10

15

20

WD 2004/ 108649 PCT/ GB2004/ 002069 OXI DATI ON PROCESS
FOR THE PRODUCTI ON OF CARBOXYLI C ACI DS AND ALKENES

wah@4pessgent i nvention relates to a process foPCT/582004/002069

oxidation of a C2 to C4 al kane and/or al kene to
produce the correspondi ng al kene and/ or carboxylic
acid and, in particular, to a process for the

oxi dation of ethane to ethylene and acetic acid. The
present invention also relates to integrated processes
in which said al kene and 5 carboxylic acid are used as
reactants for the production of al kenyl carboxyl ates
or al kyl carboxylates. The catal ytic gas phase

oxi dation of ethane to ethylene and acetic acid is
known. I n 1978, Union Carbide Corporation published a
report in the Journal of Catalysis describing a fixed
bed process for the oxidation of ethane to ethyl ene.
In addition, 10 several US patents (4,250, 346,

SNPAON ode i i oA b oo o
escr .

et hane to ethyl ene. rLTJg M@Amszr i bgs a process

for tI‘H? pl%tyé : We%ﬁ&g ?Jféat%é " e&écef%g If'ogncﬁ %’8{1\/@0%& d&' to C4 alkane

produc eam conp

afd@bbalker@Xb Ppesduas ﬁldmmdlgﬁﬂma and/6oabekyBohcal Md, in
renmoved prior to recycling the unreacted ethane.

pericBign tord RENcEeReion e gradationsl edany torethidenoaadmeetic asyd. The
s hislial G RE0Re i AN Sar  dRpr T

cabbryle dcl @re ebédasaeadaritnfon thd produtitivn df hkenyleatioxylatds for alkyl
tgegﬁrocess descri bed in EP-A-0546677 nost of the
CRAGEYIYPS- effluent is recycled to the reactor in order

to myhatahRte ﬁlé‘é gﬁs@ Qﬁ%%r{ éﬂ?ﬁe%{ 2{659 E%c} geetug 88id3Sknown.

diluents 1nt ctor. ese di
Ic 9128; BhnianhGarbisiepienrperatien pu‘tﬁﬂhebd)w\e:pert in thedongal of Catalysis

o AR S B WG 57bek R Joeiton
séwrdl U praiw{£25Y 3&462@54@ /564t mbﬁ 899009 aﬁm 596,787) describe

reactor COI’]'[ al ns d over O(I
thti lowdemperaigee @ﬁydqhyhog@aaﬁm of3thane tWethy e/ ma@ 003 describes

4/ 0 { ' t f ' that .
RSP LU PGB e ipar i1 X REgREE shfarm Bimprise
efiyltan ecaficladl ulnexid iabl yiRNcts R aHER. tH® ah@ 0O, Qke thfyved
oXi dation reaction. WD 01/90042 and WO 01/9004§ bot h

pnms@ regysling thernsepctedethase dearben mnomﬁ@mayﬂ)e dernoyeashn fasf

B T C e R e

WI t hEBMGWde@&EME aprsuRsfor tHeoxadatibh ©f ahhsk @ntetic acid in a

et hyl ene to viny|
fluidised bed reactor. In"the process described in EP-A-0546677 most of the reactor

effluent is recycled to the reactor in order to maintain a high concentration of carbon
oxides as dilueﬁts in the reactor. (These diluents help to control the temperature.)
However, a purgé stream is taken from the reactor effluent to prevent a continual build-
up of carbon oxides in the reactor. In the example of EP-A-0546677 the feed to the
reactor contains 25% CO and over 40% CO,. One disadvantage of high CO and CO,
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acetate. Carbon nonoxi de may be produced as a
by-product in the conversion step to vinyl acetate.
wab@4@Benmy be recycled to the oxidation reactBCT/GB2004/002069
however, the concentration of carbon nonoxide in the
recycled feed is relatively low Specifically, WO
con@hi88G44n mems%t%é% ﬁﬁétﬁﬁ? %ﬂ%;r?)rtlﬂﬂ :15%5 éfreg 8¥Vethane
anounts of carbon nonoxi 8 or med
and plhyleae,etfhlch mydedmd theet el oefrtﬂee @ﬂdailmnmmmOﬂt ep(s), an d

(adtolg g BREOOREDHE, A S &Y idhe e B
prodﬂ&&h 37 RN ARNNABIS: s IOABCIOR BRObxidhiRs] @Yo acetic

benefits of nalntalnlng an amount of COIn t
acidiagd PWé’lqnéa‘Ettb pubsgment oy PeEionf thig aestio seid aad ethyﬂmgrtat/mgﬂ

w080 e BEALIGLIORISL 06 s PO Sl o

vinyp acgpate {THerGO htagrbeae @ sdau she d@@Hivh Q64ctsTORBY éviek e

et hyl ene, and/ or ethane. The integrated proc ess
COﬂC@Bﬁ%.‘qns@sca opjrpenoxidgiig ﬁl%@ﬂéﬁ&}fe@d Wy rlateels deiw o Specifically,

o'oﬁ/s%h@ hyd Wbi/ﬁo@&@ a%ga&% thé} u@uélgf 1% Jrr?o%%é &L OO%E@@XI@

produce a st product stre rising ace
(<1 Qﬂapmb amrfdrmetdiplibnacetiodcidpnd ethgldny prc&tubamstep(a} bﬁ& that if
bm)nOX| d. and/%‘tC g gl E di oxi de The0 acetic acid and
oar %H&?P% © KrRjatiesd pieher aupquats upde SYRdben 8 imeoval gep
may‘b@%kllﬁl%ﬂt 0 9d/9004 2L QN1 OGS ﬂ@fi‘ot%lﬁ%?os@"aﬁ b@neﬁtﬁ of
nol ecul ar oxygen-containing gas i n the presence
mauﬁanmgwgtanto(ynmﬁﬁ@mtt@ feasttortbe macmnct stream

t at d
ool TS 8y MrioRe el o wR B hEoRipid otaseic acid
and/@lxwﬁ}’r!tdcétﬁteCiﬁ aﬂy -deflerftingd A6ARNArEBl e RE QRIS a gaseous
correspondl n% kene and carboxyliC acid, such £°Che
feedgioslieammsising ctaylpramndics cdiang| Eheintematad ragesst qocnmrsasola first
step aﬁg{eg{)?tp gneg &rid c%tétﬁgagg g% c):(a‘ril %cag}ologfdlgegéﬂ a sttrﬁgctlon zone to

prodood alfitst pmdﬁét se’eim Icemgnklﬁg acdici iR Glattr GAd eth§lene and 0pt10nally
advanpt ageous] y per at ed_by nai nt ai nj ng, the anmount™ of

ethang, FHRAR FORBKINARIF GaReons igkida The peekic gaiti andethylenvqeaduced

in thﬁ%@trrgédﬁgh&oné fte B croﬁlt.acﬁﬁ ks g%«ecotnﬁ LS 9&% &R@ n%o&gc@f\r

provi des a process- for |on 0
oxygah-lcanteﬂr[g gasoul theeréseaceala @ty tb p@dﬁéd@i&toﬁ@ froduct stream
lic acid and/or f@ 4he oxjdation of a C2 to
COmRﬁkFI%ﬁ Y&ﬁ#@C?tatepWGE?&é@e?%@I & ‘él%t]z%‘ﬁ’é}’ Hgykeaeboxyl i c

act das MY BEenoREERSt {Jh@ %Rfdaﬁ&? @dh{% ggagﬂfg@ggg% LD |

reacti on zone sai d al kane and
correpondagpakencangd @@oxyalid@mé such mi‘he oxﬁldamon of ethane to ethylene

and (YRR R I PR ot 8T 1L, BRKERS leproichyaS Fosrerpmeite
carboxylid atidOdticR s te@xadakiBR8r bBylehe:! t&é&’e’fl@ ada Qgﬁ Be a% nkagﬁg%s

and carboxyllc acid and/or”active for the oxi
operatebbympintaining thenamount of carbon monoxide in the feed within a defined

range.
Accordingly, in a first aspect, the present invention provides a process for the

oxidation of'a C; to C4 alkane to produce the corresponding alkene and carboxylic acid

and/or for the oxidation of a C; to C, alkene to produce the corresponding carboxylic

acid, which process comprises feeding to an oxidation reaction zone said alkane and/or



10

15

20

25

30

correspondi ng carboxylic acid, to produce a first

product stream conprising al kene and 5 carboxylic
wa@eood/10sslar act eri sed in that said carbon nonoxPEGB2004/002069

mai nt ai ned at between |% and 20% by vol une of the

total feed to the oxidation reaction zone. In a second
alkeaspeublechier pxypsanbniamhengdspcarbal mbasxitle aad optibiedlyatae, in

rocess.for the praductian of al kenyl carboxyl ate.

the BieSea oh 5 Fyralvbretir B i on Hutamalgn Sker s haresbording
alkednBlafE CALERY IR REEHR/ Gkt Rr @Jqudf&ét‘l o ioﬁ'%)f@ﬁe agi/kéﬁ%%! the

carboxylate froma C2 to C4 alkane 10 and/or a C2 to
corrggpoaiogreatbonpiiic icighrto pexiuce o it psekict {tepnf @eyirising adkane and

i i i on. ' | kane. and/ | kene,
cartfyRE R b SRR AT IR bR SIS s BT Bbendoen
1% apd 2ondlylvoluiad f the tdtall(B& ItBS 6X1a&idH redctidhdbons.y St

active for the oxidation of the al kane to the
corp asprovdiaprpch e dmesentigvention arigles to acingeezated processtipthe

T R A

an inepRtddyirogsalids einepratittioariaikghylcargyite 268 awdyen &l mlkane

hecgarEQn non%g¥ e i s maintained at between 1% and
and/spgy0 Cy alkane HCh Pracess camPrEssd to the oxi dati on

