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'Vrnyl acetate is generally prepared commercrally by contacting acetlc acid and
.ethylene with molecular oxygen in the presence of a catalyst active for the
product:on of vinyl acetate. Suitably, the catalyst may comprise palladium an alkali
metal acetate promoter and an optional co-promoter (for example, gold or cadmlum) N
on a catalyst support. Acetic acid produced by carbonylation generally requtres
extenswe punﬁcatxon to remove inter aiia iodides arising from the catalyst system
generally employed because iodides are recognrsed as potentlal vinyl acetate .
catalyst poisoners.

Combmatlons of processes for producrng thyl acetate are known in the art. Thus,
WO 98/05620 discloses a process for the productron of vrnyl acetate andfor acetlc
acid which process r:f)mpnses first contact:ng ethylene and/or ethane with oxygen to
produce a first product stream compnsmg acetic acid, water and ethylene, contacting -
ina second reaction zone in the presence of absence of additional ethylene and/or
- acetic acid the first: product stream with oxygen to produce a second product stream -
.comprising vinyl acetate, water, acetic acrd and optionally ethylene; separatlng the
-'product stream from the second step by distilation into an ‘overhead azeotrope
fraction comprtsmg vmyl ‘acetate and water and a base fract|on comprlsrng acetrc
s acid; either recovering acetic acid from, the base fract;on and opttonally recyclmg the
,azeotrope fractron or recovenng vmyl acetate from the azeotrope fractlon The
catalysts suggested in WO 98/05620 for the oxidation of ethylene to acetlc acid or
ethane to ac:drc acid are catalysts of the formula
PdaMbTiPcox
wath M bemg selected from Cd, Au, Zn, Ti, alkalt metals and alkalme earth metals
-other catalysts for the oxrdatron of ethane {o acetic acrd are catalysts of the fonnula
VPaMbOx



patent (AT, BE, CH, CY DE, DK, ES, FL, FR, GB, GR IE, |118de%mggp2mu_ PT,
SE), OAPI patent (BF, BJ, CF, CG O, CM GA &N, GW M, M N, TD,

TG .. Publ.ished: -with i nt er nat i onal search report For two- Ietter codes and
ot her abbR,g h@é{;? s, refer to the "G@iid- ance Notes-on Code

andAbbr evi ‘i{ s™appearing at the begin- ning of each reglflcgl’EP“g@ﬂﬁé%f t he
PCT Gazette. (54) Title: PROCESS FCR THE PRODUCTI ON OF VI NYL ACETATE

Et hane, 02, Inert, H2O (5) Ethane, Inert (6) Ethane Oxidation Reactor

(St er L eH Lok Loc "%‘t’ﬁ%@z)&‘é&ﬁ%l AR LD C'foS‘Et“H‘E%“"’*Fﬁ%'?fZﬁ’a“
Renova M H%in?dh SrefSb, B¢.cCe yAs, Ag and Au or-
catalysts for the o;qdahon of ethane andfor ethylene to form ethy!ene and/or acetic
- ac:d which catalysts comprise the e!ements A, Xand, whereln .
. Alis MogReWr and wherein X is Cr, Mn, Nb, Ta V orW and whereln Yis BI Ce, Co,

Cu Fe, K, Mg, Ni, P, Pb, Sb, Sl Sn, Tor U. o
Other catalysts for the oxidation of ethane to acetlc acid and ethylene suggested in
- WO 98105620 are those of the formula |

' S Moy Z,
B mchbetng selected from Li, Na, Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Sc, Y, La, Ce, Al

T1, Ti, Zr, Hf, Pb, Nb Ta, As, Sb, Bi, Cr, W, U, Te, Fe Co, Ni.

. US- A-5, 185,308 which is cited in WO 98/05620 -describes examples whergin space
fime ytelds in the range between 555 and 993 g vinyl acetate per hour per fliter
catalyst are achzeved

- An object may therefore be to provide an integrated process for the production of vinyl
acetate from a gaseous feedstock comprising essentially ethane as the only external
carbon source of raw material supply, the process exhibiting spaceftime yields in the
range of from 100 to 2000 grams of vinyl acetate per hour per litre of catalyst, preferably
500 to 1500 grams of vinyl acetate per hour per lifre, of catalyst.

Acoordlngly, one aspect the present invention provides an integrated process for the
E productlon of vinyl acetate wh:ch compnses the steps:

1) contacting in a first reaction zone a gaseous feedstock compnsmg essentially
ethane with a molecular oxygen-containing gas in the presence of a catalyst
to produce a first gaseous product stream comprising acetic acid;

2) contacting in a second reaction zone a gaseous feedstock combrising
essentially ethane with a molecular oxygen-containing gas in the presence of
a catalyst to produce a second gaseous product stream comprising ethylene;

3) contacting in a third reaction zone in the presence or absence of additional
ethylene or acetic acid the first gaseous product stream and the second



Q . YAM Production eae, AukReactor (Ste 3 Acidp ) r"{o {4Lg\tWmeRan@ i on M
(Step 4) VAM H20 (57) Abstract: The present invention describes contacting
in a first reaction zone a gaseous feedstock conprising essentially ethane
wi th a noyaeylsysz 0Xygen-contai ning gas in the presence of parEatmlget t.o0
produce a first product stream conprising acetic acid; con- tatting in a
second reaction zone a gaseous feedstogk conprising essentially ethane with
' presence of a catalyst to produce

a nol ecul ar en-contain
a second pr odﬁ%’? CAUS R C&S{E?ﬂg\"g‘fa]ﬁga B P'@ﬁ@xygceBrFtO&H’T"Fﬂgg?%'“athfatﬂ’?%?ﬁc@act i on

zone the fi erfgaél@Wdﬁto prode el fodiith pRAuStrebMoR@rioing vigbasepr oduct
streamvm h a nol eculﬁ Ba%/@en con%al ni ng ?as I n the presence of a catal yst
{ Erp

to pro- Qlice SRS t st SRYSY andhipeeyeiing Vﬁﬁféﬁ%ﬁ@e Eoé'bé?'gtl ng
the pr oduct S b treain FOMBdp3)3) WhArdie GRVENtaIng i thyiirsBaff 3d@nk restioral d

pr oduct streamfromﬁh(\aforqg%):l . BA BB, BG BR, 13X CA, CN, CR, CU, Cz, DM
Dz, EE, GD, eeERf IL, 1S, JP. KG KP, KR Kz, LC, LK LR
LT, LV, MA, MD, MG MK, M\l VX, Nmoap@ XYNz, PL, RO RU, SG SI, SK, SL,
TJ, TMTR TI', 1Z, UA, errbe‘; %904_ WO 01/ 90043 PROCESS FOR THE
PRODUCTI ON OF VI NYMWN&FSHY: 1’=‘E e fllgyingdieaningty 04545 The present

invention relates sxeis@t %hét&bnb@l@ﬁeht%b%@fe@tf% ﬂfeétﬁ@&;ﬁccfr@fstnh@@f OF, agii b, on  of
vi nyl acetate and ﬁ'a{lt_l_cu .to an integrated process for t he productlon

of vinyl acetate fPo 1s feedstock conprising essentially ethane.

Vinyl acetate is gmeraa!dam PRt SS83Bd Gom th¥ dduCEdtsREhd agsaﬁr:*t@@ aci d
en in the presence of a catal active

for the ) broduet i i di g, FEEOCHAD e, O% FeRbalsl 6 Chabr. s | v

pal I adium an al kaNb, zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tiand U
and wherein a, b, ¢ and d are gram atom ratios and denote
a=1,
b =0.0001 — 0.01 preferably 0.0001 — 0.005
¢ =0.4 —1; preferably 0.5 - 0.8 and
d = 0.005 — 1; preferably 0.01 - 0.3.

The process can be based on the findings that a certain class of catalyst may be capable
of converting ethane to either acetic acid or ethylene with a very high selectivity and very
high space time yield. Such separate ethylene and acetic acid or ethylene with a very
high selectivity and very high spéce time yield. Such separate ethylene and acetic acid
product streams can than be mixed in the appropriate ratio and directly fed into a reactor

to form vinyl acetate.

- Using ethane instead of ethylene as feedstock can have the advantage, that it is availabie
in hatural gas. In the process of natural gas work-up, several ethane-containing mixtures
are obtained, which are usually simply flared off, but which all can be used as carbon
feedstock for performing the process .

