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= (57) Abstract: The present invention describes contacting in a first reaction zone a gaseous feedstock comprising essentially ethane

~~ ::cth a :f:olecular ogcygerf-con'taﬁﬁng-'gas in the presence of a catalyst to produce a first product stream comprising acetic acid; con-
=, tacting in af second reaction zone a gaseous feedstock comprising essentially ethane with' a molecalar oxygen-containing gas in the -
D Ppresence of z catalyst to produce a second product stream comprising ethylene; contacting in a third reaction zone the first gaseous
mu:; stream ar:ld the second gaseous product stream with a molecular oxygen-containing gas in the preséﬁ'ce of 4 catalyst to pro-
ourth product stream comprising vinyl acetate; separating the product overing vi
catd P ‘ . parating the product stream from step (3) and recovering vmy.I acct.atg from
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r egul aPROESESDEOFHTHEFRGRUE TION CFYINYL ASE TAREBCESS FOR THE PRODUCTI ON OF
VI NYL ACETATE Ethane, 02, Inert, H2O (5) Ethane, 02, Inert (6) Ethane

Oxi dation Reactor (Step I). Acetic Acid, (Ethylene, (C0,) COQ2, H20O Inert

. Et han ve Dehydrogenation' Reactor (Step 2) Ethylene, (CO
H20, q)é%e,.?,ﬁ%o Rembva Ethane h- P 2 Ehyle (@)

The present lnven_tion-relates'generally to an integrated ptocess for the production of
vinyl acetate and in partlcular to an integrated process for the production of vtnyl
- acetate ffoma gaseous feedstock comprising essentially ethane.

'Vinyl acetate is generally prepared commercially by contacting acetic acid and
.ethylene with molecular oxygen in the presence of a catalyst active for the
productton of vinyl acetate. Suitably, the catalyst may comprise palladtum 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 punﬁcatton to remove inter aiia iodides arising from the catalyst system
generally employed because iodides are recogmsed as potenttal vinyl acetate .
catalyst poisoners.

Combmattons of processes for prcducmg thyl acetate are known in the art. Thus,
WO 98/05620 discloses a process for the productlon of vmyl acetate andfor acetlc
acid which process c?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 acld and optionally ethylene; separattng the
-'product stream from the second step by distilation into an ‘overhead azeotrope
fraction comprtsmg vmyl ‘acetate and water and a base fract|on compnsmg acetic
‘acid; either recovering acetic acid from, the base fractton and opttonally recyclmg the
,azeotrope fractlon or recovenng vmyl acetate from the azeotrope fractxon The
catalysts suggested in WO 98/05620 for the oxidation of ethylene to acetlc acid or
ethane to aCldlC acid are catalysts of the formula
PdaMbTiPcox
wath M betng selected from Cd, Au, Zn, Ti, alkalt metals and alkalme earth metals
-other catalysts for the omda’aon of ethane {o acetic ac:d are catalysts of the fonnula
VPaMbOx



Etl co ,y Q.YAM Production eae, AukReactor (Ste 3 Aci dp {8 decéberkdds VAM
Separation M (Step 4) VAM H20O (57) Abstract: The present invention .
descri bes contacting in a first reacti-on zone a gaseous feedstock

conprisin ally ethane w th a nol ecul ar oxygen-contai nin as in
t he 'preseg%(zaf{?daé# catal yst to produce a first product str&: Erﬁ%?&ﬂ@ﬁ%gu ng

acetic acid; con- tatting in a second reaction zone a gaseous feedstock
conprising essentially ethane with a nmplecul ar oxygen-containing-gas in the
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Descri pt@lﬁ@r ReldjtS P HeAdxidation of ethane to acetlc acid and ethylene suggested in
g WO 98105620 are those of the formula
' S MoVyZ,
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



The present invention relates generally to an integrated prsasRessndrobod he
production of vinyl acetate and in particular to an integrated process for
the production of vinyl acetate from-a gaseous feedstock conprising
essent i alyy oelogpe. Vinyl acetate is generally prepared ceomErci/@sisy by
contacting acetic acid and ethylene with nol ecul ar oxygen in the presence
of a catalyst. active for the productgon of vinyl acetate. Suitably,. the

catal yst may conprise palladium an a netal acetate pronpoter and an
optional co-p#d ”érpr?‘$ ot sEcampit a 5’8“%9”@ OXEIFRIGPRjaINIEh IS E‘a‘?‘ﬁl%?%?e@ﬁpport

Acetic acid popdesefsby predueedyfbatt prvdgeriteam conipriding VRS ag¥dtensi ve
purificatjon to re inter alia }Odl des_arising fromthe catal yst system

general | ﬁs enpFERAFY %@Eﬁwuf‘bﬁﬁi‘& R SSLEHaRI eaveInayivLasstale anyjaid

acetate cat appsiucPstesRinRom step () Whehsh HRNGatalstih akemsesnd S3coRb d84HORY
vinyl acetate are. 53331‘“4}9' n the art. Thus, WD 98/05620 discloses a process

for the produfPoi MO4l2 acetate and/or acetic acid which process
conprises first contacti ng et hyl epp a9y ethane with oxygen to produce a
first product streamcQ acid, water and ethyl ene, contacting

acet |
in a second reacti $HeFEIh af‘ %%P% AWBIMeaance. of additional ethyl ene

and/or acetic aci XitBelehstidhe dirRshGhlcstadadi MeldloGXyERBtiHhG oPCH IS NI

second product str r ng vinyl acetate, water, acetic acid and
optionally ethyl eni-amg'eg f%? (Lé} 'the product streamfromthe second - step

by. distillation intig aareaew@fdw@[admeatze&éét@@ﬁom the JedupPELrSRIRG of BN, \Ganyl
acetate and water ?{rb]q:aa? ction r| Si % acetic acid, either

recovering acetic HblrpadeA. r%‘bt iCofUa s 6pBPofral Mg. p@c%lﬁ“’hg t he

?zeot,_rope eractiotanb 2r, Hfrmcpvmglgwswsv}%rrb%gtzg ;rom t?ﬁ azeo;r?pe f
raction. e cata S suggeste n or e oxidation o
ethyl ene to acetic 5& iie'i?l'“ ggi 84%'9&6‘?’6?39"&@“853%"8%‘? S ysts of the

formul a PdaMoTi PcOx Wi &k 1y ' bei ng selected fromCd, Au, Zn, Ti, alkali
netals and al kaline earth ot her lysts for the oxidation of
ethane to acetic acid ak’ @ﬁé@l y9t0§ REgfe ql?@a(%.ﬁq TézeogVPal\/oOX 18 Decenber
2004 WO 01190043 PCT/ EPQG/ 4545 piferably 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.



with. Mbeing selected fromCo, Cu, Re, Fe, Ni, No, C, Wigecdaber bbas ZI .
Zn, H, M, Pt, Pd, Sri,. Sb, Bi, Ce, As, Ag and Au or catalysts for the
oxi dation of ethane and/or ethylene to forn1ethy|ene and/or acetic acid
whi ch catal ysts conprise the elements A, X and Y, whereih""A"T'S"VModdRéeW and
wher ei n woiose@a3 Mh, Nb, Ta, V or Wand wherein Y is Bi, ©erECw0456., Fe,

