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OXI DATI ON PROCESS FOR THE PRODUCTI ON OF CARBOXYLIC - ..

ACI DS AND ALKENES The present invention rel

to a process for the oxidation of a C2 to C4‘m wuﬁmﬁmmwmm

and/ or al kene to produce the correspondi ng al

and/ or carboxylic acid and, in particular, to a *167167*

process for the oxidation of ethane to ethylene and

acetic acid. The present invention also relates to-— - ---- -

integrated processes in which said al

ki e S e st o e IR
car boxyl at es. The catal ytic gas phase-oxi-dati oigoo02x -

of ethane to ethylene and acetic acid is known. In
1978, Uni on Carbi de Corporation published a report in
OXEDATUONPROICESS HOR THE PRODUGCTION OFPCARBOKXYILIC ACIDS

process for the OXidabé@S&ﬁéhﬁiﬂﬁﬂf to ethylene. In
addi tion, 10 several 250, 346, 4,524, 236,
4 56 :
Pe/ Sidsertt uﬁf%ﬁuﬂ&%l&&%‘b RS ¥%¥ eﬁ&xﬁ&:itio*ﬁf‘ofﬁahh@ﬁ do‘ml alkane

nper at ure oxydehydr ogenat’ion o e to et
andEorLlalmB 10 pﬁ)d@les thei doe?ssmnﬂmgtaﬂsae ﬁnﬂ/oxt teeboxylic acld and, in

dr ogenati o han h.the product
P PUE SRR eder Beitridalion OEethihelt0 sftyiene GaR BEcHCAeids e -
ﬁa@&t HveBR6H 8o BN mée@a@éacbr&a@se@ i whedHMRFalRérdetdndt O
recycllng t he unreacted et hane. Carbon nonoxi de nay be

carbmme acid drensetinsaractaitsior the ppadugtion ofalken)yd #atbonylates or alkyl
EOXI e and subsequent adsorption. EP- A- 0546677
¢ ﬁ%s a process for the oxidation of ethane to

acet The adlgti¢ pasipHabibxiigash dTethaheasétRylend ihd ftRtiOLAA @sSlanown
descri bed i n EP-A-0546677 nopst of the reactor effl uent

In P78eUnisndeprbide Gosporatien pbliskedsn gpert invthedpwmal of Céatﬂygﬁ

af R b el Bhock R 130 he B A85) BP o 1B AR, 1h Baditon,
sévern UiSajatents (4,250 mv\@\zm 236, 48630/9054,899,003 and 418%1787)mcnbe
the reactor efflu “%o revent a contj nual__bui

tb@e\?wmma%@sow &e@a oot ethane to gthilens S 4899, 005 scribes

a BB 1A O ydotf of Rl Jf e BOU R AR E 2 0th Egories
etiifle€) QdétidORGd SRDHA GRRIZE 4n D iesdeCabaen CA DGO, iare fch@ved
f.eed |s§én% there i.s a reduction in_the partia

PROIIR 366y edineasted sthane. b%@on%ﬁl%wa 9%@@‘3 Fhe
%%ﬁ;ge R dxliiation 'tﬁ@%b&pflfoﬁﬂgah@ Qubsequent 0n0042 and
/90043 bot I sclose an I ntegrate ocess for

t he BP-?d0546607 describesy ipravesst fat the okidatibn pEethanesio aoétic acid ina

ich,is the ation et han Lc 5acid. and
b1 B Ereagior o S moness AeSCRHD B ER-an O EAb6y f GHoag gk thg Feactor
ARkt idRdyslel vd &ﬁeeatc@or\{h Bider aﬁﬁalataﬁl a E@h%ﬁcaﬁaﬁaﬁ 8fcarbon

may be produced as a by-product in the conversion step

oxides/srdiuents én thegeacttre (Omsadilutnis help joc¢aadirol ﬂ:etthmperanue )

d
ERNeR 2 ARG SRR AR el F RS S PIavaR, Dhangimual butta-
up OFCarRESHifiésdalthe/readtél. Od (RQR4ApRIvE B UB48OP R feed to the

di scl ose that usually | ow anounts of carbon nonoxi de
repotof eart@ipp A Yodr@ apd P d0PmCOReOne disrdvantagd ofhigh CO and CO;
et hyl ene production step(s), and that if carbon

nonoxi de i s produced in higher anmounts (up to 5%,

then a CO renoval step may bg required. WO 01/90042

and WO 01/90043 do not discl ose any benefits of

mai ntai ning an anount of COin the feed to the

reactor.
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EP- A-0 877 727 discloses an integrated process for the
production of acetic acid 15 and/or vinyl acetate in

- aWy 20041080 er mi ned and vari abl e proportions fr oPEEGB2004/002069

gaseous feedstock conprising ethyl ene and/ or ethane.
The integrated process conprises a first step wherein

ednldmtemienPindhofec€ I tBaGhER i RtcalidtionGA ieYpaPid] Yrsz§8kel Bf @hane
first reaction zone to produce a first product stream

argthvlenen yhich spgyaedigedhe rg o the axidetioneagtienand

opti , i
a1 oxi 10 YRR w6 AR RO s R niler R4 B o e
prodsctionod vinybavetaits thezimsestey ef whick ischabeiditioh offetiane to acetic

secon action zone with a nolecular, . . .
B R AP s uste ko o & etigpoid and etingem t oyt
e Q) CCarBorSRA6ANEAINHAF BE brodibdipdd aibick HEhY BN ersion step to
acetate, water, acetic acid and optionally ethyl ene.
yinylsetaitohhpeermadargcyded tortheoydatiparpastorohowencs, the C4

. r ' I :
AR PR AR IR ROIE] Ra B GRRIFTE Spepificaly,
W0 1/8004220d A 0456042 dizcloss thambhially Jolheangotintkad f cab@f ménoxide

0 al.kene. t roduce, t he correspondi n o
Sphipmt e P g Brhact andGuplenerantaron fagisb fed gt i
EI89n osidé i§‘ﬁﬁdﬁ&dﬂﬂ‘h@éﬂe@%@ﬁ&§tk Yapae8sA! 86h QNCC?] removal step

e anount of carbon nonoxide in t er?eed

mai nt ai ni ng t
RY he Feqirefo rWREQL 30443 @nd AEOH 0AEH 9o notriiseldserasy benehits of

nect. | ' rovides a process for
@E@%n%%%g%gﬁ?gp 1?%?%%%%&@5%\&%%6 to Br oduce the
cor r ShARE BT 24 disviesea anl integrived ptacess 61 tHe pryddbaon dbDdcetic acid
%’5? oXi gati on. of a to 4 aIA<en_e fo produce_ the-

O FEPOACHHG Y Bok g PieEmRed #nd Vaniable nspRarQns Termsraasys

fe@d%@dc&gsogn?riﬁﬂg el RAL bRdlof &85l AheiRBG R #}gocﬁgg(@d?ﬁp' rises a first

and/ or aLkene, a nol ecul ar oxygen-containing gas, .
s whereinsHuking and/anethans is oatalyitipaliyaexédised in atfiret actmrmee to

B T T LT

dlidniey@ribaar mérvaideand Ak icarbon didxkde. athsapgictaeid 41l ethylene produced
,cg%ié%goondi, ng carboxylic acid, to produce a first
iB i IRACHILFANE GHRDER PoRfaddedi@rfeseaondl rsactignBeRy Wilth a molecular

BGbh-cSARRE 8¢ InSBE pleled AR 2 844 slgcs 5%8%3 Q%%Eintgﬁ)é&ﬁwt stream

maint ai ned at” between 1% and 20%
qoptpaisingevanyyl acetateyovas, deeticanidrapd optionelly ethylene. In a

t t t _i.nventi t t
"t o) BEERHesh BRoRER S IR B TS b 2ins Fadigree te
waelagdingtatkendargbeatbagiliy acidnéichias BRMxida¥E BF ét‘hﬁn@ﬂo%?hylene

provi des an integrated process for the production o

A ieeeiA acida Artianfhe pridntigmele pto & alieng taereduacthg seyrespording
c:tg?aoog{ 1@l sAS thd Bk R o er&qggédt'é%gfd Caglg)f) gﬁd%gn%g%gusly

n oxi dation reaction zon€ sai ane an
apetataichy raainaingg tha anmuygefvadontradmix ity iy e, feedwithin a defined
nonoxi de, and optionally water, in the presence of a

ealyst active for the oxidation of the alkane to the

cor I eqeeristighy) iah e Qs el teARRY v EntRB IR0 ABLY PbrodGd iGhe
for the oxigg%tli on of Slfﬁﬁe lgﬁsfene to thepg%rres%%rr?g%g&qhe

oxirlatian Bb% (b tcCottkane to proshugelthecomesronding plkeneiand earbexylic acid

1.5 ; I y] i i nd _whey.ein .t he..
BB BAEE o To C iR ol e AWMU L B
acial, whithqfodebseconiraks feeditlgt@arn bveidstiondadction z6@agdid BMkane and/or
zone, and (b) contacting in a second reaction zone at
| east a portion of said al kene and at | east a portion
of said carboxylic acid obtai,ned fromthe oxidation
reacti on zone, and a 20 nol eCul ar oxygen-cont ai ni ng
gas, in the presence of at |east one catal yst active
for the production of al kenyl carboxylate to produce a
second product stream conprising al kenyl carboxyl ate.

