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S— contacting in a first reaction zone a gaseous feedstock comprising
= : essentially ethane with a molecular oxygen-containing gas in the
_ / ~ presence of a catalyst to produce a first product stream comprising
— Ja . ] acetic acid and ethylene; (b) contacting in a second reaction zone
—_— v Eﬁane Oxidation - the first gaseons product stream with a molecular oxygen-contain-
= M Reactor (Step (2)) ing gas in the presence of a catalyst to produce a second product
—_— . _ - stream comprising vinyl acetate; {c) separating the product stream
: \3 = . ’ K from step (b) and recovering vinyl acetate from the product stream.
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.contacting in a first reaction zone a gaseous feedstock conprising .
essentially ethane with a nol ecul ar oxygen-cont ai ni ng gd8 Nayemher 2§4esence
of a catalyst to produce a first product stream conpri si n% acetic acid and
- et hyl ene; “h?”%@f‘facti ng in a second reaction zone the fiiCIERYeEE3s
product streamw th a nol ecul ar oxygen-contain- ing gas in the presence of
a catalyst to produce a second product stream conprising vinyl acetate;
(c) separating the product stream fromstep (b) and recovering vinyl

acet at e IRTE®RAFEDRRIOCESS PFOR THE PRODIGE TION. OF \ANMevEnReATR004 WO
- 01/90042 PCT/ EPOQ/ 04543 | NTEGRATED PROCESS FOR THE PRODUCTI ON CF VI NYL

ACETATE Description The present invention relates generally to an

i nt egr afm$cpoptiorss for the production of vinyl acetate and in particul ar
to an integrated process for the production of -vinyl acetate froma
gaseous feedstock conprising essentially ethane. Vinyl acetate is generally
pr epar ed hedqirreent aveytianyralaias generallydoan integratedprocess forltes produdiion of

nol ecul [ ' i Vi ' 0 o i on
of vinyr et arae &) pRrRerp s ) é’?‘&éﬁé"%éﬁ%gﬁéﬁ it e oproBief S VAN o'
et al aBEEHS ﬂ%ﬁtﬁaéﬁoﬂﬁée%t%‘ﬁ%ﬂms'ﬁﬁ-@éﬁ@m{ rethang. exanpl e, gold or
cadm un) on a catalyst support. Acetic acid produced by carbonyl ation
general

l\%( rﬁgui r?s. extensive purification tg remove inter alia iodides
ari si ng YMYnFEREtE d¢ aﬁ%}?{algﬁ/gf r-ege‘FF@T‘H]qTQ}la@yqﬂyoﬁ@Bt%Bﬁﬁu%“@flpoéplée§n§r e
recogni stiyiese paithntricidculampkygeretiat the qaresbiice CPfOiaSﬁQl@!}?st g‘%?y Jgt itgas of
rocess - a pown in the art. Thus, .
557 05026 90 SRL BEVEULtaieY Sy BB P ire BAGNSIRIRY SOmbriRs iPlegita s alkal
aceti c mrtebagpliats pporoeies end @npeptineal LorEometen (ot éxamnpehgoldror certitiam)
‘n » i p et et e ;
aci 3?%2’%? SHRARR, PRt ORSRE Sl SOALREACHY o BB RARIY BRhoSI AR ks
presencé W'%QHHE%&W liErmov inteealiz iedidesrriising fragethe: catalysttsystamr st

product geheeslly Wnigloped dsitaliSe PbEfeee afe S@E0HFIsBA 044 GotsShiid alhyE YRS NI
“vinyl acetate, water., acetic acid and optionally ethyl ene; sepgratl ng the
g

pr oduct cf'??)rr‘ﬁr?he second step by distillation into an over head
.azeotrope fraction conprising vinyl acetate and water and a base fraction

Tracti o g atifis o Ficeestl 15 pRRHY b BEEHIC APElouh he a Vi,
vi nyl ad¥Pa98/0068m disosesatnropess fardhegprodupiion ohvialyl acetataigndér extetic WO
9810562} ciPiwhidipRtedtbprisls s toRiRtng &RfikhE ZAlid dthane with oxygen to
produce a first product stream comprising acetic acid, water and ethylene, contacting
in a second reaction Zzone in the presence or 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 acid and optionally ethylene; separating the
product stream from the second step by distillation info an overhead azeotrope
fraction comprising vinyl acetate and water and a base fraction comprising acetic
acid; either recovering acstic acid from the base fraction and optionally recycling the

- azeotrope fraction or recovering vinyl acetate from the azeotrope fraction. The
catalysts suggested in WO 98/05620 for the oxidation of ethylene to acetic acid or
ethane to acidic acid are catalysts of the formula o

a PdaMsTiPcOy
with M being selected from Cd, Au, Zn, Tl, alkali metals and alkaline earth metals;
other catalysts for the oxidation of ethane to acefic acid are catalysts of the formula
o . VPaM,Oy o R
with M being selected from Co, Cu, Re, Fe, Ni, Nb, Cr, W, U, Ta, Ti, Zr, Zn, Hf, Mn,
Pt, Pd, Sn, Sb, Bi, Ce, As, Ag and Au or
catalysts for the oxidation of ethane and/or ethylene to form ethylene and/or acetic

CONFIRMATION COPY



I di [ re catalysts of the formula PdaMbTI PcOX wth M
gfaihﬁnesfaf)'égﬂagl ?rg%l (Cj:da Au, Zn, yTI , alkali netals and al1lgqué\[éﬁ1t%aég@%re
mat‘algs" other catalysts for the oxidation of ethane tg ??gtlc aCICu e
cat al yzsts o difRef0r mul a VPaMoOX vvlth M bei ng ISDtE| eg}je .l &%@0/04&, As
Fe, N, No, O, W U, Ta, Ti, Zr, Zn, H, M, _ Pd. Sn, St s,
'Ag-1 ahd1Au E)'r catal ysts for the oxidati.on of ethane anzoga 3\0 %1/ o o
‘et hyl ene and/ or acetic CONFI RVATI ON COPY: 19 Novenber

e ' A, X and Y,
/ A3wRichacicdt gh iYSt §HE L he el {;enhs \, _
e A A o i, e o
i s Bi, c?," OdRgey Yt BRC Wrergig, X #¢ Cr.iinFNb, Ba, Ver, neks,

KielViox Nila. i [ i d-and et hyl ene ‘suggest ed
. et &, iry) SH, Sit Bang qu_acst I C aci ( hyl € -
?ﬁt a%sgig'g%éomar gz({\lﬂose of the for rru(Pa M"VYZZ wth Zol;el Zlg s_e[”e(.:t_?_id
fromLi, Na, Be, My, Ca, Sr, Ba, Zn, Cd, Hg, Sc, Y, La, ) ’ ’ ’

: ; [ : N, 5,308 *
Zr tefpst t iBatio®of earld toTﬁcetEeacaﬁoan&\'bth R &d ,
5\1::1! Eﬁl s@wilgagﬁ%aﬁec }ﬁ?éng g cribes exanpl es wherein s}};’)%ﬁéel_é&r’% @lrél ds
E 'nl'tche re;ﬁ’ge blgt V\gen rggé%an@qg ggﬂn‘dl?nyl acet.all;e |toer houirdge;n :tnte:agrat od .
¢ i i e be to. prov _
catal yst are achi eved An object may t Medfor de an integrate
Conpr i 51 ng peoanns SEIPORL, Natle, BREVA 30 Bnah. KT Socve.die iy
ﬁg{rg: :Z: uﬁ'ﬁ?g%{%@ dés &sedhi Bi,tGmYyV,dhabe,/Re,rGo, Mi.el ds i n the tange of

