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i nvention rel at es gener ml“wmlwmmw“"&t egrat ed process fglg-ﬁcﬁ’g%%igﬂé%l on of

vinyl acgladiRodd in par n integrated process g@fppdiRsfzoduction
of vinyl acetate froma gasewgssfeedstock conprising essentially ethane.
Vinyl acetate is generally prepared commercially by contacting acetic acid
and ethyl ene with nol ecul ar oxygen in the presence of a catalyst active for
~the production of vin acetate. Sui.tab t he catal yst nmay conprise
pal-lad&T@égﬁTﬁmﬁlRo %F@&THEéDBQﬂHéa'ﬂOHrQFMN tAGEIATED- pr onot er
(for exanple, gold or cadmum on a catalyst support. Acetic acid produced
by caraoné_l(lét [ on generally requires extensive purification to remove inter
alia i9BPHE Ui sing fromthe catalyst systemgenerally enployed because
_iodides are recognl sed as potential vinyl acetate catal yst poisoners.
Conbi esse or ro ugin n cetate are known in the art
Thus) e BESeEk IBAEn Bt behB RIS Sy bl lris ittt fas e PromvefioreRiot af ¢
. and/ orviayleacetate iamdvihi paruptnlacéesammtpgtaied groceds fornthacpidductioh dferiayiand/ or
et han conprising acetic
aci d, eamc‘!/aé[tétre géﬁ%pﬁgﬁﬁ (t::lgt;otc gé{o ?ﬁrﬁ—i S'Hé%gggétbaz% eﬁ@%ﬁlon zone in the

: 'presence or absence of additional ethylene and/or acetic acid the first

pr oducyingt rRatel fshgéiiéﬂﬂl? brép Qféwl&ﬁnﬁe?ﬁﬁmﬁbypwﬁﬁﬁfmﬁté@et@ ﬁefaq) S N9

acetic acid and optio separating the
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aci o apeongbe) OEREER G derthetnitk BRY sodaBEaha ot e, FCR S o8, o
cd, Auwgensrally) gmglayedi bﬁeataﬂes iedlides &gl iraeognised asemtentualt viayl emetdtest s
for t hestanislpbiseRe® ethane to acetic acid are catal ysts of the fornula

VPaMoOx wi'th M being selected fromCo, Cu, Re, Fe, Ni, Nb, C, W U, Ta)
" Ti, Zr) Zn, H, M) Pt, Pd, Sn) Sb, Bi, Oe) As, Ag and Au or catalysts for

the oxCdmbimatiorfs ef ;bmneseesifdar retinyihgnin abetat® SWHGRA .ﬁnﬁécartan%s C

comr 1 00 CRIO A dipleta [ %f%ﬁ%é Bvddtion GhifudcassitleniBr Aokt <

Cr, Mecidivhich pracess omwr&eslfarstecmntacmsg Bithyl&le atd/or @:had'fewul( odygenito, P,
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acet atprodect Mrearrpénom ithersecondcstepl byt dl&tillatwnhlmd@h avertfead kizestropay .
R et i N T A
~only acid; either recovering acetic acid from the base fraction and optionally recycling the B
azeotrope fraction- or recovering vmyl 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 | |

: PdaMbTP cox _ '
with M being selected from Cd Ay, Zn, T1, alkali metals and alkaline earth metals;
other catalysts for the oxidation of ethane to acetlc acxd are catalysts of the fonnula

VPaMpOy - '

with M bemg 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 Auor : .
catalysts for the oxtdatlon of ethane and/or ethylene to form ethylene andlor acetic
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n source of raw material supply, the process exhibiting
gg;g(ra/n?! .rn(;a;ibgl ds in the range of from 100 to 2000 grans éf \:&g{ﬂog;?t ate_
per hour P howr oo I Sphy nyt’ t)rle;g abgeSQSpLgt 13190;%?; g‘;pesent i nvention

( hour per litre of cata : _ _ _

- 'ngfxﬁégsegéommgfat ed process for the production of vinyl p@f&@@(ggg%wu;ch
' conprises the steps: (a) contacting in. a first reactloln zolnera g

f eedst ock ‘conprising essentially . ., ethane with a no ecutg oduce a
oxygen-containing -gas-in the presence of a catalyst . . p

first pR6¥lcwhicheaeatalysts i sionpriseet itke @teﬂeﬁt%d&exréﬁ&‘?evm\;ht@ﬁélgcﬁglt ZgL: 2? in
 oxygen. pasTRHREIVEATPWHSRN X BCAMIENS ThleEyand Bherencess B s G
-'-'O?ggﬁgt ﬁ%;lﬁ. i B Py, ﬁbmﬁl Snetlaird) wherei n said reaction is carried
gut'-at a tenperature in the range from 140C to 220C and at a pressure in

" the 10Q bar eparating the product streamfrom
" ts? Z r?g %Af ro%b&&%ﬁ?‘r@e\mﬂ%ﬂ%@é &%l‘@ﬂerf@nmet@ pciddad eshylmshggémegt,gp
. (b) pWEMQW@%MEﬁéMeIdﬂh@%ﬁﬁdlét reaction zone is of the formula

~ MoaPd, , X~Yd wherein the X and Y have the_follow ng neaning: X is sel ected .

“fromone or nore el ements of the groMBx\fyanstlng of C, M, Nb, Ta, Ti, V,

'~ Te ‘and Wﬂ'leelngo&ded:ted fRin4], zaaYBesw@eb%pmdBECgm gmf p& %f %e n}\,s of

| tASe grovpﬁ%mt@gﬂ? E%A b%‘ dﬁgY"@ T‘B}e 0. M. H. N, P, deZj Sbt |
. . ] e
~Si', Sn, TI and U and wherein a, b, ¢ and d are gram atom ratlosbanb ego
Cthe T nonas o dReMcA 0 cheft 3G, 90808 disoilits b aRs ehem anses t | ng
fa? ﬁa];le I n%ﬁ'tﬂgdm GrfaRae hekvaee &5 acdt%s ar vihyhratetatey pen ehotr therdjitder Y

| h ethyl enel acetic acid’_
ehidvaery hi gh space tine yield. Suc :
mg[]uf?aéglgsg?ad?rectﬁ fed into a reactor to formvinyl acetate. 19

' - . 3 Using ethane instead of
- Novenber 2004 WO 01/900J2 PCT/ EPOO/ 04543
~ et hyl erf¥ abieclemayttherefaramehtavgotite antnerASE ,pnsaa,gg fbit thb}%ﬁﬁét{oﬁgé{g in

-nat ur alyif§pscetat % 8'938&50 I%edgt%;[:léJ rcgrlnp%grslg Ve\gsent:all?y e?fsa\:me 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 litre of catalyst.