Of specific advantage in the integrated vinyl acetate process rhéy be that, in principle,
infrastructures, utilities, and other features can be‘combined for example only a single
feed gas corhpre‘ssor and off-gas scrubbing system may be required whereas separate
-acetic acid and vinyl acetate processes each require their own feed gas compressor and
off-gas scrubbing system.



netal acetate pronoter and an optional co-pronoter (for exgmlc.embd@bgh Or
cadmum on a catalyst support. Acetic acid produced by carbonyl ation
generally requires extensive purification to renove inter alia iodides
arising fromthe catal yst system generally enployed betause i“odidés are
recogni sedoasogpdt enti al vinyl acetate catal yst. poi sonersPCI/EGHES4mL i ons
of processes for producing vinyl acetgate are known in the art. Thus, WD
98/ 05620 di scl oses a process for the production of vinyl, acetate and/or
acetic acid which process conprises first contacting ethylene and/ or
et hane pL,0, tic
ci d v, PoREHRGbR 102°GES Seblibatl Rttt SFERRBRLRLIRTEE
pr esenc meededzsecarapatd dddiwpi mratetmgq;@nes a:hllj/lfmse adventageadiad lehe i r st
pr oduct oduce a second product stream .conprising
vi nyl aééé&%g?%§%%Epg%ég%@?ieéﬁgd and optionally ethyl ene; separatlng t he
product streamfromthe second - step by. distillation into an overhead
azeot 1 ORfecordilAGh | 8. FOBMIGh®bIGaddolt| 186803 SoRPflsG! SlsofifitlyAcfiang G acti on
.conprising acetic acl h recovering ace t as
fract i orcoatad:taﬁbtl iadist] regction zpoé with atmelecldalewwgepeﬂﬁtalamglgﬁﬁ in tf@rpre$€§l§=©veri ng
Vi nyl in WO
o5/ 056200 For e VRIS TR IR bf Bfha ol aGftTpkihEs S HCRRER,
aci di c atfedmegompiatnglagsticaad. t he fornula PdaMoTi PcOx  with M bei ng
selected fromCd, Au, Zn, Ti, alkali nmetals and al kaline earth netals;
ot her catalysts for the oxidation of ethane to acetic acid are catal ysts. of
the formula. VPaMbOX 18 Decenber 2004 WO 01190043 PCT/ EPO0/ 04545 2 with.
M being selected fromCo, Cu, Re, Fe, Ni, No, &, W U, Ta, Ti, Zr, Zn, Hf
WMnh, Pt, Pd, Sri,. Sb, Bi, Ce, As, Ag and Au or catalysts for the oxidation
of ethane and/or ethylene to formethylene and/or acetic acid which
catal ysts conprise the elements A, X and Y, wherein Ais MddReeW and
wherein Xis C, M1, Nb, Ta, V or Wand wherein Y is Bi, Ce, Co, Cu, Fe,
K, My, N, P, Pb, Sb, Si, Sn, Tl or U Oher catalysts for the oxidation of
ethane to acetic acid and ethyl ene suggested in WD 98105620 are those of
the formul a



MoxVyZz with Z being selected fromLi, Na, Be, My, Ca, Sr, Ba, Zn, Cd, Hg,
-Sc, Y, La, C, A, T, Ti, Zr, H, Pb, Nbo, Ta, As, Sb, Bi18Dérgmbif 2004 Te,
Fe, Co, Ni. US-A-5,185,308 which is cited in WO 98/ 05620 descri bes exanpl es
wherein space tine yields in the range between 555 and 993 g vinyl acetate

per hour {gyeidod@r catalyst are achi eved. An object nmay pEEERfomasisbe to
provide an integrated process for the production of vinyl acetate froma
gaseous feedstock conprising essentially ethane as the only external . .
carbon source of raw material supply, #he process exhibiting space/tine
yi el ds . iThet ﬁ@talysdné@‘@f farr e, Q@Qag on xjoethgnarte agetici aojd tmyat:atnprmer ahpar

lit I 0 f t at
P! bt SalEEs RLBRRAR he- R 95 SROWAIATE ot bba R 6P o
provi desefarends, egresemtatystseﬁofmefbhﬁurapwduction of vinyl acetate Vich

conpri ses the steps: 1) contacti ngl n a first reaction zone a gaseous
f eedst ock conpri sing essent MﬂaP faane with a nolecul ar oxygen- cont ai ni ng

gas in -Wf‘er@il'le}?%ﬂe{ﬂ v@ﬂ’%‘%@%@ r{‘é%%lﬁépduce a first gaseous. product

stream conpri sing acetl ¢ acl g in a second reaction zone a

gaseous-X isestlectekd fommpnesimgoreesieamnitlot thee ghaupeconsidiing SCENMAAND, Ta,
oxygen- clg’r\g ni n as in the presence of a_catalyst to produce a Second

gaseous eam conprising ethyl ene;. 3) contacting in a third

S i A SR e FICH R B

acid the first gaseous pr-oc réam and t
01/ 9004 ZrPCH, BROCE086 A8 Jr, G s Uk, [Hep RRIG O K, RON O, g, CADS e B, b, 7r,

oxygen- t sence of a catalyst to produce a foutth
product iﬁt& %ﬁ,ﬁlﬁgﬂq@ acetate; 4) separ. ating the product stream
from st %d(vﬁler@i}@arl?@aﬁ‘d %r\érﬂé‘tor@&lqr rs%'({a{d éal d product -stream from

step (3) wherein the cata second reaction zone is of
the fornul'a MpbaPd@@Y¥d wherein X and Y have the follow ng meani ng: X is at

least one element seb%ed (I{)l) prePeragly%UBOé:lona 0%%' ng of G, M b,
c=04-1; preferabtyOS 0.8 and o ‘
.d ="0.005 - 1; preferably 0.01 - 0.3.

Preferred catalysts are those wherein X is V and Y is Nb, Sb ,and Ca. Pd ratios
above the indicated grarn atom fimit favor the formation of carbon dioxide; Pd ratios
. below the indicated gram atorn fimit favor the formatlon of ethylene and in

- consequence the formatlon of acetlc acid. A catalyst specrﬁcally preferred for the
process accordrng {o the mventlon is Moq.00Pdy 00075\/0 55Nb0 ongo 01Cagot.

ln the second reactlon zone - whrch is spattalty separate from the first reactlon zone -
a gaseous feedstock comprlssng essentlally ethane is contacted with a molecular
oxygen-contamrng gas m the presence ofa catalyst actrve for the oxidation of ethane
to ethylene to produce a second product stream compnsmg ethylene

-The catalysts actrve for the oxrdatlon of ethane fo ethylene may compr;se the same
catalysts as drsclosed above for the oxrdatron of ethane to. acetic acrd Both
processes drffer rn thetr reactlon conditions,’ espedally in the total pressure
res:dence time and water content in the feed, The oxrdatron of ethane to aceth acid
IS more favourable” at. hlgher total pressures ‘compared to the oxrdatlve
dehydrogenatlon of ethane o ethylene Acetrc acrd formatron is the preferred



Ta, Ti, V, Te and W Y is at |east one el enent selected frgPtiepd oo
consisting of B, Al, G, In, Pt, Zn, Cd, Rh Ir, Cu, Ag, Au, Fe, Ru, , K,
Rb, Cs, My, Ca, Sr, Ba, Nb, Zr, H, Ni, P, Pb, Sb, Si, Sri, Tl and U and
wherein a, b, c and d are gram atom ratios and denote aypryhk =44. 0001 -
0.01 pref @AY+ 0001 - 0.005 c = 0.4 - 1; preferably .éﬂpﬂmbo}(.’?gnd d =
0.005 - 1; preferably 0.01 - 0.3. The process can be based on the findings -
that .a certain class of catalyst may e capable. of converting ethane to .

ei ther aeRkbS. P O wRERY f&stingV bleamh Y&Jethd diithselhenti ahd ythangolsaigar hi gh
space tine yleld. Such separate ethylene and acetic acid _or ethylene with a

very hbxygene ceataining ygasn dwivits: ptean hcarp ee faguiiatively | ysedsien the fhddatve -

thyl en -acet,i i.d oduct: st : in tHe

appr opraclidipiergin eI oylend) REOTE-Ta2ebORe fefbthy: 1 1 "2 et e

Usi ng ephgagrel NGtaigstsOirectionk agerin HERIVE asd Y& Nb\Sh thel Sdv @t efios t hat

it is available in natural gas. In the process of naturg{@g&g \é&)rk_— up,
sever al aboyaiihe ibdivatedoirg atom limiisavarthedpanalion of garan sliexide 2@ ratias np| y
flared Qff Wi he. s r - r \in

t he prp@%'?gv %d“@%%g?wé"g%ba'ﬂﬁggﬁgﬁaﬁh% ﬁ?@g rt'gﬁgﬁst\%@ﬁ{)‘%ﬁé;cpé% ée@%tr‘ocgss
may be éﬂ?@éiﬁcélg pprefeiratie, fori ntheas promdssr estterding t ites, thend itdméionf elst ur es

can be conbi ned for exanple only a single feed gas conpressor and off-gas

scr.ubbi W1 syRdommrsipssiaoceBheifadonher eas separate . acetic acid and vinyl
.acetate processes each require their own feed gas conBresso-r and off-gas

scr ubbi bigefyl sttalysts forithe exidetive dehydwogenatiovabethare trotntrrsusan gigole
combi Nl QInFVERB-As CRARIAl shd CFISUARSLSCR!KIABRMAIA Vida'hBRY aesdrbeaent s may

