WO 2006/ 055183 PCT/ US2005/ 038289 CO PRODUCTI ON OF VI NYL ACETATE AND ETHYL
ACETATE Technical Field 5 The present invention is directed to a

co- product] ss and apparatus for concurrently RQIQHHS Lyl
acetate ahﬁaﬁ&()%%?%cet ate. The process reduces overall IqJ(r:apl t%olggés\ggls and
allows for higher azeotrope colum throughputs. Vinyl acetate in an ethyl
acetate-enriched sidestreamfroma Vi nyl acetate azeotrope colum is
hydrogenated to ethyl acetate. 10 Background t' The production of vinyl
acetate is well known. The preferred nmethod is by way of reacting of acetic
acid (1) and et HyQdaROID ION GF¥INY b ALK AT AR YL AGEIALEe t he vi nyl
acetic nononer (I11): OOIlI 02 1l H3GCOH + H2C=CH2 IN H3C G OCH=CH2 15
I Il 11l Water and by-products are al so produced, notably ethyl acetate.
Uni t ed Jleahidsal PEident No. 6,420,595, entitled "Process Control for Vinyl
Acet gt e Manufacturi ngl'z']v o& I—laldlicga£t el al. .pr oviglsesn n ov%%vji ew of the

comer ci al | y |BF BFSEH S UL IBRAELIOREOFIPTUSHODPEES B ARIPE Phe 20 crude
product coficdrRetlY ProdiiciZ ¢@lkr RBRtecAl WY fathtes EPRIPAdRsh rediioes avapslDebpethl Gktseam
and a waste ethyl acetate stream Further details of this process appear in

ot her pandatieys S bightisazepirans golumnaprouehpitse ntinNGoctaie n an gyl acelaiesnrired and
Uni t ed %ﬁcﬁhﬁé&g?%?}xﬁ%tvhgﬁ ac at@Qﬁoé@%e&%nk#fsm&ogéna%m Alhyrsdatd vel y, a liquid

a

phase or m xe ase process can used aS IS seen in"United States Patent
No. 6,620,965 to Adans et al. 25 United States Patent No. 5,225, 388,

entiltol ed;. Mot hr%d for Making a Catalyst" of Winder et al., relates to a
process preparation of vinyl acetate from ethylene, acetic acid and
(oxygen or ox Yithe proziactiai ofivitgy! geesas isoreliknoanal hesprefahred method tshynsaypaf | adi um
and/ or its , coppouynds d, . if desjred ol d and/ or | d gcompounds, and al kal i
ool | cORBURBIREC st 1D g et D T the Fesr Bt oieatlia SndRieyie Har e
conpounqﬁome@(ﬁy:pport whi ch is conposed of 30 Si02 or a Si02 -A1203 m xture

having a surface area of 50-250 n2 /g, a pore volunme of 0.4-1.2 /g and a
particle size of 4 to 9 mm which conprises conpressing the support

particles with WO 8006/ 055183 PCT/ US2005/ 038289 0
0,
H,C——C——OH + H,C==CH, ———— H3C——C——OCH==CH,
15 I 11 111

Water and by-products are also produced, notably ethy] acetate. United States Patent No.
6,420,595, entitled “Process Control for Vinyl Acetate Manufacturing” of Hallinan et al.,
provides an overview of the commercially preferred vapor-phase oxidation process wherein the

(0 20  crude product is fed to an azeotrope column and separated into a product stream and a waste
ethyl acetate stream. Further details of this process appear in other patents, such as United
States Patent No. 6,410,817 to Colling and United States Patent No. 6,696,596 to Herzog et al.

Alternatively, a liquid phase or mixed phase process can be used as is seen in United

States Patent No. 6,620,965 to Adams et al.