One aspect of the present invention provides an integréted 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;

(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 I
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,Pd, X 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;



.contai ning m xtures nmay be obtained, which can be usually flared of, but
which all can be used as carbon feedstock for perform ng the process .
Preferably, a mxture with high anounts of ethane (hi g\wBidhber Rphane with
et hane content of 90% see PERP-Report "Natural Gas Liquids Extraction",

94/ 9554, page 60) can be used for théaprocess described in the present
invention. O specific advantage in the integrated vinyl acetate process
may be that in principle infrastructures, utilities, and other features can
be conbi ned 6is seleatgd Eommne of eeregiiemenrts @f thesarewprpersisting ohBd AbfGa, gas

scr ubbi ng syShepy, 7RYChCal, RAUCHERRMHCEE IR0, SR ARG, BEEKI Rb 64, ddftch, vi nY!

acetate processes each require their own feed gas conpressor and off gas
scrubbi ng systreRa, ¥y, ZohhiNi g tShp S, &N, AhandY) reduced i nternedi ate

st orage requifRMENYS; gpgﬁ separ ate processes.
Al'l these adfgﬁtageémggﬁ'?gggggggggﬁﬁggj cagggg 8g'tr'mgoperating costs.
According to the invention -a gaseous feedstock conprising essentially
ethane is contacted-iyn a first reaction zone with a nol ecul ar
oxygen-containing gas'in the presence, of a catalyst active for the

oxi dation of etharte=080083et®.B81aci d and et hyl ene to produce a first product
strean1conprising(gggpfg1§%hg and ethylene. . The catal yst active for the
oxi dation of ethane to acetic and and ethyl ene nay conprise any suitable

catal yst as, descrd BOPUT BE A 197 45 902 which is a. ~ : incorporated
herein by reference. ~ . ~ ~ . These catal ysts are of the formula MaPd~Yd
wherein X and Y have the following neaning: . X is selected fromone or

nor e . elTdeeprpeessf canhike §esrrhor dhes findings)that a-cartainblas\pf catalystsThay e Te and

A co, TREOBEFCoNCAGIRRRE (T BRI Rl P o s ART R0 O o

Rb, Cs, With a eery high salectivith andiveryHiigh spaceRimepieldsSucisiethyleme/aretiaaeldU and

wher ei n - ' fe a 1" . . .. b=

0. 0001 -"%’(‘)t.ugel;caﬁ‘p?é; '3’?‘2"&“3“ %‘mo%%a&g%%@ Ws%%mer 2004 WO 01/900: 12 4
c =0.4- 1; preferably 0.5 - 0.8 and PCT/ EPO0O/ 04543 d = 0.005 - 1,
preferably 0.01 - 0.3 ~ with the proviso, that X neans at |east Nb and V
and hat Y neans at |least Ca and Sb. Preferred catal ysts are those wherein X
is Vand Yis Nb) Sb and Ca. Pd ratios above the indicated gramatomlimt
favor the formation of carbon dioxide; Pd ratios below the indicated gram
atomlimt favor the formation of ethylene. A catalyst specifically
preferred for the process according to the invention is

Mop. ooPdo. 0007sVo. ssNbo. o0sSho. o~ Cao. o0, . It is an advantage of the present
invention that the ratio of selectivity to acetic acid to selectivity to
ethylene which is fornmed in the first reaction zone can be varied within

wi de ranges, i.e. from~ 0 to 95 % each by changi ng reaction paraneters
such as reaction tenperature, total pressure, feed conposition, residence
time. The catal yst active for the oxidation of ethane nay be used supported
or unsupported. Exanples of suitable supports include silica) diatonaceous
earth) nontnorillonite, alumna, silica alumna, zirconia) titanic, silicon
car bide, activated carbon, and m xtures thereof. The catal yst active for
the oxidation of ethane may be used in the formof a fixed or fluidised
bed. The nol ecul ar oxygen-contai ning gas used in reaction zones nmay be air
or a gas richer or poorer in nolecular oxygen than air. A suitable gas may
be, for exanple oxygen diluted with 'a suitable diluent) for exanple
nitrogen or carbon dioxide. Preferably, the nolecul ar oxygen-containing gas
is fed to the first reaction zone independently fromthe ethane feedstock.
The et hane feedstock of the process of the present invention nay be
substantially pure or slightly diluted with other gases |i ke the ones being
generated by natural gas separation) i.e. e.g. 90 w. % ( PERP- Report

"Natural Gas Liquids Extraction 94! 9554, page 60"), or nmay be adm xtures
with one or nore of nitrogen, carbon dioxide, hydrogen, and | ow | evel s of
C3/ C4 al kenes/ al kanes. Catal yst poisons |ike sul phur shoul d be excl uded.
Likewi se is it advantageous to m nim se the anmount of acetyl ene. The anount
of inert conponents is only Iimted by economcs. Step (a) of the process
of the present invention nay suitably be carried out by passing ethane) the
nol ecul ar oxygen-cont ai ni ng gas, steamand (if necessary) additional inerts
through the catal yst. The amount of steam may suitably be in the range from
O to 50 Vol % The nolar ratio of ethane to oxygen may suitably be in the
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‘WD 011 90042 PCT/ EPOO/ 04543 5 range between 1:1 and 10:1, preferably between

.21 and 8:1. Step (a) of the process of the present |nv|grm%\;éﬁ,ﬂgpm@4utably
be carried out at a tenperature from 200 to 500 C) preferably from 200

400 C. %ch{fué@l of the process of the present invention g?%’.ﬁ@é{i ’ y be

carried At mospheric or superatnospheric pressure, e in the
~range from1l to 100 bar, preferably from1l to 50 bar. Typically, ethane
conversions in the range of 10 to 100.29 especially 10 to 40 % my be

- achieved in step (a) of the process of3 the present invention, depending on-
' the react@ging efiz@pt insibad tof [etifytenenhs ddedstuck atamchdwe therasivabitagectiet dtde wi t h

interstitial qgxygen . fe cal | o e 90 to
100 % naf"@éa@éﬁﬁ é??é‘érafﬁa§t§§l"€a5’f°§%’sﬁ it g‘%ﬂ’é@e (()@ “{){’E g;ér.{’eegagn ﬁ%entl on.
~Iri step donlaiflhg Hﬂﬁtut@fs&aay&eaj‘btéudimi whisteodn bewuallyorﬁlaretdtm bat whigh@llsui t abl y

‘has a productivit e ti 1S.1n rams of
. Laceti cpac‘iaﬂlt?-ﬁ H?ﬁ%ﬂ%gﬂgf’"ﬁ %Et%kﬁor é QMg t@gtpéﬁgessg 933 ? %&?{%e? he
- range 110Gyl highOdnmalirasef Qeiha’m@e(hlgh puritgl/ettidmg| witte effane hxontenpef 90%‘. rseeof