‘ d’as conpare WO_separ at e, processes. ﬁjl thel%f: advant ages can
| ead t o{Like¥uideans: &b Paslennd. Bpdiunen gl Y¥s Weinhedh i B8 ife i nvention a
gase ?!JS Sfyﬁﬂst%i&ﬁ iﬁnCBé%ﬁlvéﬂ@? afg TRiEtihg ok Eafﬁii?&_@ ®resented Eeftm'feelﬂeimvisiohi r S]E :
reaction.zone w a ol ecul a n- L Nj j resence of a -
cat al ysfz’féJ fiolgurg g}he(m%jfpﬁéh@ﬁx%ﬁo%%ﬂgﬁ%'Q%I}g%%ﬁ%‘,gﬁ'&?ﬁ‘%; "bduce a - .
first phetent26-31, 2000; 298-302). o | L

Moreover, several other patenfs- describe more generally the oxidative
dehydrogenaﬁon of paraffins. Three patents should be exémplary cited here which -
" describe the oxidative dehydrogenation of paraffins on Ni oxide based catalysts. E.
-g., US 4,751,342 describes the use of an alkati-doped Ni-P-Sn oxide catalyst, GB 2
050 188 describes Ni-Pb catalysts, and US 3,886,090 describes Ni-Mg oxide
 catalysts which are miodified with several other slements.

|t is an advantage of the present invention that the ratio of seieéti_vity to gcetic acid to
:selectivity to ethylene which is formed in t_he'ﬁrst reaction zone can be varied within
wide ranges, i.e.__fro_rﬁ 'Q' to 95 % each by changing .reéction parameters such as
'reé;iction_temperatu.re, total préss_ure; partial pressures of reactants, residence time,

etce.



stream conprising acetic acid. 18 Decenber 2004 WO 01/90043 PCT/ EPOO/ 04545
4 The catalyst active for the. oxidation of ethane to aceasDecentbied 2002y
conprise any suitable catalyst as described in DE-A 197 45 902 which is

i ncorporated herein by reference. These catal ysts are of the fornul a-
MoaPdbXc Yehgdipogdsn X and Y have the foll.owing neaning: ﬁ(i:’ﬂmmasdsed from
one or. nore el enments of.the group consisting of C, M, :No, Ta, "Ti, V, Te
and W . Y is selected fromone or noré el enents of the group- con5|st| ng- of
B, A, Ga, In, Pt, Zn, Cd, Bi, Ce; C¥ Rh, Jr, Cu, . Ag, Au;, Fe, Ru, s, K,
Rb, Cs, Titg regefionss jn the firsb andrthe secondireasorpponsiprefsrablgnarer casied out - and

et o1 1B g B0 ys S5 4B Bl UiofE o i s el 0P -
=0. 005 anlap Rﬁet@liﬁtw & maﬁha cbmbiflee fiest &6t eatahdy predurt &stidans eantiss ei n X

Is Vand Y and Pd ratios. above the indicated-gramatomlimt

favor t ﬁ!ereptly e m the tm_rdrraeﬁlqm wneite fora \f!eyhasretateetv%\m e Paad do feed gram
atom i pgﬁl of ethyl ene and in consequence the L
fornatlgkkaﬁgﬁé?&@§%%88 yﬂgltalyst speC|f|caIIy preferred for the . . .
process accordlng to the i'nvention.is M1. 00Pd0. 00075V0. 55Nb0. 09ShO. 01Ca0
01. In the second reaction zone -- which is spatially separate from-

t he. fi r skhe ccatalysis aetine fon. m@a@’égﬁgoﬂ é?fd?mﬁﬂ@ Fampriss i yrech sterertad| o

et hane i

presence” s@%@hﬁé@ a\mpi&ll Ve’EQ{j I.éll B da ggﬁgor%whgi%te&ﬁ?%édélsh@%ene to
]produ;:]e rﬂoﬁ@lﬁmﬂd lenite?dlumma,t slewreﬁmmh g -girogniaf htalrm]esﬂlco'l‘hheactade,l asﬁ\.etantt ive
or the oxjdation qQ anet et ene ri-se the s cat st's
i i ScICGH b AL ERHios Haraok The PN BN 106 & oidalian e s BIEVERS
processe&séﬁ hftﬁé r‘i‘nbpﬁfiedﬁﬁ‘@jldi%@d%ﬂd' tions,!. especially in the tot aI

pr essur e, resi nce t water .content in the feed. The .oxi_da'ti_on
of ethane to - acetic aC|d

The molecular oxygen-conta:mng gas used in all reaction zones may- be air or agas

richer or poorer in molecular oxygen than air. A suitable gas may be, for example 'A
| -oxygen diluted with _a surtable diluent, for example nitrogen or carbon dioxide. -
" Preferably the molecufar oxygen-containing gas is fed to the first and second
B reaction zone independently from the ethane feedstock. |

, The ethane teedstock of the process of the present invention may be substantially '
pure, or sl:ghtly diluted with other gases like the one beeing generated by natural gas
separatlon i.e. e.g. SOWt-% (PERP—report "Natural Gas L|qu1ds Extractlon 94195 54,
P. 60") or may be admlxtures with one or more of nltrogen carbon dlo)ade

‘hydrogen and fow levels of C3/C4 alkeneslalkanes Catalyst potsons fike sulphur
should be excluded Lnke\mse is. it advantageous to mmlm:se the amount of
acetylene The amount of lnert components is only limited. by economlcs

Step (1) of the process of the present mventlon may suntably be camed out by
passing ethane the molecular oxygen-contammg gas, steam and (lf necessary)
addrtlonal merts through the catalyst. The amount of steam may suitably be i in the
range from 0to 50 Vel%. The molar ratio of ethane to oxygen may suntably be in the
range between 1 1 and 10 1 preferably between 2 it and 8 1.



is nmore favourable' at higher total pressures .conpared tOrgtd’é%engérggéd ve
dehydrogenati on of ethane to ethylene. Acetic acid formation is the
preferred 18 Decenber 2004 WO 01/ 90043 PCTI EPOO 04545 5 reaction, product
when feegiggysbgam toget her with ethane and the nol.ecul apcr@yydfRss .
contai ning gas, whil.e steamcan be facultatively used for the oxidative
dehydrogenati on of ethane to ethylene, but it absolutely necessary. :
Preferred catal ysts are those wherei n7Xis Vand Y is Nb, Shb-and Ca. Pd
rati os Stepdi afhthei paicessecdl gneirprasenh invemtiont away auitehly e camiachoutat ar bon
di oxi d Pd . rat| I |nd t favour, the R
f or mat ?%TH 8? W@I@%tﬁ\%% esr%‘é&?'ﬂgégﬁp@%mf Qpr ed for the process '
accordlng to the invention is M21.00Pd0, 00075V0. 55Nb0. 09Sb0. 01Ca0. 01."
Useful catalysts for the oxidative dehydr ‘ogenation of ethane to et hyl ene
can al §iepe(1¥ of-the, precres Aif, ther prasent iavention- may Asuiisble beogpdies aHl eéh wer e

o0 | XaABEFRLRE ) bt R BhesBots, b BB e R4 Tfoofo
Cat al yﬁ@ma@qﬁbrﬁqftgrm bée Division of Petroleum Chemistry, inc.; 219 - '

Nat i onal eting, ACS, San Franci sco, CA, March 26-31, 2000; 298- 302)
Moreover, several other. patents describe nore generally the oxi datlve

dehydr. ‘ : I here

whi ch 0@&@%$$5§m%hgg%bﬁ%f |ven§H%§%‘ ﬁiﬁ?%ﬁ&g?| p8p§mﬁgaoﬁ Qﬂ

based &g abhigied ifE-ste (1) &iSthe pﬁﬂoa%é&;fdheq:resm‘t rhlmmtlm'e dspenmr@ lmlthe doped®

Ni - P-Sn oxide catalyst, GB 2 050 188 describes N -Pb catal ysts, ‘and US

3, 886, crgact%sencsefs oRistany To¥alen et SR Pe Anfeartolr easrader WER iNteTRI%Rver al

ot her >§§§H%§ is an advant age of the present invention that the ratio -
C |ty o acetic ‘acid to :selectivity to ethylene which is forned -

of sele .
in the first reaction zone can. be varied'vm'thin wi de .ranges, i.e., fromoO
to 95 (V by changin reactl ych-as tign t rature,
Lorar phescae b anvasvieas it ik QR 208 Y6 Ml hEBRN eI SBEA) 1

Decenb %Q%Oyggs%/ﬂe@ﬁpe%eam@aqgfp%% The reactions in the first and.
n _

the seco eaction zohe preferably 'are carved. out.