In a third aspect the present invention relates to an
i ntegrated process for the production of an al kyl

o, nN e
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(a) feeding to an oxidation reaction zone said al kane

and/ or al kene, a nol ecul ar oxygen-cont ai ni ng gas,

csohord/1n8dxi de, and optionally water, in the PHEEERL84/002069

of a catalyst active for the oxidation of the al kane

to the correspondi ng al kene and 30 carboxylic acid

alkelleon madacinlae okygentdogtapyngigasi eatbort mohexidé,lead eptianatljiavater, in
rres [ I i.d,..10 ce first

GO SIEERR0 SR RO i G i o B B B el SPspopating

alRéehevitnd catbox ylivcacid el AetvOfor te: ¢x3datinof detitknato the

bet ween,, 1% and fO@@gy vegﬁne of the total feed to the

eRETeBTdise Sebay i ACidginerocuia (3t PEediehelicmompriig alkene and

gﬁ&@ﬂc h&@CiHaP R FRECIAhat BRATAIONRAA A i@ naf@ifled at between

ene, at’ least a portion of said carboxylic aci
bhteail 36% Uy orivmp of dieitetalt feedhtortbe oxidationztsactioarzdne.

cht o g aeekond Bhe e b pBirRR R & iygica S1oBess or e

pradbaiylodte alkenylrcathor plate. Yecomithdly,ateipies@tt if¥a@f¥ion also provides

conpri si al kyl carbqoxylate._ It has now been found
fihiatesai HPees ierdbe Progigtise P ABRBY GEPQisre fom aife th Gaglian
§R¥ortE, 186, GdldnON\yRiER ﬁ%c&s@'fc%pﬁbé%@nes and/ or al kenes

suppresses the formatfon of further carbon nonoxide
@and risading to athexidationapiction zenst daid aljanecandar bikene rirdelscular

‘CO. In addition,., the selectiyity tp the desired
RO A R £ s RSy thd el At 6 Beap enep ofa
tfalyfat@asiofltheRida6is@ oPthe alkdfd 0the BErEypBE@ASalREnd 4R '
present invention it has been found that in the -

epcbaralie afid and/er petive fordhe pridpiianeotihe abiern fodheedresparding
%agﬁtg&;ib \ﬂ:iE,g tPtp?ocﬂﬁ‘é b 'f&st%?%ﬂxcpgt&gﬂpéongﬁgﬁli:%%ﬂg L@ §ﬁgoxyliq

urt advant age, e reductl
pidydind wihereiy thieicetboh mamokidg i mainkemdueat betwepn d%eme)20% by

al | ows. | d heat cantrol thereby allowing th
SRR A ELER BB PR iec PR haRor oduct | vi Ly,

| (b? Presh@e@ky i o Reordaesttion #hd £96asta portion 0F4ai@ hikefeanddiQeast a
a

kane-contai ning feed may al so conprise the

patiprehwiticanpxaliv epid obtamed dranh thecaxidasiop svagtionyzaniek antea
a0 TS 0 GHL O IOR, SRR e e

production of atkkkyl varborylateao pagiice L£osvoad pratneal stgam icongiisigg
qkagir gnDTnts of al kene leads to an increase in CO x

3 EFBY ver, with the process of the present 20

| NVERLIGI adpB th&bresdnf FRhtiH Yefitesith 4h ?ﬁte@hﬂé@ grﬂocfeﬁefgr the
amount s %concentratlons) I's at |l east partly Suppresse
prpdicsiedion gn alkyhearbaxyla) 9h enprdinglynthe piesOD. invdatior alsh provides an

L R ——

4 €5td € AMieriewhith prevesk agehided: i vity. For exanple,, in
éﬂe oxj.dation of ethane and ethylene tQ acetic acid

d Teqding tese oxidatiny seaglinzang said ke and/ghalkensnd meleculsr

_ i% Xﬁ-@&ﬁaiﬁﬁllgw, AfbhsbrdoRideNgd cﬁﬁ‘&hg{i%@vgtteg ié'ly glﬁ&rjensten%ef ofa

reased productivity. Pref'era
ertatpsdactiverfoxihd @xidatiomef the alkansstorthe noméspentisgialkertehvmid

A A D el A

alfoxFITB LEIl, 10Tprédich 8 FirdtPRANctErehm doerisingSlkeRE &?&Gér?o%ylic
no e

- streamexiting the oxidation reaction zone W |

agidyapd Waenet the sagpe mopaside isTeaintainadiat betweer borand@0% by
nonoxi de in the feed to the oxidation reaction zone:
Car bon nonoxide in the first product stream nmay be
separated fromthe al kene ang carboxylic acid
conponents of the first product stream and recycl ed.
Preferably, the carbon nonoxide fed to the oxidation
reacti on zone conprises at |east a portion of said
recycl ed carbon nonoxi de. More preferably essentially
all, such as 90% or nore, nore preferably, 95% or
nore, of the carbon nonoxide in the first product

. - o o o o o Y
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5 bal anced, for exanple, by losses in the purification
stages and/or by a purge stream Although in theory it

[ %V@Q(ﬁﬁ)llpé(»% to operate with no net carbon nNDNOXig& cR2004/002069
production (zero selectivity to carbon nonoxide) 1n

t he oxidation reaction zone, in practice a small purge
streamw | I be . i r nt buil d-up of
iVr?&"l’?%‘)%%tOtaLrirg%%k;cé¥%er(§(§&ea(r§lt%ﬂa{sa%gror% 8%&1? %dse in any of the
f(Bpdsontddting i e eécend echction bare arbuasd mhetianwisaid alkene, at least 2
(equiliprjum 10 amoupnt) w Ll. depend.on the specific

SRR QSR RREEY G PR GPoe SRR rop e BAOBR A,
Ct%ﬂghrhg?ﬂéterﬁﬂ Bf2 pRSsch&IBCH Mabt dhe HABRL AROE 31 tAE pAiduction of
thi's equilibriumanmount the process ‘of the present

iatigyd natboxylaia $o pileduda s sesend pradugisiemn comprising alkyl ¢eboxylate.

oper at.ed w th ecif] [ les
op epd S Al oAph Iy Yok REbcfo ot A TRARKI IR UR eed for
B btidaticansd pe Catikagesexpon dikettsesupmesses tieddrmution of fother
steps. 15Fresh_carbon, nonoxide nay al so, be f.ed '
SRS 46201 FamogHe ovarsl e rectuppacrs (.
giofPihe stifetRRg i@t debitedaikGlan@/r EABSEylieAcHEYPI8dRY 64 products
that the carbon monoxide in the feed is consuned. to
fipincreasedo dior dkamplelaising the processf dretpsesentiavensipniibhas been found
oxi.de I.s.pro ed,, f . he. f . ) .
TSRS Bl B AR5 S T W B BB p st o
ZoMhRE Mal e imxdaded. iAsn fufthetddomntagy) theirsduativh €O production
i nt egrated process,  such as_that forﬁége prodﬂction ?f )
_ pa fherraic Rragesy)AlGYS IMBrYRd Beat carjrql ShareRy allowing
' j [ oy car bon nonoxi de
L SR fohdioh (B ARDE LI OB e, o e or ocess,
such Pasferabiyrthefeadpbmprisesaitirto fiandsaned e Theakariceehntafing feed may

separation, fromthe. second oduct stream.exifl ng. .

P oRTREog e SR eoag PR SIS W Rt e 3 BBIiEE bhelidhs feg with
ahk sMithe ©3hOON WAt RInGeaction Sbid, thelgkiddtiog Séhctied BRY be operated with a
nmonoxi de rmay. be introduced to the feed to the reaction

t iighgr gmonpteof atkens Byths Aesdn Cogventionplby, ferdinmdigheramoppys of alkene

itlg&g'ﬁ% 21? Gfhreabd &Q.E@,?foin‘ﬁgiiéh. ﬂ&%&@,&ﬁ%@gfu&&d& tﬁé@ﬂe@m

eed to the oxidation reaction zone .on start-up

. niayeritioh} thelJOy forationat higherralkene feadmmmunist(corcentaatione)ds at least

to intain,. b i1l buil d; to the unt 4t is
deefiy wipbfes o esdihe ko SRy Bpl el G B thd pifent
Gy &idn mmgg@usﬁ}oalm infrehded afifeaE estse felteihRorRlaYioh Faction
amount of carbon nonoxide in the feed (as fresh and/or

resogcrRilingimsabaceq produpiyiny fion exrrarle.dn theRxidationtnd ghane and
P LRI B e B8 Son b S RN Dy

2aywbe fédas thetreactorSo gdledindroastd pualuetivify. t he total feed.

Preferaply. the anount _ of, carbon.ponoxide.in the.feed

(s Rra8HblhtesmaRBL gL Pbos . 5 1061 i oy that the
aRRAPIN Mo QARJAM R EdRYin IR diBatih rédRBok 84l is (RE Fossehiple, less
as in the range above 5 vol.%to bel ow 15 vol % of the

t tham 1 % Sdus, thoamewd o carbommonexige inthedirss pilugbitozamfexiting the

the,total f.eed. Preferably t

SR aeogps doney FgR8 bl BE RER3 Jinche dBunt of carbon
cRbiesdoindhafted & thexyldatiorizactiorszoae p Carbes sndnokidelie the first
production of acetic acid fyrom 10et hyl ene. , .

et SEeam PRE 5?@9&*@5 o thealkens %@r%&?xxlﬂc apiggompponents of the
e B e e O R B o Ted g the oxidation
et hyl ene and acetic acid from ethane. Preferably,

ethylene is fed to the reaction zone with ethane.