[ ' [ | yst,
' - vi.nyl acetate per- hour per litre Of, catalys _
Lpg;nerlggl oo b o acgt ate per hour per litre of

ams of - vinyl " he er | S
~catal yst .Lys%gg‘@gp%@é 0‘“5'%%%&%%%‘? O ﬁﬁﬁﬁﬁﬁoﬁﬁﬁ}ﬂrmsmmes Mflﬁ@‘égc{ gﬂac:-e (a)
process fiene viekds pndiaatings Inftweiony 5556612083 Wiy OGS B% HehRer (2)

' i i ' [ action zone a gaseous dst ! |
ggggﬁff :ilra:l%émsett rérﬁaﬁs/ﬁ\{e “a nol ecul ar oxygen-cont ai ni ng gas in t.he presence

‘of a catalyst to produce a first product stream conprising acetic acid and

e ] ' i d ction zone the first gaseous o
' Sﬁ g)éhgtn e?tn ﬁd(gergt@it%yﬁﬁ?l’é‘fﬁrgl t(gabctrl:bl g‘?%@%y%iﬁ?%ﬁt?alm?‘ﬁﬁsd%fsthPrPrPﬁl@%pﬂegence of a

g e i te
cat al yst w{%l e EJ_@"& al $aseeH fendstnek tcostprisiam E388HtENY Ifthné! Y khea&‘ﬂ}/a
“wher ei n exethal ea®bhWdur® 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.

One aspect of the present invention provides an integfated process for the

production of vinyl acetate which comprises the steps:

(a) contacting in a first reaction zone a gaseous feedstock comprising essentially
ethane with a molecular OXygen-containing gas in the presence of a catalyst
to produce a first product stream comprising acetic acid and ethylene; T

(b} contacting in a second reaction zone the first gaseous product stream with a
molecular OXygen-containing gas in the presence of a catalyst to produce a
second product stream comprising vinyl acetate wherein said reaction -is
carried out at a temperature in the range from 140°C to 220°C and at a
pressure in the range from 1 bar to 100 bar;

(c) separating the product stream from step (b) and recovering vinyl acetate from
the product stream from, step (b).wherein the catalyst in the first reaction
zone is of the formula

MO.PdX. Y
wherein the X and Y have the following meaning:

X is selected from one or more elements of the group consisting of Cr, Mn,
Nb, Ta, Ti, V, Te and W;



carried out at a tenperature in the range from 140C to 220C and at a
pressure in the range from1 bar to 100 bar; (c) separating the product
stream from step (b) and recovering vinyl acetate from® NAECPPIFLOF stream
from step (b).wherein the catalyst imgthe first reaction zone is of the
formul a MoaPdbXcYd wherein the X and Y have the follow ng neaning: Xis

sel ected fromone or nore elenents of the group consisting of C, M, Nb,

Ta, Ti, V, Te ands¥iecik iy ender méDdleddni¥ df shéloas terkidtingBf B @1, @a,nor e -

elenments of th o consisting of B, A, Ga,_ In, Pt, Zn, Cd, Bi, Ce, ,
R, L1, Cu, Agin Al 2. i, CRuCo. iR iy CUchd. Ay FeeRU. Ogr K. BB, CraMlo.d. 15! N
P, Pb, Sb, Si, spBa, Nb, ZndHilNardpphes esins@. Tibnd® and d are gram atomrati os
and denote a = 1; b:0.0001-0.g}; c=0.4-1; and ,d=0.005-1; The process can
be based on th&"fWREMSRE RIcANIS e dram el slios@nddspaieyst s nay be capabl e
of converting ethane to a predetermi ned m xture of acetic acid and et hyl ene
with a very high selectivity and very high space tinme yield. Such

et hyl ene/ acetic aci @~ mixture can be directly fed into a reactor to form
vinyl acetate. 19 Newegben1 2004: WD 01190042 PCT/ EPOO/ 04543 3 Usi ng et hane
instead of ethylene as feedstock can have the advantage, that it is

avail abl e in natur alc‘g%é.' Y rPthe process of natural gas work-up, several

et hane- contai ni ng @=x0.008s 1y be obtai ned, which can be usually flared
of , but which all can be used as carbon feedstock for performng the
process . Preferably, a mxture wth high anobunts of ethane (high purity
et hane W trhe @rbtRe cafbeehdse@fordP intRRys thRRPcHENO class NalchtafksisGagy bequi ds
Extraction”, bié/fl 544, rDag% 60), can he used, faqr tf}e gr_oceés geig’{l bed in
the presefBPEYR BhEGYRTING SBjangja @ predetatiiaps MpsuteP! @Ageliq A¢e §Pa el aieny |
acetate piiaesveryhighRiddiaty arfdl Wy Aghipace tikknasd rsighwitfenaMdeit bbas, and

ot her features car‘bb cgrrFeiGned for exwl e _on‘legl a. single feed gas
conpressof“"gH'E?‘@lnf-eg‘i"sec ¥ 1EquRORyeaGOF PR YINBAER r ed wher eas



.Separate acetic acid and vinyl acetate processes each require their own
f'eed gas conpressor and of f-gas scrubbing system By cdgﬂ\lweﬁ@esﬁ‘é%(a)
and (b) reduced internediate storage requirenents nay be needed as
—.conpar ed WO @etiZeparate processes. Al these advant agesPcaErPheadsi o
reduced capital and operating costs. According to the invention -a gaseous
feedstock conprising essentially ethane is contacted in a first reaction
~zone with a nol ecul ar oxygen-containindggas in the presence of a catal yst

active for the | dat | on of ne CodfiC a pr oduce
a first er&ﬁ‘@té{EW%H}% gn%fr? P%ﬂ; Séq‘?‘r@‘%ﬂa‘;&ﬂ a'blédl’ee{ﬂ'% Maﬁ heaégtlgl
active for atdieblexindasiuch gafs. ¢ ten erdcesaoétriaturalc gas anm:k -, hw\er@ glogne-
.conmpri se any ,suitabl cataly s. des | ifh is o
“%.ncor por at 8é RGN 'H‘xgli}'e? B en%&a‘"?g’fmap%g%tbgllgg? ifglga gedo P ﬁp\%wgpnﬁl a
“MbaPdbXcYd cam\bemed aX mrhbn\febeatecnfoe péridrining thg presessngrefkraldy, seimbéired from
‘one or nore nts o [0 C |, Skl ' |

~Te and W V‘”ﬁ ﬁFEtOPE ?f H%’benﬁ‘[‘)%} Bpr'it&eettﬂeaf%n%ﬂi eﬁ ®t Etég}llr?gﬁéja%’or?&;su ng
"of B, A, GERFA-Repdtt ‘Natdm Ga€d,iquils EQeactiGn’, SRI95SHY pa@ﬁOM@n e usgbforrRu, GCs,
K, Rb Cs P, Pb, Sb, Si, Sri, TI andU

“and wher ei WI\%"OB%S O%éﬁﬁbeg'awbér%rﬁs%qto%em%\# os and denote a-1: b = 0.0001 -
-~ 0..01; pr ef er abl y 0. 0001 - 0.005 19 Novenber 2004 WO 01/90042 4 ¢=0.4-1;

: f bl 0 f 0 0/ 04543

Breterred EheRpgEs aarisen s (v i) o8GRO Qe Inyl it 1A

(rj ati 03 aggwmstrbﬁuiesgiufimbe? ﬁgd athert ferturésican fhevosmbined fiar exampe aly ear b;)n

di oxi de; r elow the in rmation. .