In step (1) of the process of the pr_esent _invention, the catalyst suitably ha's a
© productivity (“space time yield" = STY)in the range 100 to 2000 grams of acetic acid
per hour per litre of catalyst, preferably in the range 100 to 1500 grams of acetic acid

per hour per litre of catalyst. |
Step (1) of the present znventlon can be camed out in f xed bed as wellas in fluidised
bed reactors. -

Thegaseous product stream from step (1) compnses acetrc acrd and water and may
contain ethane ethylene oxygen nltrogen and the by—products carbon monoxide
and carbon droxrde Usually, no or very small amounts (< 100 ppm) ‘of carbon
monoxrde are produced in step (‘l) In case that carbon monox1de is produced in
hlgher amounts upto 5 %, it may - if necessary be removed after step (1) e.g: by'
adsorptron or by combustron to carbon dioxide by a molecular oxygen-contalntng
gas. -The acetic acrd is present in the gaseous product stream of step (1) preferably
in an amount as is requrred for direct conversion to vinyi acetate with the ethylene
contained in the second product stream WhtCh will be combined w:th this first product
stream



such that the anmounts of acetic acid and ethylene formed in these reactions
are- in. an - appropriate ratio so that the conbined fir 9B Dabshiseeoryd
product streamcan 'be directly fed into the third reaction zone to form
vinyl acetate without the need to feed additional acetic acid or ethylene.
The cat alygtognaasi ve for, the oxidation.of ethane may be pspfpswapg ted or
unsupported Exanpl es of suitable supports . incl ude silica, ‘diatomaceous .
earth, nmontnorillonite, alumna, silica alumna, zirconia, titania, -
silicon carbide, activat ed carbon, ankl nixtures thereof. The catal yst
active Stzp t{(Bp obﬁhdaprromsefofetﬁeapeesm;t itreentiopemay nsuitably bencarfied dutxieg or

f 1 ui dised hed. .Th | d |
sones. nRSS08 ehaﬁe”ﬂeeétegéwpey YOG <BOGHNG aroret At g@tg'%‘%ért?;r
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di | uent Ql"i?l(girgﬁgixarrp | e’ ouggﬂr ggééﬁa%l & F@é oxréfétgg ﬁlﬁBlytﬁg rml ecul ar
oxygen- camgafromriytoyald Voi%. fidw rtnolartratrcb pf ethamedose@gad ma;eaurtat:dylbeomehe

[ ndependentl from t f eedst ock of the
process 9% ﬁ%tw 8 {ejll:ta“r% {Eﬂtﬁrg r %s't QH ally pure, or slightly
diluted wth ot her gases like the one beer ng generat ed by natural gas

separation, i.e. e.g. 90 W- 0/ 6 (PERP-report "Natural. Gas Liquids :
Ext r act iStep 942) o6 tst progessegf” ;heoprem;at Erweo:dinn xmay wmabtyhbe neartied outaatea of

3 kengcRampSaiiS b 20635 50 RY HkoRRy BaM A BHBR e ol e,

Likewse is it advantageous'. to mnim se the anount of. acetylene. The
amount of inert- companents-is only limted by econonmics. Step (1) of the
process S4ep (R ghrtbeeproceay et henpieagnt inveatiph mway ceuitabiy l:tmcame pat stng

a1 oAORIECO! HmdatERa IR, el ml it W S mol 10REERTY 1)

in the Haar;ge{érgm @mﬂqo!ﬁmwrl % The nolar ratio of ethane t.o oxygen may
surtably be' int range between 1:1 and 10:1, preferably between 2:1
‘and S:'1 18 Decenber 2004 WD 01/ 90043 PCT/ EPOO/ 04545 7 Step (1) of the-

process t tyando
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oxygen feed. -

' '_Typlcalty, oxygen conversrons rn the range 90 to 100 % may be achieved in step (2)
of the process of the’ present mventron

In step 2) of the process of the present 1nventron the catalyst surtabty has a
productwrty (STY) in the range 100 to 2000 grams of ethylene per hour per litre of
catatyst preferably ln the range- 100 to 1500 grams of ethylene per hour per fitre of
catatyst.

Step (2) of the present lnventron can be carried out in ﬁxed bed as wetl as in ﬂu:dlsed
bed reactors

The gaseous product stream from step (2) comprises ethylene and water, and may
contam ethane, ac:drc acad oxygen nitrogen and the by-products carbon monoxide

and carbon droxrde Usually, no or very small amounts (< 100 ppm) of carbon
mcnoxrde are produced in step (2) In case that carbon monoxrde is produced in



bar, preferably froml to 50 bar. Typically, ethane converigipaBsnmben 26due
range of 10 to 100 % especially 10 to 40 % may be achieved in step (1) of
the process of the present invention, depending on the reactor concept of

step 1, "Wb%}ﬂ l9004§2N al so be a reactor cascade with interspditkplooasggen
f eed: Typ| ca F oxygen conversions in the range. 90 to 100 % may be -

achieved in step (1) of the process of the present invention. In step (1)
of the process of the present inventi@n, the catalyst suitably has a.-.
pr oduct highety a('rlm.pm:mpt toreb %elltdl‘nay smecessam 1 Begeemoed @ﬂsorﬁle@r@r)rs of,
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present cégrﬂ’-!lﬁﬁdrﬁﬁs C %ebgmgml i€hrasént in thexridbed ;ﬁﬁdMﬁl tréin lofl sfépl (2 s ed

bed reactors e-:gaseouS product streamfromstep ( conprises aceti.c’
aci d anprefexably, maﬂrdamylnt LY aequletdwfandlre@tm\@teondﬁyued acefqte N‘dﬁblfheand

srml 1 2BB S50 T banRa A BP DA BERLthSRsRhat o M bes SHRbiRe W ahiq 7)Y
I n casegibsid ag%ﬁ@mxr de is produced in higher anounts up to 5it may

.if necessary - be renoved after step (1), e.g. by adsorptlon or by
conbustlon t 0. car bon. di oxi de. by a nol ecul ar “oxygen- cont aining -gas. -The

t bl
e o Blathile b Bl oA S PRAISYRpRLRAY Sbr REREREI i SRelhd rRAGEET 0! Y
the et hzéte?ts))e@ﬂtapreeent imvehios eegnsLitabbdbe tadiusted by witianging the reeciianTbi ned

with this first product stream .18 Decenber 2004 WO 01/ 90043?507 EPOO’ 04545 :
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st eam mygnynt thabstsakepartial fressurerigdhé femd &f step §0). Vol % The nol ar ratio of
et hane to oxygen may suitably. be in the range between 1:1 and 10:1, -
pref eraly between 2:1 and 8:1. Step (2) of the process of the present

i nvent i Gﬁ"l ﬁ]ﬁrggg VirOia &@%r(ﬂ?@né%e@aséous PrEaRAIRiHI e f(@)T‘rr%@'ObeO 500
C prefera to 400
fed dlrectly to the thlrd reaction zone of step (3) together with optronally addrtronal -
| “molecular oxygen—contammg gas optronally additional ethylene and Op’aonally
additional acetic acid, which can preferably be taken from step (4), the vinyl acetate

separatton

The catalyst active fér the production of vinyl acetate which is used in step (3) of the
process of the present invention may compnse any suitable catalyst known in the art,
.for example as descnbed inGB 1 559 540 US 5,185,308 and WO 99/08791. -

EP-A 0 330 853 describes catalysts for the production of vtny acetate all-throughout
mpregnated contalnlng Pd, K| Mn and Cd as addltlonal promotor mstead of Au.

GB 1 559 540 descnbes a catalyst actrve for the preparatron of vinyl acetate by the

reactlon of ethylene acetic: acid and oxygen, the catalyst consisting essenﬂally of

(1) =a catalyst support havmg a partlcle diameter of from 3 to 7 mm and a pore
volume of from 0,2 to 1.5 ml!g, a 10% by welght water suspensuon of the
catalyst support having a pH from 3.0 t0 9.0,

2 a palladlum-gold alloy distributed in a surface fayer of the catalyst support the
surface layer extendlng less than O, 5 mm from the surface of the support the



Step (2) of the process 'of the; present invention may suitably -be carried
out at atnospheric or superatnospheric pressure, for exanglbecémbedr benar ange
from1l to 50 bar, preferably from1l to 30 bar. Typically, ethane
conversions in the range of 10 to 100 % especially 10 to 40 % may be
achi.eved wo \apeq3(2) of the process of the present inventPOErPeEsssdi ng on
the - reactor concept. of . 'step (12), which can al so be a reactor cascade -
with-interstitial oxygen feed. " Typ| cal'ly, oxygen conversions in-the
range 90 to 100 % may be achi eved in sbep-(2). of the, process of the

present inv eﬂéﬂé&ﬁuml Ig thé @Wo;t 6&}1% ‘rﬁ‘esé?ﬁ iR 'é?ﬁ?r?\%uﬁf of fid1R P545 8 g’ﬁ%"? gfeg 000

the catal yst suitab oductivity inthé ranye
grans of et hlireoné cetaly$tpamd me gbidtbmngfpreaem‘talhyam amoust ef didny 0jhta Re2% ange

100 to-- 1500 gr hour per. litre of catalyst. Step (2)
of the preseﬂt‘%’%%ﬁﬁ %tﬂﬁ’ﬁgag‘arrl ed out in fixed bed as well as in
f1 ui di seg bﬁ@nf§t&69rg$am¥'p%rﬂ@é%?eétaﬂfs@@?‘élkeﬁtrhét@%&ét‘é@Step (2) conprises

et hyl ene "and water, and -contal'n et hane acli dic acid, oxygen,
nitrogen and .t.he dbypr oducts car bon nonoxi de. and carbon . di oxi de.

e o S8 5,3 s3Bbes e”“h%ég@régﬁg%ﬁﬁ tn%ﬁ{yg % 2 “°Xé8%eu Tn. 15
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may - if necessary -.be removed after step (. by~ adsor-ption or by
conbust censising assrntially 6% de by a. ol ecul ar oxygen- contai ni ng gas. The.