K, Mj, N, P, Pb, Sb Si, Sn, Tl or aCIher catal ysts for the oxidation of
ethane to acetic acid and ethylene suggested in WD 98105620 are those of
the fornula MoxVWZz with Z being selected fromlLi, Na, Be, My, Ca, Sr, Ba

o O P s S8l By et Bibge ylangnghee -

descri baeedsdgs| esnpdred do rtwspmperate i precegisesd. dall |thesehedwaatages kenvwesd 1655 and
993 g vi liter catalyst are achieved. An object
may thegg%%?gqgém%gngﬁ%vi ﬂgaﬁﬁ%ntegrated process for the production of
vinyl acetate from a gaseous feedstock conprising essentially ethane as

t he only, a oyr r r S

exchi bi ¢ PO  EZERaRCH! Gsihs" RBUTBLE doflorHRDrkontalf BHARETE

vi nyl _aa:enmct;aqaera ﬂtsiareaqzien zpne mh@fmclacldawwgerpc@itemmblgﬁs iHthe preserse0 gr ans
of vinyI C Logl spect
the pres eaat gltﬁi&gtn%?g% ?%SR%@? [égﬁlbfﬁhgé? g‘?tagé%f%%%gggﬁ)dgb?g f}{-Stpr ogu%t i on of
vi nyl acieameconfprsingasatic aciés t he steps: 1) contacting in a first 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 first
gaseous product stream conprising acetic acid; contacting in a second
reacti on 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 in a third
reaction zone in the presence or absence of additional ethylene or acetic
acid the first gaseous product stream and the second 18 Decenber 2004 WO
01/90043



PCTI EPOQ/ 04545 3 gaseous product streamw th a nol ecul ar oxygen-cont ai ni ng
-gas in the presence of a catalyst to produce a fourth prdébeteratier ¢
conprising vinyl acetate; 4) separating the product streamfrom step (3)
and recovering vinyl acetate fromsaid product streamfromstep (3)

wher ei n t{@ @aoedsyst in the first and second reaction zoperEBooafssishe
formul a MpbaPdbXcYd wherein X and Y have the followi ng neaning: Xis at

| east one el enent seI ected fromthe group consisting of C, M1, Nb, Ta,.
Ti, V, Te and W Y is at |east one el ehent sel ected fromthe group -
consi st iThg &atalyst spcliveafor the, oxidatiom of @thane teracetio, ackd mayu cofprisBuangs, K,

R O MGt 58 destihecti OE A 147 48 v o Soobbled pg Boand.
0. 01 pr ebferaidey The6Ghtalysls BAbof BieFofindla—L, preferably 0.5 - 0.8 and d =

0.005 -~ 1; preferably 0.01 - 0.3. The process can be based on the frndrngs
that a certar n class of cat M%Etﬁb)ﬁﬁy! be capable of converting ethane to-

ei t her e TIA oS ﬂgnggﬁéﬁ@%g#a@mu@trﬂyﬁﬁgry hi gh selectivity and very high

space tine yiel and acetic acid or ethylene with a

very higis ssleetedi fim onent mereycleiiints pade Giotp sordfislingcor, ?\ﬁﬁaNﬁt 93,

et hyl en acetic acid product streams can than be mxed in
approprﬁa:ﬂzdl"%l?m‘&nd ditectly fed into a reactor” to formvi nyI acet ate.

o 1S o et Ghe R IR lefitnl B U DRl o AR 0GR M T "™

sever al Zetmetpceteomhgrrcmmeﬂm R, RQDsiKRb, Od)iMg) @3 eSuBaINDY, A mpl.y
flared f ti:u %%a# _é used as carbon feedstock for per f'or i ng
the prodts8i P& Lf PR, d\‘/"é‘ age in the integrated vinyl acetate process
my be tdatwhérd Bl PG RhE r ities,.and ot her features
can- be conbv}(trlledirsor ?ngrllnpfire%rﬁfrl a Sl n‘gﬁ#éﬁﬁjdé‘*jidt!3

a= .

‘b =0.0001 - 0.01; preferablyo 0001 0.005

c=04-1; preferabtyOS 0.8 and

.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 acetrc 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 spattally separate from the first reactlon zone -
| ‘_a gaseous feedstock compnssng essentrally ethane is contacted with a molecular 3 |
'-"oxygen-contammg gas 1n the presence ofa catalyst active for the oxidation of ethane‘
o ethylene to produce a second product stream compnsmg ethylene

The catalysts actwe for the oxrdatron of ethane fo ethylene may compr;se the same L
catalysts as drsclosed above for the ox:datron of ethane to. acetic aCld Both
processes drffer rn thetr reactlon conditions,’ espemally in the total pressure
res:dence time and water content in the feed, The oxldatron of ethane to acetrc acid
rs more favourable” at. hlgher total pressures ‘compared to the oxndatlve

dehydrogenatlon of ethane fo ethylene Acetrc acrd formatron is the preferred



feed gas conpressor and of f-gas scrubbing system nay be reagf-p&rberbBesLas
separate .acetic acid and vinyl .acetate processes each require their own
feed gas conpressor and off-gas scr ubbi ng system 18 Decenber 2004 WO

01/ 90043 PCT/ EPOO/ 04545 3a By conbining steps 1, 2 and 3

i nt er ned %P8V} age requirenents may be needed as corrparcgéﬁtﬁgwﬁ;’g |
separate processes. Al these advantages can lead to reduced capital: and
operating costs. According to the invention a gaseous feedstock conprising

essent i @lloKoft PBrtfict SwheRNfesding btkatn tdoqar\err Q4tht evaingoand vihehmalgtalzcul ar
oxygen-containing gas In the presence a catal yst active for {he: :

oxi dat |®:ygan eonigireng cgﬁcéltfhllﬁ steam eam bhed frcuitativgly usest faudive axidalive,

conpri s cetig.acid. 18 0/ 04545 4 The
cat ol y i upGR s o s FEETRe, BOCH i Oy rEReca ) Corpr s
any - Swrﬁéf@dcﬁtﬂyyﬁta@s&@@é%&% DisDE- And W7 iSOG whidcBai $d ratios -
I ncorporated herein by reference. These catalysts are ofﬂthe f or mul a-

MbaPdb Xatyavekhs: iarieatec wamannw@vwl th@vfpﬁgaﬂ'@hﬂf %'boﬂ 1pxidedrd Fatins frem

f t T vV, T
one' o gt hE Jilbaed oAt b By BT Oy drerbindn Sl Te
B, AICs §pecifi di'eitllyPt prefgﬁed Cdﬁor BI the H;)r&éessRh acﬂmrdlr@ td\g thau, imesntidn, B, K,

Rb, , Ni, P, Pb, Sb, Si, Sn, TlandU and
wher ei nf\@wﬁjdumocaﬂébsam tg bmmgﬁem ratios '.and denote a 1; -b = 0.0001 -

0.01; preferably 0.0001 - 0.005 c =0.4 1 referabl%‘ 5 - 0.8 and
Useful catalysts for the oxidative dehydrogenatlon of ethane to ethylene can aiso be

V-Al, V-Nb-Al, Cr-Nb-Al and Cr-Ta-Al based oxides which were shortly described
(Liu, Y.; Cong, P.; Dpolen, R. D.; Tumner, H. W.; Weinberg, H.; Second Int.
Syrposium on Deactivation and Testirtg"pf Catalysts Preserited Béfore the Division
of Petroleum Chemistry, Inc.; 219™ National Meeting, ACS, Sa’n' Franci_scoA, CA,
'March 26-31, 2000; 298-302). ‘ '