I h hyl / . acj M d he -
- Vinyl acdtEe Repati BRral pe LighsrEr ey s S4REStoBR Sahcar s Uhed B ooy

.- be adj ustigg phacesd apgiribedtimtherpeesent mveptivranet ers of step (a), e.g. reaction

j -tenperature) total pressure) gaseous hourly space velocity, partial
_-pressures of each reactant, and especially by varying the steam parti al

~ -pressure (Dﬂsdd@ﬁicfaﬁeéhta@e Btlap integrateick vimyl Gegtatef prbbssspnms@ntthatnn@nm:ldﬁ can be-

. carried aquf in fixe anU| |se Te
" gaseous pPERRIUCILES: e‘gﬁf?? O?Hc}é\?’hﬁ ?‘5 tuEegn%eq g%%?ef&g?ogc%%ﬂﬁ h;!/I ene-in
i a predet efigloesbd gdd cbmdsymtae.d offagas smubmmws;mtmnemmrequxq@whermt rogen -
_.-and the by-products, noxi aéle and car bo q i %a} eé a30 or
“Very smal §eParieaceti¢ @C@ ‘Q}.’)'Pd ﬁrpﬁg??sﬁ%%(??? ée%"s ﬁ?f) §eafng step
'._(_?) I'n Wré@@r &arcgp@amemgﬁ@ fs%/ﬁemr ?@ancbmmg lstegl"(e) aamébl)ntreduqedt 0 g %
it rmay if necessar e renpved after ste or
o COI’TbUS%/I dntergediten %fﬁﬂeosaqagem"té may e, E%F‘%I%) %?fﬁ'gﬁar nfl g%"ag%% 4
- Et hyl ene prob&ssBE SAIEMesé Bdidiftagis vanUsadioodduded caibBalI‘dnd@p’emtmgﬁﬁstsV\D 01/ 90042

PCT/ EPO0O/ 04543 6 stream of step (a) preferably in an amount as is required
for direct conversion to vinyl acetate. The gaseous product from step (a)

o bad t t h th
opt o?éf‘f;’ﬁ B F i) renkiph &) %ﬁé@uge%%’%on FeO8fipHsing Shetly, R s
-addi t i°GA H?I%rf’és AR 2008 W fh@dmalesdar M¢m¢@nﬁanlng\kgashlm#ne

pr ef epaégendeeoﬂ@leetalystcaﬁtﬁbq@rmé oxtdaﬂowdmmaﬁétt@fae mﬁ@%@f@éﬁ&at hylde

" .catal r._the. production of -vin tate I'S use I'n ste
“(b) o¥§%ﬁg&l{) o%ggs PLYAYGHS “&F&&ﬂ?ﬁ'ﬁmﬁ?‘%&? ?ﬂ‘ga@g ¥§€eany sui tabl e |
—~catalyst known in the/art) for exanple) as described in EP-A 330 853, GB. 1

559 5 087 EP..A O. escri bes
"cat al @t sl:%tor tt@grég%ﬁc@gon o @JI’I’]& §@‘€P?E° A°ptic %(ﬁﬂfﬁteghy S ed
cont aFAMP§IsPd ank, switakiad catalyst asdlrflasonlaed piroriEeX 1971450908 whichGRs 1 559

4. 0 firmpporaesd ﬁe@ﬁgyyéferéﬁééve for the preparation of vinyl acetate by-
. ‘'the reaction of ethylene) acetic aci-d and oxygen, the catal yst consisting

essentiatly of: (1) .a catalyst support having a particle dianeter . of from -
"~ 3'to Thm@aﬂa]ystgtar@oﬁmeufmnmﬂafrom 0,2 to 1,5 mJg, a 10% by weight water.

suspensi on of the. catalyst suppot apHfrom3.0to 9.0, (2) , a
" pal l adiumgol d all oy distributed “?'?F@I"gg% ace | ayer- of the. catalyst =

“suppowhperein andfabave thesfollewirmtiezping:ss than- 0,5 nm from the sur.face. of -

R xp‘E*'&“?‘%ﬁEf%@'P B o eicafioL P 0P R iR ha o 67 MRACHR T G

" jarmun_ir and W5 to 2,25 grans per I|tre of cat aI yst and ' (3) from.
- Sto it ] ,-q{,, ?‘é te, US E 85, 308" -
' descrﬁqsgr etH’?t"onk ohe atogééegat st ac %P?’@ §t E‘E #%E%F]tw nyl"

be
| aceta éF’ = &%ﬁ%;@? @Pi 69a6UdF§nBUaQSOKy§éh GsoM@iGa, Sy, Bas Nb, &,
-cat al M$tN@9ﬂ$leG[j’l$|€§r$€ntarﬁin of: (1.) a catalyst support- having a

‘.'partl § an:eter fro Eo abgut 7 n and a pore volume of 0,2 to
. ﬁﬂ b c and are gramaom ratios and enote , _

' =1,
b =0.0001 - 0. 01 preferably 0. 0001 0. 005



(2) palladiumand gold .distributed in the outernost 1,0 nmm.thick |ayer of
t he cat al yst support particles, and (3) from about 3,5 t Qg apBosbed 29640y

wei ght of potassium acetate wherein the gold to palladiumweight ratio in
sai d cyiqbhdsbed S in the range 0,6 to 1,25, 19 NovenberrPOrbolb3431/ 90042
PCT/ EPOO/ 04543 7 WD 991 08791 descri bes a nmethod for producing catal ysts
contai ning netal nano-particles on a4%orous support, especially for gas
phase oxidation of ethylene and acetic acid to formvinyl acetate. The

i nvention rel at ess 0.4 -d; pefdrablyf0os - PBathdci ng a cat al yst contai ning one or
several netals fro e,9r9 f t conprising the sub-groups Ib and
VIIlb of the per| OQ]O@Et ab?rgyegﬁa o;Bg'ugd tipport . particles) characterised by
a fir sithsheprovisoythatX novaes at leseiidh ahd prawiihsoY sidanomt tehet @Qa eag Sbf conpounds
of metals from sub-groups Ib and VIIIb of the periodic table is or are

appl i Pdeferred gatalysts snpthose vemetren XeizoWdand &p is NivhSphand € poPdusatios

ol | B0V % RERGHEra BRI bt #36F Taiternilioh, S Forceibail; R sallRe: o

nanopbelow lths |pdlcatarb@ram stam |||m|ttfaeonpcbhesfocrhahandofstqtmdeme Ay patydty ;

step e t se tiqQn c ut
heter%%@%a" %refeﬁrref[aﬁeﬁ%ac ant ER)Dog:égg %%%dsrg}rﬁd] t8t héﬁgagihg%@go& T'ﬁ'e

et hyl oa%cobcadt’oasblbdoa\?vbosm@potﬁb) of -the process of the present invention
i's produced in step (a) of the process. The nol ecul ar oxygen- cont ai ni ng gas

used |n ste é{ﬁ he process of the present invention nmay conprise
unr eate8NAVER %@fgﬁﬁéﬁhwﬁﬂp%ﬂ'@ééh? Falie of éﬁlﬁcﬁ)"t)émjﬁ%?tlcaﬁ@lﬁttponal

mol ec Elélébtth@e@ﬂwtéﬁeawmdﬁmsg@ﬁneH’ﬁﬁftﬁ’é ﬁbétyea@ﬁoh eahk &iBe YhribdavitAhecul ar
oxyge taini n [ nde%)ci_hg to the second re&gt ion,zone from