T SHound GLAVR S RAARE 8 PR e i BT Rt R ARl R AR
the  acidic aqyoiemmraeaedztﬁﬂsmlfpergtamr oduct streamwhich will be-
conbined with thi's second roo'luct stream The et gl ene/acidic acid ratio

whi ch i £necesliadiyny éﬁdf@éldiﬁtﬂmf@ vimihe sséermast blcmer thick tiayer( of thef t he
present i nve@%{ag{gt%zs@wp%ﬁ@ég Q,ﬁ adj ust ed by changing the reaction

par anet er s’ ep (2), e.g. reaction terrperature total

pressur ¢3) . gaoavaboliBblty aspemgwcebpweight df potasdiuraeetateesharéingbelyold

react ant and, ciall var t he steam.parti al ressure |n the '
feed of st ept‘? Eeﬁgfum we?gl;ht re%lo in sa% catalyst isin ther. nge 0, 6 top‘l 29,

WO 99!08791 describes a met_hod for producing catalysts conteining Ametal nano-
‘ _.partioles on a porous support, especialiy‘for gas phase oxidation of ethylene and
._ acetic acid to form vinyl acetate. The invention' relates to a method for pro'd'ucing.a .
. .catalyst containing ogie or several metals frorn the group of metals compnsmg the
sub-groups Ib and Villb of the penodlc table- on porous support pariicles,
charaotensed by a first step in WhtCh one or several precursors from the group of
compounds of metals ‘from sub—groups 1b.and Vb .of the penodlc tabie is or are
appl:ed to a porous support, and a second step in which the porous, preferably
nanoporous support to which at least one preoursor has been applied is treated with
at least one reductlon agent to obtain the metal nanOparhcles produced in situ in the
pores of sald supporL

Typtcally, step (3) of the process of the present mventlon is camed out
.heterogeneously wﬁh the reactants be:ng present in the gas phase.

The molecular oxygen—contalnmg“gas’ used in’step (3) of the process of the presert
invention may compnse unreacted moiecular oxygen-contalmng gas from step (1) or
(2) andfor addltlonal molecular oxygencontalmng gas Preferab!y, at least some of



The gaseous product fromstep . (1) and the gaseous prodig@ecthiees£P (2)
may be fed directly to the third reaction zone of step (3) together with
optional Iy additional nolecular oxygen- contai ning gas, optionally

addi ti onglogiHslkene and optionally ~ additional acetic aciggrmbdonasgan
preferably be taken fromstep (4), the vinyl acetate separation. The

catal yst active for the production of vinyl acet ate which is used in step
(3) of the -process of the present intkntion may conprise any suitable
cat al ysthekmtafcular bhggen-tontairfing gasansplfed axlependenthe do i theGihinb 56adtiofn 3 us .

5, 185, 308 V\g 991 8791, g@l? 330 853 descrr bes catalysts. for the
produc%qlt??j;%m prApele gcid ang eilvlane g - i npregnat-ed cont ai ni ng Pd, K,
Mh and Cd as addrtronal promotor instead of Au.. GB-1 559 540 descri bes a

catal yst ‘active for the .preparation of vinyl acetate by the reaction of
et hyl enStepa(Ss)tofcttecpcbcmse ahihgepreseneinventiby gtay suiiablyi Ibg cesdadchobilat ya of

(1) acatal ort Vi n diameter of from3 te 7 nm -and
a pore ¢ %ﬁﬁ’rﬁt’ %?ﬁr@é?r?rﬁg'f%§8%2bg{da 10% by wei ght water suspension of -
the catalyst support having .a pH from3.0 to 9.0, (2) . a palladiumgold
alloy distributed in a surface | ayer -of the catal yst support, the surface -

| ayer eStapn(B)nof thes prqcma d thenpreseohinveationrmay suiteb hrhl@esﬁameﬂl tout et 18

Decenber 2004 01/900 PCT!/ /04545 (3) 10 palladiumin the alioy

bei ng pP'@sS@Hte%hﬁrfaa% g:t[ E‘B@%ﬂ 5to v,0 grams per litre of -catalyst,
and the gold being present in an anmpunt of fromO 5t0 2,25 grams per .litre
of catalyst, and from5 to 60 grams per litre of catal yst of alkali netal -
acet at eStaps(3), @b psoBrded oUt e any sftable feasiargiraion captbipy et remaving ther t he -

Dont oy npRet Bheodkibt! kEEH Bafroblgle FEPY kel Elicar sohfflls Hepirey

suppor t filidcdithaed fudctarel e di ameter from about 3 to about 7 mmand a ‘p_ore
voI unme of 0,2 to 1,5 m per gram (2) palladiumand gold distributed i’
.the outermost 1,0 mm -thick Iayer of the (3) catalyst SUpport particles,

and . Acetic acid conversions in the range 5 to 50% may be achieved in step (3) of the
| process of the presentinvention. '

_Oxygen conversions in the range 20 to 100 % may be achieved in step (3) of the
- present invention. .

In step (3) of the process of the present lnventron the catalyst surtably has a
productivity (STY) in the range 100 to 2000 grams of vinyl acetate per hour per litre
of catalyst but >10000 grams of v:nyl acetate per hour per litre of catalyst is also

suitable.

The thlrd product stream from step (3) of the process compnses wnyl acetate and
water and optionally also unreacted acetic acid, ethylene ethane, rntrogen carbon
monomde carbon dioxide and posszbly present traces of other byproducts
Intermedrate between step (3) and step (4} of the process of the. invention it is
preferred to remove. ethylene, and ethane carbon monoxide and carbon dtox{de if
any, from the third preduct stream surtab{y as an overhead gaseous fractlon from a
scrubbing column,. in WhICh a Ilqmd fraction compnsrng vmyl acetate water and
acetic acid is removed from the base.



fromabout 3,5 to about 9,5% by wei ght of potassium acetate wherein the
gold to palladiumweight ratio in said catalyst is in thel8taegabd) 2604 0
1,25. WD 99108791 describes a nmethod for producing catal ysts contai ni ng
metal nano- particles on a porous support, especially for gas phase

oxi dat i oRy@byeolpy| ene and acetic aeid to formvinyl acetptpepdbliRsdsnvention
relates to a nethod for producing a catalyst containing one or several
metals fromthe group of metals conprising the sub-groups 1b and VIIIb of
the periodic table. on porous:  supportlparticles, characterised by a’ first
st ep. i Whehitlird reduet stfearerfatbmpstepu(&)or@mpmnghem@doracetate watm'pcantﬂs .of

metal’s.framsu L.ou | b, ..and V|| perlodrctab

appl i ePEHC aﬁ%fg @G‘g OEUB%H thea'%e@ecgﬂt?oﬁaugs $HHP: RreepRreird ’Boﬁ%z‘n '
pref er afy a‘stmh?emrprat&aﬁ ownesataieaedpecrraaten &cﬁﬁsﬁsrﬁ@ Qiry] SE8EROENA]T terbee”
applied’is treated with at :least one reduction agent, “to obtain t met al
nanoparaﬁd:aé@sprftﬂﬂ!i@ad:mmr@ﬂgﬂ%’ﬁctamd pores of said support Typi caI I Y,
step (3). of the process of the present. invention is 'carried out . :
het erogeneously with the react ants bei.ng present in the gas phase 0" The

mol ecul\EhyPxy&ef RORCAVEEEGrond 8% USe6troPe FaRHofh ?sepafaté@'ﬁ'l @régg@ ss@faphe

present I nventi on my conp ri se unreacted nol ecul ar oxy al Nl ng.-gas

f r om stfep exampde bY(QQC%IEﬁilOGr Thadecpwered vioykacstate maygtfrdesmedabsl fghges-
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r eact | qc) i prefefatiyrédieled; @ithorasrefbrably withottengheepadfiation, t%taep((s) on the

process of the present invention may suitably be carri-ed out at a
terrperath@rlé’ol:%ss’e he range from 140 to 220 C. Step (3) -of the process of - the
present: i nvention- may suitably be carded out at a. pressure in the range
from.l- to 100 bar. Step (3) can.be carried out in any suitable reactor

desi-gn ‘ﬁ@@oberallospamrﬁmm@retdr (eSTYi)eet vin/l acstatd @oferreddo athanedpprodliecdvay;
preferred techni cal %??eut i ons ?66 %&d or fluidised bed reactors. Acetr
aci d cofPPIOCERS 1% i thi rangegel 100 4o %ﬂetséa%lrnnébscranae S §90 (tsv) Othe

grams of vrnyl acetate per hour per litre of catalyst.