Moreover, several other patents describe more generally the oxidative
dehydrogenation of paraffins. Three patents should be exemp!ary 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.

it is an advantage of the present invention that the ratio of selectivity to acetic acid to
-selectivity to ethylene Wthh is formed in the first reaction zone can be varied within

' wude ranges, Le. from 0 to 95 % each by changing reactron parameters such as'
reaction temperature total pressure partlal pressures of reactants reSIdence tlme
etc.



d =0.005 - 1; preferably 0.01 - 0.3.. Preferred catalysts are those wherein
Xis Vand Yis Nb, Sb and Ca. Pd ratios above the indi casedcai@ap@Eisom
limt favor the formati on of carbon dioxide; Pd ratios below the indicated
gram atomlimt favor the formati on of ethylene and in consequence the
formati onwafoi@eedsi c aci d. A catalyst specifically-preferrpdikembs .
process according to the invention is M1l. 00Pd0. 00075V0.-55Nb0. 09Sh0. 01Ca0
01. I'n the second reactlon zone -- WhICh S spatlally separate from
the.first reaction zone,- a. gaseous f&edstock conprising essentially-

et hane iThecsactionsin the st anddhe secand rergliseh zesatpiefarallygae camieseout .

D oot Suth JRa oAl o aku Hoid o BihfiBhe Rl i bR re%?tt@%%tee biive
for .the a@%agabgﬂa@lauoeédtm the cunhbihed dirsiBand 88B6MS Prodift Siigam eahdbey/St s
at di scl osed ove .-for.the oxidation - of ethane to., .acetie aci-d. Both

pr ocess élireghly fes inte thenibird reaglion gene enlermi dny acetatepretaoalrt the nped te feed al-

pressure ll@ﬂag' wat er .content ‘in the feed. The. .oxidation
of et har?gq‘tbon%féggﬁl(?%mégljg rrore favourable at higher total pressures
corrpar ed to the oxi-dative' dehydrogenation of ‘ethané to ethylene: Acetic

acid formation is the preferred 18 Decenber, 2004 WO 01/ 90043 PCTI EPOQ 04545
5 reacthih, cabalpsisc actyfedor dbeli sgdatien Al s§ENceMay the disesh suprartefleor

Uhe- oxi A pEOEE, FRARA, oF Atepiet shbforts SAELAS e dRlbrmBced(® kaffiy)

necessalgonfdiciientted aluatiag, ysitica almhhpzecodnar atamlag siicon aacbide,i actl\ltate<$b and

P et Ot e arbey b s o BN cr e B A" o
formati ifically preferred for the process
accor di %ﬁ'"?ﬁg*‘{’ﬁgﬁﬁéﬁ%@ﬁmﬁ%ﬁ%&o 00075V0. 55Nb0. 09Sb0. 01Ca0. 01.

Useful catalysts for-the oxidative dehydrogenat | on of ethane to ethyl ene

Chor el s HRS maesatbt pRioR g el ipatabn SR b G oy 68"
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Cat al:ysts Pr esent ed Before the Vi-sion ‘
-oxygen drluted with a suitable diluent, for example’ nltrogen or carbon dioxide.
Preferably the molecular oxygen-containmg gas is fed to the first and second

' reactlon zone mdependently 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
separatron i.e. e.g. SOWt-% (PERP—report "Natural Gas L|qu1ds Extractron 94195 54,
P. 60") or may be admlxtures with one or more of nltrogen carbon droxrde
hydrogen and fow levels of C3/C4 alkeneslalkanes Catalyst pOlSOl"IS fike sulphur
should be excluded Lnke\mse is. it advantageous to mmrm: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 surtably be camed out by
passing ethane the molecular oxygen-contammg gas, steam and (lf necessary)
addltronal 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 surtably be in the
range between 1 1 and 10 1 preferably between 2 it and 8 1.



of Petroleum Chem stry, inc.; 219 National Meeting, ACS, S@abkLangbsso. CA
March 26-31, 2000; 298-302). Moreover, several other patents describe nore
general |y the oxidative dehydrogenation of paraffins. Three patents should
be exenp\aydidebdsed here which describe the oxidative depygiepapgais on of
paraffins on N oxide based catal ysts. -E. g., US 4, 751, 342 descri bes t he
use of an al kali-doped Ni-P-Sn oxide catalyst, GB'2 050 188 describes:

Ni - Pb catal ysts, and US 3, 886, 090 des@ribes Ni-M oxide catalysts which o
are noétép gd) vaft tinespmeas oft tlee presemtninventian nay Auitablye sgere@t/owtrﬂi Ppresent

i nvention that t s lec agid'to. :selectivity to
et hy!l eﬁ%“tlﬁlagtlf% (@h&gﬁt? ﬁg@fﬁ%@&%@g@?ﬁ@ﬁé é@HeECan be varied within
wi de .ranges, i.e fromO to 95 % each by changi ng reaction paraneters -
such as reactlon terrperature total pressure, partial pressures of

react aritep (1¢s¥fdbacproceas, ofethe. prasent davasdion 20y witably $gogarred out at

or ot or Singandee JE8ySaREhbERA ol 5 olalIR PN TRRR S R 00"

et hyl ert%rf@rémgbwrfrqus@a{pwﬁlons are- in. -an. - appropriate ratio so that:
the conbi ned first-and second product streamcan 'be directly fed into the -

third reaction zone to formvi.nyl. acetate wrthout the need to feed

addi t i l; b I |dat|on _
o et havbiy BoEnB ST I Fendt & ISP 401, Bk Bl AR |
suppor tise achieebd Ge skép (Daof theaprvase mfshe prasdrit, lnvmmuiepehdmg en thé uni na,
silica alum na, zirconia, titania, silicon carbide, activated L carbon, .and
m xt ur deaEiNErEBCeptrpt step M'CHCF@W@k’fQ)rbet Rereggiuagassadss W h‘&ﬁ‘é ey be .
used- |no)§J§lt ffg L of a fixed or fluidised bed. The nol ecul ar

oxygen-¢ arnrng gas used in all reaction zones may, be air.or a gas
richer or poorer in nolecular oxygen than air. A suitable gas may be, for~
exanpl

en diluted Wlthaswtabl i-I for ex | e'. njtrggen or .
car bon Hm@é’gowgﬁ%?@vﬁﬁt*ﬁ’”?%ﬂ?ﬁ)l% w@e}f‘th??é'nlt’%laﬁm éé@ S{ ﬂ ed. to
the firgtin é[?,ﬂo&’s%%?‘the facht fiver@BR. i ndependently- from the et hane

f eedstock. e et hane eedstock of the process of the present i nvention nay
be substantlally