Solid catal ysts active for t het oxi dation of the C2 to

C4 al kane and/or al kene may be 15 used in the form of

a fixed or fluidised bed. Preferably, the oxidation
reaction is perforned heterogeneously with solid

catalysis and the reactants in the fluid phase

Catal ysts active for the oxidation of alkane to al kene
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conprise any suitable catal ysts known in the art, for
exanpl e, for the oxidation of ethane to ethyl ene and

a 1AG4do as described in US. 4596787, EP-A- A&;lg 004/002069
Dégéé 9%20542 WO 99/ 20592, DE 19630832, WO 98/47 %ﬂz ,
WD 99/ 51339, EP-A-0 1043064, WO 9913980, US 5300682

e R

prefembly efsmntltaﬁyz alloamch e at moee, axorel pi'ej@taloigﬁé?ﬁérﬁ bomoed, of the

R xRk o ReakBe st ke Timionibs el

tdigouat eNeadh e dxgddw B Yorrdd ﬁQH@bﬂé&tidﬁr}eé!&!t{bH z62&/ BMmay be
EP- A- 0407091 rel ates tq process and catal yst for the

graaeed; ferexamples Ry losprs i Fhe/myrifigatian sagss perd/er byoxperge sogam.

r
OISR IS 1Pl gL T B ol WA 1 G166 on Blide production
t(aerg stlectivity to carbon Bondgid2in4iR: oxfiationsedatiomabne depraotice a small

et R o1 BBt Pl b O e e ans o present

Qis'i'm Bitess 11‘(‘@1}989' R0 %45 . Thig bRFertdd @rE@ltﬂ‘l&Q)xﬁfe amount (equilibrium
sel ect [ veI produci ng acetic acid from et hane

perdyan the spacHisraxidation deassigr dke catalyst ghd the reaction

f%?%ﬁFﬁg k‘%&pdébex‘%ﬂﬁ B SRR ofakths LKA bAoA rocess
aff tKHpresM‘lt th;tlo'ﬁdJ,as The, ﬁﬁdher'ﬁdvzanaigewhat\(t mepbesgdtited titkout any
or_sever C% C‘é) .
RRoCIY; car mﬂﬁo"‘ﬂ\%rm}fgal SF%EPS (eﬁgter ﬁ]%an B Pl@fge% fgreby:geduging the
%ﬁltdﬂlﬁn Z% ratﬁfg exendiftire E’s@omact@d with, sugﬁ‘stgﬂql and U and

001 t00.01, ¢c =0.4to 1 and d= 0.005 to 1.
5Ger Hessh parbenmonppide sviale b@éecl%ths oxiggioneastiohgoes Far

st Bher 318 W alapRUTBOS B o Byt £ efin 20ne Bich B e

Qafbon eonoRidt i t:helfeéﬁ Arongnred@ famlcdtbon dioxid¥htASrhee/foder than

e NN TN WL -,

fb@gllnagtdfé@yé]@cmjl a WaxXbYczd in which X represents. 10
one or several of Pd, Pt, Ag and Au, Y represents one
or s heretheoxidgtionkractyn zaun is st ofgm, int@pratediprogess, sgh as that for

Eﬁ ﬁ@%&?h oggﬂ(e l%%%oxf’]%&t ﬁxg %ggrmoin%\)/cfdg%e%o thezpiudwon

Reacti6® zoreanaRkomprise cBrboAlmonGeide kétyclbd frol othélstadp of e
AsandTg a=1, b> c> andd| s 02. WD 99/51339 rel ates
figfegrated PEICFSS S‘é"g’r?ﬁogoir £x35Pple, SArRORaneneiderpeysledx aftRaspRAsation,

(HOIIiI'élC SLLRAADrARA QEeali Mmﬁ%rh Qheasce%ﬂc&e o 2004 & e

sitl1on"conmprises In conbi-nat 1 on WI oxygen t

0
&@N@OMMA@IWWW wherein X is the el enents Nb

SP g u§h c%ﬁtlsﬁ% c%tpg%[,n%n%lﬂ B nt S g (gl:lce}gad toftlg%{n q& R) thp,feacuon

2 givethe &bxrecfﬁnouﬁﬁ of E’é}boﬂdwndiﬁde ﬁﬁthe Ral 684, Aﬁterﬂlweﬁ}s the
Ca, Sr,:Ba, Zr, |PPbSbS|SnT|,,

%gr‘baﬁ glopgxidg amgunigin ﬂép feed forilic pxidatiprersastiontzene or staTtARANEY
@Lél%e?l%&kgﬁx?é %@%@é&ﬁﬁ%&%ﬁga gaéﬁmg);tauéﬁog&wﬂpbmﬂa A0 e
BRoAt 0K BEidedrte Inadintaint io the fead oy yesicle ofitie shibion Mmdnokide fermed in

gﬁf?l dati on of ethane to ethyl ene and/or acetic acid
d87°¥or the oxidation of ethylene to acetic acid

whi CPre%i’EBl? $tiel drRun€ SNBEbSEBondXiGOMRhEO Rk O3 Hsh Qn&’&y &@%Ie

the el ements nol ybdenum 25 vanadi um niobi umand gold
in the absence of palladiumaccording to the enpiri cal
formula : MbaWAucVaNbeYf whepein Y is one or nore

el ements selected fromthe group consisting of : Cr,

-I\/hTaTI,BAIGaInPt,ZnCdBI,CeCORh

lr, Cu, Ag, Fe, Ru, Gs, K, Rb, Cs, My, Ca, Sr, Ba, Zr,
Hf, Ni, P, Pb, Sb, Si, Sn, Ti, U Re, Te and La; a, b,
c, d, e and f represent the gramatomratios of the
el enments such that : 300<a 1; 05 b<l anda+b=1;

AN O~ ~ NN ~ e 1A N AN r\r\l A NN NN
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the group consisting of P, B, Hf, Te and As; ais a
nunber ranging fromabout 1 to about 5; bis 1; cis a
nupdesosnedsg Ng from about 0.01 to about 0.5; an '

a nunber ranging fromgreater than 0 to about O_‘i’f‘l‘/(’{%oouoozow
5300682 relates to the use of oxidation catalyst with
ectpigones) is sl dof abaGRVER, vew s 'lﬁqeo [

of Co, Cu, Re, Fe, N, No, O, W %%yqog'l ok totaldecd, such as
NEPovep% byyohumne ofthe taial fegh foraxamply abode Awol%atd 20 €18 dr@bove 5
3vol® th §5 ol%@fﬁne’%oé?fa%&fi es the val ence requirenents.

US 5300684 relates to a fluid bed oxidation reaction
usi n@réfermblyntberpieunt of carbon monoxide in the feed (as frcr:]sh and/or recycle

V\{Q)Q{ 37Re(..2. 5V0. ZﬁNEO' 07Sh qBCaob 020x. 10Cx her
SUIPRBTY 18 R1aeio6 e 2kan aé?%‘?f%e Pl Sty velupef hedetahteed such as
indentabaves $0BET BEy119 Vi, BRLIAPRLA] BRLELA 8ve s

4

to_the use of catalysts with elenents 1 n co

WOl 149 ¥albe ohihe prtakfeedit i ve gram atomratios of

MoaViphag ) = Hf , <Te.qr w US 6030920 .
whi ch relates o.g%s%(é‘orutg%oyg atlcogtoé”lasgz[tg C(?f%“‘éf"e?fﬁ%‘f@ they
corbipaading parhbx ylicoacidisra provetsfor thelpbductiod bPMBRE 9 from
rea};[os of MbaVbNbcPda ; WO 00/ 00284 which relates 1
tOtHE use of catal ysts with elements in conbination

W t hPRfY g thdbrobds F& tRd bﬁ&tggm%‘}g}gg %%8@ wo{re(il]uce the

. MpaVbNbcPdd and/ or MaVbLacP

rerrespeadingalipre ykcagfoxylic adig stasprapesh farl therprodsction of ethylene arid
Inaytd | [ he. rel ative gram atom .
AR ) eohl ERUEET. ChvishT 50585 e Feabibronegath eshane.
the Sl aatalysal adiys to: tb bRIURIRIBITEC (b CATRIAALEB aitbddtnay be
oﬁy%ﬁggsntgefﬁrelatlv,e_gramatomratlos of o
\o) BERGE X A1xGH aF Buidisedbedo Prefierably, Abrioxidatiod réactiamis
erfareed he ich.relate, to
T led et el A R e ol il B S e
oxy geHalyits eetiverfet theioxidatjomof diitamnto alliens amf calbeayi&addthay
In or Wand WO

; ' = Te,. , Z Si,
BB 45 SRt bl o p s o latle ftha oxgfation of
efhenretn bthylene andhedtiatacldhs\Wedibox HOBS 41596¢§79EP9&6§67X?1, DE

- B0, 300 5P1Ag352 e YaGweR woe assonveo ;S'gf's?m@bgm.o
P Re S aar R T PRER g s st BBl By Shickar

hergbynacasprpisethydeferengmsuppor t ed. Exanpl es of suitable
sup Lpel ude silica i at oraceous eart h,
T L L L G A R ——