of Tet hyi engMaR {280 gey pmecgsa HREAT B6S R Eb AR Bt be R0 Whrcd TR o

LG e inveBhary beslchisd andey0aosts Rl e Smaemregfmm iy
acid to sé’f’@@fefs\?B'f 9n$8¥feg?ﬁ)§lceu&? n\%syg% é&e%d;rﬁ% 'RP Pfgh@% %s@ r%%‘%:% on zone

- .can be var iistdrvédidte rstorabe aequrgenis mayebe heeded ad doopaBddce bich separateangi ng
et on DRSS Sy ED Hanb8E LRSS BRI RalShtbehifgStEs: o0

o Accordmg to the invention -a gaseous feedstock compnsmg essentially ethane is
- contacted in a first reaction zone with a molecular oxygen-containing gas in the
presence of a catalyst active for the oxn:iatlon of ethane to acetic acid and ethylene :
to produce a first product stream compnsang acetic acid and ethylene
/
The catalyst active for the oxidatioh of ethane to acetic acid and ethylene may
_ comprise any suntable catalyst as descnbed in DE-A 197 45 8902 which is
_. DA _incorporated herein by reference

These Catalysts.'are of the formula

' MoanchYd _
wherem X and Y have the following meanmg : .
Xis selected from one or more elements of the group conswtmg of Cr Mn Nb Ta o
i, V, Te and W; -

Y is selected from one or more eiements of the group consnstmg of B, A, Gg, ln P,

- Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, A, Fe, Ru Os, K, Rb, Cs, Mg, Ca, Sr Ba, Nb, Zr,
Hf, Ni, P, Pb, Sb, Si, Sn, TlandU

and wherem a, b, c and are gram atom ratlos and denote
=1
b =0.0001 - O 01 preferably 0. 0001 0. 005



‘The.catalyst active for the oxidation of ethane may be used supported or
unsupported. Exanples of suitable supports include sili dQ,NQ’!ﬁ@B@h%Q%‘ous
~earth, t Ll onite, alumna, silica alumna, zirconiag, titania
“silicon crm;pb%@hactivat ed carbon, and mi xtures thereof. PATEROMOEHS st
active for the oxidation.of ethane may be wused in the formof afixed or
fluidised bed. The nol ecul ar oxygen-containing gas used in reaction zones
may be air or a gas richer or poorer. 4n nolecul ar oxygen than air. A
suitabl e gas may 8= Oibr 1epeafptably 0.6y-088 atidl uted with /a suitabl e diluent,

“for exanple nit rogea Oqgoggc]b&réfgﬂ[a%y Q%F "tOP:? eferably, the nol ecul ar
Irst

. oxygen-containing gas is fed'to ‘eaction zone independently fr.om
-the ethane feedstock. The ethane feedstock of the process of the present

i nvent i Arefersed easiifpgs afbi Rb S|/l s digh ut W other gases .
like th %&Eﬁhbeiﬂe t%%nera?egggv%ﬁugalls ga%m gﬁ%%igﬂ,an& gl_a. fﬁ.ra@?ﬁ w.% °
" ( PERP- Rﬂ RrqIFaedan Mitavpathe emetiopssicarbpagliotdsd;) Pd oatiogy be
~adni xt ubedowithl iodizated rgram etorfi kiR 98l T )Jr%gro & nd 1 ow
level s %fpeﬁ%/% ayfggéﬁs%gl ﬁ,snest Cat al C;ésrt %??%?’ﬁkﬁesm phur ﬂsﬁ%ﬁa{jbe ‘
excl uded” LI Kevli s& ) ad9antBGeoBOCESS i #GArdIBG: hé0 anthent infentiaoet id ene.
The anmodfi@1.c0fdi.qersYo.sdlimosBinisCageonl y i nited by economics. Step (a) of
t he process of the present invention may suitably be carried out by

passing et hane, the nol ecul ar oxygen-containing gas, steamand (if _
“necessarly$ anRfyAtagRE! theepresenhinvegtion that tre eticsof sbetivityotatcesh aaiE@m My

oxygen T ot Shry ARANIGER Bl AR st o 680 2 Vgt WAR: voen

123 and Wige Tangesiils. o B Py % sachahyl BRDGINEOTESI00 PAmEtSre bR a0 !

t he- pr ocesdticof tetriperatues gotali @Lké,oféeﬂ%nﬁjéﬂs' ftidpl .ted out at a
tenperature from 200 to SOOP?JE,;[ preferably from 25%3?%‘9%8 . Step (a) of
-the process of the present invention nay suitably be carried out at

?t mf(S) ghéﬁhec catalysip ectiveriaoh the wxiq!mt@swfeet_ltfaﬂé efi?ypbét LSediNeup fgom |
e 55, SR O b b SR Sl it s
(a) of Bog gg[ge,oqlu_frwéa,ps e @uminae zirconiz, ditgrdad |s'riigonnc_:arﬁhi_%, reREghRd g
Goeh raere @%ﬁﬁ%ﬁjﬁ&?‘fgifgz-nﬁi%%e%&s?gé@f’ﬁo?{m%@%@%&%%f B3y by “be
achi eve i [8)OF fixqcher thigdiseddegt the present invention.
- The molecular oxygen-containing gas used in reaction zones may be air or a gas
richer or poorer.in molecular oxygen than air. A suitable gas may be, for example
oxygen diluted with /a suitable diluent, for example nitrogen or carbon dioxide.
Preferably, the molecular oxygen-containing gas is fed to the first reaction zone
independently from the ethane feedstock.

Ealadt

f_I'he ethane feedstock of the process of the present invention may be substantially
pure or slightly diluted with other gases like the ones being geherated by natural gas
separation, i.e. e.g. 90 wt.% (PERP-Report “Natural Gas Liquids Extraction 94/9554,

o page 60"), or may be admixtures with one or more of nitrogen, carbon dioxide,
hydrogen, and low levels of C3/C4 alkenes/alkanes. Catalyst poisons like sulphur
‘should be equuc_jed. Likewise is it advantageous to minimise the amount of
acetylene. The amQUnt of inert components is only fimited by economics.

‘Step (a) of the process of the present invention may suitably be carried out by
passing ethane, the_ moiecuiar oxygen-containing gas, steam and (if necessary)
additional inerts through the catalyst. The amount of steam may suitably be in the
range from 0 tq 50 Vol%. The molar ratio of ethane to oxygen may suitably be in\the



-In step (a) of the process of the present invention, the catalyst suitably
has a productivity space 'time yield (STY) in 'the rand@ Nayember 2080 gr ans
~of aceti ' t hyl ene per hour per litre of catalyst, in the
“range 108‘”93’(i}f%g grans of acetic acid/ethylene per hourggﬁﬁp@ﬁsé of
catal yst. The ethylene/acetic acid ratio which is necessary for feeding the
vinyl acetate reactor (step (b) of the. present invention) nay be suitably
be adjusted by changing the reaction paraneters of step (a), e.g. reaction
t enper atangs, betoeen bl epeit®], preferably bdiweeh?: t pades:vel ocity, partial -
~pressures of each reactant, and especially by varying e steam parti al
pressure in the feed of step (a). Step (a) of the present invention can -be
carri edS&R (@hof the prorassael (e present invianticsi mey suitbly bactaried e giaseous
product terhpEatlre e I0BRo (58D “COMREferRSly ABR! DB G I4dorRd ethylene ina
predetermned ratio and water, and may” contal n ethane, oxygen, nitrogen and
the by-products, carbon nonoxi-de and carbon dioxide. Usually, no or very

smel | Stepurtak of th&O0Propess offthe asresantTimentidn Meg BGRIIG ash dafidg o@&%{ (a).
I n case ﬁﬁ@%@fﬁ r%lpgum%ﬁél d?]glf,iséﬁroducefi'l n hi gher ﬁrmunts up to 0%) it
‘may if R ¥ e SupiallesPherBarestuts. for) xainge ipyPaenas iiam Tofo 69
- conbust bar prefecainipdrorditdeiSdebdry a  nol ecul ar oxygen-cont ai ni ng gas. -
Et hyl ene is present in the gaseous product 19 Novenber 2004 WO 01/90042