In step (1) of the process of the present rnventton the catalyst suitably has 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 tnventlon 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 monoxrde is produced in
hrgher amounts upto 5 %, it may - if necessary be removed aﬁer step (1) e.g: by'
adsorptron or by combustron to carbon dioxide by a molecular oxygen-contalnrng
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



pure, or slightly diluted with other gases |like the one. beeing generated
by natural gas separation, i.e. e.g. 90 W-0/6 (PERP-repasDecdatiadrads Gas
Li qui ds Extraction 94195 S4, P. 60") or may be adm xtures with one ' or
nore of nitrogen,. carbon dioxide, -hydrogen, and |low | evels of C3/C4

al kenes/ ajylyad@so4s Cat al yst poi sons 1ike sul phur - shoul d bep@ughisasss
Li kewi se'is it advantageous' to m nimse the anmount of., acetylene. The

amount of -inert conponents is only limted by economics. Step (1) of 'the:
process of the present:i.nvention my stitably be carried out by passing
et hane; Stére (Bploé dhkapromess eof- then peesent gnvendios, mayssuitablyabhe carfieli cutcgsary)

addi ti onal .i'ner¢|s t hpough .t he catal yst. The-anpunt of .steam may suitably be
'n the PRSSIBE FhaReota JIOJBSNET RYeFR-CRBIINING 9% SIPaBL R (1 SeSRSER) muy
sui t abl i e 1: ' - s, otk ' 1.
Tand s TOEopE e e R BB s T TR GO BB e R e
pr ocess rarige frempl} tesBhVoi%y difd molarugtic of etilsdng tbexygenimsay suitatdy bae in the
tenperature from-200 t )0 C . preferably . from,200 to 400. C. Step (1) of
t he prof¥E® é?%@%?@nﬁ?ﬂ?ﬁ?@*%ﬁeé%{ Q_B‘flé:gbe carried out. at =
at nospheri.c or superatnospheric pressure, for exanple in the range from1l

to' 100 bar, preferably from!|l to 50 bar. Typically, ethane conversions in
t he r angdepf(2) of the potcass effhec pedsent inventiodomey rawjtablye be oddirded auit ratsaep |

(1) -of the process o e sent _Jnvention { lopg on the reactor
conce_.pt-E%IPPEE?E‘H%OF(A;%O@H°-QHS§’§H§‘J fﬁyﬁ%a‘é@lg&ﬁ@ﬂs@gde with interstitial
oxygen feed: Typically; oxygen conversions in the.range. 90 to 100 % nay be

achieved in step tgl)r. of the é?‘rocess of the present invention. In-step (1)
fINe hier

of the $tepd?} b ogess éit theppresenbinventien caey sitablyiheapiyisdaout at

product i.yj N ' ' Y= ST in nge .10 - 2000, grapg of

acetic ﬁ‘#@é‘"ﬁﬁ%ﬁoﬁggﬁ"%@“f‘#ﬁe&!"of’fe?gmaﬁrjgﬁ %ngbfe eﬂhﬁlﬂ‘?’%}r&g% ﬁgn} A%Segﬁoo to

1500 gr dip, mefaalsly iiondditd 3oebarhour per litre of catalyst. Step (1) of ‘the

present invention can be carried out in fixed bed as well as in fluidised

bed reactors. N : R _ o L
Typically, ethane conversions in the range of 10 to 100 %, espedially 10to 40 % may
be achieved in step (2) of the process of the present invention, depending on the A
reactor concept. of step (2), which can alsé be a reactor cascade with interstitial -
oxygen feed. - A '

' '_Ty;')ic;-ally, oxygen conversions in the range 90 to 100 % miay be achieved in step (2)
of the process of the present invention. |

In stép (2) of the process of the present invention, the catalyst stitably has a
produdﬁvity"(STY) in the range 100 to 2000 g'réms of ethylene per ﬁdur.pe;_litre of
.ca'talyst, preferably in‘. the range 1 00 to' 1500 grérﬁs of ethylene per hoﬁr'pér, fitre of
st T T B o R T P

Step (2) of the present invention can b carried out in fixed bed as well as in fiuidised
bed,lfeaéto'rs; I ' . _ _ _

The gaseous product stream from step (2) comprises ethylene and water, and may
contain ethane, acidic acid, oxygen, nitrogen and-mé-rby-produ_cts-, carbon_'monoxide
and carbon dioxide. Usually, no or very small amounts (< 100 ppm) of carbon

“monoxide are produced in step (2). 'In case that carbon mqnoxidé is produced in



The-: gaseous product streamfromstep (1) conprises aceti Ggarkensdndooyat er,
and may contain ethane, ethylene, oxygen, 'nitrogen and the by-products,
carbon nonoxide and carbon dioxide. Usually, no or very small anpunts (<

100 ppm 9§ o¢B6A9N nonoxide . are produced in step (1). p@r/gmmgdgat
car bon nDnOX|de i's produced in higher anmounts up to 5 it may -.if

necessary - be renpved after step (1), e.g. by' adsorption or by -
conbustion to.carbon dioxide. by a nol écul ar oxygen-containi.ng -gas. .-The :
acetic higher msnqurés et to rb t%e iigmayoust peoesssary st bearsroever @je( Btepr@er abl y

e’ o apory Seipabndd b Ghibudichi S sPOREIRLRe A0 bibaar SRSl
with thy %lhtrﬁgt gﬁé oyl offiylePRMs PrBsEMGATE gaReSks WoAlO8 ek BEBEP () 04545

S Step. e process -of the present: 1nvention may suitably e\
carri edpmﬁerably m;msammglneaaaﬂeeqltlf%i fopIdireal ean\ssigario ddml Aceiaty Wfﬁist est eam

-and (if of
st cam g, AEaotEasA I e et R sinehht Phith Guff B binSRCu RN, O
et hane g W%auapéh@mtably ‘be i'n the  range between 1:1 and 10 1, -
preferaly between 2:1 and 8:1. Step (2) of the process of the present

i nvention' suitably be carried out at & :; tenperature from 200 -to 500

C, f bI f 00 t

G o e SN O 20058 ARt fRcb ers Lo fRRPPE v Yol reigent
Pr eSsur gsteh 8)) X &P present inventien atay suitably be atiflistad bymhahgrr@lihe réadliori t o
30 bar. Typically, ethane conversions in the ran

especi apagameters ofi Gtep ) anglorstRp ebdeidn reaeliPn %mgeraf Hee: &Pé@ﬁ?sﬁfret he

resent Jjnvent St i ch
P ar's SRS bty SPRENOBG et preSREECEr EABS Fekciafif and ! RBelilly, ) 0
oxygen GRANR| fHeosteampdrtial presgaredf tllt@féleﬂ[b%te;my‘lbe achi eved in step (2) of

the, process of the present invention. In step - (2) of the process of 'the
present invention, the catalyst suitably has a. productivity (STY) in the

range- 1%0935%%‘25%66&&0&0:%&%%?ansrme@aseeaé drb&u@t ffém step (2) may be
- fed dtrectly to the thlrd reaction zone of step (3) together with optlonally addxtlonal

'. “molecular oxygen—contammg gas optlonally additional ethylene and Optzonally

additional acetic acid, which can preferably be taken from step (4), the vinyl acetate

separation

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 acttve for the preparatlon of vinyl acetate by the

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

(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



catal yst, preferably in the range 100 to - 1500 granms of ethyl ene per hour

per. litre of catalyst. Step (2) of the present inventi on 1ga@ecdiebetatics ed
out in fixed bed as well as in fluidised bed reactors. The gaseous product
streamfromstep (2) conprises ethylene and water, and may.. -contain

et hane, awopdi®o@si d, oxygen, nitrogen and the byproducts, pCaEb@awossasioxi de :
and -carbon . di oxide. Usually, no or very small am)unts (< 100 ppm - of
carbon nonoxi de are.produced in step (2). In -case 'that carbon nonoxide
i's produced i'n. 18 Decenber 2004 WO 03490043 PCT/ EP00/ 04545 9 hi gher

amount s -up pﬁtla'ilu{m inithe Eﬁdyngelh RESERIREN amggnt" SPNRY 556 80 ﬁléagﬁs g%}

e.g. by adsorption or -hy co ton to carbon dioxide by a-
oxygen< cont liraiofigatglyst, andthe gylddmngsprps@'ﬁelntam amdunt gd Seoo €, 5 to 25

stream of ste r ef. in.an. amunt as is required for direct -
conver si on tgpa;és@;erg §p€talm\ét Afhe acidic acid contained in the first -
pr oduct (s 1 eRBYO\S B0\ e SRE6F BaVM o olimeRfSeBRer oduct st ream The

et hyl ene/’acidic acid-ratio I S necessary f eedi ng the vinyl acetate
reactor . (step(3)) of the present invention may suitably be adjusted by