(2) " CFELdiR oZA i dABH rdRio 2 easﬁfdﬁ%%nalof fé(gﬂ% arrﬁgl‘é{dlﬁn
-7 zone at” l'east a portion of sald al kene and at 'l'east a
oxyganr-tintmning gegicdrboaminmoyidecarmloipdiondilyawater] ifi therprédeace of a

xidatian reaction zope, and a 20 nol ecyl ar
Cata&%fg FR Pﬁidﬁﬁmb%@ﬁe plapchie thy exerreendns akenceusk one
carboRY A3 atlbd A68ivE Wr thd\SkidRIRAAHIRd ARerR to FhKSIN rsTg)onding
carboxyl ate to produce a second product strea

carbeyyipt 403d, rig praglukemiitst prodootepieameomipnismgtatiiend and paboxylice
-present invention relates ta an i.n rated pr ss. for
acidf PO Rrsla S PrhOTmoRinals R ilnihi s Pepeet Rulrcthopy
voluniteoflthe fod) tfed dté Y 6:08atRInSLadBioALHAE 3ndN 25 i ntegrat ed

process for the production of alkyl carboxylate froma

(b) coonterting imp keasad aprgfion zene atleasin wirtian kEseid alkbia4nd at least 2
portinYf&aid cgl%@gllié §eid olgt?' el %%gln%}g 8%1%3?{15(]% geé"ct‘f'(gt} _.'ﬁgjl%em .

reaction zone sai d al'kane

molexygenygartdiitaihing a9 $n the i exencd e IdasioneRAA1yRPARR b the
water, in the presence of a catalyst active for the

prodygtiomed alkenyt carhexydaty iherofiace miecerst Prodpestipa calmpesiag

ket ooxylic acid and/or active for the oxidation
2 eo?q?ﬁgxgﬁkgne to the corresponding carboxylic acid,

t n pthirduspecatifei presenfinoehtion relates mmmw&tsdé p@cedslfef@g
o e ROk obt oy S TS s
inteégl(eaﬂ/pil&%gﬁ%r %@Efr&ﬁ%@% épgﬁgfla%ﬁbo\zkginagmﬁg%& (tlzht% (Eﬁﬁﬁlne and/or

d'to the oxidation reac
a C; to C, alkene, which process comprises:

(a) feeding to an oxidation reaction zone said alkane and/or alkene, a molecular
oxygen-containihg gas, carbon monoxide, and optionally water, in the presence of a
catalyst active for the oxidation of the alkane to the corresponding alkene and
carboxylic acid and/or active for the oxidation of the alkene to the corresponding
carboxylic acid, to produce a first product stream comprising alkene and carboxylic

acid, and wherein the carbon monoxide is maintained at between 1% and 20% by
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(b) contacting in a second reaction zone at |east a
portion of said al kene, at |east a portion of said

wa@ 2000088649 ¢ aci d obtai ned fromthe oxidation rPerGBoW4/002069
zone and, optionally, water, in the presence of at
| east one catal yst active for the production of 5

voludddofl thé tutdl deed tatiee éxddffopdesstion z6Rgand product stream
conpri sing al kyl carboxylate. It has now been found

(b) t peRtaetmg P second seastion aPns lspsharetéen oEeyid plkens, at keatt @

portlddlof salﬁ%m%kgﬁe é&@ o&fam&?a @% Ldaaa& PeaBfioH dneahlienes
suppresses t ormati on O ur car on ﬁDnOXIde

optxemsdﬂyr Wdtec, es thermesmneaf aﬂ dt I&Sﬂ camtdatalysy attivedar the @rminptims of

i‘ %r’éy |t|on electivity to th g ei
alkyl paeh l%fﬁEﬁB‘P E%"r‘bm? Bro BetSIEMB G0 nélflgﬁﬁ%/ e
| & HaB RbRA3EHfouli@ bR Hﬁ:;ﬂ%las%ncéjﬁ &%Jﬂ}ﬁoﬂfﬁ@@@bﬂﬁ thd'Red for

present invention It been found that in
the axidationi adiC2¢6 Ce alkanes atnd/oetam;zhmppmlseadm ﬁounafmmf fiutlger

carti§ nipritite it PGPS Gl e RBGAT bR e85
addiBbRAHE Edledtivit) W itelichisedPalkdrainil/ o ¥RbB LY fidpeeR& %} products
al 1 'ows i nproved heat control thereby allow ng. the

is ingsensral iFon exeé@xd@,u usingthe pewcessrofshe presghbmvpntinnué haseey found
that %rﬁth@r ei(cﬁﬁgl? l Yethilfe to%ﬁgf%eglggﬁﬁ 'age%isé 1§?he s%le%v@ {Shaﬂggtlc acid

ane- con al nin SO co

prodﬁ@f mep peididaged Ws&lﬁrthmwalthi&; ttmedmﬁmrml Cayg paddeetien
is fed with the al kane to the oxidation reaction
(whigh iea highly eetheamicdiosestlloys imntpvee beasspairddherpbnalipwing
I ed. Conventionally,

the &eg%ﬁ%gr@ﬁﬁgﬁt& Qénn%u%?@oéﬂop{gehvfé& | eads to an increase

| Brefébly ahiarfetd OdStnpﬂrklea\CQrto Caratitant.hTheslkewssomdiningdeed may

present 20 i nven ormati on at
also gppigHise hesarreionH g a 1998?1 c@;rf{gfea P GAigysppadigg aﬂ@ﬁ%ts fed with
the zﬂﬁzfﬂel t¥ tﬁé@@&ﬁﬁﬁ ¢ehcB¥n EERAHRD i d210h tedcBor %@é o‘{)&lawﬁewnh a

Hence the present invention adva eousl
hlghat hmmmtwrﬁ elkens mdtha fdedn €otrvetttionildy) feemlmg‘iaghm amnuntsmf alkene

action esul ti i n_enhan r od | vit
teach G ot G BN AR ST Ttk SR DEPIRAEne
invehBoR GBS CO, dsrhfdtidn et ]ﬁ%ﬁéf'aﬁ&ﬁe fded aﬁﬁ)%nﬁe(%hcfeﬂ&'ﬁtﬂm"sﬂﬁtat least

hi gher anounts of et hyl ene 25 may be fed to the

partlyesappmsedbyéeaﬂ@lg ﬁi@nelatgél@‘yqobbwumemtf C;p Iﬂp@feéhfmewnt

vy, PSR e R o RS B i 4 B R i reaction

zondrmmﬂn@an bﬂhatnb&i ﬂd@M@n Fof 8kdnhs16, i qmﬁom@atio%f efafhe and
exanp | ess % Thus, the anmount of carbon

ethy"%‘ﬁ@(?‘éf‘élc iapidtand efh}’ﬂ@le, ibherderen feunddhag Igghqr,ap@upiﬁ of ethylene
may%'fg@{d réa%?ﬁ% g@eﬁ%? &Hg 9§v1 e significantly
e danmoun

O nonoxide in the

f Eﬁerhblyl the agvouatadfi carbon &h&ﬁiob(m i@ d{befeedtarrbﬁﬁtatﬁeﬂ @udidihat the
in.the first - product stream may be sep arat ed fromthe
selegfivirie cahan mona%ids i thegxidatien ﬁ%ﬁ‘éﬂ@h%%ned% lqwp dor gxapmpfe, less

thanPI9@ I ﬁ% A n@g ca{rﬁcﬁyl‘gl)x?&ldg fn}ﬁ@ Fifdp b}’oduﬁtrﬁreﬁﬁr&ﬁﬂlg the

nonoxi e oxl
oxidation reaction zone w111 not be significantly higher than the amount of carbon

monoxide in the feed to the oxidation reaction zone. Carbon monoxide in the first
product stream may be separated from the alkene and carboxylic acid components of the

first product stream and recycled. Preferably, the carbon monoxide fed to the oxidation
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WD 2004/ 108649 PCT/ GB2004/ 002069 reaction zone
conprises at |east a portion of said recycled carbon
wowanosse? Mdre preferably essentially all, sSPCHYGB2004/002069
90% or nore, nore preferably, 95% or nore, of the
carbon nonoxide in the first product stream may be
reactien yodessbmprisps atdbdsy a partivimif baid iesyoled @hrboa mmxmn QXdrge

W H be f.orne t he oxidation reaction zone and ty
prefgfablycesipatialiva Sug% s 9% A9 0TS, BPOTE pEferablyn 93 jer more, of the
carbBH Eﬁcfn'oﬁﬂe'n‘i’ ﬁlesﬁléﬂﬁ’%dlﬁﬁ i Qn Rﬁé @e H’é{{}%ﬁeds it%gh%iat gmall_

hough in theory it is poss ope
amoneit ofccarbmnnmuia wjxél tmﬁ)ducd llncthae OJ(Iﬂeincm sedtiontzous tyd ay be

n nono e OXId reac zone, in
balaB?eélc qr @éalgp osseﬁdp gg iiges gad/ay F}{, a Bgrge stream.
Altho8 i tBEork/ Gt D pBYHIE tdbpdrale Wi’ttho e @&ia@n hfbﬁbxﬂ@}ﬁr&ﬁctwn

present as inpurities in any of the feeds. This

(Zer®ﬁ@¢CéWitf§ do earbpd MoROKIIR) méheamdﬁton(re@pmonmbm, tprpreQtice a small

purgr% e ac%}}l bt ]Ik]e 2‘%%2&“ set%t V? ﬁteo%l;%iggq ﬁ?ﬁé‘hg& %ﬁth?Y Bresent

as nﬁplﬁ*hleaﬁl Iu@fmﬁhafdéﬁsi TM& pref@RaY @tbditmahoxtidd smount (equilibrium
equi |.i brium anmpunt the process of the present

amopph) ail Fepeniea thgerifio qmaﬁaa veastiamdhe prialystangdle tsaction

condRBETL A A AR SPGB0 TR o P Vs
of thegpestall invendionhes étei fnghamﬂemﬂageuha iesapbe apadtediviithoatigly

15 Fresh carbon no may al so be fed.to the
SPCCHIH %ﬁlf‘?ndﬁo?‘@%g? segipvaltieps ( P‘-fg‘Ff t a?ﬁbp‘éfgewhﬁ ebyjredycing the -
capifd€id @&lrﬁlﬂg%xg%lﬁ‘ﬁ@asts atf Wf‘tﬁtsh ste@ction zone such

that the carbon nonoxide in the feed is consuned to
f Bresh wb@omomxiﬂlé tmyalsoderfed ® the eaidetioﬁ reactioncambofor

onanf IR it § ABRRPAC Dhstalei oI e on Zoat ihdbasdie 20

carb¥¥ioBo%108 itk dadd i9 BokBARH kO FordORR dnSdifaRL aof raf\greater than
I ntegrated process, such as that for the production

carbe menRkidg Is pradusssyfireshdCO nhag bededtorthaonidrtiotercheiion zont e
eacti on zone may conprise carbon nonoxide
addl&é%%c%gpﬁ??gm ot her stages of the integrated process,