~ PCT/ EPOQ/ 04543 6 streamof step (a) preferably in an anount as is requi red
for di rE&PIC@&hv@hﬁﬂ@mWeKﬁlQﬁﬁ in theetange. ofThe tgadibbls empadially 70 tondX 8 (a)
may be hI; SO0 ' =Y : - (D) r. Wth
opt i onal Ty SecEflevec ‘“ﬁ‘g?@éﬁ P, BIEES OF (A0 T os et B ERiOrD ck BABI b
addi t i oH¥ rRA%QN ePrCep @t IR G vhigh 23nialsehe adeacior castade withcintarstitial
pr ef er abkygdrefdeaken from step-(c), the vinyl acetate separation. The

catal ys tive for the producti,on of vinyl grate ich is used in step
(b) ot THEEl.Sp@en RRRITOFIbARE et HBs LY Eawhe senisned Sustamla)

cat al ysof theopnocesas ohtheapresentfioverdiomopl e, as described in EP-A 330 853, GB 1
559 540, US 5, 185,308, and WO = 99/08791. EP-A 0 330 853 describes catal ysts

for the production of viny acetate all throughout inpregnated containing

Pd, K, Wnhsigr (&l ofsthedpradesnat iheoptrsent iinvertian, otheAcatalidt Isuiz@ichas a

descr i bproducighal sfloeatifney FielPISTHS RrERAFANGOM A ti Sobo el 6t eckiBe
~reaction_of tﬁt h}/}l ene, acetl acgd and oxygen; the catal yst® consisting.

essent | GPIAPtBYIeNe Perholis per (fes oucaialyst oralpraliydn fhae range10P k@660 aeamsr om 3
- to 7 mmvohacketc addiethylene per hour per litre of catalyst.

The ethylene/acetic dcid ratio which is neéessary for feeding the vinyl acetate reactor
(step (b} of the present invention) may be suitably be adjusted by changing the
_reaction parameters of step (a), e.g. reaction temperature, total pressure, gaseous
h»ourly space velocity, partial pressures of each reactant, and especially by varying
the steam partial pressure in the feed of step (a).

~ Step (a) of the present invention can be carried out in fixed bed as well as in fluidised . |
bed reactor.

The gaseous product stream from step (a) comprises acetic acid and ethylene in a
"predetermined ratio and water, and may contain ethane, oxygen, nitrogen and the
by-products, carbon mc_)noxide and carbon dioxide. Usually, no or very small
amounts (< 100 ppm) of carbon monoxide are produced during step (a). In case that
'carbqn monoxide is produced in higher amounts up to 5 %, it may if necessary be
removed after step (a), e.g. by adsorption or by combustion to carbon dioxide by a
molecular oxygen-containing gas. Ethylene is present in the gaseous product



“.vol une of- fromO,
catal yst support

di stri but '
“ext endi ng‘%ﬂeds%@ofiﬁ
in the alloy bein

of catal yst, and
grans per litre o

2tol,5nm/g, a 10% by wei.ght water suspension of the
having a pH from3.0 to 9.0, (2) a pal ﬂ%glpwmwaﬂmél 1 oy
surface | ayer of the catal yst support, the surface |ayer .
an 0,5 mmfromthe surface. of the suppofCI/EMY04343 | adi um
g present in an amount of from1,5 to 5,0 grans per litre
the gold being present in an ambunt of fromO0,5 to 2,25

f catalyst, and (3) from5 to 60 grans per litre of -

~ cat al ysstreamadfaiep (apraferablt mtan atdSuht 485 RRfikkeSPr HPes corvERidn

| mpr egngie@i&at al
- ethylene, acetic

‘essentially-of. (

about 3The @é@@s}

. . . 0 vinyl
yst active for the production of vinyl acetate ¥ron¥
acid and, an oxygen containing gas, the catal yst consisting
1) a catal yst support having a particle diameter from

TRLORoTRBBIE) Ry e 184 cheful % ol fedBR 2 e

| | adi u d |
,(F:)Zt a?ylst%?]sﬁi%ﬁ)o&s logetiien win gqriionally addiitaslo molecslar axagenicoBidifingy gaej ght
f pot asptiomalBc eidakittonsdh egidi i | l:ght_ ratjo.] id
o N ey feria) apdbplioh a2 o] A i it R

PCT/ EP%B‘%%’?AF@V §e

g n y6 t,0 25, 19 e
9@@8%5}3%5? (H)ai'é? y@géa%e ﬁ‘é fgaraiPNpr oduci ng cat al ysts

cont ai niThg asbalyst activecfop e prodestion o vipgt a0Stee RBRER is GSRER sf‘zle;% gtt:)fe 8f ypas

Phase OBelaiesaft 168 pF U SRErBATAr EhieiBE o (QuL B AL Y] acel ct e, The

i nventi Oon rel ates
sever al Tore@mpler

VI b obgigmgoneri

adeseribed ip EF-ABR0a8E3, GBbIS5S B4p, IS 55185,808uasd Wpoand

odi c table on porous support particles, characterised by

a first step in which one or several precursors fromthe group of

conpounds of neta

or ar e EPpfl0 BEO 1B53adeEbriDes it

| s. from sub-groups Ib and VIIIb of the periodic table is =

o AR AT

onl ?éﬁ%é@@ﬂ%ﬁ%’@%ﬁé{sﬁéﬁﬁ?Féairfarﬁ”@%?ae%%@@men%@mw ipsisecaiuhe et al

nanoparticles pro

duced in situ in the pores of said support. Typically,

tep (b te | ti I, I ed t . '
et or ool J4¥ 580 8eSibeh C VB SIER 1ot i Bikiottation il i SpRisse by the
“ethyl enEPaabtA thylee, aceticianid any onygem dheroataiyst ainsisiagrssseaially givent i on
|'s  progljcedal dutaly8psligporethay ng%‘-@@é Hg%ﬁ‘été@éﬁfr%aé 8 Hh a5 dre "

re

.gas used in ste bl .of th r
9 . Volthe o} from 0,5 tg 5 milfg, @ 10% by weight water suspension of the
catalyst support having a pH from 3.0 t0 9.0,

@

3)

. a palladium-gold alloy distributed in a surface layer of the catalyst support, the

surface layer éxtending less than 0,5 mm from the surface of the support, the
palladium in the alloy being present in an amount of from 1,510 5,0 grarﬁs per
litre of catalyst, and the gold being present in an amount of from 0,5 {0 2,25
grams per litre of catalyst, and | '

from 5 to 60 grams per litre of catalyst of élkali metal acetate,

US 5,185,308 describes a shell impregnated catalyst active for the production of

~ vinyl acetate from ethylene, acetic acid and an oxygen containing gas, the catalyst
consisting essentially of: ‘

£
@

@)

a catalyst support having a particle diam,etér from about 3 to about 7 rhm and
a pore volume of 0,2 to 1,5 ml per gram, “

palladium and gold distributed in ‘the outermost 1,0 mm thick layer of the
catalyst support particles, and ' .

from about 3,5 to abqut 9,5% by weight of potassium acetate wherein the gold
to palladium weight ratio in said catalyst is in the range 0,6 to 1,25.