25 United States Patent No. 5,225,388, entitled “Method for Making a Catalyst” of Wunder
et al., relates to a process for the preparation of vinyl acetate from ethylene, acetic acid and
oxygen or oxygen-containing gases on a catalyst which contains palladium and/or its |
compounds and, if desired, gold and/or gold compounds and alkali metal compounds as
activators and, if desired, additionally cadmium compounds on a support which is composed of

30  SiO; or a Si0O; -Al O3 mixture having a surface area of 50-250 m? /g, a pore volume of 0.4-1.2

ml/g and a particle size of 4 to 9 mm, which comprises compressing the support particles with



2 the aid of an Li, My, Al, Zn or M salt of a C2 -C20 carboxylic acid or a
m xture of such. salts as binder. United States Patent No. 4, 897, 161,

entitled \%Q&rﬁ?g%@ of Vinyl Acetate from Ethyl Acet aﬁcer/llj’éﬁmﬁ?i)%z@&ti ve
0 y

Distillation erg et al., describes a process whereby vin acetate can
5 be readily separated fromethyl acetate by neans of extractive
distillation using certain glycols of gl ycol ethers. Typical effective
agents are 2-nethyl -2,4-pentanediol, 1,3-butanediol, ethylene glycol

met hyl ether and di ethyl ene glycol ethyl ether. United States Patent No.

4, 818, 34he aidnf art Lie¥g; P,cbreadMh salt efteeCal ol cartiogmliodcidpma/mixture ofisush saltsf asRoscher
et al., ,relates to a process for the isolation of vinyl acetate froma gas
m xture irffleléont aining vinyl acetate, ethyl acetate, water and carbon di oxi de
formed in thenitedbtatenPaht Net)897c16é, atitlbd ERephiatiomcf Winghdcaaty fem Ethylt he gas

phase over catalysts cqnt.ainip al I adj um ol al | adi um conpopnds. The gas
m xture A%W%Ygﬁﬁtﬁét’Y“eﬁﬁ'ﬂ@W“z gﬁger B! fi’asdg]%‘:a"i’r’%%)%f 05°eSg iwi’F'ing Q{B‘I}' E?’Fet%?aﬂnn and
the gas yRiedaty Sefafed et ARRitd Behenk of sxtkeRVedstillkien gang cemaitdlyéds not
condensed during the cooling, is washed with acetic acid in a waShing

col umm, caslyaelethess. abyricad eifestive agents adfmetivl gt -vegnedigb o rbetarpsily obt ai ned,
The bott WSt 1 is passed to a second
distill éemeﬁ%%gi’ég%r%l&gglg@ﬂté&gflgg§g{lylreég%yg§r$?§:l E'%H%g et hyl acetate is renoved
from an enri dmitedStazes Peteablivet,§ 18347 otrtitlnd tPrecasofor thel IsolanorsadiiEingplf Adekrte™ot t om

product froom,the .second distill.atijon | unp,. whi ch' Droduct chiefly
consi st SEEpchgagtiak, %ezq?ﬁ%ﬁé)ir%ésstfa %E(E‘efsgfa%f)ﬂgp “\r/\'gs]aﬁe‘f“ﬁ fF 2GRN col urm:  The
{t op Nvapebn@midghdnfacand, dhytatdthtat waer mdlcaron Hivxide hrartd ifthd@ededon boOn of the

organi ¢ phase of the condensate thereby forned i{fgﬁ&assed,, toget her with the
acetic cHwidreshacPiAcbing Rygenia hngasphrse oNFIse copfiningepafadiHmey col umm,

into a Bdraga wiceinpbhrdt! @he %éé%i'ﬂfﬂ_?e 1eIhE the TR HBRYhe Mpds g hiRialiBtibs ay. The

bott om uct of 'the third distillation colum is passed into a fourth
di sti | | abluom and|timgas nHuiuee lepyigs theden dersof is cedeb v 246, whieh sapt esindersed fourth

distillati.on,col um., .2 [ PrQe: . i sol at | inyl acetate
by di st 1aF 1ol I S PREL IR bR OERT7a AL E1AR R LB Rl Bhiigh 20% &1 P
" Pr dées soht@inirighdn}! soétatk ibeing @btaldedy Thé\ba@toat prothyet Blost the Hiatillaivh cobdnrRescher et
at. This process for. the isolation,of.vinyl acetate |nvolves not conbining
Fhe " botee B dersend bR Peibiror ik e SRTeRhg ol el BRt iy ot ed
vinyl agRfphfedithmeat 086 abdvatlicsbicinPeress, £10of JofdenE theBoktbinPredudt &binlthat i on
colums fromthe gas m xture forned in_the 30 reaction of ethylene with

acetic aesnd Sitllanangeti ey arhicdarradyes ehiclbheanaistiiohgcehs reiddicing used for the

wash in the washing column. The top vapor of the second distillation column is cooled. A

20  portion of the organic phase of the condensate thereby formed is passed, together with the acetic
acid solution obtained as the bottom product in the washing column, into a third distillation
column, which may have an intermediate tray. The bottom product of the third distillation
column is passed into a fourth distillation column. Pure vinyl acetate is removed at the top of the
fourth distillation column.