Ceaet s s R, BRonel A" Ropr o3l byt ol 468 Bbuetiadlor

partial vipyPassEes fioh eaﬁlbner eretid BticPand a?ﬁsgﬁgal E¥ntaftiing \gaéymwcétags‘ft eam

partial ~pressure in the’f eed of step.(1) gaseous product from.step .
(1). andcﬂmsme%@tl@"ﬁ@ﬁct from step (2) may be fed ditectly to the third

reaction,zon 0 t.ional . mel ecul ar
et OB R Pl PhERArRl B Aarti Rl e REE s R 7 g
addi ti onhal agq;drgv@mrdeop\blqurampfee@egmbly ‘be taken fromstep (4), the
vinyl acetate _separation. The catalyst active for the. productlon of vinyl

acet at e (%hi cpaliadiygeand oad efistibyter ing Hie optermest HP e thiclsJayer phiaati on
may conprise known-in the art, -.for exanple, as
descri bed m%&%%&bggﬁg‘?&%%%S 308 and WD 99108791. EP-A 0. 330 853
descri bes) cafrahyabsut 3,61to abeut Q;ﬁWWelgthf patass:mmtaeadfﬁerethrtheqjmut

" to palladlum welght ratio i in sald catalyst is in the range 0, 6 to 1 25.

WO 99/08791 describes a method for producing catalysts containing Ametal nano-
‘ _.partioles on a porous support, especially‘for gas phase oxidation of ethylene and

._ acetic acid to form vinyl acetate. The invention' relates to a method for proclucinga .
. .catalyst containing one 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 wh:ch one or several precursors from the group of

compounds of metals ‘from sub—groups 1b.and Vb .of the penodlc tabte 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 nanOpartlcles produced in situ in the

pores of sald supporL

Typtcally, step (3) of the process of the present mventlon is camed out
.heterogeneously 'w’th 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 motecular oxygen-contalmng gas from step (1) or
(2) andfor addltlonal molecular oxygencontalnlng gas Preferably, at least some of



i npregnated containing Pd, K, M and Cd as additional promgteehisbesd of
Au. GB 1 559 540 describes a catalyst active for the .preparation of vinyl
acetate by the reaction of ethylene, acetic acid and oxygen, the catal yst

consi sti qg?e?@@gjral ly of (1) a catalyst .support having pcBapdoidse.
di aneter o rom3 to 7 mm-and a pore voI ume of from0,2 to 1,5 m/g, "

10% by wei ght water suspension of the catalyst support having .a pH from‘ B
3.0to0 9.0, (2) . a palladiumgold al by drstrrbuted|nasurfacelayer of
t he cattaeymblenu.ﬂmooxygemeonteunm@@sl iy diedeirndependgniieds theathit] Seadtidn om

t he surface of the s Cfd qs) %EB Dece r 2004 WO 01/ 90043 PCT/ EPOO/ 04545 -
(3) 10 2908 et ?nqcﬁ FreWENTSSH in an anount of from1,5 to '

0 grans per litre of cat alyst, and the goI d being present in'an anount -
of from0,5 to 2,25 granms per litre of catalyst, and from5 to 60 granms per:
litre o$tepa(35)|qfstheoprcwasalof finet Mesentetmreatrorwsrr:sy sefaigshel i ost @t shel |
|rrpregnated catalyst activ r,~t.h rduction of vinyl acetate from
et hyl enEMPREIure '%@P%r%fgwngﬁ%Q%ﬁar ning gas, the catalyst S
consi sti ng essentially of (1) a catalyst support having a partrcl e di aneter
fromabout 3 to about 7-mmand a pore volume of 0,2 to 1,5 m %ram
(2) pal Bteghi (Bh etntttegprqt:assSmfrthleup@sent mverntrenunaserawieblylbe 'gamied mutla |ayer
of the éﬁ*’} cat al st su ort b@ and -from about 3,5 to about 9,5% by
wei ght SﬁU‘Eea@s ﬁrﬁ"gg t he gold to palladium weight ratio in
said catalyst is in the range 0 6 to 1,25. WD 99108791 descrrbes a net hod

for producing catalysts containing net aI nano- .particles on a porous -
supportSters(fgcq:an bg gasfiedout pnask ssitpbile: fenetest desigy capablgnef remating the d fo

form vi

(ot o vo BB EbAb R hanaRbUR: LRLe bRk g Ry shifighe i ch &

conprii Sﬂg@lgehﬁ_,ed;mrgups b and VIIIDb of the periodic table. on porous

support partrcles _ _ B
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 thrrd product stream from step (3) of the process comprrses vrnyl acetate and
water and optionally also unreacted acetic acid, ethylene ethane, rntrogen carbon
monoxrde carbon dioxide and possrbly 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 dtoxrde if
any, from the third preduct stream surtab{y as an overhead gaseous fractlon from a
scrubbing column,. in whrch a Ilqurd fraction compnsrng vmyl acetate water and
acetic acid is removed from the base.



characterised by a first step in which one or 'several precursors fromthe
group of. .conpounds of netals from sub-groups-;|b. and \aOdsemiadr 20t
periodic table is or are applied to a porous support, and a. second step
in' which the porous, preferably nanoporous support to which at. |east one

precur sokydafeookeen applied is treated with at |east onep¢&pfpgidieR agent,
to obtain the netal nanopartlcles produced in situ in the pores of said -

support Typically, step (3). of the process of the. present. i nvent|on is
carri.ed out heterogeneously with thd2react ants bei’ ng pr esent in the- gas

phase . ‘DteTMaereducbs&empde@mcetepa(w rtg)mgasngsemylnasetaje(a):ats‘r tered
process t he PLE ent ...in ntJ £ unreacted np c.uI
oxygen"acct?&lf'aﬁqﬁ nfy’ ‘3% V\“th(?Hi/ ?’T}ecﬁ?{é %{)ﬁtﬁ@/ %Ppaﬁo?r’tﬂaoﬂ %%E tfﬂar ,
oxygen- iR 8n e est:laédelb UfrA@RH corRpEs Wo
01/ 9004 C?’?El%% 045?150?1?{ t he rrgog%ufr%r oxcygen c'gél?’é. nﬁ%ﬁ%ﬁ&v@gﬂ

i ndeperangha lbasedradiientasmpisingzagatisracidone from the acetic acid and :ethyl ene

reactants. Step (3) of the process of the present i nvention may suitably be
carried out at a tenperature in.the range from 140 to 220 C. Step (3) of

t he progipgagitatd®s Rce§ERY iR € RO8otroPY ﬁ%@héﬁlsbpaﬁa@e&ﬁft dep @gds@tabhr

pressure in the range froml to 100 bar. Step (3) can be carri out ‘I'n any
sui t ablfer exaspie bycdsapntatigpahe ref:overredengl seetatenmay, Brdesired; berfuithean

b oridtid Rin P ReEhR) THE M PhoRlAhRiang Hhsbl S50 Spkattitn i ol
step (3(B)t§8t- eralily essedwithng grefsably withQittiugtfer @?ﬂ?ﬂoﬁ%ﬁé I(spaf' n

the range 20 to 100 % may be achieved-in step (:3) o presen
i nvent i B8.PIOEESStep (3) of - the process of the present i nvention, the
catal yst surtably has a. : S -

The overall Space Time ‘fetd (STY) of vinyl acetate (referred to ethane) produced in - |
the process is in the range of 100 to 5000, preferab!y in the range of 500 to 1500 -
grams of vmyl acetate per hour per litre of catalyst.