i nvention may comprise unreacted nol ecul ar oxygen-contai ning gas from step
(a) and/or additional nolecular oxygen-containing gas. 1PNevembgn3004at

| east so of th nol ecul ar oxygen-containing gas is fed_i ndependently to
'the'secoﬁo"é%?*&on zone fromthe acetic acid and ethyl eﬁ'@TfFé’gW?"&H s. Step

(b) of the process of the present. invention may suitably be carried out at
~a tenperature in the range from 140 tg 220 C. Step (b) of the process of

the pre t ol i on sui t ab be carrjed out at a pressure in the
rangg Pailih ?b{bﬁ%o%ﬁﬁg‘%sﬁ & f@%fbgéa‘fprbef % dcai@ysts %wt%?rwingabm@tal
_-react or ndesipgntidepanl 2 pofous suppery éé;ﬁecid_ﬂ@agorcgasr ??@géa_gﬂidgﬂgﬁ(rjbfaé}ﬁ@tgﬂéi ate .
way; pr r ‘ i 0] e fixed or . fluidi sed bed reattors.
Aoetic g’é‘?dég%hé\/?r&@q 5%21‘0{@ {"ﬁy %Q%{f@ég, ﬁ@%@%ﬁ?ﬁ?”b@%‘@ﬁi 1 & methedeforb)
.of t he PRIchiség soratalyst wastaining onenti seve@k yoetals fronetisé aisup roft Atalange
20 to 1 i ' [ 1 Q. mber 2004 WO 01/,90042
~ present Q?ng/{? l%ﬁ@oﬁ% %%%‘%%%@7 dﬁsﬁg&mﬁgz%ﬁ%;&{#’ 8{%'\'83\53? SELPOYSS SHEPBResent
i nvent i'Bﬁ',%CF% C&i‘f%ﬁt%%e% Gy teafirsy ster iy Whiglo gamet orv severaiSprgeursers feomahge 100
to_ 2000gmans edmpéunds SRAERASIERY sUMYFoRRY 1 drid GiNb0ds 18 hal¥Tt tohidlis 4 0000
granms of_vin '(B%Eﬁ etate Qer hour per |Iitre of catalyst 15%al'so sw_tglﬂ e.
-~ The sec%WdaB¥ A RUFSHPBRRL ST 3 $5CHY Blke IpWiviek she pepeuss gscferatgty
atcEt at enamoporeasesupport topthicinat legstbae pgé&@%_@? agg%@hidgp gaqﬁr@g{gﬂ ﬁ,ﬂﬁi
et hane, ide .carbon di oxi and possi bly presen
- traces %?IE%F ﬁgﬁ@_5@%@&&@%@82{%%@%@%5@ Icles pr @)‘C%ﬂyséﬁ%elﬁ the) . of
the proRe®s offsaitheupperéntion it is preferred to renmove ethyl ene, and
et hane, carbon nonoxi de and carbon dioxide, if any, fromthe second
product_stream suitably as an overhead gaseous fraction from a scrubbing
col um, TYRicaly.c$tep | (Rjuiof fhannrp@@\ssCoqurr?ei yeseny limeandioat és vatried and
aceti c helefogendisy iih theR4dMnis Bemhg JRacHEFPRE agcgsgshgéetst reamfromstep
I d, W

(b) conprising.vinyl acetate, water and acetic ‘h or without the

i ntermedi at e scrubbing step, is separated in step (c) by distillation into

gn ov]?r‘ﬁhapethyleomme’;efmaﬁedoin ﬁeppﬁg)sm\;nm%/pmdesgqgttﬁbep@ggny\@{ lhtﬁoﬁl]g ﬁ

base fr 3 | cid. Vinyl acetate is recovere romthe
%h}:pe 2Bq5H SR B'&gﬂ‘?éﬁltqcﬁsg

azeotro racti on'separate tep (c), suitably for exanple by
decantation. The recovered vinyl acetate may, if desired, be further

: EEL; ;Sgl'&é irr‘ndﬂ;ét@éeﬁ{'ér BRPGE-contifhing 88s U 08 QBPL ﬁ'ienﬁro%(égg 'of 43S iplqlesen't |
, | invention Amgy comprise unreacted molecular oxygen-containing gas from step (&)
and/or additional molecular oxygen-containing gas. Preferably, at least some of the

molecular oxygen-containing gas is fed independently to the second reaction zone

I

from the acetic acid énd_ ethylene reactants.

~Step (b) of the process of the present invention may suitably be carmried out at a
‘ ‘temperature in the range from 14010 220 °C. -

Step (b) of the process of the pfesent invention may suitably bé carried out at a
pressure in the range from 1 to 100 bar. |

Step (b) can be carried out in any suitable reactor design capable of l.'emovin'g the

heat of reaction jn an appropriate way; preferred technical solutions are fixed or
~ fluidised bed reactors. ' |

+ Acetic acid conversions in the range 5 to 50% may be achieved in step (b) of the
process of the present invention. o

Oxygen conversions in the range 20 to 100 % may be achieved in step (b) of the



-(c) is preferably recycled, with or preferably wthout further :
purification, to step (b) of the process. The overall $Bdievembae2004e| d

(STY) of yi etate (referred to ethane)' produced in _the process is in
t he range*gpx%a%&to 5000, preferably in the range of 500 tP&TﬁgﬁY"“Q? ams of

vinyl acetate per hour per litre of catalyst. The overall yield may be.
adjusted in a nunber of ways includinggi ndependently adjusting the

-react an %trh. or reaction conditions of step (a) and/or step (b) of
t he pr o%‘ééss, ?@’re?@gghpl e by independently adjusting the oxygen

concentration(s) and/or the reaction tenperatures and pressures. ‘The

Pef or onil SISPRATIACER! pRReRs: 86 el linps Ot iriBnlion, Tie Zsfabved ikl deson use

i n the RN ER TYDbuthwoangestiiio POND EPams WfsAsy| Soetate q=s Hojur ipae lipsesent
. Inventi of calEiigstapaRa0080 YPEMS] T8N ééétét%?,g)&aﬁ%bﬁgg TRE dridatafeP ROQRE

reaction I[;ﬁotge (2) and a scrubber colum
, 0xygen-€lc5 i ng gas,- optionally steam and a gaseous feedstock
~conprising essentially ethane (4) are fed to the first reaction zone (1)

~which ¢ | al,yst active for,the oxidation of ethane to formacetic -
aci d angﬂége%épgfggéﬂ Gt h O%Stﬁﬁébiegﬂ@ POCER® CprpEisss vinyh acelate and
~ react i owatemand Optioaslly alsopunrsackexit éﬁtioaaatl,ngt@!ér%?@tﬁén@,rni'f‘r@géﬁ abarbBACtOr's