SWChbre&Ee okidatiGxRaE i, zohd SRRt SRMGHeSRtddqaYEdsE Guctpdd @At for
fromthe second product streamexiting

the W?(gaélglalleoglk%réﬂ garbaxylpiepthe garben mand@ fodtoghe @xigetion of
react?dr}%?l)é H&%ﬁék @er%ongﬁ %ﬁ% t.'recgr ed O%Tc’gtthg a{t?éeg oé ght i on

nDnOX| intro eed
1ntegra‘te@ pnoeeﬂshmcﬁas | fo elx amplel whrboh nt@toRale revyRwd, alfter sBpdriieon,
t al ed.. Alternatively, the carbon nonoxi de anmount

ffomut e W@n BEUEIS oA eitmeAFe thersesend tsactingrreng fordhanr t - up
prodﬂ@dbndf%léehﬁiéagb@&ldt wer than the amount it is desired

to mai ntal buil d-up-to the 30 anmount it i-s
dos sﬂaﬁdlpv; tresta¢anbai monasmdehmay be mttmﬁucmpah@feeﬁ td the reaction
.caj %n monoxi d ; d in he roc

to give the desired amount or carbon m0n0x1 e in the tota feed Alternatively, the
carbon monoxide amount in the feed to the oxidation reaction zone on start-up may
initially be lower than the amount it is desired to maintain, but will build-up to the
amount it is desired to maintain in the feed by recycle of the carbon monoxide formed in
the process.

Preferably the amount of carbon monoxide in the feed (as fresh and/or recycle
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Preferably the anmobunt of carbon nonoxide in the feed
(as fresh and/or recycle 5 WD 2004/108649
wEOAEBRe04/ 002069 conponent) i s maintai ned aPCHGB2004/002069
anount above 2.5% by vol une of the total feed, such as
above 5% by volunme of the total feed, for exan‘pl e
conqimmﬁ) B maihfirted aRfn mabdhtabowdhs% oy volah§of thel&tall&b%sﬁf:h as
total fee t he a unt. of carbon

abolg SR HE DhiberaaLEr b0 peTISHRaTE YDLeye PA va1%% or sbove S

vol%ARNRBL bf i thRl k@l ned at an anmount bel ow 15% by
volunme of the total feed such as in the range above 5

v Srefenablylibe emous of shtopinanosidedn te feab@s fesh ami(an‘pbwle

| % t.0, 10 vol ota
confid@A) B Bl % REentGinfBloni G b5 VBlom e liiee ik o
in the 1RAECHVE S voldat BERAND AR ifSedafir@xAfipR, above 5
vol‘P ocess for the Er oducti on of acetic acid from

ttﬁ90<¥ﬁ]e/°0f’¥b@ft@ﬁﬁ feg- t he process for the oxidati olnkof
oxy?%o‘é@ﬁ%f&e%&?d%gfof Ibéz IE é%q é’l&‘ffg& ?&?eg;a

acrd rs a process

corretﬂmyjﬂmg&aﬂfmdyhﬁ@c&d isca moteds forane pﬁoﬁﬂd&tﬁm d:ﬂ’aeétﬁf £l From
thylene is fed to the reaction zone w th ethane.
ethydgsie; g catal ysts active for the oxidation of the C2 to

CHATSS SR B 4818 A e 1 oA P

corregpmotingalliese apd cdrboxydit abigdtien tpgmamﬁos tly: pmddmtxeﬂ of éthylene and

t t d t ts ntheflwd
acefcy 24 %@?ﬂiﬂﬂ%ﬁ ’f’f@%ﬁ%ﬁ%ﬁ@v Gl 1%5@14 tg/th f‘owa%ﬂq@aw@e Fithathasse
ard1i@ a4thIo¥ b &veol gne'@&'da’a%ﬁ’ U?fh'e%% 8y, aﬁééh% prdfg%alkene may be

catal ysts known in the art or exanp
usedii thefarmrofof fixestdrdhidised betlh g?tee”aebbmmemaianon agzictiomis

pertf RSSO dhouy 5BISTE bty 30003 b P Guid wipse
99hh ?&&9&0&5@ forthe oXiBARMCA allAE: Wélﬁ&féoand%b%ﬁg?@@&%d 1LY,
US 5300684, the contents of which are hereb

commﬁw&uae@@ caiplyststkapwnde thesd, i5eB7@Ple; Birdlvaasidation of

cosf RESEEROInd 1oL 10 LETBELSUES e misoRy pacharon bk

: 196%&42{%99/&059@4[013 mvbmc/@@%ﬁmso WO 99181 3BONEP-A-0

defined. the el enents r{?%gr esent in combi nation

104%9%%93&980538&3@@@?@@ 310684, the perens of whish are

hereggﬁﬁogﬁtr%tg?ggg%eﬁgégduct| on of ethylene and/or acetic

tron et hane and/or ethylene in the
pUtSs%ﬁﬁ’éSbfelﬂcm ol pﬂ@desﬁfa)r tledbwl tydberatumPoxileAgdrogenation of

num rhenl nd, tungsten. DE 19620542 rel ates
B A o Ep A By aer

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
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
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30 catalysts for the production of acetic acid from
et hane and/ or ethyl ene. WO 99/20592 relates to a
woreaohaaBead sel ectively produci ng acetic aci d fPOMGB2004/002069
et hane, ethylene or m xtures thereof and oxygen at
hi gh tenperature in the presence of a 6 WO
cataBROAAIASHE Joliala GELDAN VD 2B6Rin Xatmbymts diR\rReverilerf Cr, Mn,
formul a MoaPdbXcYd wherein X represents one or several

Nb,d, & V. Vs and ;Y represents ope ofgevgrd ofP, #lr@pdedents Ghdi,
r ) ; ) I ) i
Ce, o REVE' Gl A K R B RocEh ME g, 3B, F bR
Pb, B, SiNin, TZand K andNi=1, B=0.060, toS)1, 8= 0.8io 1 Tnd dAd).0D%iadl.
a=1l, b=0.0001 to 0. 4 to 1 and d = Q. 005 to 1.
S P RaR AL BRI 496 9 EHER ) sd8iE Bllr Fdlittes
corr%»%siﬁoﬁ' iWhRh aGAL BLYS e > 6 PRSI o@D PrBfeydblE R 21,F= 0081 to
, c>0and d =0 to 2. Preferably,"a =71, b = 0.0001
0.5,c- 0.0t®} O=0dd ¥0tal0.and d = Oto 1.0. WD 98/ 47850

BT Ee e R S roneth AR R BRS b 125 Bpaf) Brviene
or nk1RMd¥GhdrbEf ndraaak-ay08XANE A fHRnh VX, X Z ERNVASER KSreprkfonts

one or several of Pd, Pt,; Ag and Au, Y represents one
one oF seyerpé pPRP .M, X apgh AuCy repgsenfseonedy segial afll, Nin CriMn, Fe,

sn, b, ¢ %4 B, NGBy RZREL Sl Eer Ui G oo G Be
Mg R, SEBa, S, Y Rba, Tif Zr, Bif, B, O30, RA, Ir, B, ABGa, g T1,/31, GE,Pb, P,
As andTe, a=1, b>0, c>Canddi s(x 02. WD 99/51339 relates to
As?dldcTa?ta arysp %@rﬁp%giapflé‘ﬁspg?z-t he sel ective oxidation of
1%\7@9@% 83 @RGA0S tofd (QXAI?S’@ %o&ﬁ%s‘?ﬁ:(ﬁ{ for tl?e%e?eg%é Sﬁdation %f
conposition conprises 1n cofbl nation w 0Xygen the
ethank and’ot ch}NoadNo/petic aoié WhidheroaiposiXon sompeseslia cembmatibn with

o e R G TS A EELE T F cn
or nidre eleflnts SelectBl ﬁoﬁ?the%?oug@%nsiﬁhg'\l_ r, Ve, TRUTI, 85 A1KGa, In, Pt,
Ro, Cs, My, Ca, Sr, Ba, Zr, H, N, P, 'Pb, Sb S

Zn, 64, BITCe, Op, R, Gnowpde, By, 05, Kg Rbd(s,Marda, Sty BurZesHANG, P,
Pb, gge&,géna} rfd,alfg,glgé é&%%%s %(Qoi c,g ,Sc a%g f gclapiens%g\{ tixe %Jgrg %ogx? %atigégf the
elen@itBich 8380 Or<fi<2) <BR Aad@43064 1 8lafesdf £0a; 0at &k ¥shnd

conposition for the oxidation of éthahe to efhylene
0<A8@ or acetic acid and/or for the oxidation of

BB ArBT MBS A SO meIEn deRe S Bl SLTLRRE (05
cu AP RSl e AT gl A
comphsitien conypriws dmeorobinatiurewith exypen shesebments chdlytaienting
Van%{il?rlrjl,%ﬁgﬁ%gll’ ashtg: g’%%%:g{ t.hé%s’e%:'\f/e’h of) H-I;ﬂa%-é-llfn ac%brd'iofll g to%é erlnlr)]frical
forhmla : Mo, WpAu.ValNb. Yt wherein Y is one or more elements selected from the
group consisting of : Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu,
Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T, 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<¢<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.X4 wherein X is at least one promoter element selected from
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Ag, Fe, Ru, Gs, K, Rb, GCs, My, Ca, Sr, Ba, Zr, Hf, N,
P, Po, Sb, Si, Sn, TI, U Re, Te and La; a, b, c, d,

we 2@adode4y epr esent the gram atom rati os of t heP@l/GBeN 902069
such that : 30 O<a<_1; 0<_b<l anda+b=1; 10-5 <
c<__0.02; 0 < d<_2; O<e<1 and0<f<2 WO

the S@hp SQ&iBtmgloéiPeB Hcﬁ, Be analtAs; ydta ﬁmnbérhen@ﬁg ﬁ@tn atwut 1 to

ation. of ethane to acet cid
abofh B e AR e e b SR aBap P S A S & mumber
rangﬁ@é ﬁgﬁleg;egt&qmgo‘{pa%%hm%w PCT/ GBZOO4/ 002069 the
roup consisting of P, B, H, Te and As; a is a nunber