The overall yleld may be adjusted in a number of ways mcludrng tndependently_..
_adjusting the reactant ratios and/or reaction conditions of step (1) and/or step (2) |
andfor step (3) of the process, for example by independently adjustmg the oxygen

concentratlon(s) andlor the reactlon temperatures and pressures

. The process of the present .invention will now be illustrated by ‘example with
reference to Figure 1 whrch represents in schematrc form apparatus for usé in the
_process of the present mventlon

The apparatus compnses a ﬁrst reaction zone ('l) a second reactlon zone (2) a thlrd
reactron zone (3) and a scrubber’ column ). .

In use a molecular oxygen—contarmng gas optlonal steam and a gaseous feedstock
comprising essentrally ethane (5) are fed to the first reactron zone (1) which contains
a catalyst active for the oxidation of -ethane to form acetrc acid. Dependmg on the
scale-of the process, the first: reaction zone (1) may comprise elther a single reactor
of several reactors in parallel or series. The first reactron zone may also compnse a

reactor cascade, wherem between the rndwldual reactors addrtronal molecular



process of the present invention. Oxygen conversions in thgpe&g6r2604 0 100
% may be achieved in step (3) of the present invention. |In step (3) of
the process of the present invention, the catalyst suitably has a
product i Wyb¥ikY) in the. range 100 to 2000. grans of vi nypcpepjoalasysper hour . .
per litre —of catalyst, but >10000 grams of - vinyl acetate per hour per = . -
litre of catal yst is also',  suitabl-e. The thi rd product streamfrom step
(3) of the process conprises vinyl acd8ate and water and optionally al'sc .

unr eactcecymmorﬂalam@gasecmy berfed. Atfirahegaseausogerieduchr BEEamm ﬁ@mmémgcar bor©

di oxi de a pos e t races.of 0t he |ate
bet weerf® tcepa"(% lﬁl\%ﬁggt?a, ??QSSt?)(fk't F?QUBP%I esgﬁ(&ﬂ%ﬁﬁ'ée%dtlﬁégegy'% |
preferr fid vﬁ‘ét@ry cheﬁmeranﬁh eeltﬁﬂsmoﬁamaencamm.dﬁdenan@mw

di oxi d %t?%% %r omt he rd product stream suitably as an-over head
gaseousrsf\m#mdrawn ffmnm@frstceMDnr@rlﬁcﬂwrrn in which a liquid_ fraction
conpri sing vinyl acet ate, water. and acetic acid is renoved fromthe base.
18 Decenber 2004 'WO 01/90043 PCT/ EP00/.04545 12 The third product stream . ..

from steRe (cBhos@rEddtIDhRBNEI(RY]s fedakitt &8 myBtglar sRfherpeaitbinivs gds, optllohlal or .
w thout the internedi ate scrubbing step, is separated in_step (4)
di st i | | sieizom ahdegaasous Eedsieckeemprising ssabtial rﬁtbaﬁe (®)sThg reﬁﬁjﬂﬂ %@{e at e

and wat d-a b : |
"ecover &) SdbnS roagusl Rale Py B BekBLdPeraRens At stilie TG
exanpl ecRVHEeSaN @ ithe prddess, A6 \wicerd\reagliomeehat() may cbfmpilissi eitr de -
further purified in known manner. The base fraction copprisin acetlc acid

separ at 8irglereaciqy or seypral §9®?t@$$elﬂdb¢f§‘l l‘?lélfy‘iﬂr@a The s %F‘@F‘ NG ¥ hout
furth | @m T'
Y:Jel dezg%é’%‘*@@éé Qr}egétg 8%'58?492@?%‘8@1?0 et ehﬁ'%)’“?ll’%:' %‘c ﬁ &JS the procesns3
is in tfrﬂ:leal.ﬁllge o&frg{;érﬁ)&omerrﬁﬁ@@aaocahehalﬁed Ansed:mld g?geol_trlff pﬁﬁxﬂlqtlo:‘l.trmﬂ)l d‘
rans of vinyl acetate per hou of ca s e _overa i e .
Oy be  SQIPHARS | SinaianenouRrSieRhy feadsiadhiar RETTHIL, PPN PedoaoIEE R |« he
reactan tox{@éh%ﬁn?a’l%@ rgdsCafd 'v?etteF QBQetheP WitPEarbbfPmohdida) @éﬂfons @:li%R;deZ)

' and inerts is withdrawn from the second reaction zone 2).

" The first and the second product stream are fed to the third reaction zone (3). '
: Addltlonal molecular oxygen—contaln:ng gas (7) may be mixed with the product
stream withdrawn from the first and the second reaction zone (1) and (2). In the third
- reaction zone (3) ac/etrc acid and ethylene are contacted with molecular oxygen-
containing gas in the presence of a catalyst actrve for the production of vmyl acetate.
Depending on the scale of the process, the third reaction zone (3) may comprrse
either a single reactor or several reactors in paralle! or in series. A product stream'
comprlsrng vrnyl acetate, water optronally ethane gaseous by—products and
unreacted acetic acid and ethylene is withdrawn from the third reaction zone {3) and
is fed to the scrubber column (4) where a gaseous stream’ compnsrng ethylene, and
optionally ethane together w:th ‘inerts, carbon monoxrde and carbon dioxide by—
products is mthdrawn overhead and is recycled fo the first or second reactlon zone
{1 )1(2) A liquid stream comprlsmg vinyl acetate, water, unieacted acetic acrd and
possibly present other hrgh bo:hng products of the process are wﬁhdrawn from the
.base of the scrubber column. (4) and. wnyl acetate is. rsolated in state of the art
equnpment fiot shown. For example. |t is fed to a drstillatson column where vrnyl
- acetate and water is removed asan azeotrope and acetjc acid, and poss:bly present



and/or step (3) of the process, for exanple by independently adjusting the
oxygen concentration(s) and/or the reaction tenperatures aadeqsamuesmoes. The
process of the present invention will now be illustrated by 'exanple. with
reference to Figure | which. represents. in schematic, form apparatus for
use, 'i:n tWe e1PiAsess of the present invention. The appar aptiFrrREEdsSes a
first reaction zone (1); a second reaction. zone (2), a third reaction-zone
(3) and a scrubber’ columm (4). . In use, .a nol ecul ar oxygen-cont aining-
gas, ‘optional steam and a aseous feeddtock “.-conprising essentially ethane
(5) ..ar eothed high thedling petdm%aate emeved as) a vileed. from atghe baseaohl fie -
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single béaféo%fratedlfrcﬁﬁ‘!l?é dinyl @c%teerm a Hebaiel bed aqainﬂerceeﬁe produdt ist®lam -
reacti on Zzone nay al so corrprl se a reactor ‘cascad e, wherein ' between.the

i ndi vi dtemoved&oar deeanier isensifiedblyceanvantional easedgrowrDmutheEr1/ 90043
PCT/ EPOO' 04545 13 oxygen-containing gas can be fed. A first gaseous . -
product “stream conprising “acetic -acid, unreacted feedstock, opt:i onal I’y -

uncansugr#hon |d&§)ﬁdeib%~pr<§dlm ean beaehiveldisy aasviaild teghmitalt m@éélﬂmowﬁ i

car bon nonoxi de, carbon di oxi de, and |nerts T's withdrawn from. he f|rst

react i oﬂ"%oﬂé 9 byrieversibim ehsoseior rin 28R e2qusouss Ke@swseokitian nwhishulisr -
f k
oxyg_en ﬁéer%hanegflé?s 6@3&hn}rsg%eghm) a gaseous feedstock conprising

essentl e reac zone (2) contains a-catalyst active
for.t-he oxidation of ethane to form ethylene. Depending, on the scale of

the process, the second-reactio one (2) may conprise’ ‘either a- 5|ngle '
react or 161wt 'sr‘@éﬁéﬁa&‘g‘mﬁegﬁ AVINGISXGMAIS-i es. The second reaction’ zone

may - al so conprise a reactor cascade, wherein bBetween the. |nd|V|duaI,[
reactors. additional nolecular oxygen- contalnlng gas can be fed, A second
gaseous’ product stream conprising ethylene,' unreacted f.eedst ock,

opt i onal un nsuned nol.ecul ar oxygen-contai ning gas and wat er -together
with ca X|de carbon dioxide, and inerts is W t hdrawn from'the-
second reactlon zone (2). The first and the second product streantare fed

to ' the third reaction zone (3)-
Preparation of Catalysts

- Example (1)
Preparation of catalyst |: M01_ooPdo,ooQ',rsVo_a_sNbo_ongo_olCao_otox

