, silver nitrate or
silver fluoroborate.
Where the metal salt is a copper (I) salt, the copper (1) salt is preferably copper
(1) acetate, copper (I) nitrate or copper (I) sulphate, most preferably copper (I) nitrate.
30 The metal solution may be aqueous or may comprise an organic nitrogen-

containing compound such as pyridine.

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



Suitable netal salts are those capable of formng a conplex with the

al kene. Were, the alkene is ethylene, suitable netal salt$§ 4&8Bpraitse,
chrom um W@B8HEH4¢I ), nmanganese, nickel, iron, nercury, sibeeGRIYG

pl ati num palladium rhodium ,ruthenium osm um nolybdenum tungsten and .
-rhenium 25 Preferably, the rret al salt conprises silver or copper (I), nost-
pref er abl Quidnapy ﬁulta%m@én& fveh peiman ghdorbar solngi. [Therbsaber, collivan sidyier sal t

is prefergply w1tﬁ't}a g J’l&\?% cRas r§§cla¥g?1{1rjgsf0!£|u rﬁ?@?e%irl}@ggx 'ﬁ%@e et al

salt is a copper e copper petie (1)
acet at e, dmopmrcéluhunnstfﬂmﬂmnmpmn@er (I') sul phate, nost preferably copper
(I') nitrate. iO.The me sol ution may be aqueous or may conprise an

organi c nitrog lmeweébﬁphﬁty@éﬁ%ﬂhﬁl%&Wbéigfbﬁymlémemyrmtabbnbact| ng of

t he ga;ﬁeogj@l@;erde@mgnggbﬂtepe nmetal salt solution may be carried 9 0 4 SEP
2006 WD 03/074465 PCT/ (B03/00619 out in any suitable nmeans such as in an

absor ber col unfirefdaklyaiBobbebecallumn israyerbed wWith detepiclifcht B8 oPEaPagiki Ng
such as raschlg I‘ll n s or structured packing. Preferably, the abSorber
col um i sTEFGRIEMHiPacki ng. To inprove the purity of the al kene, the

absorber col umgy,py stHgkg,lp(gé{ ﬁnaﬂ)ﬁ%lgﬁ%gtﬂatg gn{ EBIQ“},\;%& Prcsatrer ably,

the absorber colum is oper at count er-curr TRa

metallic k@tdi%@lﬁl@l,tpreﬁerab&l()t(ab(b(y’ C bhé aCoOPieatirk Hch@QMlgI}éefr&ﬁ‘rlrtbQ@ b‘é% at a
terrperature in the (rj@rhe from- 10 to 300 C, preferably 0 to 100 C’and at a

pressit e PrfarAdy 4R ¥FHm 1 to 70 barg, 10 preferably 3 to 30 barg. Were

t he contacting r i sorber cplu t netal salt

sol uti on conpr y\ysl?erﬁgﬁ{ehdgﬁ%é"wé 5 (ﬁ (ﬁfge“r'lgnégﬁ%ﬁ%f% E@ ?]ék?i%lﬂ fromthe
base of t tl:éutuﬁb@cﬁmlmﬂmg ﬂ'henablkcﬁhﬁllme%oﬂ@ﬂe‘{t BafBY rémh @Rl A e €25 §Plhe
conplex with the netal salt 15 solution and nay be renobved as an overhead

al kane-ri 8¥°8%eam from t he absorber colum. An al kene-rich stream may be

recover ed fromrgglg ég& erakﬁ . %ﬁl‘ﬁ@axf&ye he @ émpfem@c{ﬁg ssu[te or by a

conbi nati on ther eo
15 solution and may be removed as an overhead alkane-nch stream from the absorber

column.

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

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

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

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

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

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

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

10



reduced pressure such that the netal salt/al kene conpl ex deddanfbB e806t o

rel ease t hwo2B/0akkene. The pressure reduction may be carri escdgoddhspnNe oOf
nore stages, for exanple, in one or nore flashing apparatus. \Where one or
nore flashing apparatus are enpl oyed, the al kene-rich streamis renoved
‘therefrom as arPreigeabhpaie alkensanch Stverowenpreas aseas &0VnEedsemoanpr essed

prior to hej kgnaj, .y dried. Al ternativel [ he overhead stream may be
dried pri d)rref_{égdbg‘gbge}f] ﬁg‘eﬁ%ﬁﬁﬂ&%m&w@ eat;f%}/g? k/‘éfﬁg‘?‘ﬁ- ch streamis
conpressed, it TRylkMeGRIMRESaRay bOreBoR&SRYRANS HetARLR s f1Qfod Si8JLNY to the
"second reaction zone. Suitably, it nmay be conpressed to the pressure of

any addi t iTBPrglabgrRiéHdgseEionslagke syelt aneherabaotption and heo ddoeptmhikeres.ri ch
st r eamz0bt ai ned second. sepafratign ns w | conpri se the al kene
“and rram; conpri s%&\{agag%g\%]eﬁ’Zl?eo?s(éﬁiggﬁ 3R eggﬁg?e Sleﬁ%‘ld’ie??té%l O0ERAYBE 30

oxygen andeéebvedofd@puries dlRiMs\the diAGu@l JEPaBer das WHSEH 1IBAR bSYSlleS an
ethyl ene-rich strea obt ained from the second separati on neans conpri ses

at | east Soww hasad gacipngongfo bemducaimddickente loss@f@lnSHEMRh2006 WO

03/ 074465 GB03/,00849; ly, the al kene-rich stream conprises at
| east 90%a gne, or & p}see{ﬁé)r gg‘lﬁ%la 95 % al kene, and nost preferably, at

| east 99 % al keTie. allne-radhisteemrdbedinét fr & M ohE sepREAVEESnE Lam t he met al
salt ﬁl ution in one or Hore absor pti on/ desor{)ti on stages, such as one
absorﬁ i orFOBIGISE {5 agleaé 'SAPE MY Omgiss low ipvalgwod atkgge and pier inpairitisesweh aan

al kene feegg %%)n LinEcaS6soMndxgeact i on zone having reduced |evels of inpurities
all ows the g unt of purge gas which has to be vented fromthe second

reaction zone tQpthmalgduredo endadizpcke hikend/dRsneofasedus@nearh AR thd etgecond
reaction zo&gd ; alr{Eo reduced. The al kane-rich stream obtai ned fromthe

S

second separtaPUEALIRARECRR] fireen manps frsded inachIoNg RemaRRENsIck osrpatbee | ow

level s of @abkenexand NS cLiR dith §8 %gﬁ&]@?ﬁ oxygen and carbon di oxi de
ene a

ptionally, prior fo contacting the a ne gaseous streamw th the
met al 15sal t sol The abmnetrivh syaseabsaisdd feamtinpsecbed sepanttied mdang fIAPYS fed

conponent s Stljlgh as é:&régon i oxi.gle, o_x%g,en and oxygenates such as
acet al dehy§&"¢ PETPHESEPRRIEAR 19 daliondedntigh zanhiedePFuwth pdditersd alkasepar at i on
means may be ferhe AiRAG! Akad®hSy 6 FEMNBKdR bR PxdydRNIL Q2R R GoNe
together with additional alkane.
the oxidation reaction zone which has been recycled after the first separation means to
the oxidation reaction zone.
20 The alkane stream from the second separation means and additional alkane may
be introduced into the oxidation reaction zone either as separate feed streams or as a
single feed stream comprising both the alkane from the second separation means and
additional alkane.
In the first, preferred, embodiment of the present invention, the alkene-rich
25  stream is fed as one or more streams, to a second reaction zone together with additional
molecular oxygen-containing gas, optional additional alkene and carboxylic acid to
produce alkenyl carboxylate, such as vinyl acetate.
In the second embodiment of the present invention, the alkene-rich stream is fed
as one or more streams, to a second reaction zone together with optional additional
30  alkene and carbpxylic acid to produce alkyl carboxylate, such as ethyl acetate.