309682 mmt@ﬂof@ahe usetaf oxigetien Gatalystiveith empirical farmuleivdr

VPan NECE whrd YTbAR 8oty dHiod, PuPRR e, R Wil 010rd, T g 1t

Mn 3&0&13&% sk Rt €8, A9 Aé’]ﬁld%le adk 08%baab i0m 1 Al ]I syBdficekHe
irical formul a of VPaMbOx where Mis one or -nore

va eaﬁe@ﬁulr@uentﬂe Fe, N|, No, &, W U Ta, Ti, Zr, Hf,

NFJS 51_3)(006§grf1 Lk 10 3Hui be(% S;glcslaﬁx’erc:MO %912 r &g Q-5 to

d°x S8 enc regui renents.
Moou&é@;-}m{j&aboroﬁmbﬁoszﬁ)xa fluid bed oxidation reaction

usi_ng for _exa o 37Re0. 25
vg’ ffg g? ﬁﬁo@@r gy inthepressyit t%n@%&rﬁdis@qr@ﬁd in

S A ASE BRESOUIERL ) by

oxygeatia Iﬂ;asnekatlmb gtame htementiss ofModrdiNbaEs whereuX 1P, B))Hfg’édﬂ ot As;
t tom ati.o aVbNbcXd where X =

Us %&%%5& w?lc Felafis Tt uspjet T G e S

oxygb‘ﬁQn & Chtiat éﬁﬁﬁ athd 131164 SMMABIVE NUIP &0 RO 0284 %kﬁ%l regites

. xygen in thé relative gramatomratios of Ma
to the WW@W@MWWM@M&D&@I@&M withheygseinahe cdttisleyestm

ol LS PRI, B s B e o e

of czi‘t@l@éfb k&@l@@nentéﬁ QRbH{ZRi6n WHtHCdk el RS rél%&éﬁaﬂsﬁom dtios

catalysts wth elenents in conbination with oxygen in .
of Moa¥shidelaut; i W Q¥ @08 tveneh rgtatasgo thﬁuswéwwwmth elenents in

R R et RUC O

X = guamnCatandre mad i oan 66 zdvb a Wil 002d s Widheo/29 2% which late to

nd e.and f can be zero ; WO 00/29106 and WO

or
the %BP?%%@SW@WI%@&% w qombingtign vy gpygemimuthp selativg gram atom

VRPN A L SRYRCR 0, 1 Sl

00/3883?8 whieh rébetes #Enthe 8¢ of catabystdWwah died¥ntsGH 388 Fidtind indih
Q0 the use of .cat th el enments_in

A RSP SUA VAR RN TP S e CUJ I

or Sir ﬁie' cofteRts YRAYRLAE B@ﬂtb‘?%ﬁ)@@?ﬁé@b referendd., G, Ge, 25

Si, the contents of” whi er eby I ncor por at ed
@olr@a@qlm@twe for the oxidation of the C, to C4 alkane and/or alkene 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.

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

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

The molecular oxygen-containing gas used in the oxidation reaction zone may be
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Solid catalysts active for the oxidation of the C2 to
4 al kane and/ or al kene may be supported or

waraypassie ed. Exanpl es of suitable supports i neCTIA82004/002069
silica, diatomaceous earth, nontnorillonite, alum na,
silica alum na, zirconia, titania, silicon carbide,

air ar@tgaw aicke o¢ potwen irandleoilt oxy@sn thar@ofA sdfibkagdh nefy Bd)eor

ane, lec | ar ox cont aj ni ng al kene and
exa%{ée?xxgﬁg% tifed ity il dilRpRs ton éX%sui?lu Aitrogsn o8 sabp fioxide.
P %&B &t thbl n
A0S, e SO SO ACSIERUSRS RERRAoly Fet s o
the meh:cnlabwcmmomymtgeg& 1420 0ty @BBiHA reaction zone mdependently

2004 or poorer in
fro & %lﬁg%efg% mﬁpas et %rtbeg? Pray be, Ifor

eX‘ﬁH@Ik@ne dyGalkedt ifed Beb ik bRidatisN asidzdiiel o %ktproé&§ of the .
exanpl e nitrogen or carbon dioxide. Preferably, th

presgg) isveptign H@%ﬁgéﬁbﬁma&muwgor?a@ hesadmyigred for $xanfpde, asbﬂwne
L A e e

amohﬁtsmnf(]a,@4alléeﬁétféalﬁm¢s,optl onal al kene feeds, and any
cle sﬁlr eans. The al kane and/or al kene fed into the
oJ%’f ﬁ‘?lasnt £ Eteliamenns ghimer Ampyalissy Bich g8 msthangenitrogen, carbon
. l. r
oA RR o B! SR RSO KUY P Sl o188 R
and nmtmpmﬁ:,ratdnnbdn: nzlngxxd) the2.5 wal?b sunchnazionsi2ied vd‘l%:ir ogen,

P? ng n? ‘ﬂ /C4 al kenes/ al kanes.
l‘éff% Ws qt émt r&ﬁﬁ{){ﬁtlmapntl?ﬁewtcm mnappégd othgk h
hydrde %
e ﬂé“*&%%%%g P ARan R Al (Y2 R vol% and
more prefrralglytio Iy moged tahaolibre preferably, in the range 0
t 2]?5 ol%sucg O.,to 2 14 vol% Preferabl t he
¢ Bieh Sarhen mbRoside. ARl By B EasPtially PuERimAY ot dgurities
suchai’ @afoh @ioxidyy Hy@6aEh) @RfogeR) rrﬁ)%?é“éaséé"aﬂdh@atell kene and/ or
al kane feed is in the range O to 10 vol % and 15 nore
pPeifabhatheconpentratien phpllancyas Gogh f¢g<|i 86d rRcpdh compbigamt) is

o/ | ] ’ .
from B0 46196 oo or BRYRICEE TEMARE tneuido B ibgion,
reactidrt icﬁ@ﬁpr,efel’aﬂbj' €ogaBER SNdoMa} Bbre p‘f@feﬁa@w Fom! 4t 80 mol %.
(as fresh feed and r ecycl e

concentration of al kane
c%‘ﬁf?gh’e Hie)congentiatighpbalkenedes fresh Hd ard wesyele compenat) is

-+ front Pl 1{18%’111&19&%"@# A8 ¢ t?l%{c{ ?r?c’hicggg k@gﬁ&é‘gﬁ? Fhﬁ; 09(}%?1 n

reacti on zone era rom
reacimneiomeqhhﬁerafbﬂpﬂbﬁﬂl tofB(Blﬁoh%l mWre r8f¢t fiym 2 8£20 mol %.

concentration of al kene (as fres and recycl e
COH#BIe Hie)copeentinfighp Sontisnaigmarer (%/Jneﬁtfeaé ANG IS Ciehe

compdtedt) i ﬁ@ﬂ 0 to™®! IH@I' RA9ndl ecé)iecﬁe E%ie ﬁﬁ% fe%gcles, to the

reaction zone, prefera from 0 re
oxidghicaf reaciiohyzofie, qnmférabb/ ﬂ@n@ﬂb 2%mol %, more preferably from 2 to 15
mol %.

A preferred feed to the oxidation reaction zone for the oxidation of ethane and
ethylene to acetic acid and ethylene comprises (in mol %) 40-80% ethane, 2-20%
ethylene, 2-15% water, 5-15% carbon monoxide and 5-20% oxygen, with a balance of
inert gases, such as argon, carbon dioxide and/or nitrogen. The oxygen is preferably

added directly in to the fluidized bed.
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Sui tably, the concentration of optional water, (as

fresh feed and recycle 25 conponent) is fromO to 50
woredo4eseme| usi ve of the total feed, including PEDGBR@I/002069

to the oxidation reaction zone, preferably fromO to

25 nol % nore preferably from2 to 15 nol % A

prwhen sodid chadyebts ave bl inxthelatidaionrresntivh abng akenef 2/ drhtkene,

xidation of efhane an et hyl.ene to aceti¢.acid and
mofBE T R R PGB PR AT TS5y 1A 6L 5B bR DL Bl ihaepet
the 8kiitti G0 RactéomldHe WAL residerce WntAE RREp ARSIt e AMIne %a%%

oxygen, with a bal ance of i nert gases, such as arg
houglyrspane wlasity deTnd/cd 506i10,080km ; tiEH@HS X yhgag defined as volume

(ol s88 T B BBt st do! e BB By
setthdeataggel i n the oxidation reaction zone al kane and/ or

al kene, nol ecul ar-oxygen contai ning gas and any ‘
1 ddyperidaon pacter obthe pesaniyveptien awysHitgly ke camtied out ata

terBE AR L araRE At ORIl WA TR SR alB o 216

prefefdiBV2500b 3300¢.10, 000hf 1; the GHSV bei ng defined as
volume 5 (calculated at STP) of gas passi n% t hr ough
t Hdeogidation reactioryeithp proserd ipyeniion glay waitdfly be earried gut at
. ' ' ' . 1 r esent
stmSEBHY SLsmoCiimBSIHR bARAILEEE Oy i IE pAGETRM 30 0 400
psig.enperature i'n the range from 100 to 400C, typically
in the range 200 to-380C preferably 250 to 350C. 10
THaPsaIn kAR cPRYRHPRTAdke PhEe bieLhimayrRecashicyad e

oxidHioh ?Qeﬁor@@{ﬁx@ _‘b‘iés@ﬁjt ivntidh, atnospheric or

super at nospheric pressure, for exanple in the range

f rlymic8ly,toayg@Ocorpsisgns Ty thiecaige\30 tallR6Femape suhidved $n the

.the range 1.t0 99% ma b?. achieved in the oxidation
Ox“iaé‘é?&r?aﬁﬁorb?f é’r??F%té%%et“ Phvention. 15 Typically,

O ERMHXERAYE rSHcAHS of fhe ?P&eﬁt@ﬂ%ﬁﬁ@, the ca]tgﬁ%’ FRYb1Y Bas a
achieved in the oxidation reaction of the presént

produetigity inghe rangetlfdo dQ0Ubgraman of earboxiydic aotd, s gsmestamdcid, per

invention he ,catal yst suitably has a productivity
houerert rﬁgg{ﬁgh(ét;ca‘f%y&o 10000 grans of carboxylic acid,