¢tharens ethylehé L€iag acafa 'sﬁlﬁwir%‘-iﬁé pVE=) _
. 30Each of the gl' gﬁ@@%ﬂ@@gﬂ@?ﬁbaxa@

i Xtures thereo !
@W&é{?%e #hE ¢lpmenig Reing arasentén cordbination withyxyren.
i nt gt [.dation_ r i gn zone .as fresh
foed ana) or Paet do BEE b Borh REH: Bt E 5 of cdificne andror
BRYQasid yoeridativmaf effeeme usd/or dtiyleheeinaké PrkéRB of SRGHEARN
Crzragrlw)ga rr%nt%e ai lé/b?r a gas.richer or poorer in
RAINE & YR P Fram. aheniumand fungsiee gas may be, for
examy B62054x@ Mtk ' 1 . qi t..for
ex aﬂml e nitro ergﬁgk) %ﬁ%b%ﬁ%i%ilﬁglg%g%%% ngﬁ%g Ok{dgtion
%@hggéﬁréhe Biodyetorcofacatinicid igasthameaxylpe sthylnef er abl y,

t t -cont ai ni ng,
s 7R30020 8 rebled AR BRRREN Bies S Rm e Besmaanid ors
ethapenethytenalok atigtuessdh@pdf 20 dkyoznk® B%hft@ﬁg%au@éqﬂ tﬁlpﬁfrle%etnge ofa

recycl e streans. The al kane and/ or al kene fed

the oxidation reaction zone of the process of the
present invention nay be_subétantially pure or may be
adm xed, for exanple, with one or nore of nitrogen,
met hane, carbon di oxi de, carbon nonoxi de, hydrogen,
and | ow amobunts of C3/C4 al kenes/ al kanes.
10Preferably, the total anount of inert inpurities,
such as nethane, nitrogen, carbon di oxi de and argon
present in the al kene and/or al kane feed is in the

o ~ 2 ~ ~ 7 o Y T T ~
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Suitably, the concentration of al kane (as fresh feed
and recycle conponent) is fromO to 90 nol % i ncl usi ve
jj&,fog&gl feed, including recycles, to the pcr/GB2004/002069
oxi dation 20 reaction zone, preferably from 10 to 80
nol % nore preferably from40 to 80 nmol %
It abl
ga#éc}ysqzlg%g g M@aﬁl’oﬁ%@lﬁ%@}’%@?ﬂ w@\feregi %%}ggé ctr{;eeoq‘ Ige‘{egfg %\t} Cr, Mn,
Nb, Ti]a‘lt‘b,t’ﬁd anllé¥dY reprebantl org or ecyerdl 6B, M, Gdydn, Pt, Zn, Cd, Bi,

B! oD ESSELL 0 2O P AU O Tl 0750 L v

. PQereBI et TIomAAl afPiL 0 Bab. ovet B10. c(1as, 38381 haed =20005 to 1.

recyélé 25 conponent) is fromO to 50 nol % i nclusive
of tGermanpatent anpdicatiandPEdPa0 8%2:% relates foa pifdlar catalyst

t 2221 L
DA WERRIA 7L H00% - B8 L. il BT g0t o
06, ¢ ke, lomlld}aancbdl i0gadtd.on zone for t he oxi dati on of
et han hyl ene to acetjc ag¢id and.et hyl.ene
o AR BIEN RR05, & DR atisme Beus b8 oB: fiyssnghylene
é\nr_ éﬁ((&fé@fh@feof éidlés(/ﬁtﬂ%thﬁﬂmg ‘ﬁib%hﬁ’lﬁa KT, ZMMWX@epresents

a bal ance of inert %ases such as argon, carbon

aincoos seecralred Pdy Phaidtgr and e, @s@@@w drseysraliafr\aBVly; Cr, M, Fe,
dded di egt | ot
S L ALY B b P A AL 6t ot oy s B

7N rél i on
K/IgﬂeaaﬂiﬁBﬁl,GSoalelﬂ,rT@Zig&D@Rurmd €yRAS OB YAE Ga¢ i) T4 1) B¢ Pb, P,
as and any recycl|e gases are preferably passed
2edide ath tbiod‘éﬁooﬁildrde‘é@ti’an zone wWith a residence

ti mewePsg/SER9 rigl'afég td QCfcalg E@Qn&’?ﬁ)r '?E’é%élééu%@ 8%iflation of
velocity (GHSV) of 000 the GHSV bei ng
etbfnenved/on sthyling mteac&tl(: caidovhictt eanpsitien Iépmphsgsas cpmbiiation with

throu . | k vol u of .
ERIEHE ARt B R AR Byt Al SrtGptsFh M vi Y is one
Wﬂ&%"ﬂlenhdh‘t’ﬁ&ldcﬁ&ﬁl fray tisldrb@idonsiognLal Crf, Bth qtal,' TEB, Al, Ga, In, Pt,
erature in.the ran fromlOOto 400C, §I0a|h¥ i
¢ Bis&h G BhoCroAsdFeRupPnfe Ry, ME0C aogra ®&r, HL, Ni, P

ﬂ‘QTé'Be gf’Shdf‘lt Uoﬁeraﬁg@dl %nb o dt%dmrgﬁ@%t {RVER At 2Ryt PR of the
uitabl’y be’carried olt™dt’ atnospheric or

slamematsmhsthktéh: a <pr,edsiis €,1 ahdra ek aniplOe< (o ths Orladgee < 2; and
from80 to 400 psig. Typi cal ly, al kane conversi ons
&f&$he range 1 to 99% may be achieved in the oxidation
reac N (4 [

Conyoh AP A0bRRIAEER o B0 Ay, BT UR ERlekfn oPBAER
tthgleox amdiadri aoetia sad Euncb!nr fot thelo@idetiers eindthylenetot dcetic acid which.

In th dat f.the
b B8, O EPHIER P AB PR H10h PR tRBR Pletenl og b fRge
@'Qlaﬁﬁlnil QARBrS hAIE o1 in BRI BeHEE bEpABlfhm §d<':6ﬂh to&ﬁ@ Einpirical

aci d, per hour pér Kil ogram of ‘catal yst. firs

ﬁqrmdtvotMgaw warV il twheretix Y dsienieot morg @é@nenﬁaagpldgtedffmn the
gllous %BASYSUE‘AQ oft: 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, T1, U, Re, Te

~and La; a, b, ¢, d, e and frepresent the gram atom ratios of the elements such that :

0<a<l;0<b<landa+b=1;10-5<c¢<0.02;0<d<2;0<e<l;and0<f <2
WO 99/13980 relates to a catalyst for the selective oxidation of ethane to acetic

acid of formula: Mo, V,Nb.Xq wherein X is at least one promoter element selected from
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downst ream process, but preferably is fed to a

downstream process indirectly after one or nore
SWBAbAIosNs St ages, such as removal of carbon nusepEE04002069
by separation or reaction. Hence, in the second aspect

of the present invention, at |least a portion of the

kb lspip ndstals IFPasL HE Tdd 29 a6f a hitebé 349y frbm A6l to
obtai ned fromt hé oxi dation reaction 25 zone are

ont st e ds fisrnurehe sanene By ghentddHitainbeu §-3asd dds a number
ﬁﬁgﬂgﬁ% é{gg@y{haggrtg Lglie, such as vinyl acetate. In

d” aspect the present invention, at |least a
por tUSHA3AN68L hadatad toefhe usenaf cafdatiemsdtalgstatht empmoﬂ fohrula of

GRS e R oo Bt RO PLCA i BB N @ v 57 o B 2

Rink P, PE B BBYBRCR, AS UL amBAR Y 0,536 8! Bis) 1 Rh®k QhtddpeY the
al kane 1s oxidized in-the presence of a 30 suitable

wlengareamiremgtal yst in the first oxidation reaction
zon e
Lo SUNIRED RIS BRI i Bng Bl
MabbﬁxgbjsﬁﬁﬁNb(rm%lbol@ﬂaomﬂxboxyl ate reaction. However
added to (or re

.51 box d
£ 1 o et oRkoisteiives Meliss Bandatnt byet §onire dotorged in
e bg/eshsoasslc {%lfltéketostﬁé?@s!%%f caatkis Q&chze?é?ﬁentmﬂfgﬁlbmatmn with

optional additional alkene and ogl onal I'tional
Tuaigboythe celataf@@am;onbeana@ldéMoatha wbwleePaBi Hlf, Te or As;

/ dfro I st oduct .
R PR e B T RUE Buo DA Lo bt b
@ggei inhakelstviegyam meym twmé oENl0, ANEPE ; V000700284 Wi cidrelates
aLkene fromthe second reaction zone, Addi ti onal

t9ithewe of Gatalysts peth slements mecombingtian Pathaxyesn ndherlgive gram
4tbs er'id%Wé INBPdg BK@WMO?\%Z{%%XE 859087253 VBME% relates to the use

car boxyl.at e nmay be substanti’ y pure or may
efoatakysts, witloelemgustait egmbinstionovith orygawinethe felativer grg@ratom ratios

th rbon .10 nonoxj.d N
aPuBRTeant iR e St B RereaRe Rifgemens in
At edtsdxyged h thb eclfBedn AfRCHtio T Mbwwag&ﬁﬂbexf where
i nvention, high concentrat| ons of al kene are fed