© o OoBide B T dRim§ s B Ning 5P aEHon IR BMBIES S B

pr esergactiontemperatoreydptad presdurg, feedcampaesition)tresidemcedimer ature in the
range from 140 to 220 C. Step (b) of the process of the present invention
may suitably be carried out at a pressure in the range from1 to 100 bar.
Step Zrb? cal |)l§é aatwe efior othe : ¢xidalign sofi edidne reayt de desidyrsupppstede aof

r eV Rgd s plea ! Qitale aéuﬁpg(som@ee s, BERMEEStd R ca

sol ut | ons ar. fl Xe r fluidi sed be Acetl’'c aci d conversions in
the r BIpMgritienitey oalhgndesilien i alymina, zikosR, (HaANE, %lw@orpucgel@@%. aetivated

b e Ay bl P v S O e R S

i nventPehin %@ﬁ%ﬁg&%ﬁ’?ﬁ%of ﬂ”’gfs(?ﬁ;#%f of the process of the pPesent

|t gvggﬂ'hermokebalaraawgyeat-ccsuaim’(y galrsa:usegl or mri;mthiér)es( fEyRbe ait be & gglioégg
gram;ﬂ e ?ﬁ?&fer‘f{\’}iﬂbl&ﬁﬂr >§/Ig%?1 th@ﬁ %nr IOR lfab al%/ r%%&aﬂ)e%( St%r gﬁ%hi:g .
The sexygan shlgtag with faeamtablgnﬂduerpt (foy examnie pﬁm %owbpsedlmddwl

acet apgefarblyVed Ry nislecabE '&ggéhko"f‘{tﬁﬁmgogsﬁ% %ngﬁﬁg@ kst 9' &Hw L8R8

ethang, nitro car bon car di oxi p055| y present
trace'é‘d&Per’ﬂ'g'fy%9B\'t5'&Lﬁth§nelﬂ?@?ﬁﬁ'@l ate between step (b) and step (c) of

the process of the invention it is

The ethane feedstock of the process of the present invention may be substantially
bure or slightly diluted with other gases like the ones being generated by natural gas
separation, i.e. e.g. 90 wt.% (PERP-Report “Natural Gas Liquids Extraction 94/95S4,
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 excluded. Likewise is it advantageous to minimise the amount of
acetylene. The amount of inert components is only limited by economics.

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



opr oducrtanHOBfPaW

prefer-ed to renove ethyl ene, and et hane) carbon nonoxi de and carbon
diioxide, if any, fromthe second product stream suitably as head
gaseous fraction froma scrubbing colum, in which a I|18Lh‘9i’efr%§ %Q
corrpr|S| acetate, water and acetic acid is renmovedyfdpaihisis base.
The seco oybd}%%ct stream fromstep (b) conprising vinyl ﬁgcig at e§ wat er and
~acetic acid, with or without the internediate scrubbing step, is separated
in step (c) by distillation into an og/erhead azeotrope fraction conpri sing
vinyl acetate and water and a base fraction conprising acetic acid. V nyi
acet atrange hebeeenrikd anddi: . tnreterably bepeeen 21 mod &eparated in step (c),
suitably for exanple by decantation. The recovered vinyl acetate may, if
de5|red ‘be further purifiied in known manner. The base fraction conpri sing

acet i cSEP @)seipieapeerass dttag present glvsﬂeperlaayysmtab}ac |®d¢arwedhoutr at a
- pr ef er @iiperatird $tdm DB H SO0 °eu;>réfe 1yﬁam pOO%HARO(YY, - of " the process.

The overall Space Tine Yel d~( Vi nyl acetate (referred to
'ethane) produced in the process is in the range of 100 to 5000) preferably

in tlheSt ¢=) gf the OprooessH 0P tye presarft m&/emhongme?t mlmn%fﬁé”caﬁ%d | dutr &t OL

catay oV sted in a wa udi ng

" indepe ‘h?e"rﬁ&*\;”% %ﬁ%%ﬂ?ﬁg"g@i%%iﬁ? ¢°it‘?’@“8'ﬁd'ﬁo e r@&@?%fﬂf" %i‘ﬂ h%ons of
st ep - (bar, arefetably from { by S0fbarhe process, for exanple by independently -

" adj usting the oxygen concentrations) and/or .the reaction t enperatures and

~pressures_ The Er ocess of the present invention will now be illustrated by

. exanpyricallyyiat amefcenéer@@rtSanthgtraegq afhl @ fio rid)ft & eempediallysthdorstQ G or m
appar t P! w fo the

+ pr ese%&ﬁ?rﬁlée)ﬁ?ﬁ%getﬂn @P&%&t %:Z%g%;e pﬁ%@%@ﬁ@??ﬁ@ A I'rs eact ion

. zpne (We)reaglarLAncert QhEEP §d’?§6‘l9§rcaé§¢@ﬁrm*(8'f\ter3tltlﬁl use,

~a nol e@qlg@hf@éugen cont ai ni ng gas, opt| onal | y steam and a gaseous f eedst ock

conpri ssent i al I et hane irst reaction

it oh Tipicalf Sx0be8 cayEiseRitn 48 rids At etk mivdte abEHed T sfH fRscel i o
aci d aofdhetpngtmofmenﬂesbmmmmﬂbhe scal e of the process, the first '
reaction zone (1 ) may conprise either a single reactor or several reactors
in parallel or series. The. first reaction zone may al so conprise a reactor
cascad® Stapef@) Bf Bbevireseshof ithei piaseal inverias:, sthedaatalyst ssuitable hesam