S UGB figst pasict Sreafi Flom RRY oxididh ﬁi’@c!eséqnla? 86 #4 difectly to a -
catalyst. 20 The first product streamfromthe

dovgsirept Piogess: b osefershly ibdedftod doiwnstredny pragess indiseatiytafienone
or Y E6E3rioRMaeBL SLAT ARl o Bilob R o SUIR, LERAGESS
reaction. Hence, in the second aspect of the present invention, at least a portion of the
alkene andA at least a portion of the carboxylic acid obtained from the oxidation reaction
zone are contacted with mqleculaf oxygen-containing gas to produce alkenyl
carboxylate, such as vinyl acetate. In the third aspect of the present invention, at least a
portion of the alkene and at least a portion of the carboxylic acid obtained from the
oxidation reacti(!)n zone are contacted with a suitable catalyst to produce alkyl
carboxylate, such as ethjl acetate. Preferably, alkane is oxidized in the presence of a
suitable oxidation catalyst in the first oxidation reaction 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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or nore separation stages, such as renoval of carbon
nonoxi de by separation or reaction. Hence, in the
w@emeneeaspect of the present invention, at | eBSI/GB2004/002069
portion of the alkene and at |east a portion of the
carboxylic acid obtained fromthe oxidation reaction
addebtozlonenarved Cont)ahd bt piddoctrstesn uk asquirky gegive tiv disitedeed

as to produce al kenyl carpoxylate, such as vinyl
o ol BRGNS HER anel St sl ior Ry Bl on.

addfonhiRafoxlic RAA aYbefddbd) & BAkERR cARM zﬁltd/clr%ﬁge{nﬁ Znay be

portion of the carboxylic acid obtained from
recqygreddtane therfirsiqurpdiet siwern pries todime secomtirengtidn zonsui t abl e

o b atBhiodsd sREREHRG b8 5 AMERLORIR RS Bip RO Fork thekccona

readpipgsemce of a 30 suitable oxidation catalyst in the

first. oxjdatiaon reaction zone to produce an .
Aealking intraducgd injo gre sapqpdireacsion zews fos sy produntion of

gion
alkegl?k#ﬁ%ﬁag% gx(ﬂﬁléfl%gﬁo%ﬁg@[g mQ}L ﬁ%%stanﬁﬂ[yﬁ@ﬁé log }rn%y%re admixed,

e reacti on. wever a

- for earnipbes withconeeir tharayf bigrogdi) aWion20@thald) 86v9n dioxide, carbon

PCT/ GB2004/ 002069 added or_renmpved from the
mo‘ﬂ"}‘{ﬁcﬁﬁﬂ?%%ﬁﬁ‘c ndloMRouLs ldenls dkenes/allages. t he desired

f « i . [%e) .

AR, BIRORONTRoRl R et R Bl i enraions
of alkanbaxftd © the satondyeabtomemhednd dow candenteytions odalkdne are fed to

oo G SR e o P Bl ol £
alkeB6l S th AMAdxi@dtioRREacIBY 7BRe Al RPtheRbdBRE e@ﬁ‘ﬂgﬂ%r d'r%g%ﬁ%(ﬁﬂate

al kene fromthe second reaction zone. "Addition
equigtdtasmeixtune phallienschnidrratboxfiléc sud tmie prediedero fligio nencentrations

of afy e BT Rpioe B HEM it REG R e SePnadiaabin zone
max@eliFe Xechelectivity f¥AKGIyE carBbtylate BRodatt SR 8s PlhyDadetRgen,

argon, net hane, carbon dioxide, carbon 10 nonoxi de, _
hiPasiEndbh thegsoacensutiansi atkene sudiarscthylgneefed$p shdeenens reaction

zonébi‘ﬁvtﬂ@&:%gﬁ@ @%éthof'é%enﬁlgg?&o%(\ig Qtdlei?s? §§ ?I{ql Q/(f) of %E\g }@t&f%%@ foothe

I nvention, centrati ons al kene
seconti ecasticonsher prbiratiy, atdeust Slol%6ymorpeabiabit Ataest 66 mol%.
Suﬁ%gke e are fed to _the_ oxidation reaction zone.

L
RBREPUENEHION QT alene fratp to¢Srerids ofthe txtal feediodiie gicond
reacBbk S8R, fn%?erﬁlﬂ#gp b PRk 1013t 56 ﬁﬁﬁ%%@ 8% o2 Fllléﬁv\és.ta feSst 55

requi red equi ar or - approxi nat e qui mdlar mxture
mol Yfto &0 led¥. and car boxylic acid to be produced. High

concentrations . of . gl kene reater .than 50 nol % of the

t O KA GESRLNY-AB P %ﬂa ﬁépe%%%ga PR UTERUR ARIMAX | mi ze
condefiRatflk BE hlkihd e Q1 R thEEBEbnE ALY AL Gnd IAY H@ceﬁ?ﬂﬁtm@%f

vinyl acetate. Desirably, the concentration of alkene,
alkereiarh fedstodhhgxidation feectiononbieLewconekntretimtsi(tess thaa26 mol% of

f..the inv i [ I I
totalgr/?%q) %? % .Qgeofegﬁg ! e(guq%mfel ﬁcLea% i tzén%nalllo%v' tgg req%?rsézi eglg)imo ar 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
selectivity to alkyl carboxylate product, such as ethyl acetate.
Desirably, the concentration of alkene, 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

11
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20 second reaction zone, preferably, at |east 55 nol %
nore preferably at |least 60 nol% Suitably, the
wa@oeogangenat i on of al kene is up to 85 nol % of tPET/GBRE@H/002069
feed to the second reaction zone, preferably, in the
range at |east 50 nol % to 80 nol % such as at |east 55

least83 o126, rﬁ&e@éf%abl‘}chtmmdl%y in the third aspect
of the present invention os 25 concentrati ons of

aCRf@WétSzkpewpé@ thegprt fog theduedngtipn aé tlikeny! sahexgates ppy be used
in ths %Qc%?ﬁta%@etck S e foce?sl A‘ﬁﬂce fakdnt frfvgm?(fh t’ﬂﬁ.ls O&tﬂ%'agﬁ% or the
es nmo 0

OW COI’]CGI’] rati ons t han

. prodattior @ﬁ\ahylfaeetﬂ’be vdilclahiagzlbe ubelintazetdel m:mtnbatzona of the present

I 1 i nol
i B2 RS e P AR Ao RTRE Gnd 3595885 ¢
5,18%3'@ ah@EPEA DGosAGHe CREAEBE whitR AFEE SR ho oﬁfrecﬂwwm

be fed to the second reaction zone'to Ximzé the
refer:&ﬁcesel ectivity to al kyl car boxyl ate product, such as

De trat f alk
e R e B
reacfibn bLARYleRd) abB]c a&cpefndtd&%gé@‘t@ caft chigsidtihg sQaaaly of:
reaction zone, preferably, at 2004/ 108649

M) mwlmmmr@gzm paréels tilaastqmtf @prrh%tcw piefied appig vgtume of
o 123 LS g R AL SR Pt Ny s Bl s

pH 566 GkoIsMERY 2 péllaﬁﬁﬁn@bm@mw dﬁmﬁdﬂ@i ipresefite layyestthon.
Thus, cat al yst active for th producti on of vinyl

V catab/é@quap@tvtm i %W@@%@@hﬂg Wssath%Qéﬁerfé(HEtth“oﬂlf@éﬁ af be

sorkie 8 ARG, PRIy Lo § R 5 grm
per litielofidataly B Gind 4hs3gdld 6emgmrﬁamtsn ah amitbimtfbf&'mm bértemQS grams
I, ncor por at ed béﬁr ef ere i.bes

per litgg off GpiAlysh A\ frggn Sttﬁéapﬁraégm{t 1@?&6& iShi 5%%@5
acet%’cﬁeblg% 1@f5‘33"t$8t ARk a&hBY rﬁls}@%na@@@éawy@%b@v@ﬁ(ag t&;ﬁfe&mm

catfal’'yst consisting essentially of
of vingt adetast fremmﬂwletnehamtm gcid apdat iozygendioataptieg gar, tHe atmlgst

7 f o f 0.2 1. /
consigiopsi R et Bt SiwSrant 8 manetld Sl Nt ane
to aﬁb%‘(? RA¢m @nd B Pofe RIRe Bf 0.2 t(91 8, m}(;?e)f g, é(h ?ﬁlaﬁfﬁnﬂ ghdlgold

. distributed in a surface 1ayer of catal yst
dlsﬂmm:o;iv)mtthe outerrwt 1 8cemithigk layex o&thd catglystespport anlmles, angh (3)

s 5 3SR B 1 D

. palldf@iTveidht BRio 1h|s§16Q:aﬁﬁyS€%tlﬁ|tBé&ﬁn% Gté hgsgol d bei ng

present in an anmount of fromoO 25 grans

| EPrPe06?24éétd@sef§>ps p@llﬂ@llq@yorftm@mg@ataéywr@lrtbw& pf?@aratlon for
g8 e BN 2 Shel | [ mpregnat ed- cat al yst

aChialyetsfkabwhhie thepirofdu éid ppoduction of alkyl carboxylates may be used in
the third aspect of the process of the present invention. Catalysts active for the
f)roduction of ali(yl carboxylates which may be used in the second reaction zone may
comprise, for e){ample; catalysts as described in EP-A-0926126, the contents of which
are hereby incorporated by reference.