-

- XrCueionmndeaiddican be aere ; AQ 00AR106 WG QUROHS whlch relate to

500 ) O AL SR B PO oY e o

ratiteeotdVio S0 Gad dy b Xpwiakaein 60= LaaTe, |Gn;1 ZaBielnadr Wvand WO

nol.ar, or a mat equi nol rmxt e
Otk SRR 15 e PEBAEH o PUBislisn D CEroLAF G Wi
@@g&ﬁﬁttﬁ@fdlma m alokeRtiof sfmsmagﬁambmwmfeﬁq &f= AN&Ga, Ge
total feed) to the second reacti on zone maxi nze
ar, tb@?@&@ntwﬁ\yhlpbawh@QMmmmw prrefergnesduct such as
vin e t
al k?g&@%%@%@ aghy tfﬁpﬁ% 0&% Xn Of %]e‘écon #@Z‘% alfl%cﬁxe may be
snpp@'tddmrtuhmp@enezh dEJaﬁm;ﬂeﬁ of(xmtzﬂﬂe SUppumninbmﬂe sificatdidtemateous
50 nol %olilpt he otal feed to the 20 second reaction
AFhemo B 9111%19& |sice plumyn g yditaniy sHicep £BTbjdeat
chaﬁgd@‘gb&pﬁn@m§%§% gthe concentration of - al kene °
is up to 85 nol % of the total feed to the second
re arﬂaclmf @9 nkk,ang mlemeOWgﬂnmcmtm}ning papealkend auisVatsﬂrnay be
uch 8s at 0 nol %
e i R et Fetein Ry 6 B3 B2 P arredafRponent.
| NV @k el bRPdenZoneMIsE pisabd Bitte 6i1d@dléiﬁﬂé§ctﬁihezoﬁls ¢hay be
to the second reaction zone and | ow concentrations of
al kene are fed to the oxidation reaction zone. Low
concentrations (less than 20 ol % of total feed) of
al kene fed to the oxidation |8eacti on zone allow the
requi red equi nol ar or approxi mate equi nol ar m xture of
al kene and carboxylic acid to be produced. Opti nal
concentrations of al kene nmay be fed to the second
reaction zone to maxim ze the 30selectivity to al kyl
carboxyl ate product such as et hyI acet ate.

-~ - o o oy o, o I T o
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" catal ysts as_described in GB

Catal ysts known in the art for the production of

al kenyl carboxyl ates may be used in the second aspect
abohbr/ipssasess of the present invention. Thus, pCT/GB2004/002069
catal yst active for the production of vinyl acetate
whi ch may be used in a second reaction zone of the
4F &SeRs richbr v @BbicP th ﬁﬁ%cﬂwyféﬁthaﬁ Qfr. Rxﬁ'imbl%fas may be, for

. } _ E 559 540; US 5,.85,368
eXaemplsponyass Afutsd witha uitable dtlaenss foppmamplemigronen ensarbon dioxide.
. ] ‘ 0 )
Profelduip e lﬁgl_ep&’lalg (%{y%téxﬁ @&?cam% |géts myg‘?n ﬁ-@fé?ﬁﬂég:a? g:?set some of

catal yst active e pre 1 on Vi ny

. thy molreulae exygenwontainmtgdsanfed tatetdxidation ebaatich Lotededependently

he .catal yst .consi st.ing essentjally of: 10. (1) a :
%%H‘ gﬁé?mét?ﬁ% 8??0’1‘?;%]#‘%% Ige%a?[l‘hﬂyégﬂ'lc%ns&"%‘?ls'of from 3
t 0 Trhewlkaneladl/qrilieend Fed ko B okidefiddredction zbnd offtHeProddss of the -
10% by wej ght wat er su_s%en5| on of the catal yst support

mesenhig vVention maydie sybgantially pgre qrapaybesdimizad, fonegemgle, with one
L . : : _ . yst
A oPA LS P 08E B b DS B iy o
dmomtst dfeC;lyraflepes/akatehe support, the palladiumin the
res n anount .of from1. 5 to

[ ' [ 5.0
ar ateigb R R oy ofaf FBPUHed puch & eftaniagen, cabon

d6:E8€Mid drBorPpresiP i the Afkehd SN G- akah fe2d 2OmAh P eP 8o 3 vol%
litre of catalyst, and (3) from5 to 60 grams |§er

angdpese preferably i e igngal kal-p valsh siichas tta 24 wgdvs. |

51 i . 1at [ -

ot D B Bt e BE ke TR BIRG, G0 58 bAAE} and other
hydtochebons, paseritiie thecillenamdd/analkanegeed 1 dmiheiran gD @), vol% and
t he g&t ahg(st onsi sbi ng el%/sent ially of: (1) a catal yst
1RO FETPTaRAy B SngaP 19 @ Ve B amet er from about 3 20 to
aboyesk cAMBLARMSnExBENiEudal MBPLOEssEnti g&?g%: (?‘ r{ﬂ%}ﬂ%@ﬁaiﬂ impurities

gram (2) ‘Eal_l adium and gold distri
sgeh ay eapkem diogdeniydiesen nitegasn, nobla grsesrmdavatet support

' , : 5 { 9 5%by ..
e ShAEF 8 Rhebaitarioh of AR R b ulrHic)® pimbonnn s
froah k)amlgm g‘lo}!\% ighligsilvabf theitdstandéEcg 1%(&%%%%%%&35, itdlt]iegﬁidation
range 0. . . - A- SCr| nes
r t‘%&&?‘&ﬁ’r?@gﬁﬁ%‘%ﬁ/ %ﬁ%l%ﬂ%ﬂ ake, mare rreiEraPL e A0Hpisg Aol %.
for Sgﬁziﬂlﬂ'tﬁe é@l@eﬁﬂfm@i}ﬁh ofalkbA %%é(?%ﬁaﬁe%ﬁle CEthAdnbit)$s

known i n"the art or the production o

- Trome BoX §0 aob %6 inelpsive ofithe dotalfeedy éndhidingireaygies; to thk oxivation

rocess of t.h r.ese invention. Capalysts tive for
A58 Bonso it R Rt ki TSPt iois mEtetant e Fomay s el
i n Shizatigasbntaatkion 0f ZsidalmyteLQEBeilSRed hd ryasp! €,
catal ysts .as described in EP-A-0926126, the contents

cgmPRRTEHS Homel i Hbmebp incledveel the aliseds sxclidingrscycles, to the
Sl RASKLAEIERBY o035, b REBRNGL 26 1
mal %eries, ethylene, propylene or mxtures thereof

ith a _saturated aliphatic Cl-at no- carboxylic acid
' GrigetRaL edes the Syt R0k g e doidht 4598R0n of ctdne and
ethiyiting b hoktichéie aRa ethyfehk @&lnpﬁseal(iﬁqﬂml % FAT-DONX Ve ine, 2-%*?%“

as_vi nyl acetate, or al kyl " car boxyl at'e, such as ethy
etyiang: & 15 YorvatereSd 6 kormb anenendxide andrfe2% o ygen; withaunlasce of

. | I . [ sent |

L FLAQSTAM Stabe! bdiod SECREAEY BN G008, R BRERRN msfopuwy
addeelctirently Ireto slecthnidizeébed.i on zone for the production of
al kenyl carboxylate may conprise unreacted nol ecul ar
oxygen-cont ai ning gas fromthe oxidation reaction zone
and/ or additional nolecul ar gxygen-containi ng gas.
10The additi onal nol ecul ar oxygen-containing gas, if
used, may be air or a gas
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richer or poorer in nolecular oxygen than air. A

sui tabl e additi onal nol ecul ar oxygen-containi ng gas

R 26R/108628 e€xanpl e, oxygen diluted with a sui tEdyes2004/002069
di l uent, for exanple nitrogen, argon or carbon

di oxi de. Preferably, the additional nolecul ar

OXY g®Thes S6lidaiatil s £8sédSin ANy G&BatioRredcEbARbNe alRdnel a@aR/E alkene,
some of the nol ecul ar OXégen containing 15 gas is fed

MOFSPIRaBYRCR FORGINRRESABE ABY FesHele B3 2sriuelerabhy paseed through
ﬁ:lekﬁﬂﬁtlgl? peagﬁ’(frpﬁf%l\i'lﬁl ?&Eﬂeﬁ&QEﬁ@E&ﬁspondmg' 3 aFc% tuPa'dréas

aspect present invention water may optiona
beurhiipect Vatodityd GEEBAN SP8461006hr 'z tredTHBY blehg defined as volume

BRSSP ok Rar S REARE Meton g BRO BT el Solume of
gdtia@dNsti n the range 1-10 nol % of the 20 tootal feed
to the second reaction zone. The addi ti onal

- car bbieyaxidatign repactiar of @epﬁ‘ée@é@w&m BWY Shigably beearrigd out ata
. f | kK o
gegﬁfga)%ﬁ? Eh%? ﬁﬂo% K6 49 resﬁt?éﬁé‘a@;i a%ge%or 380°C,

ri se or recyc

ptbm‘abl?ﬂﬁtﬁ&rmf’qz at least a portion of t he car boxyl ic
aci d_i ntroduced i.n tg t he second reaction _zone
c onp?hes%daélav Betien ef the Prespit dvradian mag sidahdy b pareed e at