The overall yleld may be adjusted in a number of ways mcludlng lndependently_..
_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

concentratton(s) andlor the reactlon tempetatures and pressures

~The process of the present .invention will now be illustrated by :example with
reference to Figure 1 whlch represents in schemattc 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
reactlon zone (3) and a scrubber’ column ). .

In use a molecular oxygen—contalmng gas optlonal steam and a gaseous feedstock
comprising essentrally ethane (5) are fed to the first reactlon zone (1) which contains
a catalyst active for the oxidation of -ethane to form acetlc acid. Dependtng on the
scale-of the process, the first: reaction zone (1) may comprise elther a single reactor
of several reactors in parallet or series. The first reactlon zone may also compnse a
reactor cascade, wherem between the lndwldual reactors addltronal molecular



productivity (STY) in the range 100 to 2000 grans of vinyligaggtabs 28664 hour
per litre of catalyst, but >10000 grans of vinyl acetate per hour per
litre of catalyst is also', suitable. The third product streamfrom step

(3) of tRRowiILEASS conprises vinyl acetate and water andp@ikbsasdsy al so :
unreacted acetic acid, ethylene, ethane, nitrogen, carbon nonoxide, carbon '
di oxi de ‘and possibly present ' traces of other, bypr oducts. Int.er'med'i_ate '
bet ween. step (3) and step (4) of thelprocess of the. i nvention it o
pr ef er red/genecordaining gaet tan badedahdiret rgs@ousar produgbnsiream aﬁﬁ”@ﬂﬁb’@n

dioxide, if a from t rod tre t ead -
gas eousa‘?‘?t!%:t*i“%‘% f%ﬁ‘rf‘%t E?Qfl%?ﬂg ‘rﬁﬁﬂsi‘we&a %élﬁ%gla? rog%gélg
conpri s W ekide] BamBRTNERAE! and ifetdase. .
18 Dece%ﬁa@rg%gaé‘%\%ﬂgﬁﬁglb PCT/ EPOO/ 045%912 eLI'he third pr oduct st rean
f r om stispwitisrasarfyarn $henfirst regationczangt @). wat er and - acetic acid, ,wth or

wi thout the internediate scrubbing step, is separated in step (4) by
distillation into an overhead azeotrope fraction conprising vinyl acetate

and vatghe saREndr&afionZone (2P fedWith ainttleadlat bﬁy@n—dontainmg gas,ipiogal s
recovered fromthe azeotrope fraction separated in s (l'hﬁ‘ swtabla/ -
exanpl esteamland st gaseous f aergsterécmpsamglwen&elbt%thene@ rgastionegp ebe -
further; purlfred 0 aci d.
Capar ot (A GnS S el OCRRNETR e alBBBEOE hEAEID Pins BERIGR, TRl 0C1 ¢
furt her gRUINES §&ié io0P the IpPocdRD th8)setiontineaptior eone (2) Hmw comprsk @ﬁmm Ti e -

Yi el d (STY) of vinyl acetate (referred to ethan_(ﬁ'zée roduced i.n the rocess
isin tﬁ@gl%tlwt@'for 1Buera) reReors by Raralelyinserigs: hae £y ﬁ‘@f@cfﬁa@% Zpe %Y)

il I'd.
0 e Bl Ghe e e BaBEabite Riferbl! batylorifbShabiaal Rexchi e ldhucki .
reg;:t anh%d!et:tzrlgt)s ontairitg gasceadi be dad. AF ssctangi g@&%ow?rm%@tﬁﬁem)t :
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oxygen é‘v@ﬂ{;&ﬁ?%t ?t@ﬁgﬂﬁpaﬁ%’a %CL g‘?@é&t@o 4 a?‘h”rc@’gs'é'ﬁ'\éd 'Hﬁ@?ﬁ'ﬂ%‘g The_
Process QlobA%oRtATAG gds 48 WABr %béthapwmecaﬂbbﬁs;hbﬁsﬁaebmwm with

' 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) adefic acid and ethylene are contacted with mo!ecular oxygen-
- "containing gas in the presence of a catalyst actlve for the production of vmyl acetate.
| Depending on the scale of the process, the third reaction zone (3) may compnse
either a single reactor or several'reat:tors in paratlel or in series A product stream' »
"comprlsmg vinyl acetate, water optionally ethane, gaseous by—produots 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’ compnsmg ethylene, and
'optlonally ethane together, with “inerts, carbon monoxrde and carbon dioxide by— ,'
products is mthdrawn ove'&rhead and is recycled to the first or second reactton zone_ o
{1 )1(2) A liquid stream compnszng vinyl acetate, water, unieacted acetic acrd and
: -. possibly present other h!gh borhng products of the process are wﬁhdrawn from the
. .base of the scrubber column (4) .and wnyl acetate is. rsolated in state of the art |
| equrpment fiot shown. For example. |t is fed to a drstillatson column where vmyl :
- acetate and water is removed asan azeotrope and acetjc acid, and poss:bly present



reference to Figure I which. represents. in schematic, form apparatus for
use, in the .process of the present invention. The apparati@iPecorer 200ds a
first reaction zone (1); a second reaction zone (2), a third reaction zone
(3) and a scrubber” colum (4). . In use, a nolecul ar oxygen-contai ning

gas, ‘optiwpaliesdseam and a gaseous feedstock -conprising mSEERijeaddsy et hane
(5) are fed to the f|rst reaction zone (1) . 'which contains a cataI yst = -

active for the oxidation of ‘ethane to formacetlc aci d. ‘Dependi ng-- .on- thAe
scal e-of the-process, -the first reaction zone (1)- may conpr.ise ei t her- a
si ngl'e - ot high bﬂlilreep@cmct& aeecremoved par & |kieedr from i the Dage f of sthe

v bR BB THEBRL PP olPE e SRR e BBl eﬁﬁ%ts“ﬁ%the

PCT/- EPORL Ak ifoatsd froms HELGing DAt 0 BesartaPai® af\iyl alefits Prodas efeam
product stream conprising acetic acid, unreacted feedstock, optionally

unconsufeoNed §em decantewgmfed&neqnwengooelgneﬁm kovat incibgarber with
carbon nonoxi de, -carbon dioxide, and inerts is wthdrawn fromthe fi rst
reaction zone (1). The second-reaction zone (2) is fed with a nolecul ar.