_oxygerpmubmnv rsg»a@ésmﬁerynbe (STY) ﬁqfthéSFartg?éw O 0 g rgheeemgégqarl sing
acetic ﬁ&%\\{ ﬁ zl unr ct ed . T eedst ock, onal 'y unconsuned nol ecul ar
oxygena‘?fé) ’ﬁ“‘ﬁée@ QULRRS ‘%frcqt%&%tt F?E@feﬁﬁ‘l?m "aét?%mﬂgﬁ)ﬁ%%%%@araw

- di oxi d@facaﬁdamﬁieﬂwlersepenﬂitfurwhfré@m dtirst reaction zone(l ) and is
"fed to the second reac Lion zone (2). Additional nolecular

oxygen-contai ning gas (5) andlor ethylene (6) may be mxed with the product
~ st reanThe ethyleneiacetimacid catia whichrie aetessarydor{egding the Vieylsamsbats resetor on

oxygerCg il rtg;'iﬁegéﬁ WE“%@?@%&?%%“X%P“&E@ “Hiinging the
o e (A& ngaction femperatiieetaial presspre gassoushe

Fesar e spa NAe) Bartm pesaes S S RSadanl, Wi SSpRTAN b9 arfe o

. acet at: 'ﬁrparhﬁﬁ?f&ﬁawﬁyn@mﬁ%g 0@5% by- products and unreact ed- acetl C

- .acid and et hyl ene is withdrawn fromthe second reaction zone (2) and is fed

t th d
opt br 4 BE e BB AR B RARREY Bt BULASTRR S B AMbERR,
di oxi deedbregnt@duct s i s withdrawn overhead and is recycled to the first -~

_ reaction zone- (1 ). Aliquid streamconprising vinyl acetate, water) .
~unreacted acetic acid and possi-bly present. hi:gh b0|I|n8 products of the

pr ocesEhe gasapys aredirct sstream fiempise (8) comprisasuaeriic agdand ethylensiin/ any|
. acet atgredeteramhed edtid anatvaéter Oénd h%yaééntéﬂ’t"elﬂ% @@‘geﬁh‘?ﬁ% drpan@@er! € i t
is feq to a st| Iat|on col g/n%@ 5§? cet nd vvater |srerr?ved as
an aze Pfﬂ%’ (,bé)tnl onexige. EH ORo SIS ¥ MORT bR ggall |

- pr oducarsoants (|<e‘rﬁﬁlppma9f caboaauoricxide b hﬁcﬂmanfdmmg slieptTDI i case todtum. _

L o O, o BRI A R B

- st r earfemayedeafter step amgeby iaglspptioni erdby cosbistion toncarbonatiexidadwnai n t he
art.  Gableold 6 —Ednt@frﬁﬁb' sCalEdh 8 b3 b4

- .process known |$\yg§&e art e. Cgtab revglreélsgﬁe%aigs%?(atn?oﬂr‘\ |§é§%&%€]?goua&0m3

- solution whichis 19 Novenber 2004 WO 01/900.12 - 10 regenerated in a

~desorption colum (not shown). The invention.is illustrated in the

~ follow ng exanpl es. Exanples g :




Preparation of Catalysts Exanple (1 ) Preparation of catalysts

(Mot , ooPdo, QOO75Vf | . ~Nbo. 0sSbo. o~ Cao. ot Ox) Sol ution | um
noi ybdate (Ri edel -de Haen) in 400 M water. Sol ution 23'23%2(g6‘%%#um

et avanggeighfoedoid €del -de Haen) in 400 nl water. Sol ution W"%"‘Bi obi um -

ammoni um oxal ate (H C. Starck) 1.92 g antinony oxal ate auer),
and 1.34 g calciumnitrate (R edel-ale Haen) in 200 M water. Solution 4
0.078 g palladiun(ll)acetate (Al dri ch)6 in 200 M ethanol. Solutions 1, 2
and 3 were stirred separately at 70C-for 15 m nutes. Then, solution 3 was
pour edS¥9AM of sten (a)rprsferahl:r igtan amgunbeeisrequitedidc direct conversion 16 virydut es
. bef oreagsidieng this into solution 1: Thereafter) solution 4 was added. The
resulting m xture was evaporated to obtain a remaining total .volume of 800
m: This mxture was spray-dried at 180C foll owed by drying t he powder in

ol ipteatal Yo e (A My BTad hach) 1§URE soebnd rbaGh 208,
fracti %Pngke??fxgieﬁage%\ae\‘\@&@ﬁo %'ﬁw ﬁﬂﬁ"@l 3 eﬁwgﬁaweeenoqmalomggrgm Il
_ g Pd, iﬂQPt@Zlaﬂyladqmpaal athyienac andt eptidiallyi <atud.trc§m;l agﬁé’c Qtacﬁtlsﬂ ttﬁé .were |
i sso e enplo
acet at%'%?esrégé’?’é ngkeegﬁgémcstéﬁ (@Stl’)é\?gggf%%% §§Ba rﬂt' hT| 02 gﬁppgrt (P25
pel | et Ehe catplyst @Ctlvarﬂ@rug\amoduahmedf vuoyt acelahd Mavchiis aset tmatép (by of tHee
sol uti gcess Et‘% p@é@nrﬁvéhgoﬁ nﬁ%l;)/ apoé fige éﬁ&/%ﬁfﬁ%lee@t%gfsﬁgg% abic aﬁ‘r)ot ary

. evaporator at tlngt e Ies at

60 C Haerawgre.ﬁs Heammm&r&ﬁ& 8%5iGBt1 H59694Q ¥Sr5,185308, and WO

. PCT/ EFEBI08291.3 19 Novenber 2004 WO 011 90042 PCT/ EPO0O/ 04543 11 The
“resulting pellets were reduced with a gas m xture of 10 vol % hydrogen in

ni trogen) while passing the gas (40 Un) directly through the pellets at 5Q0.

€ and BP4#faP 336 833 idesErbes catiilysis mnﬂnembaaeuumofm abtetd aniu%ggﬁst.t ets -

vt or ez e SRthIYPE R, BRHREGH 2 ARUESSALioRaTe tersiaf Aths

evaporated using a rotary evaporator. The peI I ets were dried at 100 C for

14 1. 6Bigs isdo) b R Raelyd di0h 56 IS BRGSHRbA% Y% SRR IS e

they are cal

per f o REFYP ﬂée@é({e&leytaicéﬂg asict anshoxygan; ﬂﬂfa@ataiysttmls(tm)g &Bsénﬁal}y uft t he
presertt) i n\eeoatalyst stwiainehmhb é ﬁtﬁ:lé’@ihrﬁéﬁért@fr frof 810 nidingH, Qﬁlét%t er of

- 14 mm and nm wer e use
reactor mﬁ@%e@effs br% x1t§rrﬂ ﬁ@gmﬁ)l'hw%\g?@nwatﬁ%ttsh'sm@ﬁi@%eﬂfl the 5 m
~and 15 ni dtataiastaqupqrtbawagta prlélﬁy))'n BEOtthldy m xed with sone inert