EP-A-0926126 describes a process for the prodﬁction of esters by reacting, in a

plurality of reactors set up in series, ethylene, propylene or mixtures thereof with a

12
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of vinyl acetate fromethylene, acetic acid and an
oxygen contai ning gas, the catalyst consisting
weswentsead | y of . (1) a catal yst support havi ngPEI/GB2004/002069
particle dianmeter fromabout 3 20 to about 7 mm and a
pore volunme of 0.2 to 1.5 nm per gram (2) palladium
satueatet] aiphdtic Gi-€) mdmoteacbaxplit Beid dvthe ppashcelofQ Heeropodigicid
{;é\ger of the catal yst support particles, and (3 from
catalyisbut 3.5 to about 9.5% by wei ght of potassi um acet at e
CaTor D B clchor RER BB, i 3R by ikl
carbdsyletej heh ap athiyhakietate, do thesecondgeadivalzgset & cantediduei r
reparati o or 5 fluid bed vipyl acetate processes.
notefEREG B b Tereneing prory i B st HRIEL | o of au kyi
CThO YEchlae Sx I -deRtaUERE cddused HEthE Bedodd 28RA6A z8e foPfhe
rocess of the present i1nvention. Catalysts active for
produgion of kil Fashowflate meay commummt@tmi%cuhr mEyeebe

! ¥ - : ¢
contifk 3 8RS0 FAEEL D £ 908 PPl SRS e Rhen
conteimiigegiss of which 30 are hereby incorporated by

r ef egfg{]ce. EP- A- 0926126 descr.ibes a process for the
pi BeieddiiN Bolesculap pxygop-coptasing gas, 1fjugedy may| e air o1 a/ga5f

. . i i et . r
richds T P Bie? nPRbleCpk G hEh 158 (Y BB (B! 8o oxygen-
contkifin (AR G/ RO RD @Ramplaf anygee dilatbd plithta stitéhle Gfluent, for example

.. _mono-carboxylic. .acid in,_t presence of a ‘
nitr g G SR ity BSfor R aicigona) R losmlaasyEesn of

| . y y - | ..
con S QRO R ARG f ool M ARl R Rl fbblnining
gas isdetindependenily toshesecondbactinn Zonh étoer thg atkene shd cavbdtylic acid
{?BF reactants being present in the gas phase. The
reaciwBibecul ar oxygen-contai ni ng gas used in the second

I RAGE Rl &PER of Be réient RYQHR A By @eRANY be added in the -
car boxyl ate may conprise unreacted riol'ecul ar oxygen-

secopd rragtion ryedasthe perductien ofdlkidcadaxyletec When presant, dredwater is

B AR B G20 B o SRR RS Ry

totalifesd taehasscond redctii@szontl cher or poorer in nol ecul ar
oxygen than air. A suitable additional nolecular

okygrditiengheasboryiig agiddedin the second reasiempone, fooshpgaeduction
oS0 RS LS ot
Prefe;dbil?fi zitd%?t a poitien bf the caryogglic add irit@idatdddinda shd seco)@adtion
referably,

at. | east so of the nol ecul ar

ZoneORERET SRRV HE At 1?50@155 frgmftéa OXidefiTeieaRiAt 4PNEo t he

Z’gl?é;ﬂ&hraﬁa ¢Ldyent ARARRYEE 204 WA§ vRlikESt R cA s HeR¥ M Eaction
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 catboxylate 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 df the carboxylic acid fed to the second reaction zone may be liquid.
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reactants. In the third aspect of the present
i nvention water may optionally be added in the second
w0 e@etiossm zone for the production of al kyl carbOKRGBai08/002069
When present, the water is suitably present in the
formof steamand in an anount in the range 1-10 nol %
Whei selitkbcatatysts ok ased ieethie seoondeeastemormhe fenbe porugiioreof alkanyl

e R R
reacthrity, Ian9 2dYERe\stradnfs ARYmERBMAI @@gﬁﬁ@@ﬂaﬁ%gj%a%@% ﬁ&referably
recgwe acid. Preferably, at least a portion of

pasgegrtbrough the sgeondl repntion dosedf 4 gonttinedgas deudy dpace aeloptm

Iﬁ?% 0 -car boxylic acid produced fromthe
«}OX|dat|gﬂ'#§§@{ion zone. 25 The fresh and recycle

C drhlea¥aondgestivn zomyfob thel prodirtiug eflalketyd chivex plawansy suitably
reacti on zone either as separate feed streans or as a

be operpidat pdegpereiieain thorper Siopyl WoerR0Ptesh and recycl e
aG[lhg seco%ﬁ réa%f’3§ |zgn tﬁgﬂx@%ﬁ% 0{1 RP %licgrgyéltcg@hgy atse%ﬁgy sduitably

reactron zone

be apafdamatlaqir&s@fe 1ﬂ|tli€ytb.ngba$’m>6f)b®%% may conprise at | east
1g'grtlon of the acid 30 obtained from downstream
pr

§8%08d reactipn ganerfopetredustipn phelkenyl sarbgrylatganasuitably
be qeated a{s%[i‘t]hell[ J]ﬁxéde&gﬂﬂl gf ?@Hﬁprﬁ&é sgam At |east part of

he carboxyl i c aci second reaction zone
nﬂarﬂmxyhc qcud (donveis’ioﬂ&ﬁn Mg@s 6180 @dyB2420 46k 60 20O second

en so sts e in the second reaction
reacf’&ﬁgo?% rqﬁ‘ep lﬁétofgﬁfe’@f caio0gEte: carboxyl ate, the
@ aqs@gal carh;ers&% b sl rhifeea ) 108YmaArdk %dh@aeh iR SR

: xylic acid reactants, any recycle streans an
Iemmmheomiﬁrﬂnnyg@mm@nnfwkmmd@m@asﬂame preferably passed

thr h the seco reac a co

e R R R SR T
reacti®f 9Bfk fol @t froductionef £1qtén§1fe§rbramﬂtéctl on of al kenyl

carboxyl ate may suitably " be operated at a tenperature

i Puitpldyrthesdedivifhbased qndhcz @&@e tphhe slé:emri@arrbea}ﬂateqnoduct

s a5l B2, S RSB e

secordGeqgiod zonel0 The second reactlon zone for the
pr oduction of al kenyl carboxyl ate may suit abl

e thgtseepnddeadtion @@neafor fheauodictign of eikand sarboarlats malyst
su1t%g’l{r 1108 &R}'n‘} Lﬁe Se 131%%9'060@ Al s e?ngr@a{lﬁgtﬁaqager

eac on zone
houppﬂddg&tflc@ﬂal)@f. al kenyl carboxyl ate.

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, oﬁ(ygeh, 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 dlstlllatlon
column as liquid from the bottom of the column. Addmonally, 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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Oxygen conversions in the range 20 to 100% may be
achieved in the second 15 reaction zone for the
w@emdaetsron of al kenyl carboxyl ate. Al kene conREr/&BRIVE/002069
in the range 3 to 100% may be achieved in the second
reaction zone for the production of alkenyl
dlstdhtlbmxtyp,mﬂeylerﬁu ethaind, ycethlﬂeh;&kel mlbdn/ﬂnbiyoﬁ%ﬁﬁi @t’bdrhﬁomde if

| k to t b I t such as
any gy DS oyt Sogh P oB o BRTR e Eﬁr&% %S qnéa@fhegéwseous
frachBY fBf AhBHIEScdBmh) hiﬁ wlcig ﬁgﬂq FRAGH 9 ﬁcjéﬁate

second reaction zone for the oductlo
watersand arsticeaced istromoceal fedry she ba@sm Eh@bgrbmamoao:pdadﬂmy, wayybe

t.he ran 10 t 10000 carb
recsfba'td fosl B0 oo 205, et s AilR B Blay Beifedicfed to
the btigatifnGe &8N @bné ﬂﬂ/&&ﬁ@ Betons Péﬁ@ﬁox?foﬂehe pr esent
i nvention, 25 the Er oduct stream fromthe second

r Yarxliagetaigdneecered emghe gurrheasiirastion) seially for example by
decRURAR TN SHIPULAR Yol e REELEE Rl i g0

man@khane, oxygen, acet al dehyde nitrogen, argon, carbon
nDnOX|de and carhaon di oxi de. Such a product stream

mae %Sesfaﬁa%s%pwn&%é&weﬁaé avaéqnm%bq spveledhvgthegy

| prefeeésw.@% hgg{aek piifef bl RieRGsetbiY lealt AE, ﬁnéégaggﬂvag,

and-a i on 30 conprising ace caC|
acetwedcgl is radogered Seoni ﬁmdjasa)ﬁaatmnraadmdaeffuﬂhertﬁuaﬁed if desired, in

di stillati iquid fromthe bottom of the

knowg mgnner, cﬁx?‘inBﬁaﬁﬁlsn at%Pé’pour fromone or nore
SHALSS tARRMS ubdiein iR 151‘63&3@ fof HRGeCRAHIHIPITBY 1|2 &eRfinvention,
renoved. Prior to such a 14 WO 2004/108649

. prefexatlyc osiic 00Be64 cthyleneiard sepaatedsiep theeﬂfﬂyd;m,rnﬂpludmg carbon

ehyde carbo nonox

morf B o WO A B 2P IhgR8 o6 FeSDiadliigo reacion

oftHérd@qu@501§hﬁcE@cﬁyleﬁélinttB@lsééoﬁé reABt OV SSREYANIISRAYUS. The
fraction froma scrubbing colum, in which a liquid

remqlm@gteﬂ@r@néwrbﬁ ﬁehtgd v Agsired clor axample ymreatovaatileagisome of the

b d
COfbdhckd dn TS 8 ARG RRS o R AL RO RNRK AR L
monﬁhﬁ:le aﬁim;ahﬁnehaﬁaéd ar sagd mw@mﬁméeb Fhe peycessast thoprebéir

oxi d t| on reac%i on zone and/or the second reaction
IHV%%O Wiates the peed for or mitigatesdhe peade Teawined foe 2y esthemeonoxide

r e
A58 PR BrRIRS, B rdeseBghiah Y
01/9p042)f i ed in knovvn manner. 10 The base fraction
be recycled, wth

o Bgiter SRUFent ofiBteccPt anEE: BB PIcBaBiTALpa Igst some
of theREARH i SR%IdeqR tHeUtuent iRl MBLkMEi¥n 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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acetic acid is recovered fromthe base fraction and

may be further purified if desired, in known nmanner,
wo oro4asssnpl e, by distillation. Where et hane i SPCEEB2000/002069

the process of the second aspect of the present

invention, 15 preferably the acetic acid and ethyl ene

aFiguselpmpeesents,fin schentatic £, agmecesy foe thewxidationod thane and

noxi d f.rom.t he. oxi dati on reacti on zone (ethane

ethy@?ﬁ“a?ﬁegﬂa?lggggg 185 or to reaction of th((e acetic

apiefred) depbdutseideschémithiefosacanidtepraed prodess dorethé PAMuction of
. reactor). The remaining effluent may be treat as
vinylaestate frony efhans,anehsthylans acearding tatheisgepnd aspsrb oﬁ%etm@em
investiBa produced, and recycled to the oxidation reaction