i n para seL , i r jon_zohe .may al so conpfise a reactor
cascadeH é%ﬁ’neéié@eedgg)tgﬁé %ﬁgl \PP§§§W F?rgaﬁ?tortga‘yf@diq%i S’ﬁ?ﬁr mYPEICEs.
'.'oxygep-@ﬂﬁr&‘?‘ﬁﬁffg b@&svz%rﬁfm (bpandAsteipr &) gh e psocausodfithe iﬁﬁé'rlii@ﬂi‘ it is :
conpr.i spRrgegegith : e C : tional Ly .. ..
un¢ons u!r)redifm)l gﬁﬁrlegfd ox?/tgg]%}"%’o%ﬁ gi%ﬁqig%%gghﬁﬁsﬁéﬁﬁérar}(agﬁ%r%ﬁgrd'%'gﬁ= €ar bon
- monoxi d@Y-JEPHJIRE SESRNAETOMIA streant, SUtablyi ashan axartieashgasenusi fradtiondemhi on ™
zone( 1) aasuiubbingf @sluing, ihevies enkhuie Feidtie i$ikY - vid Hddigeaal lar
oxygen GOELALNE rd8s e h Abntid Ruie o oen ‘:({dé?s'}'rédﬁé’ (AU AR wllDy BRY
product “stre [HEPY POEHRSe £ i rst reaction zone(1). In the second
.~ reaction zone (2) acetic acid and ethylene are contacted wth nol ecul ar
oxygen- I~R} i ce.,0f a catalyst active. for the
ot Dot RisRpBhA prBAGcr Sheen BT SER () Sonr il L oBftele) dvatet cmdcetine
second #e8cMih of o¥ithqup)therdptesmegiate esasibbing step, ieykeparated & step $€)/ Byal
react or gistilatidh irdb | &1 o0QérHeBdS&Fd Lele s LLslng vinyl
acetate c¥vater f0%)“ or?al I g . ?eﬁ%ﬁ?pgggéeouskgﬁpﬁ@@gﬁgp gﬁ%i#éﬁggc‘%/@@r
acetic Y & RARP TAFHANCAINPHESINg AREFGAR. fr om t he second reaction zone (2)
and is fed to the scrubber colum (3) where a gaseous stream conprising
ethyl e”@inyf‘ﬁge&?é 'isOFéal:'ok_(ére%IfP %G 0B he Hraction Separated in step (c), suitably -
- for example by decantation. The recovered vinyl acetate may, if desired, be further
purified in known manner. The base fraction comprising acetic acid separated in step
"(c) is preferably recycled, with or preferably without further purification, to step (b) of i
the process. ' : :

The overall Space Time Yield (STY) of viny! acetate (referred to ethane) produced in | ,
| the process is in the range of 100 to 5000, preferably in the range of 500 to 1500
- grams of vinyl acetate per hour per litre of catalyst. ' o

The overall yield may be adjusted in a number of ways including -independently .
adjusting the reactant ratios and/or reaction conditions of step (a) and/or step (b) of

the process, for e:kample by independently adjusting the oxygen concentration(s)
and/or the reaction temperatures and pressures. | '

The process of the present invention will now be illustrated by example with |
reference to Figure 1 which represents in schematic form apparatus for use in the -



~car bon nonoxi de and carbon di oxi de by- products is w thdrawn over head and S
recycled to the first reaction zone (1). A liquid streat®davpmbss 24 nyl

acet at e, t unreacted acetic acid and possibly prese | bqgi l'ing
pr oducts%@oﬂ%’%ﬂ%r ocess are wthdrawn fromthe base of tEIéT[gg@Ehéﬁ'gr col um

(3) and vinyl acetate is isolated in state of the art equi pnent not shown.
For exanple it is fed to a distillatiom colum where vinyl ‘acetate and

wat er i Tdcgﬂvﬁ%déé{é%%nﬁ%hﬁgﬁe and acetic acid, and the possibly present
u

hi gh borling pro s are renoved as a bleed fromthe base of the
distillation colum. The water in the overhead streamfromthe distillation

o TR R EeRRa ek S st ke BESRH S A

acetate product stregam renove i's puri y Cco nal -

means rkﬁ‘g'\kh% RCPWEILEY.  Carbon di oxi de by-product can be removed by any
~viable technical process known in the art e.g. by reversible absorption in

~.an aquegus Co3 s?I ution which i§.19 Novenber. 2004 WO 01/ 90042

- PCTI EP 2391 §° "r‘%@ I PYTEACORRINIGE s RS | BHIOPBIY rteamo @nsh Gwepsedrs

i P\_/ent | fTmedstodd compriaingdesserttibily fathbmai(4) aeaa‘lanl esthe EmlrmbgﬁorPQ@ﬁér(q‘)i on

“of Cat )etPL 8Parat. i a Mbt.. ooPdo. 060751

@ s5nboMiBeh somefi e Selshyst AR B ¥ oBiegfigh R itnd Y Sl el Rpeitrnde

" Haen) i sthylee.nDepending orstheustale of @ pragessniie dinstretetiomamae o 1) Rnagel - de
Haen) i : : | WelalP | .U alate-(H C
St ar ciq) SR ete ¥ SinafCHACEr pp el (BaBIch? 1Y BERATED Yy ShrS it
nitr at'er?%“@@eﬁqﬂ?emﬁ&é{ﬁo FAMPLBe @ regstasicascade. wheiein betvesan the individual

pal I'adi rsddtbisaaciabal( Mot olyetOSbrthintid 888! carSBh UsoNA, fst eRBAS ver e

en

Sl ut i RO el RoniPr s anecar oSt an boiseleth ferdriedis ofenaly
addi ng uhcsnsurhed soblecutzr dxydgereceatbinimg ges wridowatemasgaitide dvith iarbon
o erh e aBRRY Bl Riert s Uyl FIC S ap g At TRage
static i fechio thepeecanst readiionraonent?)c Additional male@taCoxygerbedriaining Jas
[t SO st g RSy M AR W 1
K, Pd, AUNES Feaeton, Zaelt b fe-zesoRceasiion enp @hacetigacyl god etadenaase ver e
di ssol vedniartsiDwith molecular oxygen-containing gas in the presence of a catalyst active
for the production of vinyl acetate. Depending on the scale of the process, the
| second reaction zone (2) may comprise either a single reactor or several reactors in
parallel or in series. /A product stream comprising vinyl acetate, water, optionally
ethane, gaseous by-products and unreacted acetic acid and ethylene is withdrawn
from the second reaction zone (2) and is fed to the scrubber column (3) where a
S ~ gaseous stream comprising ethylene, and optionally ethane together with inerts,
carbon monoxide and carbon dioxide by-products is withdrawn overhead and is .'
recycled to the first reaction zone (1 )- A liquid stream comprising Vinyl acetate, water,
unreacted acetic acid and possibly_present‘ high boiling products of the process are
withdrawn from the base of the scrubber column (3) and vinyl acetate is isolated in
~ state of the art equipment not shown. For example it is fed to a distillation column
where vinyl acetate and water is removed as an azeotrope and acetic acid, and the
possibly present high boiling products are removed as a bleed from the base of the
distillation column. The water in the overhead stream from the distillation column can
be separated fram the vinyl acetate in a decanter and a vinyl acetate product stream
removed from decanter is purified by conventional means known in the art. , |

- Carbon dioxide by-product can be removed by any viable technical process known in
the art e.g. by reversible absorption in an aqueous KxCOs solution which is



~an inner d

-acetic-acid. The preparation of t he enpl oyed gol d acetate is described e.g..
in US-A- 4,933,204. 100 m .T102 support (P25 pellets, Dé@d%@&mmaﬂ@% wer e
added tO\R’Q%m&%l adium and gol d acetate sol ution. - Then the majority of

"acetic acl evaporated using a rotary evaporator at FOTEPOMRS#Hwed by
evaporating the rest using an oil punp at 60 C and finally in a vacuum
drying cabinet at 60 C for 14 h. 19 Noygnber 2004 . WD 01/90042

PCT/ EPOQ/ 04543 The resulting pellets were reduced with a gas m xture of
10 vol %rﬁ%?‘?f&g?d ima ‘?ﬁQQTB Oﬁfmménphﬁqv@)t he gas (40 1/h) directly
through the pellets at 500 Cand 1 bar for | h. For Ioadi ng with potassium
ions, duced pe ed.to.a solution containing 4 g

pot aSSI e' Xpayn rgrthlé‘%ﬁﬂ?&ﬁ? ﬁ%‘a&gip\mgﬁxamp [#Bnutes in a nixing apparat us.