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

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

11



The additional al kane may be fresh al kane and/or may be unr e@cl} sﬁ a}lﬂé%ane
fromthe oxidation reaction zone which has been recycled after E rst
separ at i onWRgaH3+4H6d the oxidation reaction zone. 20 The al kenggbheay from
t he second separation neans and additional al kane may be introduced into .
‘the oxi dation reaction zone either as separate feed streans or as a single
feed stredPadodiophi coOMmyish bpth plkent Famethe seeandrseparetiontcaspadadisionaeans and
cadditi onalal%hgane. In the first, preferred, enbodi ment of the present

i nvention, }‘t e al kene-rich 25 streamis fed as one or nore streans, to a

second react i ormrteedditiongedlRete mhy Be 8dgh AlkePand/ sRRtORW EHIkEEYERA 1EONt ai ni ng
gas, optional additional al kene and carboxylic acid to produce al kenyl

car boxy| atS&condggartion zopsand/axepertien of the Hkansdlbens stgpwdione Hte wfidatve pr esent
inventgon,  the glkene-rich streamis fed as one or nore streans, to a
second reaction zone together with optional additional 30 al kene and

carboxyl i ¢ aci dAdditigmaddikese alttodhicabinbomylsaédhd 1sationadnetdithe geahéidh ofThe
al kene fromthe second sepir tion neans and additional al kene may be
i nt r oducedikeaybearbxyde shalkybeasberpmate sy ke wuksientallysapa pamey beedmétadeans or

as a singl : 908 44 P 0 .f eed.stream
conpri si ngfg %%}ga#pgff’é‘gﬁg&% rom ?ﬁ?gg@éﬁ%ﬁ %%gg’r a {h(g)?e ’ %%%g%g)%é eaﬁ%ribtaponal

al kene. Theomotitle; hpdraberglaké hew teaylshe ¢-VEsdlkaldsatienand/ or recycl ed al kene
fromﬁﬁe second reaction zone and/or. a_portion of the al kane/ al kene stream

fromtHe oxi dat/MOfMaERUELIhORrosEe! heyist Pohadimenkehibe praseidncastionnt o t he
second T eafhRBpARApiRLss' QYT Ric0bd b?%éﬁ@ﬁ&ﬁhﬁ%&?&ff%ﬁ?ﬁgopﬂﬁal kyl

car boxyl at e may bstantia pure or may exalpie, with
one or norne befediottho geond acagtion zomt halneyw aacbartidhoxf dksneatabbded (gwpoxi de,
hydrogen, and low |l evels of C3/C4 al kenes/ al kenes. 10 Advant ageousl y, the

process ofXHECR{FASHOBABRY iLr?E‘h?ODGme%’@n_B teswivan hmalts Jrictabfeedief apeenal
process efitd & @BeXidafloR feRBbh SYRARN 12! 0GR AAGER! K81 Ag,c0f 3l kene
to be fed to the second reaction zone and [ ow concentratrons of al kene to
be fedl5t o dghenolexindatiearf alleac thdnarboxgic dcditclongedtdedt Homsconkagttibhant 20
mol % of total feedg &f kenllg {@d to %hg toxi_dagti on reaction zone allow the
requi red nggrepte, . an 20,1894 /pfat the total feed) ted to the second reaction zone
maximize the selectivity to alkenyl carboxylate product such as vinyl acetate.
Simuilarly, the process of the second embodiment of the present invention allows
optimal process efficiency to be achieved by using optimal concentrations of alkene to
20  be fed to the second reaction zone and low concentrations of alkene to be fed to the
oxidation reaction zone. Low concentrations (less than 20 mol% of total feed) of alkene
fed to the oxidation reaction zone allow the required equimolar or approximate
equimolar mixture of alkene and carboxylic acid to be produced. Optimal
concentrations of alkene may be fed to the second reaction zone to maximize the
25  selectivity to alkyl carboxylate product such as ethyl acetate.
Desirably, the concentration of alkene (optional additional alkene feed and
alkene obtained from the second separation means), such as ethylene, fed to the second
reaction zone is at least 50 mol % of the total feed to the second reaction zone,
preferably, at least 55 mol%, more preferably at least 60 mol%. Suitably, the
30 concentration of alkene is up to 85 mol% of the total feed to the second reaction zone,

preferably, in the range at least 50 mol% to 80 mol%, such as at least 55 mol% to 80

mol%.
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15 equi nolar m xture of al kene and carboxylic acid to be proglycggp 2486 gh
concent r atwonswefies al kene (greater than 50 mol % of the total.fegd /oofc to
the second reaction zone nmaximze the selectivity to al kenyl carboxyl ate
product such as vinyl acetate. Simlarly, the process of the second

-enbodi nent of tGrdalpstekeown imihentt fonthel froductioopifalkehylpadeeshitafhichency to
be achi eved Mish% gﬁ)t idrml cgﬂcentrati s of alkene to__20 be fed to the
second redtt % Oh% CHRGCHH OO HeaRPTest Phis Ripseri REFiione Thasfaatrlyss t he

“oxi dat i on Jaactdr ek 100t dhQ VR GEL ALiOR ol 1R S8ed BATLEOTRLIAGS -0t A

feed) of alkene fed to the oxi'dation reaction zone ow t he T equl red
equi nol ar Artheppseakinygnion egyicamipase, foxtxamplgfcaal Jsene dasdibedibGRy] 559 aci d

to be pro e iyl e i gns of al kenge. be fed to the second
‘reacti gn %ﬁef}tg O%X‘Jiar% aznélcl?f{t}é‘%’bgg# g[},et GRS ¢ WE‘FE@F‘“’ hesshygRgermeatesityduct
such as etiBfgtengeet ate. Desirably, the concentration of al kene (optional

addi tional al kene feed and al kene obtained fromthe second separation
means), such a$SRARyPeE deseibes @ cahabyss edpredor thegetpanrtionaieinys aadtatb®gst 50

mol % of t - econd reaction zone, preferably, at |east
55 nol % rgggreetagécg#%tiegl%}q;elﬁegtag%%aas?&%‘bp%g%’ tgﬁf?tﬁg'ﬂ/%o“f‘g NEBEFSESHLe T at i on
of al kene (il pa taalyst sBppomhviag atphgidodiameleod filbth 3 he7 a8 s b@x%%ﬁ@ﬂeé ne,
pr ef er abl in the range at |east 50 nol%to 80 nol % such as at [east 55

y, . .
mol % t 8 8dTomBi2 lipmieqa $0% by woight weter agperdane! tCTAGRSEPP6E AaGap al Vst S

known in t t h r [.O f nal kenyl  carboxyl at es be wused in
the first dgfngg 1|3rr619?1)c'£ 9':91‘ @t)%é)%gfg%égls’gmg]a“%gfsp%qué%e’ﬁ'ta SI"#?%FV%W. t*i“iﬁus,
catal yst caedlysveupport, tiessuptosiagéi exerding/lesytham 0Stater:Whited suiBYe BEgsed in a

second reaction zonag of the present invention may cgg})rl se, for exanple,
cat al yst s S¥BPYb<bs plgiym indhe pligy heine pagsent g ap angmngoBiramd . £R- 00 @ETIE453 t he