% @1 of AR ratdredftRric pRSbuETEr EREHIS & REFRQY Bﬁlohps@&u' 400
e introduced into the second reaction Zone either
asgseparate feed streans or as a single feed stream
I Si th fresh and acid. The recycle
cor DDA, fing PRI RIhEREERS | Sl P A fn the
bﬁ&atﬁfn&éw@ﬁm eftlefprédekeinydntioar boxyl ate or al kyl
carboxyl ate may conprise at |east a portion of the

aci dlgeralip FYARR COEFANS Wh e argn Y te d 88 %aBax brtrhigyed in the
Bﬁﬁ%‘l&ﬂ@aoﬁ%ﬁefﬁfeﬁéﬁeﬁtfm%lﬁﬁﬁ“ ed acid fromthe second
product stream east part of the carboxylic acid -

f ed Indhe dredasiwoaeattion af thegmesentrieventipn ke tatalysidsuitabifidns a

catal.ysts & in th cond reaction zaone
PO BT SO0y SE R B arEl St b flasia pr
hmp@ﬂﬁw bﬁcﬁﬂyg;, any additional al kene ot
carboxylic acid reactants, any recycle streans and

mol eBhe figst nsednge piTeashiramthe exidationaracess @faﬁbatfq:cydmﬁsé@a -

e S S A S

dihreorsacpanationestaples, Guck anrenfovil dffcerbon athnokide byabpahtkea
car.boxyl at e suitably b erated at. a tenperature
FERCHG0e HERRG 7 PR G OPHGSPE5t bl Prosent InYADtighal ot LBRIIPB AE the
ARGR dalt fohe aRJoREBHCSf 1R cRboxdiK BBM obEAT AN @ﬁeeo){f@éhon reaction
suitably be operated at a pressure in the range 50 to

206 apstogiacted (MREMelecBlAtoX gaeCORAInmEgas foprodies alkenyl

B O P OB B B,

ﬁbiﬁb@dﬁ/ﬂhb glkand ghdcanset $pertisn bflthteh@rbbﬂylgﬁao'ﬁd blﬁaﬁ@(%fr@ﬁlythe
be _achi eved in the seco%fgwreactl on zone for

préuisRrPasHOD FoRA Ae AgHadiEt BER suitble catalyst to p@%@#kyl
ﬁg&@gageé gg&ldg rertﬁeﬂ Scdtad Q"ref%gab ;gr ﬁgﬁe/‘isrgﬂcgg{dt AGhe gl;é?&cé Bfa

action zone i on
slitela pkidatiorbeatallysttie the first oxidation reachon zone to produce an

approximately 1:1 ratio of alkene and carboxylic acid for use in the subsequent alkenyl

carboxylate or alkyl carboxylate reaction.  However alkene or carboxylic acid may be

10
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Al kene conversions in the range 3 to 100% may be

achieved in the second reaction zone for the

Avedsatiogse of al kenyl carboxylate. Suitably, theT/GB2004/002069
selectivity based on the al kene to the al kenyl

car boxyl at e product, such as vinyl acetate of at

~ dd@Rato @bPem®Ada frons) thé ﬁfsepﬁ)tiua Qfteath ¥s Rguiaediogiarthk Aediled feed

20 second reacti on zone In the second reaction

- phesecprd readtioprzontcHrRaS, eptioapladditionabalkmae apd/oe optiaral

SEfiBdns Blariok 11@9&%1 nt%soeaadﬁécp gi“gir 7f}1h)6 abid ahor ARESEm be

to 10000 gr kenyl car at e per hour per
mbowaetdaﬁrqm the fuieprodudt atreanh prierde dla se;cd:rkderegntmnesse of t he

St ol B Aok S K S ape e oA Socond

raacbhen of al kenyl carboxyl ate nmay conprise vinyl
acetate, water and acetic acid and opti onaIIy al so

unr e%@ﬁ“@@ab@lhweéﬁ@d@t?ﬁ e thegrgpgereaction eencdehpagroduction of
il a o f%@gpalk AR M Q@S&Q&Gﬁkgﬁ% i QX g@admlxed

Suc ct stream y be “separ at ed azeot rop

' ﬂxrskamplatwﬁmnemmn@m oﬁmmgaadrg‘onambiham cabpn dmlxr@ carbon

n at e and. wat er _and raction 30
H%Pﬁ’% ﬁﬁ{;‘oﬁ%ﬁgloﬁﬁo‘é‘ﬁﬁoﬁl@({g‘fﬁﬁ E fraction is
r enoyRentapsisiNm e §édoh!i adgesrrv e Mbn@ﬁwhﬂtﬁiﬂ' Bigh rc@ﬁ@entratlons
t he bottom of -t he col um. Addi tionally, a vapour from
ofrrdkege arpoipd tostha gecond seagton penciind dowrcercentrations pfiatkeneeye fed to
I r t i t
e R9jcB RIRE onb L8 bechlionR 1o B 20 RiPastfeed of
aikcrtedad i thex mddatmn‘ reagiion zony allmv thereyidd equimoldrer apmoxRithate
roduct strea sui taply as_.an.overhea S S }
BTEFEDITE A AEES HORFARSIT SHIRLC PR ek epmognations
M aC'HQénb P REREN §O Hﬂﬂ%'df Yihe t@ﬁ?fe@&llff’cd\(.‘@ih@ e réfcfbh Sone
acid is renoved fromthe base he carbon nonoxide, If
mayimizesthe prleasivity ¢y alkeryl carboxidate prathic woh pevioyl agatatone.
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total feed to the second reaction zone.

of the water therein, for exanple, in a distillation
columm. Any carbon nonoxide in the second product
aWwoemy108Me be separated and conbined Wi th recyoh@/GB2004/002069
stream (2) for recycle to the fluid bed ethane

oxi dation reactor (3). Any unreacted ethylene and

AERAtEE aRhatle Ch 1T, nidhoSRAEASIO hAE Ubthe Pl ERD TR heRBopolyacid -

"separated and recycled to"the vinyl acetate 5reactor

@ystExanpl es - Car bon.nonoxi de at. vari ous amounts was

add q 1 Q. a Lreact or L.t he i iLon: L
o haplofuf: BERSAACR RSk cattiul o0y Pecise, or alkyt
aetboiyiate, Suohcis ¥hyl heatatedn the secdibremdtion zoe 6 cadled Hut

oxygen, the requisite unt of carbon noxi de, with

bit‘% °Qﬁ%‘§%6¥m§ e,ﬁeﬁqt%ﬁgﬂgmg- R@S%E’gi‘ﬁﬁgs %ed over an

et hane nlédiddrbRPochadontaifihg 8hs iseABAhatdtoaS réktion zone for the
approxi mat el y 302C, 293C and 283C respectively. The

nreduption ofplkenyll parhoxylate misyecompriss Bareackiineleculaygeteed
c&gﬁaﬁ%g{%as%%ﬁ%ﬁ&%cﬁgﬁ g&r}ei aYﬁ;oy ac(cﬁ‘ﬁ&oall rrf@lecu% %gﬁg%n-
containing gas. ' .

The additional rﬁoleéular oxygen-containing gas, if used, may be air or a gas
richer or poorer in molecular 6xygen than air. A suitable additional moiecular oxygen-
containing gas may be, for example, oxygen diluted with a suitable diluent, for example
nitrogen, argon or carbon dioxide. Preferably, the additional molecular oxygen-
cohtaining gas is oxygen. Prefefably, at least some of the molecular oxygen-coﬁtaining
gas is fed independeritly to the second reaction zone from the alkene and carboxylic acid
reactants. | :

In the third aspect of the present invention water may optionally be added in the -

second reaction zone for the production of alkyl carboxylate. When present, the water is

suitably present in the form of steam and in an amount in the range 1-10 mol% of the

The additional carboxylic acid fed to the second reaction zone for the production
of alkenyl carboxylate or alkyl carboxylate may comprise fresh acid and/or recycle acid.
Preférably, at least a portion of the carboxylic acid introduced in to the second réaction
zone comprises carboxylic acid 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 recyclé carboxylic acid fed to the second reaction zone for the production of
alkenyl carboxylate or alkyl carboxylate may comprise at least a portion of the acid
obtained from downstream processes such as from the separation of unreacted acid from
the second product stream.

At least part of the carboxYlic acid fed to the second reaction zone may be liquid.
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When solid catalysts are used in the second reaction zone for the production of alkenyl

: carboxylate the alkene the. carboxylic acid, any additional alkene or carboxyhc acid

reactarits, any recycle streams and molecular oxygen~conta1mng gas are preferably
passed through the second reaction zone at a combined gas hourly space velocity -
(GHSV) of 500-10,000hr™". !

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

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

" The second reaction zone for the production of alkenyl _cafboxylate may suitably

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

Carboxylic acid conversions in the range 5 to 80% may be achieved in the second
reaction zone for the production of alkenyl carboxylate.

Oxygen conversions in the range 20 to 100% may be achieved in the second
reaction zone for the productioﬁ of alkenyl carboxylate.

Alkene conversions in the range 3 to 100% may be achieved in the second
reaction zone for the production of alkenyl carboxylate.

Suitably, the selectivity based on the alkene to the alkenyl carboxylate product,
such as vinyl acetate of at least 85%, such as at least 90% may be achieved in the
second reaction zone

In the second reaction zone for the productlon 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 ethane is used in the process of the second aspect of the present invention,
the 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, okygeﬁ, 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 acetic acid and water, The base fraction is removed from the dlstﬂlatlon

column as liquid from the bottom of the column. Add1t10nally, a vapour from one or

_ more stages above the bottom of the column may also be removed. Prior to such a
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nWonraadanssss 15 COin feed (nmole 9% Conversion (®CT/GB2004/002069
Selectivity (Gl %9 Oxygen Ethylene CO CO2 COx AcCH

distillation step, ethyleqe, ethane, acetaldehyde, carbon monoxide and carbon dioxidé, if
any, may be remoyed 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 carbon monoxide, if any, may be
recycled to the oxidation reaction zone. The ethylene and/or ethane may be recycled to
the oxidation reaction zone and/or the second reaction zone.