' bea
Catanyale 2 ﬂgd&h%?%g BobeaTha Sirdt ByeS o R Ea BT 5upRos, the

decr ease t r%' gdayey @ﬁﬁndlﬂgt Ines tharc 04 mm fromdhé istitfade wb the shpporgrthe
Lot pallmin et ARYBYnG Sasenif dredinBln 6P rAf 76V8!s Bifamjfer o' 1@

- flows were typicall mass a ow ‘contT™
- respecti vellgfé Cﬁf@@%féﬁ;}é’@mﬁ gpld-heing pr ﬁ%mlu@t gn\@sowdrefdirom, Bytod26i ne  _
[ gas chrorratgugnnamuhtrﬂufda:gw angf catalytic neasurements on catalyst | *
~(exa ( f mong st re ent | nvent I on using one
Si ngrgéfeai:'to)ra sa#rgeeds)ﬁ'gwﬁé PRM %pg%tg@p&,oggh@&rge faare the results
“easily, such neasurenents which were perfornmed at the sane total pressure ‘
- (15 by 133 g8 | a&% S .Conversion .
o et 2 [9 S@éé&@‘éﬁ Pt PyFabhaieh SRR AR B BLBRE IR NG S "
| co1 v 9 € Hf@ ﬁthyleueuaceuq amusanuan@xmooamgarmngms the catalyst
' consisting essentially of:
(1) a catalyst support havmg a partrcle drameter from about 3 to about 7 mm and
. a pore volume of 0 2to1 .2 ml per gram
© (2) palladium and gold distributed in the outermost 1,0 mm thick layer of the
catalyst support partrcles and :
.(3) from about 3,5 to about 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.




Selectivity to ethylene [% ([C2H4J) / (0.5 * [CQJ + 0.5 * [CO~] + [C2HaJ

+ [CHsCOOH] ) * 100 WD 01/ 90042 12 19 Novenber 2004 Pﬁ%éEPOO 0] %
Select|V|ty to acetic acid [ ([CHsCOOH]) | (0.5 * 6332%2)[(1)] +

[C2H4] & ({ g?—ﬂ) * 100 ' with [ ] - concentration in ,%gi—ls '
~concentratlion et hane not converted ~ [s] - catalyst voI urre voI une

flow of the gas (nlls) at reaction conditions STY - g product I (I cat al yst
* h) Table 1 r Catalytic results on Catalyst 1 perform ng the ethane

oxi dajj, A iﬁggﬁ‘% @&nggg A° fletfiod “tol prodtlihg! *cialysts ¢ contalnlng Ial1 4.

13.3 ~
nano-particies 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
- producing a catalyst containing one or several metals from the group of metals
| comprising the sub-groups Ib and Vb of the periodic table on porous support

particles, characterised by a first step in which one or several precursors from the
- group of compounds of metals from sub-groups Ib and Vilib of the periodic table is or

are applied to a porous support, and a second step.in Wthh the porous, preferably

‘nanoporous support to which at least one precursor has been applied is treated with

at least one reduction agent, to obtain the metal nanoparticles produced in situ in the
- pores of said support. |

Typically, step (b') of the process. of the present invention is carried out
heterogeneously with the reactants being present in the gas phase.

The ethylene reactant used in step (b) of the process of the present invention is
produced in step (a) of the process.

The molecular oXygen-containing gas used in step (b) of the process of the present
invention may comprise unreacted molecular oxygen-containing gas from step (a)
“and/or additional molecular oxygen-containing gas. Preferably, at least some of the |
molecular oxygen-coptaining gas is fed independently to the second reaction zone

~ from the acetic acid énd_ ethylene reactants.

Step (b) of the process of the present invention may suitably be carried out at a. -
~ temperature in the range from 140 to 220 °C. |

Step (b) of 'th_e' process of the present invention may suitably be carried out at a |
pressure in the_rang_e from 1 to 100 bar.

Step (b) can be camed out i ln any suitable reactor design capable of removmg the ~
heat of reaction in an appropriate way; preferred technlcal solutlons are fixed or

g fluidised bed reactors.

" Acetic ac:d conversions in the range 5 to 50% may be achleved in step (b) of the
- process of the present lnventxon

~Oxygen conversions in the range 20 to 100 % may be achieved in step (b) of the =~
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W@?%a 23002, 66. 01. 24. 85. 07: 760. 435. 44. 35321478 . $€93patho

3403. 44. 00. 83. 25. 017. 944. 349. 85. 9604~322L1~ 340~ 2.4~ 6.0~ 1.2~4.8.
~5.0~18.2 . ,~36.2~59.0--~ 4.8~7545828 Tabl e 1 shows clearly that the

desi

the p
- reaction paraneters.

r

P gémxh@é}ﬁl(ﬁf:eth acid ratios in the product ' mixture of step (a) of

esent I nvention can be adjusted easily by varying the . different

. WD 01/9002 19- Novenber 2004 PCT/EP00/ 04543 13

tCﬁt al mtstép (HxeMmhe frédessias tHee résenttrﬁt?exﬁtt&n et EétasttS&ptaH rgre@t Kon for
e pro or

t at t t t
" react POR %‘i}%&r@m:ﬁ%ﬁ%ﬁ%@@%& Ko bvﬁga@w?%?%eémmfbﬁ'essur es.

e d at

f r om of toatdlySrbut PHO008srants of virsl acptdte peraselrep@niie OT GRAIPEY &L alkb

(exa
- Tabl

acetate (VAM [%4 ([ VAM)

[ ]

A .
1998

ngbﬁaé@) for performng step (b) of the present i nvention are shown in
Data in Table 2 are defined as follows: Selectivity to vinyl
~ ([VAM +0.5* [CJ + 0.5 * (coy]) * 100 with

9 h) ..Table,2
Cat al yi o resﬂ"é’g@ﬁ* e frord Step MM Hrobedd odibfisds Viny Bt e s
water,apd opfipnglly asmgomtbe@ ommmlamnco@eﬂmaoocnm
frict¥Xidle P carbon -dioxide and possibly present traces of other byproducts. -

Intermediate between step (b) and step (c) of the process of the invention it is

preferred to remove ethylene, and ethane, carbon monoxide and carbon dioxide, if

any, from the second product stream, suitably as an overhead gaseous fraction from .
a scrubbing column, in which a liquid fraction comprising vinyl acetate, water and -

acetic acid is removed from the base.