contents ' 1 J - - e. 9 540
descri besqjg ' E':}/g}% gr‘ﬁ%‘@%ﬂg? ?@@%"8 Ekp%‘gg Blfeté%grlgﬁl gﬁl%g&(\?;ﬁqul 0%832 e2BYS t he
reactilon qfer trhyf estelysiaaed (3 faen d ta60 geanygedt, litiehs caatyat ySilkAPmsiat i Ng

essentiallr% of . (1) a catalyst support having a particle dianeter of from3
to 7 nma erétepore volunme of 10 fromO0.2 to 1.5 m/g, a 10% by wei ght

wat er suspensi qg ef; skhescRt@|nest sgéllf)ﬁ%gr‘é%%?%’d Baidse kLS £ egprggéﬁigﬁygi (2)

a palladiumgold alloy distribute ace ltayer o
support, theylsoethigdeorh afhyicrexaeidianyg ahdsa oxgen Ehnfainie fonghd heaigatr f ace of
the consisting essentially of: (1) a catalyst support having a particle diameter from about 3
20  to about 7 mm and a pore volume of 0.2 to 1.5 ml per gram, (2) palladium and gold
distributed in the outermost 1.0 mm thick layer of the catalyst support particles, and
(3) from about 3.5 to about 9.5% by weight of potassium acetate wherein the gold to
palladium weight ratio in said catalyst is in the range 0.6 to 1.25.
EP-A-0672453 describes palladium containing catalysts and their preparation for
25 fluid bed vinyl acetate processes.

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

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

3Q production of alkenyl carboxylate may comprise unreacted molecular oxygen-

containing gas from step (a) and/or additional molecular oxygen-containing gas.

The additional molecular oxygen-containing gas, if used, may be air or a gas
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support, the palladiumin the alloy being present in an amougt, §’$Pf250@m 1.5
to 5.0 grans H}ﬁer litre of catalyst, and the gold being present in-an T
anount of WPEM Y6 to 2.25 grans 15 per litre of catal yst, BEBHGEB)odsuom 5
to 60 grans per litre of catalyst of alkali nmetal acetate. US 5, 185, 308
‘descri bes_.a shell inpregpated catalyst active r the production of vinyl
ccetat o FoR OF RyPishB RARZHRE oSFR diftieln Avtyigbl schiballmaGSyaschoime

catal yst c&Rnaingtdadeha§ee fr xhinpl O biydeh difut&Plvth ¥ShitetP ROt DAY |

particle di amstngrg from aBout_ 3#%0 toy%boult 7 mm and1 a pore nvgﬁ%ﬁlﬁéweo. 2to
1.5 ml pepitgpgamargan orparbanddionidan drefedably, diesadditimakboholaculahexygeher nost 1. 0

mmthick Layer. of the tal yst. s 0 articl and 3) fromabout 3.5
to about 9 5%BY %_éllsg% S’ﬁ' %5?%?5&1)??{ ltiégttsgfng %ﬁliér @pr’c’tdﬁéo H-OBtalHRg | adi um
wei ghts r aghgisifel sidbstndaiiy) jSthe isécdnd rbdiioh#86€ frdnftht Alkknd Bnd Eﬁb&%ﬁﬁéggg?’
descri bes pal |l adi um contai ning catalysts and their preparation tor

flui d bed'Sacips- acet at e processes. Typically, the production of al kenyl

car boxyl ate su i in th second reaction,zone i.s carried
out heter ogenegtt}%??/rb\}/g\% EMJ %ﬁ%(g%rc@%%%n%cgngé?aﬁgoﬁF%%eeﬁf ﬁ}erpr_océ‘hc logefalkgare  The
mol ecul ar cakygaac0oblkgl cirbgxgas risecbrmpridcecsheaand récgaktac RN PEIRaLH0L¢ t he

30 production of al kenyl carboxylate may conprise unreacted nol ecul ar

y oxyl at C
oxygen- cHastd pren ghdiercadipxglie peidantreduged in todbi seoondreastipe gorear

oxygefh co e] T, { L I l.ar _oxygen-containing gas, if
used, 1rbmay Q%@b;g%er@ 2ai¥o%s lg‘;%g‘qd %g&ii‘uig Er%h“ e O 5478 93%e5 pCT/ GBO3/ 00619

ri cher or poor &he ifiestimideeglee carpgehc idlamaai e infosiiciakbehasdbid onal

nol ecul ar oxygen- containing gas nay be, for exanple, oxygen diluted with a

sui t abl e Hactiehronereyheispphraic fopd suepams orasgotingle feedragpmdoowridmg both

Pr ef er abl hiLapal nol ecul ar oxygen containing gas i s oxygen.
Pr ef er abl &S%fnﬁl%ggétlééggb of the nol ecul ar oxygen-containing 5 gas is fed

i ndependent | y e chbosgdoadd febwtthebecon eedetiomzbiefor kikaned atdneaalaxyl i c
acid reactants. The carboxylic acid fed to the second reaction zone  for

the phodustPeryigfe meancamyprisec legsta pertion of thil d0yd oltaingd kpadevmsipamonpr i se
et iU S p ST e SR BB R ..
car boxyl i carhoxgatefvederced from t he oxi dati on reaction zone.
At least part of the carboxylic acid fed to the second reaction zone may be
liquid.
20 When solid catalysts are used in the second reaction zone for the production of
alkenyl carboxylate, the alkene from the second separation means, the carboxylic acid
from the oxidation reaction zone, any additional alkene or carboxylic acid reactants, any

recycle streams and molecular oxygen-containing gas are preferably passed through the

second reaction zone at a combined gas hourly space velocity (GHSV) of 500-10,000hr

25 1
The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a temperature in the range from 140 to 50-0"(3.
The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a pressure in the range 50 to 300 psig.
30 The second reaction zone for the production of alkenyl carboxylate may suitably

be operated as either a fixed or a fluidised bed process.

Carboxylic acid conversions in the range 5 to 80% may be achieved in the
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The.fresh and recycl e carboxylic acid may be introduced i ntofthgErsgend

reacti on aQpesetisher as separate feed streans or as a singl ] stream
conprising both fresh and recycle acid. The carboxylic aci%lp‘ggg{’%“?he

second reaction zone for the production of alkenyl 15 carboxyl ate may

-conpri se aécohéasictian pord fod theqroduteioa Gifd1@RY Plangskylat@m downst ream processes
such as fromthe separation of the acid froma nixture of the acid/alkenyl
_car boxyl at e/ watBYBCIAFONVEEINS iy e rgrge Rt Qe xuayite aghicded mdtht sedond second

reaction zone.may.bg. }Hgi %@tigggfmﬁﬁglﬁc%@oqwgq?t alysts are used in the

.second reaction zone roduc ‘T(enyl car boxyl ate, the al kene

from the secondlkapaoatémionsinahs rafge ©AVDOXYh Ge actithedfih G §degnPxi dati on
reactiﬁn zone, a&%fﬁﬂ{“ onal, al kene or carboxylic acid reactants, any
recycl® sFEUMEZHIRdoReRERucHoR R alkpudisatbaxylatty gas are preferably passed

t hrough the s r i : i riy..space ve]ocit
(G of 500" T BAY e LA Meein, the AT NS e P RS B o of

al kenyl candhoeyingl @cetaly ofai teads|®f %, saclo peatdead 96, raast mLiatdigien t he range
from140 to ﬁg-oc. The second reaction zone for the production of al kenyl
Jeastip

car boxyl at®® Y481 be operated at a pressure in the range 50 to 300

psig. 30 The secaRGeERRAGELARDNZBAELS e Ffb%u@tﬁ&fjb'g&l%@gfll %’%rg@&hgﬂéﬁtlh car boxyl ate

may suitably be operated as either a tixed or Brocess.
Car boXy | i catalysicsucteblydras 2 pneduictivitihin thamgezed Otto 18000 praynsld atieiyeved in the
14 0 4 S E Ig 2(:]06 V\ﬁ) 03/ 0@_44 5 PCT/ (B03/ 00619 second reaction zone for
t he .pr oduE¥PEH'BE PST REMACT EAPHERIVEL e. Oxygen conversions in the range 20