20N to maintain the carbon 20 nonoxide anount in the

f weth ﬂe&ra&bgo Fizaed 1,arfeadstream The cpnpiiesgs frosh d¢thanepmnd oxygen,

i nvention obyi ates the need for or_nitigates the scale
and ppiinal water gid %tﬁyl%% A TFRYAISRM (2 Sm&r%’é%%% Fnde

. g _—

and ShBRFnohGHiAS RN By BEig SN RS oL TPl g o beg of
suitdbieordéatimcbatedyse () forf the peoduceseofiacetivand pahethyleneathe feed

has {2k B3 2CHE SRR ROBBIE: iy BRI g ristiod F et dn
produBPSichRN4¥ ERpiingTRlelE 81, &hatidl EBPlofe, GafJoaMmATRRA, cebon

~amount in the feed to the second reaction zone.
diox(zie, broter andaxy dert ganthatigipaeseniny thafeedh and/entepie Fbes dae

t ha y be, produced,in tk ‘ ti
watgr R Rt Soeenal e SR b T30 Bor BRbpte
in a 86lbBLCYPreHdé 9 ghdeeustiedar (69 borhpriuiid predamiiantlpethane,

mai ntain the 30 required _carbon nonoxi de anpbunt in the
ethylasegcarion menexsidernd @rbonetiexide nOpepnallyiatepmay g gempved

; sent i . . _ . ‘ >
fror) (6 s8R R pflf AR haraBEMents, huch i Gifor! Altast
some 00 HelAfANIRGI¢ EBAQRSLIN0 206&8n (FYingay te rbmoepd Bse00s rernoval

schematic form .a process for the oxidation_.of ethane

systeRd?): &nFxPBRLS: PYNGRYIATIIR Cigone BF PTISRC oEARY FsTTEas
pres %Pintﬂsss&g%f %%t?}%%ﬁez@ﬂx Strbh f@g R4y b e8GR El RpARESA in a

he pro vi nyl "dcet’ate from et’hane and .
suitatldrydcond sepacatiod inmgng (8)1 thdeae actrdam $Peeomupisinghmreacéssiegtihane,

5 i f) . Wth refer Fi 1,..9 feed
carbRyHONGBAs A AR TSRS Ao S OB R Big s AT AR g h AT
ethafB b$idaffreREtBY gﬁ,nt% mANirfthE REMELE cabbEABhORHe amount. A

conprising unreacted ethane ‘and carbon nonoxi de.are
purdeaday be tkén fronh thisdeaclatreamx drlsevdere; énprevent bhaildwg of merts.

R TR RN I NETRE B
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 oxygen, and optional additional acetic acid and/or
ethylene as neceésary 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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10

15

10 has 1 to 20% by vol unme of carbon nonoxi de. The
oxi dation reaction produces a product stream (4)

waeompnising acetic acid, ethane, ethylene, carbONGB2004/002069

nonoxi de, carbon di oxide, water and any inert gas
that is present in the feed and/or recycle streans.
of the vexterherein, fomdxaoplei v azbistillagipe celapar Aubirarhpndnergxidminghe

first, separation neans . I j
seobt SRR bR R0 B sh VB OTH e om0 B
recyble 86 HE AN b etBAARNEdatibh rédchy (B Anycairbatedahylenaladeandtic
car bon di oxi de. Optional may be repoved

ly, water from

acidy indhesesondpradief strephanay bs repapled aad reyeled thihryLnd acetate
g’ugg as distillation. At |least sone of the carbon
TeaC®t 5% de from gaseous stream (6) may be renoved in a

Exa srenoval system (7), for exanple, using potassium

Cartgraomg e VeR P UG S0P 6] oy et FEaRo erhon
of e@@éﬁg@géﬁ ARR THe Red Qorﬁj(s'ﬁéeamo%m%%ﬂe,sswﬁwahﬁ@nm%

ave a stream (2) conprising unreacted
watee} 16ve] % oapbmthenequisite@mearnd of agrber meinakidg, Witle p balanepl
l.ene, whic

, i led. 10 th h
it AP BAPisagRR 045 e v e Rl iteer s 8

appx%?ﬂﬁ)ﬁffﬁgoﬁ‘@, WIkeC And PRFCOSesFRYIREy.t BlEReshlkFE Bhied in Table 1
recycle stream or elsewhere, to prevent build-up of

belownerts. Figure 2 is generally simlar to Figure 1 and
bfﬁl&gs the sane reference nunerals are 25 used, where
Ta ropriate. In Figure 2, the recovered acetic acid
and water streamfrom the first separation nmeans (5)
and the recovered ethylene streamfromthe second
CO kepal Gohomsinehns (8), toget Beleciiyith oxygen, and
feehpt i pnal addi i onal acetic acid and/or ethyl ene|as
(moled@$sar@are| then fed to a(Vimsli%hcetate reactofr (9),
wher ¢i D:Aygey AEylepont ac®ed| wiGdy a| s@Qxabl eAc@Hal yst
0 WO SO e T B N T AR WA b
aéi d an(\?%tp éﬂr‘éan f$'2m hetdi b 13 P % nmeans
th the ATyl acétlad el re®Btor (®). at Udasl 37dorqion
QD s&i d omoeti £ acigd | an@l7wal er7.3t reand.Aay | b8siked|to a
SUpok ,Rlbﬁg, ﬁ&)m,%Dﬁtatha% "/f%%e?d‘%@atef, @m&%maﬂaladceﬁl&&%n. a port i on
16 WD 2004/108649 PCT/ GB2004/ 002069 of the wat el
therein, for exanple, in a distillation colum. Any

carbon nmonoxide | ) : ' be
COdepar| Sloawersing | conbi ned wi th 3‘35‘65%1% stream (2) for

feed ecydle to the fluid bed etgéne q)ﬂdation reacton (3).
(melgWolinr e@eX ed| et hyl ene and AERPI) acid. in the decond

pr odyctOmigeranEtiplenbe s€Par at d0ang &y cl elcOH { he
VA YIaCBI AT E[S J58AC] 0Tg RY) | FXampr &g ¢ Cir oA

Ao A AL 1
6NN VA 0 Wi A M P s Pl - A e
5 -~ 82.8 50.3 f 4.9 6.1 11.0 38.7
10 81.5 542 | -1.3 8.3 7.1 38.8

293°C, 16 barg, 3200/h, 60 % ethane, 5 % ethylene, 5 % water, 6.6 % oxygen, balance nitrogen.
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of ethane to acetic acid. The feed conprised 60 vol %

et hane,

5 vol % et hyl ene,

5 vol %

wat er ,

6.

6 vol %

w@200da086494 he requi site anount of carbon nonoxi PET/GBRG0A/002069

a bal ance of 10 nitrogen.

The feed was passed over an

et hane oxi dation catal yst at tenperatures of

CO mppr
feed €SU

(%Y

D& bR SorY

Pr si %)

ts are gL

el ectivity

302C, 293C angdg&&(;tyr espectively.
ven in Table 1 below Table 1 CO

The
n
%

u<yg
13

2 GyEen,”

o0

f eedCmbg) % (% (C ol
PEpdencl s O &

983% 5

13 1 34.

3.8
4

Y

5 597

9. .

D 568.56. 1

130 37

7. 80410

odl.h 5

348 7

73483 U 38. 8

262C

1604dar g

3200/

h, &D ¢

b etdahine

- 32% e}

hg#dne

wat e

, 38 %

DXYIEN,

béﬂ.@inc

e rgarogeni2 1

5 %
b @01 n

COoTTv

Y.

r Slé(i“l o€

+ ool

eg V1

e (dpre

557

(W3O | %9

: éés%

@ha“t,a'z%)g%

LI, U

L.

rg. J J4L.

I g s Yationt T e 36

6503978
}genéal%gg njgogen!

8] 3.8
. 8

5034961110387 10815542 138371388
The#38ults ]sgmb@lﬁeﬁ on 3@ sthg thO atfoeithaTD m5th9!0f@1dh¢( tieneactsr e

wat er,

6 %

oxygen,

bal ance nitrogen.

17 WO

' amognomf/CL@ $enedpoTIrEBEeBY /G 30 essED 95 C@dnnetcgmpgnsated by an

ectivi

qung?e]ﬁ§ fincrea

i B0 Rafpp resollpelfraft adhedX YOG sarpon

oxid34¢ (€0,) 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 a 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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2.560.153.18.74.112.8 34.1 5 63.8 47.7 5.0 6.2
11.2 41.1 10 61.4 51.8 -2.9 8.1 5.2 43.0 283C, 16
wharog/ 1088290/ h, 60 % et hane, 5 % et hyl ene, 5 % INI/E6B2004/002069

6.6 % oxygen, bal ance nitrogen. These results show

that on increasing the anobunt of COin the feed to the
reactor the anmount of CO formed is suppressed. The
suppression of COis not conpensated by an equival ent
increase in the CO2 formation, resulting in a net
decrease in total carbon 5 oxides (CO,) formation and
an increase in acetic acid selectivity. These results
al so denonstrate that the point at which CO fornation
is totally inhibited (no net CO production) is
dependent on the tenperature of the oxidation
reaction zone. Thus, at a higher tenperature a higher
concentration of carbon nonoxide in the feed to the
oxi dation reaction zone is required to conpletely
inhibit CO 10 formation. 15 20 18 WD 2004/ 108649
PCT/ GB2004/ 002069 Cd ains: 1. A process for the
oxi dation of a C2 to C4 al kane to produce the
correspondi ng al kene and carboxylic acid and/or for
Clajm% oxi dation, of a C2 to C4 al kene to produce the
cor
L PRReR bR SRR bl E R (1 AND pRAREER, aTBIraR
alkea dhd carbbkdivercidandidrdontha oxwatige of € 6ntalCnalkepegaproduce the

carbqn 5 noxi de nd optional lvy. er., in the, .
corshedgiedBonsle b BEh BRCPEoRBFEoig i Sdaion
readtidf 78h& @ Ealkond R/ FAUKRE PORHIBHaPbKREE caRdintfY %H%Z(é’drb&l

acid and/or active for the oxidati'on of the alkene to

mondxédeg and eptjpoally wgterdn theqyrksencaof alcatalystpeidiioe thee dxidation of

e BB PSP SISO A nabigtiL 5 21
oxidation biHaetkeak td e \WBABspohdnaRErbaRYHPICIY, b Proued 3 ﬁbﬁpmduq

total feed to the 10 oxi datjon reaction zone. 2.
stregip sempEsing etkens pryl easbaxylic arid, oifiracterisad ihidet seisheprberes

N N

oxidusivh @etytioczorci d obt ai ned from the oxidation reaction
zone, and a mpl ecul ar oxygen-containing gas, .in the
2. pr dsBigsessgecaafing do shaim d avingh Birthsr coppprisge Cordactingdn a second -

readtioR 96 4t9hsPh p&Jti%ﬁ Y 5aif AR ¥ PhtGeast a portion of said carboxylic

acid obtained from the oxidation reaction zone, and a molecular oxygen-containing gas,
in the presence of at least one catalyst active for the production of alkenyl carboxylate
to produce a second product stream comprising alkenyl carboxylate.