Solution 1 80g amrnonium molybdate (Riedei-de Haen) in 400 m} water
Solution2 294¢g ammomum metavanadate (Riedel-de Haen) in 400 ml water
Solution3  19.01 g niobium ammomum oxatate (H. C. Starck)

1.92 g anttmony oxalate (Pfaltiz & Bauer) and

‘l 34 g calcium nltrate (Riedel-de Haen) in 200 ml water
Solution 4 0.07,8 g palladlum(ll)acetate (Aldnch) in 200 ml ethanol

Soluttons 1, 2 and 3 were stired separately at 70°C for 15 minutes. 'Ihen solutton 3
was poured. lnto solutlon 2, and stirred together at 70°C for another 15 mtnutes
before addlng thls into solution 1. Thereaﬁer soluﬁon 4 was added

The resultmg mtxture was evaporated to obtaln a remalnmg total volume of 800 ml
This- mixture was spray—dned at 180°C followed by: drymg the powder in statlc alr at
120°C for 2 hours and calclning at 300°C for 5 hours



Addi tional ol ecul ar oxygen-containing gas (7).nmy be m xeg cthbd-B8oa
product streamw thdrawn fromthe first and the second reaction zone (1)

and (2). In the third. reaction zone (3) acetic acid and ethyl ene are

cont act edy [ﬁ?lecular oxygen- containing gas in the pnrReaesoslsa _

cat al yst actlve or the production. of vrnyI acet ate. EEpendlng on the -
scal e of - the process, the third reaction-zone (3) may conprise either a-:
singl e reactor or several reactors intparallel or in series. A product
stream conprrsrng vinyl acetate, water, optionally ethane, gaseous , Lo
by- product s ‘unreacted-acetic acid. and et hyl-ene i's wi t hdrawn frontthe “
third rEE@FH%ﬁ (Zbne -(3) and is fed-to-the scrubber celum (4) where a -
gaseous stream conpri sing ethyl ene, and optlonally et hane together wth.
inerts, .carbon nonoxi de and carbon d|0xrde by- products.is w thdrawn
overhedmepmhmm1mhnﬁmydd!ﬂQPdWMMF@ﬁt or second reaction zone ,(1)1(2).:
liquid stream conprising 'vinyl acetate, water, unr eact ed acetlc aci d and
possi bly present other high boiling products of the process are mnthdramn

fromt h% Qp%ﬁa&tﬁmt 5@@%{3 L8/ERYCAMAIATE2 g (ghid aaeate iy digsotietf By 30 l

i sol ate st at art Tequi pment not shown. -For_exanple, it is fed
to a di atetid aa:rdoﬂ'hecprapaahmmtheemplomczid@cataﬂemd@timwdr%ﬁnmsa&- an

o1 o004 S0 R 0 B O ket 5a8 set SRS e B e .

bl eed. géﬂé&l&m 1RE BARE sebtaté Neolutiodli StiHehatthen nepbrityn of Tstivaneid wast he

over hea streamfromthe distillation colum can'. be separated from t he. ._:'3- .
vi nyl . aceaparatac uamgeaemtaw ‘evapasater il TG e6t é@l@vmd)@ycevatq@m be dpdled

from decant er | puri d i rbon '
di oxi deuﬁvgrﬁrb‘a ‘EmB Lag] é)%ﬂ%@ ﬁ%@—. %ﬂ@é@{@@ﬂéﬂé‘ |E§ éér;f%géelts“sﬂ'ﬁﬁ in-
the art e.g. by reversible absorptlon in an agueous K2CC3 sol utlon -Wnlch :
is .regenerated in a desorption columm (not shovvn) h(i\{(gy tionis, °

t

i || ust r dhedrasitingepeliats ovpieg restions wéth &,ga mixturs é?fa degen Vbt s

Exanpl e °

MbL1. ooP&‘éﬁﬁ%{rS@@E%ﬁ%@%@b@%k@’fhg?’&dggmﬂg&tr’f pelels at 200 "G gnd 1
nol ybdab?r f&i edel zdfldmtg with pt@ssilimviahsy the &duuedqaeiletszwrete gddeddaiaim-
et avan%oﬁ}tr%n( c%netarﬁrng g potasslrt?m4gcetate in ‘138 mi of water, for 15 minutes in a

mixing apparatus.

' Then the solvent was evaporated using a rotary evaporator The petlets were dried
2t 100 °C for 14h. /-

Catalyst 1l was. prepared m three batches usrng the same process they are called
' Il a, Il b and [l c, respectively. '

A catalysts were t*VI@T?-‘PTB.S_S&’Cj, broken and sieved into a-granular frac_tion between = -
- 0.35and 0.70 mm for performing the catalytic tests. - ' | '

Catalyﬂc Tests : S .'
For performing the catalytic reactnon descnbed in steps (1) (2) and (3) of the present :
tnventlon double-wall fixed bed reactors with an inner dlameter of 14 mm and 20
mm reSpectively, and a length of 350 mm were used The reactor was heated vra



Solution 3 19.01 g ni obi um anmoni um oxal ate (H C.. Starck), 1.92 g
antinony oxal ate (Pfaltz & Bauer), and 1.34 g cal ci um nit retmecbibecdeds de
Haen) in 200 m water. Solution 4 0.0789 palladiun(ll)acetate(Al drich) in
200 m ethanol. Solutions 1, 2 and 3 were stirred separately at 70C for 15
m nut'es.’ Mgoﬁ_gl ution-3 was poured: 'into solution 2, ~apergbiodisd
together at '70C for another- 15 minutes bef or.e addi ng th| s into sol utlon 1.
Thereafter, ~solution 4 was added. 'The" resultlng m xture was evaporat ed to
obtain a remaini ng total volune of 8006 .- . This ‘m Xt ure was spray-dri ed at
180C f ofthewexdertsi- dulye ngnthh@rpomﬂebamn 'Eyracally aﬁrmhtandlﬂﬁcmlcnf gatalysts and

| 300C for 5 h 18 De 200410, 01/ 9 2l e 2
b cpar &P PBCEY S s PaRLY G iy SHPTes TeterEbon PPl daesy SarEaRt m

acetate alxﬁlﬂdelgrelmeed;rbe?a%sqn dqlaﬂa@eeb%e%tendl ecﬁeheednda Bfé% @1 e}eet ' C

aci d. -The prepar ati on-.of enpl oyed. gol d-acetate is describ
US A- 419331 504T01oee1:rea$eme)z:leedpmlﬁme(@fzthepeea@@rs it wegdil@d umaw&u;newere

cceri o ket obAlR SRS HdoR ST o el bl beducthrgidinEi gy

by- evapardtitfiticaiiadiasted bisinass andﬁqundﬁwf;eﬁtr@le@ resgedtiveg | yina -
,vacuum dryi.ng cabinet at 60 C for 14.h. The Tesul ti ng pel'lets were

reduced with-a gas mixture of 10 Vol % hydrogén in nitrogen, while passi ng

e kel o A EP b e Pl R ing s FoRibordly 7, &

sol uti.-on containi.ng 4 ¢ potaSS|um acetate in 30 ml of water, for 15 minutes
in a mxing apparatus._ . Then, the seolvent was evaPorated usi ng .a rotary. .

evapor at Bie repris s icatalylic measurenaqnts gn catalyetst bio XUl (examples (isto 18))viak .