25 Another process for the isolation of vinyl acetate by distillation is described in United
States Patent No. 5,066,365 entitled “Process for the Isolation of Vinyl Acetate by Distillation”
of Roscher et al. This process for the isolation of vinyl acetate involves not combining the
bottom product of the recycled gas washingrs‘ with the water-saturated vinyl acetate but rather
introducing it to further multiple distillation columns from the gas mixture formed in the

30  reaction of ethylene with acetic acid and oxygen over catalysts containing palladium or

palladium compounds in the gas phase.



pal | adi um conmpounds in the gas phase. WO 2006/ 055183 PCT/ US2005/038289 3 A
nore exotic process is seen in United States Patent No. 5,821,384, entitled

"Process ‘%85(}“%%&9“ ng Vinyl Carboxylate Esters" of 49:@{[;68?60?%532@ ., Wwhich

descri bes for producing a vinyl carboxylate’es roma carbonyl
conpound and a carboxylic acid anhydride. The process conprises feeding a
carboxylic acid anhydride to the mdéle portion of a reactive 5 distillation
colum (RDC) while feeding a carbonyl conpound to the | ower section of the
RDC and renoving a product conprising the vinyl carboxylate ester. A

car boxyl i ¢ adi moeexptiopuwctss icwen mdproted iStegestRatenho andRididddentitied EPmnessmay be

df h. ' f . | .th i.nyl b I ,
or 11 omeraeRses ERRGHR g P RRerRst 28t < EhaPit bt ke cactca

car bonylprdtyinB@ vigrox®dx 15t BsbhfeorRBCarbb@ycbhipoundpndh ea®oxglichcidnmhydril (10
carboxyl ate ester or, separately renoved and recycled, to the bottom portion

of the” RbEProcerfreoaPriats SFliga raROXHE 2R 2BPKT trdhemifdlerdsiey vl Batthy be
nggms ed dipRdhOIBAS 9}19&) tvhge Blg&?g @@Qbamxgh&t%ﬁg ?o {h@%\pafrﬁigéé%n%%{e'mcof the

The product vinyl carboxylate may be fur purified in one or two
addi t i onad rediasting 4 proilesi comesengthe iy} tarbpretas estarmd derbopykpasicked-pypdactvari ety
of proc S, bk I . | I i f ti hd with
ot hy! oneonSpoplRELL L AR ERcah: fb b pep T e Wppdsc BRI DG "Ly
hydr ogenath the vinfyl sarbodylacetaf @ fom thy upgey saftios of tieiRIDC at 4 wpaafe sideedraw. aci d

with ethanol. Th rocess of ar.i hyl ~acetate by direct addition is
relativ ‘Veaéiﬁgéﬁgﬁoi}gl ’B@'c%@%&’f thcg‘gaékwéh@e E@cﬂi‘?%‘ﬁ% gf: VE¥E process.
(Heg@ E&%ﬁbgﬁ%ﬁ_lt%f%@ﬁiﬂsﬁg%ﬁt%@%ﬁdvﬁsanﬁ(Pécly@l\é@ to RO bbkdr@ pértichoEMBRIDC Addi tion: O

- C OCH2CH3. H2C=CH2 Oxi dati ve
Acet oxy|Gnriastediaphydsisissad po atkylidepe dicarbogylefe may be removed from the base of the RDC

and recycled to the middle portion of the RDC. The product vinyl carboxylate may be further
purified in one or two additional distillation vessels.
Ethyl acetate may be prepared by a variety of processes, including by way of direct
15  addition of acetic acid with ethylene, or by way of oxidative acetoxylation of ethylene followed
by hydrogenation of vinyl acetate or by way of esterification of acetic acid with ethanol. The
process of preparing ethyl acetate by direct addition is relatively expensive because of the

equipment required for the process. These processes are represented as follows:

20 Direct (Michael) Addition:

o
HaC-——C——OH
+ —r—l HyC——C——C0CH,CH,
H,C==CH;
Oxidative Acetoxylation/Hydrogenation:
25
HyC—C——0H o, “ Hy
+ > HC—C——OCH=CH, ———=  H;C——C——OCH,CH,

HyC==—CH,



H3G--OH 02 Il 12 Il + H3CGCOCH=CH2 --- r H3CG G OCH2CH3 H2C=CH2 WO
2006/ 055183 PCT/ US2005/ 038289 4 Esterification: 0 0 11 11 H3CCOH +

HO- CH2CH3 o bfdkndn1§3CHZCH3 Ot her processes incl ude t hoseMiiShsksdse
acetaldehyde or ethanol as starting nmaterials. 5 The synthesis of | ower

al i phatic esters using heterpol yaci f wi th an al dehyde-free product stream
is described in United States Patent™ No. 6,187,949 entitled "Synthesis of
Lower Aliphatic Esters Using Heterpolyacids with an Al dehyde-Free Product
Streant of Froomel al. This invention describes a process for the

pr oduct Egariadativewer al i phatic esters by bringing 10 together in an addition
reaction a lower olefin and a saturated, |ower aliphatig, nono-carboxylic
acid in the vapor ﬁhase into contact with a heterpol yacljd catal yst. The
reactant olefin angl acids and any recycled feeds are rendered substantially
free of al dehyd6—®pmOHt i eg priCor@gHpei mg—braught™FnTo cOfkEbt with the
het er pol yaci d catal yst. Acetal dehyde is a catal yst poison and renoval of
these fromthe feeds prolongs |life and activity of the heteropol yaci d

catal yst. 15q4f f)l%gesgésaihﬁﬁdéo @B@%hlﬁpuse@c&aaehyaggr &hidd) hedartibX hadia@n Process

for the Production of Al kenes and Carboxy iC Acids" of EIlis et al., United
Stat®s Patent No. 6,548,697 entitled "Oxidation Process for the Production

of ALkenes and. SARGYLHI AL sl Ol LU BLp i MLk Sles Patent

gr bokybf&auacstrdeaﬁ 133&263&1%&:1% ermtai StatesiE&emﬂ\bJeG,aShBG&emsleﬂ dSymhmisg)fimlate'r on 01; a
t t s

@ 10, Chyghkane, Lo, 20, Broduce e, Gorr saondiad sl kene, and sacboxyl e oc

"al kene and lﬁ\aeﬁlh@%uésbﬁbewﬁo@gﬁoyﬁﬁ@rmcﬁ&a&n@w&rs&; hamc%s@mmih Igngactl on
zone, for the production of alkyl carboxylates. United States Patent No.

5, 938, 118ethenini anjadditiomapastiona Wieoplebr and ayatyiated, d?wz@élph@w, gongcarboxyiéscr i bes
a procegsyf rgg1eth§ @;@ﬁ%@% ct%tﬂmé}gsly&l&@gt?%m Slieiged from

al i phatic iC ac ers o allp atic carboxyllc aci ds
and anhyuol a@ascxr[edatbd:q;haet fegdered sgnbs(tymtlatly free of aldehyde impurities prior to being

brought into contact with the heterpolyacid catalyst. Acetaldehyde is a catalyst poison and
removal of these from the feeds prolongs life and activity of the heteropolyacid catalyst.

15 United States Patent No. 6,727, 380 entitled “Oxidation Process for the Production of
Alkenes and Carboxylic Acids™ of Ellis et al., United States Patent No. 6,548,697 entitled
“Oxidation Process for the Production of Alkenes and Carboxylic Acids” of Ellis et al, and
United States Patent No. 6,476,261 entitled “Oxidation Process for the Production of Alkenes
and Carboxylic Acids” of Ellis et al., describe a process for the oxidation of a C; to C, alkane to

20 produce the corresponding alkene and carboxylic acid and further to integrated processes in
which a portion of the produced alkene and carboxylic acid are used as reactants, in a second
reaction zone, for the production of alkyl carboxylates.