oxygen- Critheh rdtmd@by»promtdt eaabe r%hﬁ:&l@d&i}daﬁy dableaeshiiesldsionsds laesn isi ng
essentially ethane (6). The reaction zone . (2) contains a catalyst active

for. t helldxi @t ¢-6n t&f reversibte. tﬁb%@fﬁﬁ@tlﬁyﬁénaqquélﬁeﬂﬁCﬁ)g selutionewbich ds of
t he prog %géner%% eé;aggciréﬁ&?&lﬁmr?@ﬁ?sfta y conprise-either a si ngl e,

reactor- severa reac N par Or’'series.. The second .reaction-zone
may.. -al SO conprise a reactor cascade wherein. bet ween t he. i-ndi vi-dyal*
reactors addltlonaJ mol-ecul-ar gxygen-cont ai ni ng gas. can be fed.- A second
gaseous IpeoByentian isdis the;f ﬁ%o‘@'ﬂﬁﬁ"é‘ﬂ@es unreact ed feedstock, ~ -
optional |y unconsunmed nol ecul ar oxygen-contai ni ng gas and -water. -t get her
wi th carbon nonoxi de, carbon dioxide, .and inerts i's withdrawn fromthe
second reaction zone (2). The first and the second product stream are fed
to ' t hi rge%eact ion zone (3). Additional nolecular oxygen-containing
gas (7)%*%"" xed W th the product - A

Preparation of Catalysts |
- Example (1)
Preparation of catalyst |: M01_ooPdo,ooojrsVo_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 palladtum(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. 'lhereaﬁer soluﬁon 4 was added

The resulttng mtxture was evaporated to obtaln a remalmng 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



streamw thdrawn fromthe first and the second reaction zogddhbaBEod 2) -
In the third. reaction zone (3) acetic acid and ethyl ene are contacted
wi t h nol ecul ar oxygen- containing gas in the presence of a catal yst active

for the %ﬁg%(%]mpn of vinyl acetate.  Depending on the sggh@esbeidis ™ :
process, e third reaction zone (3) may conprise " either a single reactor =~
or several reactors in parallel or in series. A product stream conprising:
vinyl acetate, water, optionally ethahi, gaseous by-products and "unreacted
acetic acid and ethylene is withdiawn fromthe third reaction zone -(3) and .

is fed to the scrubber colum (4) where a gaseous stream conprising . .
et hyl enEXagmle (bt i onal Iy et hane t'oget her wi t-h-inerts, -carbon nonoxide and - -
carbon di oxi de 'by- products is w thdrawn overhead and i's recycled to'the
first or second reaction zone -(1)1(2). A Tliquid stream.conprising "vinyl
acet at ePrapatration ofrvatalystellt aPefAa/Tids d and possibly present -other high' - -
boiling products of the process are wthdrawmm fromthe .base of the - . .
scrubber colum.. (4) .and:. vinyl "acetate. is. isolated .in state. of the

art - CHIRE PelBlm hMEre (AUrcPER 9.32 § dokd Beetatd vrdiciddivert iPBo Gall um

wher e vinyl i I's renoved.as an azeotrope and-acetic acid, © .
and-.posacdtiyagide Faptprépationrdidne 2opioysd gdd soekte FoUesPledog48 W3-t her

hi gh boi | | oduct e [ eny  a bleed, . fr . th sthe | 0
di stil |.ét9135%@{3| gm"ﬁﬂ?‘ 2v%{@9_f&°ﬁ8&&?%$ﬁ%%‘d§5%ﬁgéﬁbff%§aﬁg@§gt°-.{h% B
di still gbiofiufolHENgERN acBfats e8aLAbRd TTheR) tihe. mEjonty ofcicitie hdidawdgcant er

and a vinyl acetate”product stream -renoved from.decanter is purified by.- . -

convent soagdratash nsingnavietarny evapasator ataf®bae. dolioweast byyeyararating &g reat -~~~
renoved by any.yi.abl e i cal ess 0 s . Alin®o S
rever o prbeantel pinai B 4naad noBlC S e Bl Rl cbfieP el oF S rontan, e
in a desorption colum (not shown). The invention is illustrated in the -
fol lLowi ng exanpl es. Exanpl és Preparat.ion of Catalysts e (1) .~
Pr epar affhenrastiltingt pelais _wermdmﬂdmfboamwpm.quﬁbg@%ﬁﬁﬁeﬂ in
Sol Ut Oy gert Wi PEERM R BAY PAFIR) GRANA IR TR Pelidts 408001-C/BhE"t

bar for 1 h. For loading with potassium ions, the '.reduced'peilets_ were added to a

~ solution containing 4 g potassium acetate in 30 mi of water, for 15 minutes in a
mixing apparatus. ' - ' ' A

' Theri, the solvent was evaporated using a rotary evaparator. The pellets were dried
. at100°Cfor14h. /- | |

Catalystll Was'.'pr'ebaréd iﬁ_mifeé. batches using the same process; ﬂﬂey are called
a1l b and [l ¢, respectively. A : | |

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. ' | '

CatalyticTestS' EE S ST
For performing the catalytic reaction described in steps (1), (2) and (3) of the present
invention, double-wall fixed bed reactors with an inner diameter of A4 mm and 20
‘mm, respecively, and a length.of 350 mm_were'us_ed. The reactor was heate_d via



Solution 2 29.4 g amoni um net avanadate (R edel -de Haen) in 400 mM water.
Solution 3 19.01 g ni obi um anmmoni um oxal ate (H C.. Star ckisDecdmBs#t 2904
antinony oxal ate (Pfaltz & Bauer), and 1.34 g calciumnitrate (Ri edel-de
Haen) in 200 m water. Solution 4 0.0789 palladiun(ll)acetate(Aldrich) in
200 nl et 900430/ Utions 1, 2-and 3 were stirred separatgtyrpfonids for 15
m nutes. ‘Then, solution-3 -was’ poured. i nto solution 2,~and stirred -

t oget her at: 70C for .another 15 m'nutes before adding this into solution. 1
Thereafter, .sol'ution 4 was added. The ¥esul ting m xt'ure was evaporated to’
obt ai n &he eeﬁemalg ttulaft awithol ameoibf batho. 'ﬁyplcaﬂyn § mbang d5ned ofpcataly:ht; ed at

180C fol | wg C f d
cal ol i SRt R A e e Bl s Bl AR RlEP ()
Pr epar atdlxﬁlﬁnafgréﬁhl@lsl&tbédds lﬁa%télyétﬁb%rﬁﬁﬁtgﬁglw&&ﬁé%ﬁe %ﬂe% e, lagi um.

acetat-e (Al dri Cﬂ) acet ate. were dissolved-i:n acetic-
acid. Tl’le2 pt:&pa atd@meose ttho |Wemeg@f| tln&amca@re it wadefﬂbdlwmdwﬁl nertn

US A- 4,933.20 II Ha

Soao  sanna s Rliedd ki) 0% dnd S B bkt BEY TR ql@%%;lloaléeli of
acetic agard W@a[lgﬁé@ﬂ@tfe@ltlﬂdmuﬁs Qﬂdﬁqﬂlﬂtf@Wcoﬁhf@lwﬁé §;5e<§tlvel?0 fol I oned A
by- evaporatlngthe rest using an ail punp at Candflnally Fn a :