- Then, the soI vent was evaporated using a rotary evaporator. The pellets

wer e dn%m 100 C for 14 h. Catalyst Il was prepared in three batches

usi ng the sa process; they are called Il a, 11 b and 11 c, respectively.

Catal ytic Tests For performng the catalytic reaction described in steps
(a) and i nvention, double-wall fixed bed reactors with

F(rapg%g?éﬁggtﬁﬁmn and 20 mm respectively, and a I ength of 350 nm

were used. The reactor was heated via the external tube with an oil bath.

Typi cal IBkanipigl(1p nd 15 m of cat al yst respectively, partially mxed with

- some |n pi aIIy | ass, quartz or alum na granules or
beads | fﬁ%@%&n&?&a@:@ﬁ% orNbrsShaiCoooiOg. g. 2 10 11, 1:2.
©1:5. To decrease the dead vol urre of the reactor, it. was fllled up vmth
inert (a bef or.e aft{er. the catal yst bed. The
" voliume Og%ﬂmqere%{)y%%@ﬁ{us ﬁh C’U\\étc%’&e%' %&eg‘ﬂ? I"hﬂp@nﬂ"‘foﬁtebontrollers

r espect iSadution 2’he25r¥hg)ammonfumewetﬂvmedat@@lﬁiéd%l-’d@ﬁ-lé@i ¥R 40BN t‘ér line =

"gas chr ph a nts on catal yst |
(exanpl e E ;E :? Mgear ?hélﬁgms%ﬁ‘n%wg@ ?PY%[%zHgEegg"?’fpﬁfnventlon usi ng one

_ single reactor ard-Fhevamt mpWa@F&,late(Pfﬁth&er)eahd conpare the results

easily, such masqr@ﬂ@@a&t%‘ﬁﬁa?@%\?@ﬁé}d&ﬁﬁ@@ 2édtﬁl£¥;a?%?3|tot al pressure

of et name i £°7H &7 Gpalptiimlhacctpienbycricr @m i qmmooﬁu“?/ (0.5 103
+ 0.5 * [CO2] + [C2H4] + [CZH6] + [CHBOOOH]) * 100
Solutions 1, 2 and 3 were stirred separately at 70°C for 15 minutes. Then, solution 3
was poured into solution 2, and stirred together at 70°C for another 15 minutes
before adding this into solut:on 1. Thereatter, solution 4 was added.
' /
The resulting mixture was evaporated to obtain a remaining totatvolume of 800 mil:
This mixture was spray-dried at 180°C followed by drying the powder in static air at
120°C for 2 hours and calcining at 300°C for 5 hours. The resuiting catalyst | was
then pressed, broken and sieved into a granular fraction between 0.35 and 0.70 mm.

- &

Example (2)
Preparation of catalyst ll: K,Pd,AufTiO-

2.11 g palladium acetate (Aldrich) and 1.32 g gold acetate were dissolved .|n 30 mi
acetic acid. The preparation of the employed gold acetate is described e.g. in US-A-
4,933,204. 100 ml TiQ, support (P25 pellets Degussa, Hanau) were added to the
palladium and gold acetate solution.. Then, the majority of acefic acid was
evaporated using a rotary evaporator at 70 °C, followed by evaporating the rest
using an oil pump at 60 °C and finally in a vacuum drying cabinet at 60 °C for 14 h



Selectivity to ethylene [% = ([C2H4]) 1 (0.5 * [CO + 0.5 * [C2
+ [%ooomy) * 100 19 November. 2004 VIO 01/ 90042 PCT/ Epocbgm@mbgzLOM

d [% = ([CH3000H)1(0.5 * [.coe]
Toor) L PREREE S 20 u oh [ 11T O 0 < S Ehndep R

- concentration in nol % concent r_ation of ethane not converted catalyst vol ume
.(m) I volume flow of the gas (m's) # reaction conditions g product 1(I

' catal st_* talytic results on Cata yst -1 performng the ethane
oxi da%/l O'H"QF)3 L@?W@P%Iﬁ‘%s Affie Jeducad withiad BB MixtE8008. 70 30al% chy<regas. i

-93202. 5 rii@3¢e3, whild p488ing the et @0AUH) dreltiy throtigh Pebetiofs Bt 800 °C and 1
. - bar for 1 h. For loading with potassium ions, the reduced pellets were added to a’

solution containing 4 g potassium acetate in 30 ml of water, for 15 minutes in a
mnxmg apparatus.

HA4]

Then, the solvent was evaporated usmg a rotary evaporator The pellets were dried
at 100 °C for 14 h. :

Catalyst Il was prepared in three batches usmg the same process; they are called I _
a, Il b and Il c, respectively.

Cata!ytlc Tests

For performing the catalytic reaction descnbed in steps (a) and (b) of the present
invention, double-wall fixed bed reactors with an inner diameter of 14 mm and 20
mm, respectively, and a length of 350 mm were used. The reactor was heated via
the external tube with an oil bath. Typically, 5 ml and 15 mi of catalyst, respectively,
partially mixed with some inert material, e.g. typically glass, quartz or alumina
granules or beads in a catalyst to inert material volume ratio of e.g. 2:1,1:1, 12, 1:5.
To decrease the dead volume of the reactor, it was filled up with inert material (as -
mentioned above) before and after the catalyst bed. The volume flows were typically
adjusted by mass and liquid fiow controllers, respectively.

The analysis of reaction products was performed by onine gas chromatography.

‘The results of catalytic measurements on catalyst | (example (1)) for performing step
(a) of the present invention using one single reactor are shown in Table 1. To be
able to compare the results easiiy, such measurements which were performed at the
same total pressure (15 bar), are described.

~ Data in Tabie 1 are deﬂnéd as follows:
Convers:on of ethane [%] = :
(0.5 *[COJ + 0.5 *[CO4] + [C2H4] + [CHsCOOH]) / (o 5 *[CO] + 0.5 * [CO3] + [CoHg +
[CzHe] + [CH3zCOOH]) * 100

Selectivity to ethylene [%] =
([C2Ha]) /(0.5 * [CO] + 0.5 * [COZ] + [CzH4] + [CHsCOOH]) * 100



4.0 6.0 1.4 2.9 2.9 10.5 0.72.85.010.2 0. 83. 25.09.9 7.24.85.07.7
0.83.25.073.5 1.24.85.014.4 0.8 13.25.07 7.9 1.24.85. 0189Nogemben2004 89. 0

6. 6 362 447
) 2242522 62%84611}%30 4 65.2. 38.7 44.3 36.2 2.0 5.5 9.2 9.0 1§CT4IEP0[II04543
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- Selectivity to aéetic acid [%] = ,
- (ICHsCOOH]) / (0.5 *[COJ + 0.5 *[COy] + [CoH4] + [CHsCOOH]) * 100

with

[ ] = concentration in mol% .

[C2He] = concentration of ethane not converted

7 [s] = catalyst volume (ml) / volume flow of the gas (ml/s) at reaction
conditions -
- STY = g product/ (] catalyst * h)

\_ Table 1 : )
Catalytic results on Catalyst 1 performmg the ethane oxidation to ethyiene and acetic =~ -

acid

)

|2 |280 (74 |20 [04 [1& |28 (105 [504 |35 |60 |362 7

3 300 [74 |20 |04 (16 |29 |32 [8e0 |20 [e0 |47 |5

Z 300 |48 |30 068 |24 143 |113 (872 |55 173 (564 7

J 5 |300 [41 |35 (07 |28 |50 |10.2 |82 |74 |64 [584 |24 & .