D1 oD e Bkt by ) Gtk rePAIRIREARGT Doy 3 f’%%%ﬁ%ﬁr%ﬁé ¥
Si eved |sltmmamg'r abiek af ahd & tMessUpetentsnof step (1) (resu!ts presented in Table 1)
were performed at 15 bar. - -

Datain Tables 1 and 2 are defined as follows:
Conversnon of ethane [%] = : .
(0.5 *[CO] + 0.5 * [COZ] + [CaH + [CHscOOH]) 105 [CO] +05* [002] + [C2H4] +

[Csz] + [CH3000H]) 100

Selectivity to ethylene [%] =
([CzH4D ! (0 5* [CO] +05* [002] + [CgH4] + [CH;ﬁOOH]) 100 ;

Seleotmty to acet:c amd {%] =
(ICH3000H]) l (0. 5 [CO] + 0 5* [COZ] + [C2H4] + [CH3000H]) 100

with

[ ] = concentrat:on in mol%

[CoHe} = concentratlon of ethane not converted

T [s] = catalyst volume (ml) { volume ﬂow of the gas (ml!s) at reactlon
conditions -

STY = 9 Product { (l catalyst h)



0.35 and 0.70 mmfor performng the. catalytic tests. Catagdeemdeobes FOr
performng the catalytic reaction described in steps .(1.), (2) 'and (3)

of . the present - invention, double-wall fixed bed reactors with an inner
di anet er g o1kdosym and 20 mm respectively, and a | engt hp@fEPdbisan wer e
used. -The reactor was heated via 18 Decenber 2004 WD 01/90043

PCT/ EPO0/ 04545. 14 the external tube with an." oil' bath. Typically, 5 n
and 15 rri of catalyst, respectively, partially mxed with sone inert :
mat er i aff@ lf-‘b - typically glass, quartz or .alumna granules or beads in a

322?22:@4%@%?&@%@#1%%&@ %I%e%ar%\ggid%p%n E%a%ttt? %‘%h i nert b ‘
][r}at)\e};i, al- (as nentioned above) before and after the.catalyst bed. The. voI ume

respectj

gas chr}

Xl (e

i nvent i

Measur ef

at 15 b

of . eth

[ CH3CO

= ([c2l

Sel ect i

[ C2HA] | : 2 =

concent flat i ($80 ¢f4.8t Hethe 162 cohser {td 13.3 . |91.5 07 .78 = (235
2 280 (74 J20 . -|o4 f1& J29. |105 - |904 |35 160 {362
3 300 | 7.1 2.0 04 “1.6 29 13.2 89.0 2.0 190 g 447
14 30{4.8 |30 - |06 |24 43  [113  [872 55 {73 1564
5 ]300 |41 {35 |07 128 |80 102 (862 [74 |64 584
6 1300 13.7 [4.0 08 {32 |50 |s@ 341 |92 |66 630

Catalyst I (examp!e {2)) was 'us’ect ih step (3} of the present inventieh for the
production of vinyl/ acetate. The catalytic test was performed -at reaction
temperatures in the range from 150 to 170 °C, at reaction pressures from 8 to 9 bar

The results of catalyﬂc measurements on catalyst Il (example @) for perforrnlng
step (3) of the present lnvent;on are shown in Table 2

Data in Table 2 are defined as follows:
Selecthty to vinyl acetate (VAM) [%]—-
([VAM])I([VAM]+05 [CO]+05 [002]) 100 o

with
[]
STY

1.

concentratlon in mot%

9 product! (1 catalyst h)



ti [s] catalyst.volunme (m) | volunme flow of the gas (M / s)g@BdcerBaSobHn
conditions STY g, product/ (I catalyst * h) 18 Decenber 2004 WD 01190043 17
PCT/ EPOO/ 04545 Table | ..Catalytic results on catalyst | performng the

et hane oxweajifeeeust o acetic acid :Catalyst Il (exanple (2)pcnapondised in
step ' (3) -of the present invention for the  production of vinyl/ acetate.
The catal yti-c test was perforned--at reaction terrperatures I n the range
from 15‘? Eﬂ%ném C, at reaction pressurlés from8 to 9 bar.. The results of
catal -yt t# asurenents on :catalyst 11 (exanple (2)) for performng .step "

(3) of |4V, |n Table 2 are
det ai nega ﬁ?‘@ﬁsn'ﬂmd?'%?%lgg{h @%’?@ﬁ@g&@h%&fnﬁgé es!(fﬁ = . ([VAM) ./
([VAM '+ 0.5 * [CO +05*[COQ) 100vv|th - concentratlonin nmol %
STY _ g pr odu
on catal yst

PCT/ EPOO/ 0454 '
producti on’ of
a first reacti
wi th a.nol ecul

-
-
o
W] W] W w| W ©
w
()]
Y
o
Q
o




of a catalyst to produce a first gaseous product stream Coftd.Shbs 286£t1 C
acid; 2) contacting in a second reaction zone a gaseous feedstock
conprising essentially ethane with a nol ecul ar oxygen-containing gas in

the presence of a catalyst to produce a second gaseous product stream
conprising ethylene;, 3) contacting in4g third reaction zone the first
gaseous Sroduct stream and the second gaseous product streamwth a

nol ecul a¥@BR§ gen- containing gas in the presence of a catalyst to produce a
product stream conprising vinyl acetate; 4) separating the product stream
fromstep (3) and recovering vi ng acetate from said product streamfrom
step (3)Twher®p h"t?W@tQ?aP@P%ﬁ for he meoductiens of iyl geateigawhielcomersesole i s of
the fornul a MpakRdlXcYd wherein X and Y have the follow ng nmeaning: X is at

| east one el errent selected fromthe group consisting of Cr, M, Nb, Ta,
Ti, V, Te andW Y is aontachisg inadrs reaptinp zqeg aaeEseoys fepsistork @j—‘r"@ﬁ![‘s"lng
Eons l?atl rc‘g OL B, Aésseﬁ:ﬁa elmbgg%tg azﬁlole@glar &yge%on@ﬁnnd%hs' ih the%'nesé%e AU,
e )

TI and U and wher e?frP aa'gésﬂe REPEHCE %Fl@t ga%ﬁﬂuatpmuch@ﬁrw aﬁmpa%m)ta@eﬂfa
b=0.0001 - 0.01; 4g&@ 4-1; and d=0.005-1. 2. The process according to
claim1 wherein the gaseous feedstock for step (1) conprises ethane,
mol ecul ar  oxy&en- cont ai FANRFIBG s 18BN trARGHENT E0RSK Ay cdsepts | Bedsiogkne
range between 1:1 gdfprikh %ss@ﬁﬁbl@ étt@aréowwla RREQAT V\g@@ﬁ%gn@ﬂlrbhgas fot al

vol une of the gaseous feedst ock). 18 Decenber 2004 01/ 9004
PCT/ EPO0/ 04545 the presence of a catalyst to produce a second gaseous product stream

Sn

comprising ethylene;

3) contacting in a third reaction zone the first gaseous product stream
and the second gaseous product stream with a molecular oxygen-
containing gas in the presence of a catalyst to produce a product stream
comprising vinyl acetate;

4) separating the product stream from step (3) and recovering vinyl
acetate from said product stream from step (3) wherein the catalyst in the
first and second reaction zone is of the formula

Mo Pdp XcYq

wherein X and Y have the following meaning:
X is at least one element selected from the group consisting of Cr, Mn, Nb,
Ta, T, V, Teand W,
Y is at least one element selected from the group consisting of B, Al, Ga,
In, Pt, Zn, Cd, Bi, Ce, Co, Rh Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg,
Ca, Sr, Ba, Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tland U
and wherein a, b, ¢ and d are gram atom ratios and denote

a=1,;

b =0.0001 - 0.01;

¢=04-1;and

d=0.005-1.

2. The process according to claim 1 wherein the gaseous feedstock for step (1)
comprises ethane, molecular oxygen-containing gas with an ethane to oxygen
ratio in the range between 1:1 and 10:1, and 0 to 50 Vol-% steam (based on the
total volume of the gaseous feedstock).



3. The process according to claim1l or 2 wherein the gaseoigpndeenestask for
step (2) conprises ethane, nolecular oxygen-containing gas with an ethane
to oxygen ratio in the range between 1:1 and 10:1. 4. The process
accordi ng Y& %ffyUsdne of the precedi ng cl ai ns wherei n addi t rtemaireeerihy| ene
and/or acetic acid fromrecycle gas is fed to the third reaction zone. - 9
5. The process according to any one of 26he precedi ng cl ai n8 wherein the
nol ecul ar oxygen-containing gas is fed to the first and/ or second reaction
zone independently fromthe ethane feedstock. 6. The process accordingly
to any ond of Tihfeprpce@e@ncngiing faiqlﬁimvﬂherr%Whemelirethma@etnusafeedsi&wgnsfeprﬁﬂ)ai ni ng
gas is fed ind t zone | cid
and et hyl ene reac ? étl¥a}-|te Flsfﬁ&ur oce*g’gérgg%lg?ﬁmﬁ &{%o wlth %WO%@S% %?%S(yé:ena
precedi ng cl ai raio In/\lhlérrmge ttet\N@erm 0@od 10:10.7005. 8 The process according to
any one of the preceding clainms wherein c is 0.5 - 0.8. 9. The process
according to anyone of the preceding clains wherein d is 0.01 - 0.3.

4, The process according to any one of the preceding claims wherein additional

ethylene and/or acefic acid from recycle gas is fed to the third reaction zone.
5. The process according to any one of the preceding claims wherein the molecular
oxygen-containing gas is fed to the first and/or second reaction zone

independently from the ethane feedstock.

6. The process accordingly to any one of the preceding claims wherein the molecular
oxygen-containing gas is fed independently to the third reaction zone from the

acetic acid and ethylene reactants.

7. The process according to any one of the preceding claims wherein b is 0.0001 —
0.005.

8. The process according to any one of the preceding claims wherein ¢ is 0.5 - 0.8.

9. The process according to anyone of the preceding claims wherein d is 0.01 — 0.3.