Lo 100% may bevaed @y akahoiudoln BRGRACLss P AR HBRAERNENIHYis LiGprpduct | on of
(0]

al kenyl carboxyl ate. Al kene conversions In the range Yo may be
achi eved PrPdupiestsaroliiem tie seserd icoptioropmeffor thepeoduction of alkenyafcatok gla!

co b PP G BTl RS A B 2 e
| east190%eBienbeetiale] 6xRen] sretal®hy88 GRNELNC AGbh AT Bonoxide and carbon
dioxide. Such a product stream may be separated by azeotropic distillation into an
overhead fraction comprising vinyl acetate and water and a base fraction comprising
acetic acid and water. The base fraction is removed from the distillation column as
liquid from the bottom of the column. Additionally, a vapour from one or more stages
20 above the bottom of the column may also be removed. Prior to such a distillation step,
ethylene, ethane, acetaldehyde, carbon monoxide and carbon dioxide, if any, may be
removed from the second product stream, suitably as an overhead gaseous fraction from
a scrubbing column, in which a liquid fraction comprising vinyl acetate, water and
acetic acid is removed from the base. The ethylene and/or ethane may be recycled to the
25  oxidation reaction zone and/or the second reaction zone and/or the second separation
means.
Alternatively, at least a portion of the product stream from the second reaction
zone is fed together with at least a portion of the carboxylic acid and water fraction
obtained from the separation of the product stream from the oxidation reaction zone, (0
30  adistillation column for separation of the carboxylic acid from the alkenyl! carboxylate

and water.

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



In the second reaction zone for the production of al kenyl carboxylate, the
10 catalyst suitably has a productivity in the range 10 to 106 Pg?EQ of -
al kenyl  cWPWS%y44aF e per hour per kg of catal yst. Wien the atkaim:Mead i n
the process of the present invention is ethane, the product streamfrom
‘the second reaction zone for the production of al kenyl carboxylate may -
conpris, $PHgmed ezt deasympertionnd thecproiect strieam fredn tistseooral teyctadnsmnanr eact ed

.15 ethyle t ha | dehyde, nitr n, ..argon, carbon nonoxi de
and car boﬁﬁd é}fe o%ﬁgﬁed%ﬁr§%ﬁge%%g§hgtor 3}%%5%%5\] “ggﬁéee%g?lga?’é)& % eot r opi c
di still at iAdemativelyest additnbRRdt [dasCd pertiot QTR [Tbiekt ¥irbth fRfS Rl & @d et er
and a base fraction conprising acetic acid and water. The base fraction is

renoved f FEAFHOMEORS BAY PF £5d: 8% OrbPimaregireamsqintelthedisiillatien sotunumepiratehe

colu Agdi t I r [ t s 20.above the bottom
of the> coldim B0t s RO 1 5 MEaclon BE RLBATE porid Tiofe brac

et hyl ene, setdmfiem destaindabydipn 208t bty e xdsdmednchozakheimdigyigge, if any,
may be renmoyed fromthe second product stream suitably as an overhead
gaseous ftdéFé‘XIPB?P £ a scrubbing colum, in which a liquid fraction
conpri sing vinyl; i g ved..fromthe base.
The et hyl ene a%jdlf @?ﬁgﬁtﬁg%aé%@éfbtgg?éocy%Fge&cfgpgﬁ {)lﬂethégé%g(? raatclt18'ﬁz?réeaa€%i on
zone and/ dire ¢anieorgibic angl angaedtenilact onebedigddfrottie sepannidnsF i gloigdt means.
Al terpati vge_IB%,B at | east orti.on of the product streamfromthe second

a.
reaction ° fijog ?hﬁd’xf%\@ﬁ Reactign gAngprodugestanoviseiead &iscioon eomepdsindoxyl i ¢
acid and o i f rafi f .t.he prodquct stream
rom the oyl CHBELIADanRARL B beO oy R R Pl Aty iR el Water
separation of (The atienlybsarboxylate; fbr xampleheingl doetayd isceddvered fRéif the@nd wat er .

At |east a %%rtcg%n of the rgguct stream fromthe oxidation reaction zone
may be 18VeFigadsHERClqEe gLt FEFRREEPPterpianan. obleigcovased atkanyl with at

| east a PRALLSMaRS cidhCsRiPHUEL ! f t . tg.on zone and the

co joined str eglr% ted. as ng}ﬁe or éﬁ%ﬁ gmsftd% gggr?épgﬁﬁt&lgpp ﬁneﬁg?g}llﬂﬁwa“ﬁ%w’c&ol umm.

Al terhativel y diheddsd fractival doyprsing ealsdx ydicpoid;, bwth afactticadid afd Ghtes fzgam

fromthe %xi dat l?%nmtheacti on. zone as one or nore streans, into
t

may. be fed, .
the disti PFATPS i PEdRAP B Atow Trithanpipdcpfion iR theserensderdtiomaone
second r eagidriitiveB the Atbdx§AE bcid iP ALY Hont B HAECHHG on and may be further

purified if desired, in known manner, for example by distillation.

The invention will now be illustrated by reference to the Figure.
20 The Figure represents in schematic block-diagram, apparatus suitable for use in
the process of the first embodiment of the present invention.
The apparatus compﬁses an oxidation reaction zone (1) provided with a supply
of ethane and optionally ethylene (3), a supply of a molecular oxygen-containing gas
(4), a supply of recycle gas comprising ethane and ethylene (5), a supply (19) of ethane
25  from an ethylene/ethane separation means (21), and an outlet (18) for a first product
stream. Depending on the scale of the process, the oxidation reaction zone (1) may
comprise either 2 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
30 liquid stream comprising acetic acid and water. Optionally, the apparatus comprises
means (not shown) for removing water from the acetic acid, such as a distillation unit.

The apparatus further comprises a second reaction zone (2) for acetoxylation of
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stream fromthe second reaction zone may be fed, as one or npj &gt fe;ns,
into the {istsldhgkion colum. Distillative separation of the Er oduct

stream fromthe second reaction zone and the carboxylic actAUERES 4t %er
fraction obtained fromthe separation of the product 10 streamfromthe

'oxi dati on ¢teglehé viAPNReRIOUHCE S GovRMArNaAdedd:qEh) faﬂc&ﬂmgﬁ]i S ¢ 21 kenyl
carboxyl ate and water and a base fraction conprisi'ng carb X)gl iIc acid and

wat er.  TheorHPREhie aselihisid framethe semblsfpingg theisesdndacatiah eohs arsapglyer ed

fromthe o i il tabl y. for exanpl e decan jon. The
recover ed %ﬁgﬁgﬂ af %é%%%gg tgfné’r,xg gatfc(é)’élssuwg’ﬁ%%%'&%cgt}c Wﬁé?fd)f anpdiongly,  pe
further puupblyest supplkas@fncetinaiat and/didetTitendes and b 363010 1220 Ry RB %o
carboxylic acid S}ICh as acetic acid and water may be recycl eg, V\ntﬁnor

pr ef er abl ythiietdane/ shne serarpinn meanat(? bh, Depsnding osdevsmila efdbe ponesspihe.