3. . Anprocess according to claim 1 which further comprises contacting in a second
reaction zone at‘least a portion of said alkene, at least portion of said carboxylic acid
obtained from the oxidation reaction zone and, optionally, water, in the presence of at
least one catalyst active for the production of alkyl carboxylate to produce a second
product stream comprising alkyl carboxylate. |

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.
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15 to produce a second product stream conprising

al kenyl carboxylate. 3. A process according to claim1l
wabioghodowy t her conpri ses contacting in a sSeconkiCT/GB2004/002069

reaction zone at |l east a portion of said al kene, at

| east a portion of said carboxylic acid obtained from
3.t heA prdcdsstacoordinggo by one of the arededing cladnaivhyreinhie @irst prétuct
ore.sencet} of at (ieast one catal yst active for the

t he .
Streg SQMPPRGap OUdPRIA Car boxyl ate to produce a second 20
6. Pr ofyfbeess AQBRAIROIIGIAR 5 Whalekydt 16RF %W Mefoarbn Honoxide

process according to any one of the preceding clains
presghtindhe firsh produetsdamipresyéledio the puidation tenetioxiatat i on

7SRRGB AR SR8 10 by R econd
prodiee srdinepririsen yardoe ndhokide precedi ng cl ai n8 wherein

the first product stream conprises carbon nonoxi de.
8. 6. APPresascordmgsp glairg 7iwhessiacarban mraeside insepruiet fronghe

seodild prifuct QORGP B B88Mlon BadiDf hL ST DT OduCL

am1s rec o the oxi i'on reaction zone.
9. 7. Appcesessordingdo diyignd af theyreostin®tlaghsiviered B8 8mount of

clains 4 to .6 ein the second product stream
carbQp moxile i RRAAHE: Bl/orgecyrlegasy BaBaigminsdabage 2% by
voluthbfthd toM1gE&i. n carbon nonoxide is separated fromthe
second product stream and recycled to the oxidation

. 10. r edcprioogss 200meding to dlapm §odeseintteamdiung of @irborymonexiad is

1 h g cl ai in th t of 10 carb
i3 e B 1 By o Rl Sl e anc or 't ecycl e gag) 1o
11. mMaiASatae dcRROME tclaf b Yvhekedh tHER R unt B‘Pca&l%r?xhoﬁ&sﬁ@e is

.10. A process according to claim9 wherein the anount
maigfpingd A range akPeS Yody vieliinng tei 2084 by bolueesshthe toval lfemde

12. Of A 15ed@hBlord B8 otk o MREGE RS S RRERE LM R0 508
maintained &i the darigs abbves 5AMYCRRRYR 15% BY vyIRIIe BT thototd Yeday

volunme of the total feed. ~12. A process according to
13. | & RFPeEShARHOBTIRg thanyaeRs i theatreedingoriaims idsdreia thesamount of

10 1 Lt SRS I AL 4353

voluareyofdimeetotill feelle precedi ng cl ai ns wherein the anount of
carbon nonoxi de in_the fresh and/or recycle

eed (as cre

14. 5 a8)PrPeEsHagording i clpiar ﬁ@%ﬂd&l@ apouiifgapopmmaeneide is
mairtflhéd infi8€fhngd dbov® 5% 8¢Sk e B50h By SRl 3f'the total feed.

wher ei n the anobunt of “carbon nonoxi de s Ol At ar ne
15. i nAtthrecessaingpordibptoec]&ith b/ whereinrthe tipotuet cf\warbdonyhox fletigre
main?eginéc{] & tﬁg %a%lge ggoev%' 5% by volume to 10% by volume of the total feed.
16. A process according to émy one of the preceding claims wherein the C,-Cy4
alkane is ethane, the C, to C, alkene is ethylene and the carboxylic acid is acetic acid.
17. A process according to any one of the preceding claims wherein ethane and
ethylene are fed to the oxidation reaction zone.
18. A process according to any one of the preceding claims wherein each of the
alkane and alkene is fed to the oxidation reaction zone as fresh feed and/or as a recycle
component.

19. A process according to any one of the precediﬁg claims wherein the
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15. A process according to claim 13 wherein the anount
of carbon nonoxide is maintained in the range above
WG 260s0860% une to 10% by vol ume of the total ferdI/GB2004/002069
16. A process according to any one of the preceding
clains wherein the C2-C4 alkane is ethane, the C2 to
conggnizpticarnd ajkane {4syfiash deedrrand rénycleanobyoyent} isgfodml Oits 90 mol% of
thealﬁﬁ fe%d%:%gomdia?%n};% ocess according to any one of

e precedi ?éﬁh ethane and ethyl ene are

20f edAhﬁo&d@ﬁa@mdiﬂg to0dhy DR OF tHprédfe cldimsAvHAE QS RS
accor di n% to any one of the preceding clains wherein
AR

conggpigation o H<es@(amfr@éh deedmad seayelscomponent) isdran 8 to 50 mol% of
fresh feed and/or as a
theQ&ggfc%E%MhE%%hg&&%& % process according to any one
21 of Atpeomsemdrdmg ol anyrme ofi thegireceting clalfs OWAQBAYAEEE6 48 to
@&B2004/ 0 Og% concentr a]iel on of al kane (as fresh
thef"é‘ tig, aor}eeaé% eFrADEPE KRSy Cle SOMPERSNY 1 & COFeRERIRngR the
rang 8 reh®} edanfoets@otnceolmftﬁé toqﬂ%ém reaction zone. 20. A
process according to any one of the preceding clains
22. V\heAequesmycomg:@rﬂnyam ofithefpradetimgeldims wWheesi tHearsl hratio of
e CO e s, fromO .to 50 nol % of ~ 5 the
kol BbER R ST RORE B ark i Spproseclsd - 1
0 t I,
e O kol AN whitSinGhe e ICERBAL IR i€ “?4?2"2%“&“6
24.f eetd mﬁwce@@;&ﬂo@nwm ofeaims mtankwh@emtaddmoml dlkene
e of the tota
andi 3ol BPATARINE hoih 14 fo 112 sBCrTTraiBh 2088 ¢ po
25.pr e& @edoags abb@idm;‘g tohayeidbtclemsRland attb Q4 Qbherdif 1R db8P&tration
to carboxylic acid |n the first product streamis
of allsne dsd todhe pxidation reactipe zope frlewsdban Abwoldiof thettotat fead amd/or
) I S.Vin et o
the %ﬁmg\{rgﬂ%dglci%gcegg g‘%i?t 'thé &rcggaqeagtéoﬁleion]c 1S ?tﬁg&@ ?g % % of
the wdtalrfeech addi ti onal alkene and/or additlona
c acid is fed to_the second reacti on zone.
26.55 R RGFsiaTResa By RS SErARY ot tod b thnd 4 1 o
h
con@éhtﬁ’é(ﬂ@ﬁ BF Micbliered R0 ARbL Ay thIl’é xﬁef E%E%OO}?%#} ?%t%\ fotal

oxi dation reaction zone IS ess

feed.otal feed and/or the concentration of alkene fed to

h d [ t t.h 50 mol % of
27.{ ek BRERT HPETRmeg8 Sios gk sl Joctiunin gro ity ohaiear.

28. ¢l A PRocéssaEorflingo 3By ﬁﬁ@éﬁdlﬁrﬁs%ﬂd%%ﬁeg%lh% & cond

al kene fed to the second reaction zone i s | east
reaqtion@eg iseaHixeddedlor a idissdded reactor.

29. A process according to claim 3 wherein the alkyl carboxylate is ethyl acetate.

30. A process according to claim 3 or claim 29 wherein water is fed to the second
reaction zone in an amount in the range 1 to 10 mol% of the total feed.

31. A process according to any one of the preceding claims wherein the oxidation
reaction is cMéd out at a temperature in the range 100 to 400° C.

32. A process according to any one of the preceding claims wherein the total amount
of inert impurities present in the alkene and/or alkane feed to the oxidation reactor is in
the range 0 to 3 vol%.

33. A process according to any one of the preceding claims wherein the total amount
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27. A process according to claim?25 or claim 26
wherein the al kene is ethylene. 28. A process

w@ecwanaieny to anyone of clains 2 and 4 to 27 WPET/€BR004/002069
the second reaction zone is a fixed bed or a
fluidised bed reactor. 29. A process according to

of rehetivmiBipwittesgiresenhin the kikknecardhmaiitant Eeddso elidviidation reactor is

; tgcetat ? \’\ﬁS . A process according to claim3 or

1 10¢ AngP 940 WM&PEPn water is fed to the second reaction
zone in an anmount in the range 1 to 10 nol % of the
total feed. 31. A process according to any one of the
precedi ng clainms wherein the oxidation reactionis
carried out at a tenperature in the range 100 to 400
C. 32. A process according to any one of the preceding
clains wherein the total anpbunt 30 of inert
inmpurities present in the al kene and/or al kane feed to
the oxidation reactor is in the range O to 3 vol%
33. A process according to any one of the preceding
clains wherein the total anpbunt 21 WO 2004/ 108649
PCT/ GB2004/ 002069 of reactive inpurities present in
the al kene and/or al kane feed to the oxidation reactor
is inthe range O to 10 vol % 22
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