The second product stream from step (b) comprising vinyl acetate, water and acetic
acid, with or without the intermediate scrubbing step, is separated in step (c) by

-~ distillation into an overhead azeotrope: fraction comprising vinyl acetate and water
- and a base fraction comprising acetic acid. |

Vinyl acetate is recovered from the azeotrope fraction separated in step (c) suitably - |

~ for example by decantation. The recovered vinyl acetate may, if desired, be further

- The overall Space Time Yield (STY) of vinyl acetate (referred to ethane)' produced in
the process is in the range of 100 to 5000, preferably in the range of 500 to 1500'_ :

purified in known manner. The base fraction comprising acetic acid separated in step

{(c) is preferably recycled, with or preferably without further punﬁcatlon to step (b) of i :
‘the process.

" grams of vmyl acetate per hour per Irtre of catalyst

The 'overall yield may be adjusted in a number of ways i_ncluding '-i_ndependently .
~adjusting the reactant ratios and/or reaction conditions of step (a) and/or step (b) of
the process, for example by mdependently adjusttng the oxygen concentratron(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 |n schematic form apparatus for use in the -

9 984, 19

28. 06. 867213693202. 56. 01. 24. 85. 014. 438. 757. 14. 16 8q 4710
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19 Novenber 2004 14 Clains 1. An integrated process for the production of
vinyl acetate which conprises the steps of: (a) cont acggmvﬁgb@ridd“st
reaction zone a gaseous feedstock conprising essentially ethane wt

nol ecul gip exgb@eNcont ai ning gas in the presence of a cat apygpdopsgysoduce a
first product stream conprising acetic acid and ethylene; (b) contacting in
a second reaction zone the first gaseous product streamw th a nol ecul ar
oxygen-containing gas in the 1o prese¢hce of a catalyst to produce a second
produg oéég@@f]{ih@ sérftiifgertiony! acetate; (c) separating the product stream
fromstep (b) and recovering vinyl acetate fromthe product streamfrom
step (b)) V\/nereln the catalyst in the first reaction zone is of the fornula

15 Nb%é{ﬂpmfaanecmmmlsesi aYirbtaneactiba Zook! () a geovrd rexttiol Z2one2) epdesl from
one or cgﬂﬁe ?Wﬁ{'}t(? of the group consisting of Cr, Mi, No, Ta, Ti, V) Te
and V\IS &' z’om one or nore elenments of the group consisting of B,

Ga, 20 In, Pt, Zn, d, Bi, Ce, Co, Rh, !r, Cu) Ag, Au) Fe, Ru) GCs, K,
_- ,\;Rlﬁergm N?é %‘)mgfeguﬁ? ogﬂ;a nZ{:?nljéfnm$l %af gtﬁg B’t s?éarES%HdTE %%qséhéang o1

pr ef eﬂ‘%d§togkmnpn81rag cosentiaflyc ethaneq (4) are ;fedft@rtam firsb reaction. gomed(1)i =
0. 005 ywhidh dHn‘félﬁé aPéaal)sP %cnv{ for the"‘bklaaﬁ&‘i’ d?réﬂ’{érﬁé)to il akefiEalR &g f east

. means at Sb. process accor |ng to

Nb dV
N ar methylaBee DipPeRgingaaB dne Scalm e dbR POCesbefie: fiSt seaghor 2ane (i aeay

mol ecwomprwe/@me:carm:aglam&caﬁ%mwe@n ré4GtaRe irl parailsf o sbrids! Thiedfirsp the
range between

: Vol % m
Vo UrESarit dogs bnd P Sliritis Fesbor padih thiéarmé?%?@ {8 dGidi “or -
wher eireactogs ragiditonal neaeedar wygemwoatanylhgngas cn:aae!beo‘édw Ayfirsb gasetus aci d

' .' N th‘lfarf)gﬁétt sﬁ‘égﬁluﬁémﬁ['lgﬁignbbéhé ré?:fa #idrd, Vﬁlﬁ”ﬂ'pﬂ%g%@ 15~ 4.

Ss accord pr ecedi ng c al ns tern tional
et hyl émoa\ﬁumd M@@da@cqwges-qcmamm lgass @bdnwateratagether ovith cgrbarhe

Pr oCe$§orR6%ae Iédt8oh dickide, oamj Plertsns vﬁm&ﬁh b 'tﬁ’é Bt POSERINonaet YAyl ar

oxygen- ¢cont ai o th ' reac ‘1 zone | ndepen, ently from

ing ga
the ethigd tPéBﬁ Rg rsacfng?%c(@g g@'?ﬂ@?’ﬁ'l ﬂl? QC(S‘ %m&%%ﬂt@'ﬂ@gp@@ﬁ:edl ng
¢l ai ng5yaeritsmethiplenan(6} anap roeormmmmntr@ prmw%&eam WwithdraweRontig |y to

LR8O Ts ok ELDR A 30T ol QR8RS o o
- 0. Oeentacted hmtrpmm&arawwedm@tammmgasmtm ptémnpeem‘eajcatglyst active

‘wher elegr ¢h& Boduliich 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
gaseous stream comprising ethylene, and optionally ethane together with inerts,
carbon monoxide and carbon dioxide by-products is withdrawn overhead and is -
're_cycled 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. Fdr_example itisfedto a d_isﬁllation 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 from 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 rembved by any viéble _tec_hnic_al proceSS knc')w'r'\'in
the art e.g. by reversible absorption in an aqdeous 'K2CO3 solution which is' - -



9. The process according to any one of the preceding clains V\/ner ein.d = _

0.01 0.3. .A A .A%Asnf.A A A .A A AsE. Al .A AS,. A9yA9?N\ ﬁ]ﬁ/\M

| $&) 6A>}xsn| d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca]U]ca] ca]/\za] cg ca ca)]eca cay caU] C

a] ca] cTalgaldpaixal cal ca] ca] ca] caU] ca] ca] c<al] ca! > + PCT/ER00/04543

N’ #z&()gl(gz**alz:cb ./ C02~ytoje [V]]ca] ca] ca] ca] ca] ca] ca] caf /E? cajcalcalc
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca! 22223P5599d,

; ->n’>’>Y crXie [ ca] ca] ca] ca] cal] ca] ca] caU] cajca -
Tca] ca %EW@B&@Q @ﬁﬁ@@a}%} ca] ca] ca] ca] cal) cal] ca] ca H
- JK( LLLLLMVIVPPS7 WANNM-Xc XI XXQZ=[ >[ \\\ " ~rrzupj e  Zj e [V]] V] U ca] ca] cal] ca] ca]
ca] ca) §AL GAldrtbhaL fitktated e Ritbilalaisal cal cal call ca] cal cal] cal ca] cal
calca
’\’J\F ¥ a2ad deeBf fffffhhihjhh i R TjVjYjj %' k*k-kak{upke zZUj e [V] cal] ca] cal] .
ca) ca) gg alU] ca] ca] ca] ca] ca] cal ca] cal] ca] caU] cal] ca] ca] ca] cal ca] ca] caj
. ca]ca]ca] cal cal] ca N -