Al ternativ, - ' 1qd.is.. red fromthe base fraction and
may be f urt&hgyrld ;eggtrl(?ﬁdgg)éﬂ ‘hg%gi%g‘&%e ?l%h%i%\é@ﬁ%n%%rgoerr?r FOF a@’i‘?ﬁﬁﬁqsé“ by

di still atipanallélein sevient i on will now be illustrated by reference to the

Figure. 20 The Eg?gure_re resents in schematic bl ock-di agram apparat us
sui tabl e for usel¥ PPPAAN (RIRIESS 2 separafeonrmpas (Epfetsaperatingbytiedystsesent

i nvention. o ,LR§s @RBAA Bld4RdeS fh8 %ﬁse%flf gfféatqlﬂyp%%cﬁﬁg {63%15& %B%@ﬁ?%%ongr ovi ded

with a supply of ethane and opti’ona e ene u
nol eculfar weygdR clonteiantmg ayémst 4 gortion of tpmlayecdl skreay Got @pGraGONRIchSI NY
et hane and 1?}59}%| ene%‘&?e), ahStFprg_luy élg) of ethane 25 from an et hyl ene/ et hane
separ ati ont Q ap sy ehgdigh sHegniape an etaperigh sgeamiraterbst (i) forghe eam
Dependi ng ©3dtd1gron HeSeOdnd lR&et : biathom ion, zone (1) may
conpri se e}“?[?her a singler eag:ct:tg)?&%?azrgséedrggﬁ%gc (I%fr)dgm?%@%gcraa c}é?mg?é seri es.
The appar apraducilof thecssapd wasticn zoeobel actle fuificaspanetnng 43; etibhd St
product st rggm i,nt o.a gaseous (ﬁ)rag@m conpri si ng ethyl ene, ane and

r

) t
carbon oxi H&4C 4Hg PLT ISy IREAT rﬁ**é&&ﬁ?qrgﬁ?%l‘aé@§¥q1%ana&l§fahd wat er .
ot i ona | ysephlhﬂng@mmum@eomit%@smceﬁﬁ%tﬁmws%bﬁEf@’grﬁ‘og vat er

fromthe acetic acid, such as a distillation unit. e apparatus further
conpri ses eptipaebydrireenyerodfl chyleng@pdeagr acet oxylation of 16 0 4 SE P

2006 WD 03/ 074465 R / G{%(r%?‘l/ [(1)06616 et h (léfne ta V‘Ja‘r’]"}/ acetate whjch is
provided with neans’ (L17) for  Eof %‘ﬁ/??{tfy 15 REQu e Wit g fpgiong caelet eaeht i
aci d from ddige S6rtbbridalién of Mk @tHahe tSREANR el @RS hRDeBPREe. S%it%h'l?%é’ _of
mol ecul ar oxygen- cont ai ni ng _((i:]as (9), a supply of recycle acetic acid (10),
an option apxidation catalysts are solid catalysts. Molecular oxygen-containing gas is fed to the
20 oxidation reaction zone (1) from supply (4) through one or more inlets. A gaseous
feedstock comprising ethane and ethylene is fed to the oxidation reaction zone (1) from
supply (3). Recycle gas comprising ethane and ethylene is also fed to the oxidation
reaction zone (1) from supply (5). Ethane from the ethylene/ethane separation means
(21) 1s fed to the oxidation reaction zone (1) from supply (19)
25 The molecular oxygen-containing gas, ethane, ethylene and recycle gas are
introduced into the oxidation reaction zone (1) through one or more inlets separately or
in partial or complete combination. Optionally at least one of the streams fed to the
‘oxidation reactor also comprises water.
In the oxidation reactor a first product stream is produced which comprises
30 ethylene (as product and/or unreacted feed), acetic acid, water, optionally unconsumed

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

monoxide, carbon dioxide, inerts and acetaldehyde. At least a portion of this product
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supply or supplies of acetic acid and/or ethylene (8) and aD@ pﬁ{ﬁ/ @EZ) of
ethylene from5 the ethyl ene/ ethane separation neans (21). Iﬁje | A%0n the

scal e of tWeEnaesss, the second reaction zone (2) nmay CONMRdSEp&idber &
single reactor or several reactors in parallel or in series. The apparatus.
‘conpri ses a separation nmeans (16) for separating by-products, such as
carbon di ostreden ispamei e sgabbau(s) fvmewrbichraomssaissioah cofpridh@ th&RAr at i on
.10 neans (Zﬁ% ford ega ating at |east a portion of the gaseous stream from
separ at i on®} tf"’i JrOPR OFidgHaRg hiileidestterryFompTisiE aAHC agid @np avserrare h
stream a sefdvbhen(ehd) a ptioh g t q gagtion, zone;
nmeans (13) for separ api?}g algeti cw%al9 rstglj%&?'h%etf&g?igﬁusgpgrg&g%ﬁ%pé%%ﬁd
reaction zeuh;as ¢ampph diwddainsepamiion mehnof 6raad spiidr)ly repiveanak noakftdfc aci d
purificgatign ns (1 nd one qr nore separation nmeans (16) for 15

separ at ngﬁ]ﬁﬁﬂg’g‘?{’e QBE‘QC&gyf’?egl?ﬁqsﬂ@%’é‘s‘@éﬁ%a%»ttP@dHﬁ?%(%DrféHSqnﬂmngcthmbber

(6) and  opise@RAHedmlifto feQSRUGE ¥rQimidinGREy n the .oxi dation
reaction Z%Ine (1) is provi%_gegd W th }at {He/lgst ()lﬁléé)%gf%?@dset‘/xggegﬁta%%??'\llg for

t he oxi dat# geseofis strrametdmepresingethplent andtihanafroth separagoiyleane(16pui t abl y the

i dat i t al yst lid catal . Mol - cont aj ni i
fod to  ne iy e R Plarichit Setkdiy vie Bl Shsispyratiy menonrome o
more inl et §ompﬁ<i£&‘6m@ﬁonefcﬁﬁi&%%hﬁcdﬁst?lpd%ilﬁﬁ@&lt%ﬁﬂﬁoa a&g BhiOY heAGs [y fed to

e (1) f %cy fl n%rl)

t he oxidation reaction zon rom supply (3). R e gas co si ng
et hand Gandmey Bginprise # bighipsesstschbserbeheolomindatliad keastr@aqiréssnreziendovd) from

supply (5). Ethane fromthe et /eth ti. , 21) is fed
o Lhe ox HSEPOATE SAEBII GBhis 14 0 Fr G hghAe i o So-omeabFebar

oxygen- confngiallid\GGadsutioatshames si%hﬁitﬁwwﬂﬁ%ma&?m‘e@h%}% eiéifcgﬁ b@é‘&f‘ Rduced

into the oxidation reaction zone (1) through one or. ets separ &tely

or in par#tFemnpigk. Tanghanesiceminmabe pmo@dtas analveshead fiveathit colenroindtthe
streans fed,tq the .oxjidation.reactor also c ri ses ter. In the

oxi daton §akBpdt 3 ERhRE if ERRLR1 alities BrotACEd i impip Parsd 30

et hyl eite ( Rsthpko@a lond PesOiire ISR BEarsSSiEbh asdCRish Bl ant@ &k inQRhienal 'y
unconsumed nol ecul ar oxygen-contai ni ng gas, unreacted ethane and

by- pr oduct $hesgepicxsis dgptiappsedandin abylevamisbrstughmxs tanovedes s osadhead

oL, e B 000 s kBRSSP e
gaseous st supplp QA ihsisagrdirbydti@f@one (2). The ethane rich stream from the separation
means (21) is fed to the oxidation reaction zone (1) via supply (19)
20 Acetic acid may be recovered from the liquid stream of scrubber (6), for
example by distillation.