Vinyl acetate is recovered from the overhead fraction, suitably for example by
decantation. The recovered vinyl acetate may, if desired, be further purified in known
manner. |

The base fraction comprising acetic acid and water may be recycled, with or

acetic acid is recovered from the base fraction and may be further purified if desired, in
known manner, for example, by distillation.

Where ethane is used in the process of the second aspect of the present invention,

_ preferably the acetic acid and ethylene are separated from the effluent, including carbon

monoxide, from the oxidation reaction zone (ethane oxidation reactor) prior to reaction
of the acetic acid and ethylene in the second reaction zone (VAM reactor). The
1:emaining effluent may be treated as desired, for example to remove at least some of the
CO, produced, and recycled to the oxidation reaction zone to maintain the carbon
monoxide amount in the feed to said reaction zone. The process of the present
invention obviates the need for or mitigates the scale required for any carboﬁ monoxide
removal process steps (for example, as required in the process disclosed in WO
01/90042). | |

In another embodiment of the second aspect of the present invention at least some
of the carbon monoxide in the effluent from the oxidation reaction zone may be fed to
the second reaction zone to maintain a suitable carbon monoxide amount in the feed to
the second reaction zone. Carbon monoxide, including any further carbon monoxide
that may be prociuced in the second reaction zone, may be subsequently separated from
second product stream and recycled to the oxidation reaction zone to maintain the
required carbon monoxide amount in the feed to the oxidation reaction zone.

The process of the present invention will now be illustrated with respect to the

figures and examples.
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Figure 1 represents, in schematic form, a process for the oxidation of ethane and
ethylene to acetic acid and ethylene.

Figure 2, represents, in schematic forxﬂ, an integrated process for the production of
viﬁyl acetate from ethane and ethylene according to the second aspect of the present
invention.

With reference to Figﬁre 1, a feedstream (1), comprising fresh ethane and oxygen,
and optional water and ethylene, and a recycle stream (2) comprising upreacted ethane
and carbon monoxide are fed to a fluid bed ethane oxidation reactor having a bed of
suitable oxidation catalyst (3) for the production of acetic acid and ethylene. The feed .
has 1 to 20% by volume of carbon monoxide. The oxidation reaction produces a
product stream (4) compﬂsmg acetic a'cid, ethane, ethylene, carbon monoxide, carbon
dioxide, water and any inert gas that is present in the _feed and/or recycle streams. The
water and acetic acid are.separated in a suitable first separation means (5), for example
in a scrubber, to provide a gaseous stream (6) comprising predominantly ethane,
ethylene, carbon monoxide and carbon dioxide. - Optionally, water may be removed
from the acetic acid using a suitable separation means, such as distillation. At least
some of the carbon dioxide from gaseous stream (6) may be removed in a CO, removal
system (7), for example, using potassium carbonate. At least some of any inert gas
present and some of the ethylene from stream (6) may be recovered by separation in a
suitable second separation means (8), to leave a stream (2) comprising unreacted ethane, |
carbon monoxide and any remaining inerts,' CO; or ethylene, which is recycled to the
ethane oxidation reactor (3), to maintain the required carbon monoxide amount. A
purge may be taken from this recycle stream, or elsewhere, to preVent build—ﬁp of inerts.

Figure 2 is generally similar to Figure 1 and thus the same reference numerals are
used, where appropriate. In Figure 2, the recovered acetic acid and water stream from
the first separation means (5) and the recovered ethylene stream from the second
separation means (8), together with oxygén, and optional additional acetic acid and/or
ethylene as necelssary are then fed to a vinyl acetate reactor (9), wherein they are
contacted with a suitable catalyst to give a second product stream comprising vinyl
acetate. Optionally, prior to the feeding the acetic acid and water stream from the first
separation means to the vinyl acetate reactor (9), at least a portion of said acetic acid

and ‘water stream may be fed to a suitable separation means to remove at least a portion
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of the water therein, for example, in a distillation column. Any carbon monoxide in the

second product stream may be separated and combined with recycle stream (2) for

recycle to the fluid bed ethane oxidation reactor (3). Any unreacted ethylene and acetic
acid; in the second product stream may be separated and recycled to the vinyl acetate

reactor (9).

Examples
Carbon monoxide at various amounts was added to a feed to a reéqtor for the oxidation

of ethane to acetic acid. The feed comprised 60 vol% ethane, 5 vol% ethylene, 5 vol%

water, 6.6 vol % oxygen, the requisite amount of carbon monoxide, with a balance of

nitrogen. The feed was passed over an ethane oxidation catalyst at temperatures of

approximately 302°C, 293°C and 283°C respectively. The results are given in Table 1

below.
Table 1
COin Conversion Selectivity
feed
(mole %) (%) (C-mol %)
- Oxygen |Ethylene} CO CO, COx AcOH
0 98.0 55.9 9.9 3.8 13.7 30.4
2.5 96.8 - 52.4 8.7 4.4 13.1 345
5 97.4 51.2 5.0 6.1 11.1 37.6
10 96.9 52.8 0.7 7.7 8.4 38.8
302°C, 16 barg, 3200/h, 60 % ethane, 5 % ethylene, 5 % water, 6.6 % oxygen, balance nitrogen.

COin Conversion - Selectivity

feed

(mole %) (%) (C-mol %)

Oxygen | Ethylene CO CO, COx AcOH

0 82.6 55.3 9.8 3.8 13.6 31.2
2.5 79.5 51.6 8.3 42 12.5 358
5 82.8 50.3 49 6.1 11.0 38.7
10 81.5 542 |- -13 8.3 7.1 38.8

293°C, 16 barg, 3200/h, 60 % ethane, 5 % cthylene, 5 % water, 6.6 % oxygen, balance nitrogen.
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WO 2004/108649 PCT/GB2004/002069
COin Conversion | Selectivity
feed '
(mole %) (%) (C-mol %)
‘ Oxygen |Ethylene| CO CO, - COx AcOH

0 64.5 50.7 10.4 4.1 14.5 34.8

2.5 60.1 53.1 - 8.7 4.1 12.8 341

5 . 638 47.7 5.0 62 | 11.2 "| 411

10 614 | 518 -2.9 8.1 5.2 43.0

283°C, 16 barg, 3200/h, 60 % ethane, 5 % ethylene, 5 % water, 6.6 % oxygen, balance nitrogen.

These results show that on increasing the amount of CO in the feed to the reactor the

~ amount of CO formed is suppressed. The suppression of CO is not compensated by an

equivalent increase in the CO;, formation, resulting in a net decrease in total carbon
oxides (COy,) formation and an increase in acetic' acid selectivity.

These results also demonstrate that the point at which CO formation is totally
inhibited (no net CO production) is dependent on the temperature of the oxidation
reaction zone. Thus, at 2 higher temperature a higher concentration of carbon monoxide

in the feed to the oxidation reaction zone is required to completely inhibit CO

formation.
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10 61.4" 51.8 -2.9 8.1 5.2 43.0 283C, 16 barg,
3200/ 13, 60% ethane, 5 */ ethylene, 5 %water, 6.6 %

oxygen, bal ance n'trogen. These results show that on MCSLLP

i ncreasing the anobunt of COin the feed to the reactor

the amount of CO fornmed is suppressed. TheSuppression

of COis not conpensated by an equival ent increase in

he CO2 formation, resulting in a net decrease in

BP3i carbon 5 oxides (COO formation and an increase

in acetic acid selectivity. These results al so
denonstrate that the point at which CO formation is
1t ot alA grofeshifes the dx1(dmorn@ﬁ etizmeie pridued ethylene anfbanetid eeid and/or

fo?rr{hé gﬁd%t%}pﬁr ?l#‘iérﬁe t8 éc[h% géétfg%ELdo c%e})(i‘&egp c%xggll%es feeding to

era ure concen

aﬂbxﬂaﬁ&ﬁfeaﬂﬂﬁﬂzﬁnd @alklrétﬁahe aﬁ@’@ﬂeth@lehé}% Iﬂdlb&ﬂéﬂ dXygen-containing
reaction zone is required to conpletely inhibit CO

£ FUPARTICGRT e SATSPPURREY wetey, i H6: ‘presgnceppliy Gagalysy aptye for the
o&fas%&gg@yle 'e@@%gfot (ﬂﬁ)h@ﬁbe deoac%@%# ﬁ&]h% iv8 %ﬁﬂ@' ogﬁsﬁéri?of the

€ OXI t1on ne to
ethgfhhe oo aetid acidhiogiroguce acfist prodoatt seesn taeapiisigy El(hyE:na and acetic

ation, r i on e said ethane . and/ et hyl ene
Eﬁ%ﬂsﬁ‘i%‘gﬁt S@Bﬁ‘iag‘i’% RGeS lsé’é?r“b‘éwegﬁhb%lwa%“ 1"@’9&&3 20%
?QBIuﬁﬂ:adfltHe Wl 9Eed tbthd ﬁgaﬁ[&%@é&ﬁn%n 1 catal yst active

or the oxidation of t et hane to ethyl ene and acetic
aC| d and/ or actlve for the oxidation of the ethylene

to agetic acid, rodu a f roduct stream,
2c o PSS Sty eioRes SR douts e oniimies ot fOdin p gecond
rdabB@dn StleGhit Rﬁﬁ B eK i eth§leNBhRY A188¢a briRRIMRANA addc acid
and 20% 10by ume of the total feed to the oxidation
obtamed ifiom ﬁ]gmgudatlon reaction zone, 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.