6 |300 [37 |40 (08 |82 |50 |98  [841 |82 (66 |630 33
7 |300 |26 |60 |12 |48 |50 |77  |604 |24 |43 |82 147
8. |320 |35 |40 |08 |32 |50 |135 662 1280 168 672 136
9 320 |25 |60 [12 |48 |50 |[144 387 |57 |41 |eas 447
10 [340 [34 |40 |08 |32 |50 |78 |43 455 |55 o [z
11 [240 |24 |60 |12 |48 |50  |i82 |62 |89.0 |48 1754 |58z

Table 1 shows clearly that the desired ethylene/acetic acid ratios in the product

mixture of step (a) of the present invention can be adjusted easily by varying the
. different reaction parameters.



24 A 33 35.4 4.3 1532 147 28.0 49. 8 6.8 4.1 5.9 672 136 59.0 638 604 4.8
754 447 322 582 Table | shows clearly that the desired8iNoyr@her 2004 i c

aci d ratiwgoh@odsfe product mxture of step (a) of the presppbodgaygnti on
‘can be adjusted easily by varying the different reaction paranmeters. 19

‘Novenber 2004 WO 01/90042 PCT/ EPO0/ 04543 13 Catalyst 11 (exanple (2)) was
used in step (b) of the present invent!Bon for the production of vinyl

t at e t sl t f r i ¢ in the
Tange frommo i "?%Zé??%%i%?@ﬂé%ﬁ?‘ﬁ%#&%ﬁ%%éﬁ&“fﬁi fSsul ts
 of cat aPNPEHEIRR 2 fir ¥iR¥ht 2ciafee af By Setalylig elastpmas( porfaraiedpeats gemction st ep
~(b) of tehmaratsesin tHeienbe Gronan °f 5frohbl e
((je12 i ned as eErol I ovvsr? Sel egt [ vin'?yg?Z@siwgyPjgggﬁchlga(p&%%@[e%@mﬁ??[t%ﬁ@I '

([VAM + 0.5 * [Co) + 0.5 * [CO2]) * 100 with [I STY concentration in

'mol % g Phedestitsd of catalyiio steasutgments on catalyst Il (example (2)) for performing
' step (b) of the present invention are shown in Table 2,

Data in Table 2 are rdeﬁned as foiiows:

. Selecitivity to vinyl acetate (VAM) [%] =
- (IVAM]) / ([VAM] + 0.5 *[COJ + 0.5 *[CO2]) * 100

with
[ ] = concentration in mol%

- STY = - gproduct/ (I catalyst * h)
Table 2

Catalyfic results on Catalyst Il performing‘th_e vinyl acetate synthesis’

A 4155 ‘ S . 7
A 2 98 1050
3 i R 96  |1000
B~ |160 ) 5 — e
S LA 97 700
S ° 98 1300




Table 2 Cata #l4slg on Catalyst If performng the vinyl. acetate

synt hesi s P%ﬂE%/%/ 04543 14 19 Novenber1H2004 d ains 1 1ANGVRMEgF 3004
process for the production of vinyl acetate which conprises the steps of:
(a) contacti &P a first reaction zone a gaseous feedstock conprising
essentially ethane with a nmol ecul ar oxygen- containing gas in the presence
of catalyst to produce a first product stream conprising acetic acid and
et hyl ene; (b} cont‘\é‘dBﬁeﬁg’ﬂt?%li’r&c%?e‘?cféhﬂ’er%ﬁ@iqt'%Oﬁwﬂ)é' acRiae Phish cgrwEsRRsthe
product stream Wstdysafmol ecul ar oxygen-containing gas in the presence of

a catalyst to produce a second product stream conprising vinyl acetate
wherein sai d reaction i@ carcepiagtingutin a2 firgt reaflien akenee g rIaesls JeRfistagkom

140C to 220C and at a preS%Hﬁl?rléiﬂgt Q&ernﬂélgfe efttﬁé?\'é‘ vilpara trﬂolé&ﬂarbadx géis)
separating the product streamifrom step &H’e gﬁﬁnrecoverl ng viny acet ate
PI’

fromthe product stream frofPnigindlg g in cet plecatalys] t?sﬁminC"?t Adiret r st
reaction zone is of the for%@Cwaqpmg,smgﬁﬁe%@C,ga@a@th\gé}@ve t he

fol l ow ng neaning: X is selected fromone or nore elenents of the group
consisting of Cr, M, KB, tantagiing iy a sgcopd geagfion W"%“’@évrétcﬂaéﬁa‘fﬁ Brl‘i’ij?Fe or

nore el ements of the group %QéérhSt\rht'Pug aOfmaechar &@rgen l:@ntaﬁng %’&s Gl thidi
Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, My, BaNbZr

H, Ni, P, Pb, Sb, Si, Sn, Presgnge @fﬁ"lﬂatwﬁgr@l Hfoélucéba gec.gﬁ@ p&@@%ﬁgﬁ?@t om
ratios and denote a=1; b —CQWEQQEF\QVm | Abkiate GHerdin daid 384ktiod TehlRed %uté’t The

process according to cI aim1l erein gaseous feedstock for ste (g g
Bygen

conpri ses ethane, nol ecul ar %Wﬁ@ﬁatﬁ@nt”amﬁ FRgog deom ¥R arfo 23Pakean

ratio in the range between ]aréssﬁﬂéjln% ,Jangglﬁ@n«m b&r 18Qo@LH st eam (based on

the total volume of the gaseous feed stocd)
(c) separating the product stream from step (b) and recovering

vinyl acetate from the product siream from, step (b), wherein

the catalyst in the first reaction zone is of the formula

Mo PdpX.Yq
wherein X and Y have the following meaning:
A X is selected from one or more elements of the group consisting of Cr, Mn, Nb,
- Ta, Ti, V, Te and W;
Y is selected from one or more elements of the group consisting of B, Al, Ga,
In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Ay, 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 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 (a)
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 claim 1 or 2 wherein the ratio of selectivity to

ethylene to selectivity to acetic acid in the first product stream is from 0:95 to
95:0.



3.:The process according to claim1 or 2 wherein the ratio of selectivity,
to ethylene to selectivity to acetic acid in the first SrhNgabes2bm i s
from0:95 to 95:0. 19 Novenber 2004 15, 4. The process according to any
one of the preceding clains wherein additional ethylene and/or acetic acid
is fed to the second reaction zone. 5. The process according to any one of
the preceding clainms wherein the nolecular oxygen-containing gas is fed to
the first reaction zone independently fromthe ethane feedstock. 6. The
process dccor @hagroeesmhacenrdingf toraey precddne preseding daiesevheraia adedionall ar
oxygen- cont ai gj i i S action zone
fromthe acet ?tmy%:ﬁé%nfgréte%ﬁ gﬂg%%ﬁaﬂﬁgé&?ﬁajﬁg progglgf' according to
any one of the preceding clains wherein b = 0.*0001 S 9 - 0.005. The

process accor ¢hagptdeca8YaditidiRly theardy emedonahe! pidtediMie '@aifs whélel th8. 8.

The process accor |n|g to ané/ ?n.e_of t'he pr%c?dl ?% cl ai o8 wher EId‘l d = 0,01

-- 0.3, molecular oxygen-containing gas is fed to the first reaction zone independently
from the ethane feedstock.

6. The process according to any one of the preceding claims wherein the
molecular oxygen-containing gas is fed independently to the second reaction
zone from the acetic acid and ethylene reactants.

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

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

9. The process according to any one of the preceding claims wherein d = 0.01 —

0.3.