At least a portion of the acetic acid from the liquid stream is fed by means (7,
optionally via a means for removing water from the liquid stream, into the second
reaction zone (2) which is provided with an acetoxylation catalyst, suitably a solid

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

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

second reaction zone through one or more inlets separately or in partial or complete
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et-hane and the carbon oxides and a |iquid stream conprising 8deSER 2@i d and
wat er are wpe@RyQegs At least a portion of the gaseous streal;P{rzré fed, after
separating by-products such as carbon dioxide in separation 5?‘?@0(1196) and
optionally recovering a portion of 5 the ethyl ene product by nethods known
in the art combinatieteans (21) for separating the gaseous streaminto
respective streans rich in ethylene and ethane. At |least a portion of a
_gaseous st ream Ebh§srEnddeantiog izenethgsthdeieanestic romh adpaslatilarxypangeatls) is
recycled t j ' iLon zone (1) .viia supply (5). Separation

. means (21) %ngljggu%?n%?{“&scgﬁg?gﬁggg mc‘fﬂ@%ﬁ@éd’é‘?ﬁl@cﬁﬂgti | lation unit.

Al ternatively, Fbparcahdoaactieapmd(el} pdRecleysEiRE (B9 fdnhalknpasssyr
absor be Cﬁlgﬁﬁgéand at | east one pressure-let down neans. The gaseous
S t

streamHt ¢ teparaifgds Sraskon digridams sempeakedolsom Ahhsasaand wptioslly etimgesd | i ¢
salt sol ut] S| j ; [ the.ethyl ene i s capabl e of
form ng ab%m%@%ﬁémﬁﬁ%ﬂgﬁ i%?%@%mn%&t%& &Q%?\Bg‘ag;@y@ﬁ&W%Mmf rom
t he col umtlendt. tFie rembinyd getbylont ald ghiide oypt exytisd (VRS 288/0RsQA%8
fraction fromthe col grm.and gassed 15 to the at | east one pressure

| et - down mERALON CEh ASCUE 391 ISr5epRyated iwy separriionmueAns i H)viine the schibbeonpl ex i s
deconposedy; ; -k I r d tream
0ot i onal |y T RaT o PP N Shofit KRR 2ol TR HET RS ALD' Sifispafis bt ng
fed vit sa@plycidagydico malydbegecvactdriean thercyda sirdad) by klenetibpms: rich
streamfromtgﬁ e ar.ﬁti.on .rET@ans £21) is fed to the oxidation reaction
zone. (1) vig" E)%P @‘SF 8yom o iR aeptate frpdughis ropey ered Bom theisaulher tineid biyqui d
stream of gehadlay, foBxandp® by EXaIMRIsR. by distillation. At |east a portion of
the acetic acid fromthe liquid streamis fed by neans (17), optionally
via a neans for renmoving water fromthe liquid stream into the second
reaction zone (2) which is provided with an acetoxyl ation catal yst,
suitably a solid 25 catalyst. A nol ecul ar oxygen-containing gas is fed to

t he set®nd reaction zone from supply (9). Acetic acid is fed to the second
reaction zone fromrecycle supply (10). Optionally, additional ethylene
and/ or acetic acid nmay be fed to the second reaction zone from supply or-
supplies (8). Ethylene is fed fromthe separation neans (21) to the second
reaction zone fromsupply (22). Acetic acid fromthe |iquid scrubber

stream 30 nol ecul ar oxygen-contai ning gas, recycle acetic acid, optional
addi tional supplies of ethylene and/or acetic acid, and ethylene fromthe
separation nmeans (21) are fed into the second reaction zone through one or
more igets separately or in partial or conplete 18 0 4 SEP 2006
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WD 03/ 074465 PCT/ GB03/ 00619 conbination. In the second reaction zone the ;
ethyl ene, acetic acid and nol ecul ar oxygen react to produce a sec&ﬁd?EP 200
product stream conprising vinyl acetate. The second reaction product is
passed to scrubber (12) fromwhich gas and 5 liquid are separated. Carbon
dioxide is separated fromthe gas and optionally ethylene product _
recover eClaims one or nore separation stages (not shown) by nethods known in
.the art. The remaining ethylene and ethane may be recycled to the first
and/or second reaction zones. Acetic acid is separated in separation neans
(13) fromthe scrubber liquid and is recycled to the second reaction zone
via recycle supply (10). Optionally, 10 acetic acid product may be

recovered ft.om ploeesebyrdhe prodwctiontof arealkyl datboxylaterwhieh prdtessomprises

distillation. Vinyl acetate product is recovered fromthe scrubber liquid
by neans (14)”,‘eFépsexarrpl e by distillation. 15 20 25 30 1904 SEP
2006 Clains 1. A process for the production of an al kyl carboxyl ate which

process conprise@) theortaeting in(e oxidatieittddttioh 208 PR BRC), AlkdrRagt | on zone
a C to C4 al kane, a nplecul ar oxygen-contai ni ng gas, the correspondi ng

al kene and opti onal Ipolgglar oxygengeniaining gas, the earespondingralkene angdst

. ; ) e i
carboxyl Lo aci d. t o SRal wekd, L (RHekencd b SORRECIRT Pr @D asiicid e
unreacted al kane, caoxidation of theiatkamectowhb @orrecpondifg ke 8nd Bambdxylist

separation neans at |east a rtion of the product stream produced’in the
ox!odat ion reaction z ,itﬁtpdggu%éé&l@reﬁw@ﬂeaebﬁ@mpgswg alkens airvieacted

unreact ed al kane and a?kéﬁéqtga%o%&ii?%@d é’l’?chWaitegrl ng carboxylic acid and water;
ara

(c) separating in a second sep I'on nmeans conpri sing chem cal

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

(c)  separating in a second separation means comprising chemical
treatment at least a portion of the gaseous stream obtained from the
first separation means into respective streams rich in alkene and
alkane; said chemical treatment comprising the steps of: (1)
contacting the alkene/alkane gaseous stream with a solution of a
metal salt capable of selectively chemically absorbing the alkene to
produce a chemically absorbed alkene-rich liquid stream, and (2)
recovering an alkene rich stream from the metal salt solution.

(d)  contacting in a second reaction zone at least a portion of said alkene
rich stream obtained from the chemical treatment and a
corresponding carboxylic acid, in the presence of at least one catalyst
active for the production of alkyl carboxylate to produce a second
product stream comprising alkyl carboxylate.