‘akdkkkkkkl I I  mnnoo” oaodohoxo} ooooooooooo{ upj c"YTj e [] ca] ca] ca _ A

c”a] Pfefarafion of Calalfetscal c a] ca] ¢
' aJ] caj cafécdaU] ca] ca] ca] S(Za] ca] cal] ca] cal] ca] ca] cal ca] caU] ca] cal ca o
op_pt Nucvww wex) yyy&zoaodohoxo} ooooooooooe{ upj cAYTj e [] ca] ca] ca | _.
U] c"a] Exashpbe (¥)a] ca] c*alca]l c a]calc | | 2 ca] ca -dp\i K 160

ca alc a o - , 0

o122 CBlahod Srisal bl ekl el il ghekacl hcal calon, dau i 0%
U& ()-\ . {dB, #10% U 7940% & ()-,4"10% U& ()-L310% U& ()-0 #10% :
o Solution1 80 g ammonium molybdate (Riedel-de Haen) in 400 mf water. :

' ") Solution2  29.4 g ammonium metavanadate (Riedel-de Haen) in 400 m! water. -
Solution3  19.01 g niobium ammonium oxalate (H. C. Starck)

1.92 g antimony oxalate (Pfaltz & Bauer), and _
1.34 g calcium nitrate (Riedel-de Haen) in 200 ml water.

Solution4  0.078 g palladium(ll)acetate (Aldrich) in 200 ml ethanol.

Solutions 1, 2 and 3 were stired separately at 70°C for 15 minutes. Then, solution 3
was poured into solution 2, and stired together at 70°C for another 15 minutes
before adding this into solutlon 1. Thereatter, solution 4 was added.

The resulting mixture was evaporated to obtain a remaining total volume of 800 ml;
‘This mixture was spray-dried at 180°C followed by drying the powder in static air at
120°C for 2 hours and calcrnlng at 300°C for 5 hours. The resulting catalyst | was
_then pressed broken and sieved lnto a granular fraction between O. 35 and 0.70 mm

Example (2)
Preparation of catalyst Il: K,Pd,AWTIO,

' 2.11 g palladium acetate (Aldrich) and 1.32 g gold,acétate-.Were'disSolve'd in 30 ml

_ acetic acid. The preparation of the employed' gold acetate is described e.g. in US-A-
4,933,204. 100 ml TiO, 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.



LU& ()- #10% U& () -, #10% U& () - VWMKYZKwuV7"y10%g& ()- 10%g& ()- 10%g& () 10
" U'U10 UU 10 U U =210%U U& ()-07%0% & ()-, M (] Y X6UME! Nk book |+ 10%
& (Y-1PFl, 109 ()-!Tl, 10% ()-! K 3(10%& ()-y

YO3( 10‘V¢\&b(0)1/9y&033xV\l5uV7! SR 109%&' () - %@ 10%gog& () - PCT/EP00/04543

%@ 10% & ()-! YOUdOU& ()-!9%0%g& ()-! +10%me ()-P~-pQR 10%& () - Y10%4 () -

10CC 10CC 10CC! %@ 10%CC& () - J%@ 109K () - | C%@ 10%e& () -) 6dEpQR
- 10% " 10%4& ()-'s 10%& ()- @ 109%6& () 1B 10%& () - ) ]
- 10%4& (PrelX¥Htink) é&fﬁ? W#E eqﬁé(eg; a( )gas! Fhixi s b?Hlléo\m(lty&r 19'814‘_%1 0-9
1094H& g_\) flO%—l& )
itrogen, Whl e passing the gas (40 dlrectly through the pellets at 500 °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

mixing apparatus.

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

Catalyst Il was prepared in three batches usmg the same process; they are called i
'._a I band Il ¢, respectively.

Catalytic Tests

For performing the catalytlc 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 ml 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. 21,11, 1.2, 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 flow controllers, respectively. |

The analysis of reaction products was performed by on-line gas chromatography.

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

_Datain Table 1 are deﬁhe_d as follows:

| Conversron of ethane [%]
(0.5 *[CO] + 0.5 *[CO,] + [C2H4] + [CH3000H]) / (0 5 [CO] +0. 5 [COz] + [CzH4] +
[C2He] + [CHscOOH]) 100

~ Selectivity to ethylene [%] = '
(CH4 ! (0.5 *[COJ + 0.5 *[CO] + [C.Hd] + [CHacOOH]) 100
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[CaoH6] = concentration of ethane not converted
T [s] | = catalyst volume (ml) / volume flow of the gas (ml/s) at reaction
_ ' conditions
- STY = g product / (I catalyst * h)
‘_ Table 1 _ -
/ Catalytic results on Catalyst 1 performing the ethane oxidation to ‘ethylene and acetic -
acid

1 [280 [14.8 [1.0 02 o8 |14 133 [915 |07 (7.8
2 [280 |74 (20 |04 16 |29 [105 [904 |35 |60 %62 7
3 [300 71 |20 |04 |16 |28 |i32 [es6 |20 |o0 |47 |5
4 (300 (48 (30 (06 |24 |43 |13 |87z |65 |73 |s64 |17 |
;7 FTew e (a3 o7 (28 (50 102 ez |74 |64 [ |z k.
- [ wET (a8 Jos (32 50 oo a7 ez Tes [es0 |3
7 (300 (26 (60 |12 |48 |50 |77 [e04d |Ba4 |43 |52 147
5 [320 [35 [40 |08 |32 [50 |i35 |52 |20 |68 [672 |13
o (320 (25 [60 [12 |48 (50 [144 (387 (574 |41 Jese  |&
[0 |34 [34 [406 {08 [32 [50 |79 443 498 |55 [e04 |32
T1 (340 (24 |60 |12 |48 (50 [182 . (362 |500 |48 (754  [882

- ‘Table 1 shows clearly that the desired ethylene/acetic acid ratios in the product
rnixture of step (a) of the present invention can be adjusted easily by varymg the
dlfferent reaction parameters. -
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~ Selectivity to vinyl acetate (VAM) [%] =
~ ([VvAM}) / ([VAM] + 0.5 *[CO] + 0.5 *[CO2]) * 100
L with
[ ] = concentration in mol%
- STY =

g product / (1 catalyst * h)

Table 2
Catalyfic results on Catalyst Il performing'th.e vinyl acetate synthesis’

[
A [160 |9 98
A im0 s 1%
B [160 |9 58
B [i70 |9 57
C [0 |8 —[%8
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