3. A process according to claim 1 which further comprises contacting in a second
reaction zone at least a portion of said ethylene, at least a portion of said acetic acid
obtained from the oxidation reaction zone and, optionally, water, in the presence of at
least one catalyst active for the production of ethyl acetate to produce a second product

stream comprising ethyl acetate.

4, A process according to any one of the preceding claims wherein the carbon

monoxide is fed to the oxidation reaction zone as a fresh gas and/or as a recycle gas.

5. A process according to any one of the preceding claims wherein the first product

stream comprises carbon monoxide.

6. A process according to claim 5 wherein at least 90% of the carbon monoxide

present in the first product stream is recycled to the oxidation reaction zone.
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2. A process according to claim21 which further
conprises contacting in a second reaction zone at

| east a portion of said ethylene and at |east a MCSLLP

portion of said acetic acid obtained fromthe
oxi dation reaction zone, and a nol ecul ar
oxygen- containing gas, in 15the presence of at | east

sone at al st ac for th r. n of v

Tacer & o5 ek o pQhetnt Bl ISt thysecond
prddiyt stRemtdhfprisePearborPiORGEge. ac COr d' ng to claim1l

whi ch further conprises contacting in a second

reactlon zone at |east a portlon of said ethyl ene, at

| east 200Dt |ned ir

8 he oAx %%%C%?%lgé £ g gln zone 5e§1% garbgrtl mon?ﬁ“l V. Mflrgge@ from the
sédoad pfcﬁlﬁemﬁamfanatreéyemno ﬂi&oﬁcﬁtf@h}t&dct@ﬁ&bﬂ@ for the
production of ethyl acetate to produce a second

product stream conprising ethyl acetate. 4. A process
aCCOIx

e Cariis Juiin@ i et X BRI WRertAThEplount of
carbmemaomdé irethe fepls(as frddhoandas recyickcgas) B mﬁtameﬂ abéve 2.5% by
&Hoce S acc?rdlng to any one of the preceding clains

the iR st product stream conprises carbon

nonoxi de. 30 6.A process according to claim5 wherein

at | east 90% of the carbon nonoxide present in the

1@ i r sA ppeasseccosding tnelaisn P exdhprdim thetamauine ofoarbiat monoxide is

one oce agcording to any one of
rﬁelmcgqéﬂyagégyxglumedg Wﬁife&%n the second product
stream conprises carbon nmonoxide. 8. A process

accordlng to claim7 wherein carbon nonoxide is
1bepaddireerss penording toelamnh dvlqgrmuwtamméaﬁqaabml mengxddeid

Lion on Zone; 9
gl e B o0 I RRBMT 0208 by B ERR Tl fore
t he anount of carbon nonoxi de in the feed (as fresh
and/ or recyclegg I S, mai nt ai ned above 2.5% by vol une
13t Aroensgpcqopdipg toy¢Jaim § wherei %@wuab@maabcmgn@@pmde is
I [
kR ERE 200 DB ab e BRSOy TRRBK! (i Bual feed
11 A process accordlng to claim9 wherein the anount
rbon nonoxi.de is 15 qﬁlntalned | the range above

% b RGeS ECOing 18 HY QP19 Hhe Ryeceding ¢laims Wheseg the amount of
caﬁ\bcm RBASSISALAE Hdadal Red ﬁumr%eryeegabns%ta@gg gElg e by

carbon nonoxi de Is maintal ned | e Tange a
volomg i thedothbféedy vol une of the total feed. 2013. A

process according to any one of the preceding clains

wherei n the anount of carbon nonoxide in the feed (as

14.resf ;ﬁ‘@&’s?ﬁccﬁ)ﬁﬁﬁg hﬁclgiﬁﬁ 3 Wvher@R Mt and8R LA IRIARYde is
volunme of the total fe
maintained in the range above 5% by volume to below 15% by volume of the total feed.

15. A process according to claim 13 wherein the amount of carbon monoxide is

maintained in the range above 5% by volume to 10% by volume of the total feed.

16. A process according to any one of the preceding claims wherein ethane and

ethylene are fed to the oxidation reaction zone.
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14. A process according to claim13 wherein the anount
of carbon nonoxide is 25 naintained in the range above

5% by vol une to bel ow 15% by vol une of the total feed. MCSLLP

15. A process according to claim 13 wherein the anount
of carbon nonoxide is nmaintained in the range above 5%
by volune to 10% by volune of the total feed. 3016. A

rocess accordin o an of th recedi cl ai rs
1her & HOREAAHETAAE \epR et Tas Brepeiing HaipRnBdFGearbAf the
efth@ACidoAhyeREis fed 1o the PKIRIGESSrea&EdH £HnBds Hesipfe¥d 8R®oPls a
the precedi ng cl ains wherein each of the ethane and
resyelg lcemponentf ed to the oxidation reaction zone as
fresh feed and/or as a recycle conponent. 518. A
process according to any one of the preceding clains
18her ai protdss acovndiapts ady et «fftheprledding aAginty Whdteinahel and
recycle component) is fromO to 90 nol % of the tota

conegptratipniaf ethane Gt fresh fecskandiresy cleggpmponent) g from frto dgrol% of
precedi ng cl ai ns wherein
t}%%ﬁrl%le@gonf:hgr??%%@ggeagp P‘ﬁ“ﬁ ene (as fresh feed and
recycle conmponent) is fromO to 50 nnl@bof the tota
eed.to the oxidation reaction zong. A process
étc coPAITATFSE BCCRRYNG FRam onerd th @eefa’i".kﬁgcleanaﬁ Vrhereid thii ch
cdi@%ﬁt?atio% cff%ﬁl}lléhet(gﬁr@h' fe&d bR velRIE A &{eﬁgl?s frgﬁlcmto 50 mol%
and/ or recycl’e conmponent In a concent at
oflthe sotglefeed wethe pxidation fatttortdnanl % of the total . f eed.
21. A process according to any one of the preceding
clains wherein the nol ratio of ethylene to acetic
@Cl dAI ﬂioééﬁ@ addot@ihg BS SfUSHe o?‘ttlﬂeeﬁk%é&nga@&h%)ﬁhm%&l %(/atl:r is fed to
2. A process according to any one of clains
th@pxmpe zoneabdiashderd andfdryeeysle componentan @ucpn@ermantlon in the

acet i f e.se reaction zone. 23. A
rarr)lg%greggargl}:cortaisflggm?loﬁgf]@sﬁ%algtg ‘gl aims 2 and 4 to 22
wherein the concentration of ethylene fed to the

oxi dation reaction zone is |ess than 20 nol % of the i
2}.ot afA Hrecags z%zﬁang) fo anyeoneeH denpreeadingnclaimsevhgreiarike mebiratio of

t 0 nol % of

etpPich?f AFAP A4 ARy b RF s SRR ERAER, BT one

of clainms 2 and 4 to 23 mhereln the concentration of
ethylene fed to the second reaction_zone is at .| east

250 ndIOss pererdipg i amygrsed claimss to Al m@@sgdda%@@# gihilgne
afdPor?AMitRAEl Kbtichal fea t@ﬂ‘% gc%ﬂra I%é‘tt ﬁ‘é n the second

reaction zone 1s a I xed |sed bed
reactor. 26. A process accordlng to claim3

erinvvateri fed to the sec zone 5 in )
RRRST Fepritig fgirone Petig i £ 14 8hubidne pasgnation
of2&hy1é\1dofee GE R AEERIHIrOL1bR z&Yis MRS h J0NRo1L SE&d] &&91 feed
clalns wherein the oxidation reaction is carried
argl/orghe eonsentzationeoficthyl¢ns feditrgthe $@@ntl gea¢fion @one is greater than 50

mol% of the total feed.

24. A process according to any one of claims 2 and 4 to 23 wherein the
concentration of ethylene fed to the second reaction zone is at least 60 mol% of the total

feed.
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10 28. A process according to any one of the preceding
clains wherein the total anount of inert inpurities

present in the ethylene and/or ethane feed to the MCSLLpP

oxidation reactor is in the range 0 to 3 vol% 29.A
process according to any one of the preceding clains
wherein the total annunt 150f reactive inpurities

2B aa B P BTGP E N SR PG e Ao 28 Wispoi e second

reaction zone is a fixed bed or a fluidised bed reactor.

26. A process according to claim 3 wherein water is fed to the second reaction zone

in an amount in the range 1 to 10 mol% of the total feed.

27. A process according to any one of the preceding claims wherein the oxidation

reaction is carried out at a temperature in the range 100 to 400 °C.

28. A process according to any one of the preceding claims wherein the total amount
of inert impurities present in the ethylene and/or ethane feed to the oxidation reactor is

in the range 0 to 3 vol%.
29. A process according to any one of the preceding claims wherein the total amount

of reactive impurities present in the ethylene and/or ethane feed to the oxidation reactor

is in the range 0 to 10 vol%.
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