2. A process for the production of an alkenyl carboxylate which process comprises
the steps:
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treatnment at |east a portion of the gaseous stream obtained fromthe first
separation neans into respective streans rich in alkene and al kan@;’* SAP £006
chemi cal treatnent conprising the steps of: (1) contacting the

al kene/ al kane gaseous streamwi th a solution of a netal salt capable of
sel ectively chem cally absorbing the alkene to produce a chenically

absor bed al kef®-ri ch dani@etingsinase@xidation (eaction gooea Catp &n altanena rich

.stream from t he net al | | UL LO! : ti N a.second reagtion
zone at least a porti%§%8P'32§X¥5%'FESH@'P?’?%%?%@%%@P&PMF?BW%

chem cal treatnment arsptionallpwatshimthensresené® syt leasiCorb catalyshacefiige of
at |l east one catalyst _active for the production of alkyl carboxylate to

produce a second pr G¥idation ofdhmatans todha gomerponding idseneatrd carboxylie ?ﬁ ess
[ : ri ses e
Seps: 20 0 4's & p FE0k BRFke f AR S dint BaRERSTACARER ol Sarteta” o

to C4 al kane, a nol ealkane, caytymylic @sidcamd nat@gas, the correspondi ng al kene
and optionally water, in the presence of at |east one catal yst active for

i dat i L0 L di | k d | i
herd, o prodte a foebr Rl MeF seBHETER SR e ar R e onr abe foddet
al kane, carboxylic actdanngrodiced:;in the ogidBa6R réadionzohel ihfcch gBe8eaIS kir84m

means at |east a portion of the product stream produced in the oxidation
reacti on zone into a (GARIIIRG stkepamndausrpactedralkanaand adiqtidistreamat ed al kane

and a liquid stream Cc%’ﬁ'rPfF | ! ' nd water; (c) separating in
a second separation nea sris(?:IJI Q?@gﬁﬁg&%ﬁg%n@&eﬁ eatnment at |east a portion
of the gaseous stream obtained fromthe first separation neans into

respective stf(®ans riseparating ikensecond sepaation rrmhd/oohﬁmrisdmg chemiaient
conprising the steps. .of . (1 ntacting t al kene/ a] kane gaseo stream
with a solution of a tP%lp&p? %@53@%888!‘% gi‘}ﬁgeﬂa@@w%é r?‘"’&'rfé’ﬂ?lf‘&f’ﬁfpm_tﬁe.
absorbing the al kene firgt sepfapatitiPmaaf8 fitb t85pectRBSHaRts ALK RNSIKEAS Anki aui d
stream and (2) i ] L

alkane; said chemical treatment comprising the steps of: (1)

contacting the alkene/alkane gaseous stream with a solution of a

metal salt capable of selectively chemically absorbing the alkene to

produce a chemically absorbed alkene-rich liquid stream, and (2)

recovering an alkene rich stream from the metal salt solution.

(d) contacting in a second reaction zone at least a portion of said alkene
rich stream obtained from the chemical treatment, a corresponding
carboxylic acid and a molecular oxygen-containing gas, in the
presence of at least one catalyst active for the production of alkenyl
carboxylate to produce a second product stream comprising alkeny!
carboxylate.

3. The process according to claim 2, wherein the molecular oxygen-containing gas
used in the second reaction zone for the production of alkenyl carboxylate comprises

unreacted molecular oxygen-containing gas from step (a) and/or additional molecular
oxygen-containing gas.

4. The process according to claim 3, wherein the additional molecular oxygen-
containing gas is oxygen.
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recovering an al kene rich streamfromthe netal salt solution. (d)
contacting in a second reaction zone at |east a portion of said alkersgpP 2006
rich stream obtained fromthe chenmical treatnent, a correspondi ng
carboxylic acid and a nol ecul ar oxygen-containing gas, in the presence of
at | east one catalyst active for the production of al kenyl carboxylate to

produce & secdh@ mpga%esmrdm@nmn%ph@amwﬁ?n, whereinaf leass sopie giibe
Deed in HigeelaPbd bt utlig HEETEled haERaRIEY Bing FEETRL AR BA 008, Pt e

conpri sefromitiiecalkend anal czebddylic xcitbRIactants ai ni ng gas fromstep (a) and/or
addi tional nol ecul ar oxygen-containing gas. 4. The process according to

claim3, \wherein th dditiqgnal, nol ecul ay ,0x n- .contai.ni n S is.oxygen.
210 4 S0 P 2066 OBeSSAEIANGIOANY NG & gD 105 BRETSR atedsta pottign #f
wher ei n e beesiid RITRICOErEAA is fad RYetIr vty BERaSOA bBIHUMEF tHadiquid £tfdhm

I ndependently to the second reaction zone fromthe al kene and carboxylic

aci d r ea€PEWIISINgsCarppyylisranie andyvater abiaipadframthefisstgeparationsmeans, ®,a

weh ar PERE BuRRicr 3Belah i Ea0RaRe Bl A Fa ety L SrppRAale
and wat eandbwatened fromthe first separation neans, to a distillation
colum for separation of the carboxylic acid fromthe al kenyl carboxyl ate

and water, 7. The process agcording to one of, the precedi ng. cl aj ns,
wher ei n ? he Cﬂ:ﬁ?cpr essa?‘%%ﬂ{é'nﬁstoé‘lrﬁaq{@ gﬁ%@ RIGEe E%Gﬁ?d’i%ﬁgw Pl’@éﬁéh‘? 210 C4

et hyl ene i ' [ kthy ' ' ; :Qcess
Scoor df naKeme io Sty M6l opieSHo Ry alkencds ethyiend 6t crmaShéndifig canfolie

oxygen- cagiddbicaicgeid.in step (a) is oxygen. 9. The process according to
any one of the preceding clains, wherein the concentration of alkene (as

fresh fegd andhelprbesyeacediaimgadeyorieof theBrécdding Gidils, wisRlin thle t ot al

feed, including recycles, t atron reaction zone. he” process
accor di ngndlecuanoxygin-edrdaiming gaeircstepda) isaixygenof al kene is from1l to 20
nol % of the total feed to the oxidation reaction zone.

9. The process according to any one of the preceding claims, wherein the
concentration of alkene (as fresh feed and/or recycle component) is from 1 to 50 mol
% of the total feed, including recycles, to the oxidation reaction zone.

10.  The process according to claim 9, wherein the concentration of alkene is from 1
to 20 mol % of the total feed to the oxidation reaction zone.

11. The process according to any one of the preceding claims, wherein the
concentration of water (as fresh feed and/or recycle component) is from 0 to 50 mol %

of the total feed, including recycles, to the oxidation reaction zone.

12. The process according to claim 11, wherein the concentration of water is from 0
to 25 mol % of the total feed to the oxidation reaction zone.

13. The process according to any one of the preceding claims, wherein the alkene
and water are co-fed into the oxidation reaction zone.

14. The process according to any one of the preceding claims, wherein the alkene
and water are used in a ratio of 1 : 0.1-250 by weight.
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11. The process according to any one of the preceding clains, wherein the
concentration of water (as fresh feed and/or recycle conponent) is {roSER 2006
to 50 nol % of the total feed, including recycles, to the oxidation
reacti on zone. 12. The process according to claim1l, wherein the
concentration_of water is fromO to 25 nmol %of the total feed to the

oxi dat i onSr eadhpdrfogesfeaccrrdingrie anynesef the dseerding claimaywbatein the fiest

ot dat i onePABBR e EpliSes fichiitane SeBallf, ofhferich brditiptitf.

preceding clainms, wherein the alkene and water are used in a ratio of 1 :
0.1- 250 89. weil §atprocesspaccopdingro 2taim 15,3vherain thecapasatiorcisrasired oot byy one
of the pr %# . ¢l aims, wherein the first separation means conprises
menbr anec§§§ %q'loﬁn, condensation or distillation. 16. The process
according to claim15, wherein the separation is carried out by
condensatlVon. Th&.protesspacmedingdo otaioh ‘hor thaim|2aiwheteiorthe latikenelis ethiglene mnthe

al kene ig ethylene and, th tal salt capable of selectively chemcally
Sbsor bi nihe et el sarabiaet sEc Vet hamitany shsubind e FkeBROTONSHs el
iron, nme [ ; i D3| ' i | ni um

osm um Fnﬁsllld{/ﬂgggﬁl?ﬁ]ﬁﬁtéfj(r!gg#ééi?]geg*réﬁehQ‘rﬁ%H%ﬁB@%%mb?lyggg%&g}c%%y ?ﬁ‘g to claim

17, wher patiadite, neediums altheoivinp rdssrisms imalgbdenum ctopgsten(anrheaim.The process
according to claim 18, wherein the netal salt is a silver salt. 20. The

B ver 1 oor ohbe gy 8ess Aedirdig RN 17, iferSir KEmaEt sak SoMolées shindt.®
nmet al satopper (topper (1) acetate, copper (I) nitrate or copper (I)

sul phate. 22. The process according to claiml or claim2, wherein the

metal sal§ so [ | . COJPr | . rgani c.nifrogen- containi ng
compound 1923, Tk e fodsS.a@ iR Ia K IR TR e PRl his X RERETSAC e
contacting of the gaseous streamwth the netal salt solution is carried
out in aROabsdhbgrocessuaccording taickimpr 19; adweraincthedilver salt isl siiver aitrate or ai m 2,
wherein the E}ke e-rjch streamis recovered fromthe nmetal salt solution
by heat,Sler&ﬁ e @tesure or by a conbination thereof.