,vacuum drying cabinet at 60 C for 14 h. Theé resultl ng pell-éts were

" ouced ey et A pridad ke R o e ot AR 4GS, P 1° 19

h. For. | oadi.ng wi.th pot assiumions, the reduced peI I ets were added to’ a-
sol ution_contaj ning 4 g pot.assi um acetate jin: 30 ni: wat'er, for .15 m nut es

in a . menepsuiip &t &etalylic megskrements op) %ﬁ'ﬁstﬁa‘sﬂ-‘eﬂb%ﬂ@dﬁ%@l Wg"%))r Bf ary
evapor at}ggrfon-{)ﬂ'f‘g ReddselS ad PZ)drSf' i pr@&er}'(qu&ﬂl£ H ubthgone single reactor are

shown in Tables 1 and 2. Measurements of step (1) (results’ 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*[CO7] + [CzH4] + [CHacOOH]) { (0 5* [CO] +05* [COz] + [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)



Catalyst it Was. prepared in three. batches using the sanegiiLeass 2oddrey
are called . 11 a, 11 b and Il c, respectively. Al catalysts were then
pressed, broken and sieved into a granular fraction between 0.35 and 0.70
mm f or pewigogiong t he. catalytlc t ests. Catalytlc Test s Ferr/ppgoioassxi ng t he
catalytic reaction described in steps . (1), (2) "and (3) of. the present
- invention, double-wall fixed bed reactors with an inner dianeter of, 14
mmand 20 nmm respectively, and a |ledgth of 350 nm were used. The reactor
was heafflalle/la 18 Decenmber 2004 WO 01/ 90043 PCT/ EPO0/ 04545. 14 the

ext erna I 5.1 .and 15 m of catal yst'
respect b\?&%@ '\%H}l %??%ité% 'ﬁgt:'?é th%'?? E?ngq Cgamd typically -
glass, quartz or alumna granule€es or beads in. a catal yst to i nert ‘material
vol une )

the reg}

bef ore

adj uste

of reac

results

13)) f.0

single

(result

Tabl es

0.5 [CQ

0.5. * ; e e T o S o

+ 0.5 *{1 Cqzeo {14.82HM + [peH3¢meH| 1.4 10p13.3el Bitd viliy7 t ojAaget| ¢ dessl

10/ ol , - -
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
4 30448 (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 wnyl acetate (VAM) [%]—-
([VAM]) I (IVAM] +05* [CO] +0. 5 [002]) 100 ‘ o

with
[]
STY

1.

concentratlon in mot%

9 product! (1 catalyst h)



([CH3CoOH )/ (0.5* [CO + 0.5 * [C02] + [C2HA] + [ CH3COOH! )18 Dek@bMidota - - [
] concentration in nol% [C2H6] - concentration of ethane not converted ti
[s] catalyst.volume (m) | volune flow of the gas (m/s) at reaction
condi ti ongo®Mo@s product/ (I catalyst * h) 18 Decenber 2p04p¥fa 3400043 17 .
PCT/ EPOO/ 04545 Table I .. Catal yt|c results on catal yst | perform ng the -
et hane oxidation to acetlc acid :Catalyst Il (exanple (2)) was 'used in -
step (St {E.%he pr esent |nvent|on for Bhe production of vinyl/ acetate.
The cat ?§ test was .perfornmed -at reaction tenperatures in the range

from 15 é?jT,ﬁeg ar.. . The results of
catal yt ?g{ a%usﬁétrsre%r?tésa?%ﬁgtl ’Pé?ml;@?ﬁa ﬁg%’k{ygﬁ%&ﬁ]@( ﬁ%t PYP perforning. st ep e
(3) -of ‘the present invention are shown in_Table 2.. Data in Table 2 are
detal ned as fql : < tiyity |_ny ([VAM ) [/
([VAM +.0.5 *z gon i n nol %
STY .. g produd lic results
on c_at alyst it fler 2004.

PCT/ EPO0/. 04545

98 1000

88 1050
96 1000
g8 - . 1150
97 700 -
98 1360

-
-\!
o

W | W) W] W O




18 Decenber 2004 19 Cains 1 An integrated process for thegpReedian of
vinyl acetate which conprises the steps of. 1) contacting in a first
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
first gaseous product stream conprisinfg acetic acid; 2) contacting in a
second reaction zone a gaseous feedstock conprising essentially ethane
with a nelles ar oxygen-containing gas in the presence of a catalyst to
produce a second gaseous product stream conprising ethylene; 3) contacting
inathird reaction zone the first gaseous product stream and the second
gaseous brodub® iegraiad piocessafardhe divductio phainyl aestetsi whiply cgmprises thee
presence of agiggd gt yst to produce a product stream conprising vinyl
acetate; 4) separating the product streamfromstep (3) and recovering
vinyl acetat® from sai ePRGaAH 2 fist seaptipn dane agaseals irpdsteskcampsising: al yst

in the first and é&%ﬁf'ﬂlyreﬁ%é'vﬂﬂﬂ & RdRclidr Bkygeh%oh@iniy s'\(ﬁ%%jﬂ%ggr%e"mere' n
X and Y have the foll ow ng . X is at Teast one el ement selected from

the group consi st i %@ &atatypt tOWOdWSaf"'thaﬂE?OUS\WOdPé* sifRANY\copfiging acetifast one
el ement sel ected fgggn the group consisting of B, Al, Ga, In, Pt, Zn, Cd,
Bi, Ce, Co, RhIr, Cu, Ag AuFeRuOsK'Rszl\/g,CaSr BaNb
Zr, H, Ni, P2 Pb, Sb, @ntaogﬂg M| 22960000 EAGRRT EPHE A gpsepusrfgedstegke gr am

atomratios and degh@isirdy ssbntidly @t lwith - BdieculgExybed-comamhing gas in

‘the presence of a catalyst to produce a second gaseous product stream
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).



d=0.005-1. 2. The process according to claim1 wherein thegRseabs 2004
feedstock for step (1) conprises ethane, nol ecul ar oxygen-contai ning gas
with an ethane to oxygen ratio in the range between 1:1 and 10:1, and O to
50 Vol - % st&di”ft¥dsed on the total volume of the gaseous feddgvyeRy> 18
Decenber 2004 WO 01/ 90045 20 PCT/ EPO0/ 04545 3. The process according to
claiml or 2 wherein the gaseous feeds€8ck for step (2) conprises ethane,
nol ecul ar oxygen-containing gas with an ethane to oxygen ratio in the
range between 1:1 and 10:1. 4. The process according to any one of the

pr ecedi ng3.cl ai hite posessi accauilia towitaiin 1 et Ziyhersin thedfaseouscleedsiockcliotstepd?

recycle gas is : t hi [Welq] — : e ordi ng
to any one of ?i"gﬂﬁ%gcéet%ﬁ’ﬁg cq|%uﬁ%g%fﬁ?ﬁggn%%e@m§ﬁ etﬁé@%iﬁ-%)égieﬁ'ai ni ng
gas is fed to rebieirihesangeribteeerstd @nd 1Pdacti on zone independently fromthe
et hane feedstock. 6. The process accordingly to any one of the preceding

clainms wherein the nolecular oxygen-containing gas is fed independently to
t he t hi r dd.r eactie provesse afearding He arercend of dhd dresading tdipitne rehareiacadiditional 7.

The process ac&ﬂgghgﬁ%&/gr 8¢ 98 i3 E%Lﬁcl@rg%g?ﬂeﬂ% He%bﬂfhea‘éﬁcﬁ{ S b is

0. 0001 - 0. 005. rocess accor g to any one o € preceding clains
wherein c is 0.5 - 0.8. 9. The process according to anyone of the preceding

clains Whﬁr el nTIQe bl%cgssogccbroq)ngsto 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.