21.  The process according to claim 20, wherein the metal salt is copper (1) acetate,

copper (1) nitrate or copper () sulphate.

22. The process according to claim 1 or claim 2, wherein the metal salt solution is
aqueous or comprises an organic nitrogen-containing compound.

23.  The process according to claim 1or claim 2, wherein the contacting of the

gaseous stream with the metal salt solution is carried out in an absorber column.

24.  The process according to claim 1or claim 2, wherein the alkene-rich stream is
recovered from the metal salt solution by heat, reduced pressure or by a combination
thereof.

25. The process according to claim 24, wherein the solution is subjected to a
reduced pressure such that the metal salt/alkene complex decomposes to release the

alkene.

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

contacting the alkene/alkane gaseous stream with the metal salt solution, the gaseous
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25. The process according to claim 24, wherein the solution is subjected to
a reduced pressure such that the netal salt/al kene conpl ex deconpoges ske 2006
rel ease the al kene. 26. The process according to any one of the preceding
clainms, wherein, prior to contacting the al kene/ al kane gaseous streamw th
the netal salt solutlon the gaseous 23 0 4 S E P 2006 streamis treated
to renpvstreamdsieated ixresaevaicompanents splesied Honsihe greypsionsistingrof sadxanie,

.oxygen aa%x?d@’%‘?&aéﬁﬁnd 9% rocess according to any one of the

precedi ng ¢ wher ei kane- rich stream obtained fromthe
chem cal treatnment is fed as one or nore streans to the oxidation reaction
zone togé¥her ThetpioeeRs aceamdingo lamyenesf, therpeeq:edm@slalmscwhdreig thealkkapeone

of the pr, i ng clatns, . wh t he rich streamis

mor e <t ¢ e te SRBURLAhE ceblica Hestitnt o B B Shmdre Shaamsdpiase.
29. The pkidatsn réastndzdre fogefietiwiti’ddditibedleiikaricie addi tional al kene may be
fresh al kene and/or recycled al kene fromthe second reaction zone and/or a

portion gé i. al kane/ al kene atreamfro the oxidatjon re ctlo zone. 30.
The proc DEMRIPARSS ACCH mg 2 W NEOIIhe PEacRRING C1aims, WhRsiRthe aligne-

concent r gtk @fredin i%'flé&ré% dr%oéﬂ ABR sﬁé&héltemé gé%@?gfgzgﬁﬁ zBRE vittk6Monal

obtained fromthe chemcal treatnent) fed t reaction zone is
at | east agditional glkeiet he total feed to the second reaction zone. 31. The
process according to claim30 wherein the concentration of al kene is | east

60 nol % e th
accordi ngto A2 hugEacbeing 18 pRATERS IRARI B8 difonaf alkehBimBl BRI |
up to 85alkeh&arid/onvecycledlalkeredfrom thbsesend nebdtidacionenaridioea pdgiondfthe

process a coré anr% one  of t‘B recedl ng clains, wherein at |east a
portion 8Ka '&%f% drofe the pridation £RRFOR 4098 he second reaction zone

conprises carboxylic acid produced fromthe oxidation reaction zone. 34.

The proc@®s aTheriboess accunlingne aply dniecofithe preddiing bRIiIMB, whbRligthe at | east
a portion of the first product streamis co-joined with at |east a portion

of the s@@%ﬁﬁtraélloﬂcﬁf@k%’ter @@h‘paﬂbﬁddi@&ﬁiajkﬁmeféegt&néaﬂ’rkﬂir@IOb@dﬂQdﬁOmthﬁor e
streans, of QR tredtnibht) fél tPthe Y38 reaction zone is at least 50 mol % of the total

feed to the second reaction zone.

31. The process according to claim 30 wherein the concentration of alkene is least
60 mol% of the total feed to the second reaction zone.

32. The process according to claim 30 or claim 31 wherein the concentration of

alkene is up to 85 mol% of the total feed to the second reaction zone.

33. The process according to any one of the preceding claims, wherein at least a
portion of the carboxylic acid introduced in to the second reaction zone comprises
carboxylic acid produced from the oxidation reaction zone.

34. The process according to any one of the preceding claims, wherein at least a
portion of the first product stream is co-joined with at least a portion of the second
product stream and the co-joined stream fed, as one or more streams, into a
distillation column.
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24 .0 4 SEP 2006 35. The process according to any one of the preceding
clains, wherein at |east a portion of the first product streamis fgd, SEs 2006
one or nore streans, into a distillation colum separately fromthe second
product stream 36. A process for the production of vinyl acetate which
Process conprlses the steps: (a) contacting in an oxidation reaction zone
et hane, &5nol éfemmm@s%@wrdmtmaﬁWr@e ofdbe pseesding claims, wberemat leashat er ,

et hane | BoRERy T R B3t Prafict ARG Bl 85 snfihhre fled S, REA R AR

conpri si nglummsémretelynnbeaumnbmhmduacateam acid and water; (b)
separating in a first separation neans at Ieast a portion of the product

Compr 1 51 5 otvieR B4R pRE0n BT BCoRlE St Brofod BaRFFeBR e i ng

acetic agigpsand water; (c) contacting at |east a portion of the gaseous
st ream obt ai ned fromthe first separation means wth a solution of a netal

| t bl f tively. chemc absorbi ng the ethylene, to produce
an et hano HALACREPLEMLAR Y dRB Pegar 2SS BiBea: BIFgeGHEL PRAIFT-FamiRmng

stream and rgsgvahy%ae%ﬁ‘iodo;ﬁldﬁé'u? tef, it the>preSanté oP &} FeQ@t HFéélat

solution, (d) contacting in a second reaction zone at eas %@on of
said et hyI eneaciil\omforélne oxidation of ethamei to ethypné @nd aneelmaclchdo @r@duteaa first

nmol ecul ar oxy ai ni Y the resence of at ast. one catal yst
active for th 8&&??%"‘8@@%‘%@ hyleng rg ?@ é ﬁ%@&ﬁﬁaw WaHR"
stream conprising vinyl acetate. 25

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

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

(c) contacting at least a portion of the gaseous stream obtained from the first
separation means with a solution of a metal salt capable of selectively
chemically absorbing the ethylene, to produce an ethane rich stream and a
chemically absorbed ethylene-rich liquid stream, and recovering said ethylene
rich stream from the metal salt solution,

(d) contacting in a second reaction zone at least a portion of said ethylene rich
stream recovered in step (c), acetic acid and a molecular oxygen-containing
gas, in the presence of at least one catalyst active for the production of vinyl
acetate to produce a second product stream comprising vinyl acetate.
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