United States Patent No. 5,936,117, entitled “Carbonylation of Olefins” of Zoeller et al.,
describes a process for the preparation of aliphatic carbonyl compounds selected from aliphatic

25  carboxylic acids, alkyl esters of aliphatic carboxylic acids and anhydrides of aliphatic carboxylic
acids by the carbonylation of olefins in the presence of a catalyst system comprising (1) a
primary component selected from at least one Group 6 metal, i.e., chromium, melybdenum,
and/or tungsten and (2) a secondary component selected from at least one of certain halides and
tertiary and quaternary compounds of a Group 15 element, i.e., nitrogen, phosphorus and/or

30  arsenic. The process can be carried out at moderate carbonylation conditions without the



acids by the carbonylation of olefins in the presence of a catal yst system
conprising (1) a primary conponent selected fromat |east one Goup 6

metal, i.gyq 0%7658%?3””‘ mol ybdenum  and/or tungsten an‘ic&ﬁ?z@srﬁ%@‘dary
conponent se? ected fromat |east one of certain halides and tertrary and
guat ernary conpounds of a Goup 15 elenent, i.e., nitrogen, phosphorus

and/ or 30 arsenic. The process can be carried out at noderate carbonyl ation
conditions w thout the WD 2006/ 055183 PCTI US2005/ 038289 5 necessity of

usi ng an expensi ve noble netal catalyst, volatile, toxic materials such as
ni ckel necessitiORRBBHIP SXPeBY HE Robicmetalsatabyst. yplpfilce taxiq rapterialy pych @s gickeles Pat ent

No. 4, 4%%&9%@[}5&&41@9%&5?5%}&ﬁé eS@L URiEPMatR Pahelld & ABI g . k" of

Nakaj i nma e escribes a process for preparing acetic ac esters by

r eact i nPracss for Paepiadngidcbticafcid Estetsd of Yakapinerre! gl. dedcribésn prapess fogipeeperingy t he 5
presence af s&eﬁm atl%d at.cat alt.xst.dseg ectﬁ fﬁr?m arroggatii %adi S Ifonh% aci ds and
their e8%CHF 8C1d-FHErs DXTeActing poel gjd srithap aliphatic Jowar olchin g Saparpless MBS and t he
prodsict pleSenebpdtérsl anda Gatdly g Relsq@rforh larnatiy idisutfolly atibeamy theieee@s.ofhst eam i n
the reaction, The effecit of mai nt aj ning %he %i h activity can be further

i ncr eas BB B o dhesiaralyst oan egpaipiaifed ATdthe pF H% i5,e91aingd irca kigh srage timey ¢ ed

St at es gf%r % Sucl.lf\lﬁreséhcééﬁst%ﬁ in BB tdatlisd 'fh@reﬁgéroﬁdaﬁﬁaiﬁlfn?@/e{%kh Sanhoxyl gt es” of

10 Youn bes a nethod for the preparation of a car boxyl at e
conpoundfgthenindreassgddyivaingyiliga trastediyyith p Riyongcsgidas@ydagies. conpounds, by reaction
of an ol efiny,a | i i e , articul ar
type of zeol Pﬁ @éjdc%fi %?3%%'? %t%gﬁggg??’t% g{g@%lrjgg%dﬁ%rng}étg g?‘?{ggg&rbﬂ@%ggé? ﬁfga to

( al umd na Yomigedesatibes aofiethdd foe dtetprdfdragind ofalkyplinatboaylate compemdss andl especiaBly of n

connecti o i.th the productio f either.vin acetate or. ethyl acetate a

o e porie srbgn iR e BhoyPRs by airr gt bt s iy BBR A fidtmsota B

puri fi cafel PRReiR@DeiapRARALS ty8 of SeollRaRGsAt Elitk Abte} ark RRarahioRdWhelRAESS, as
wel | as those discussed below. WO 03/0 1 1 809 to BP Chem cals, February 2,
2003, dalymyinayeale sat f @b keastilgand a sanstrainhgdexelcidar y but anol i mpurity from

ethyl acetatg Ry.l&6H WG t{j@ﬁrohlﬁﬂi’i‘dﬁ of &iHey VinFCREbAtcSor bhyRacetitSt lah%' | col um

operating at a pressure o ess than | bar absolute. "This provides (1) a
st r éam 20the oapptal @idnapestting lexpenet iatdee wpusifinatjoprequrepenigns isapdretiRleddronesi due or

a secong stream.conprisin t |eas secondary butanol from et hyl
acet at eﬂ‘ef%%wprg%éeélg 5 8%}?«3@53 @‘8%‘31 ﬁ%&gﬁegggﬁ‘r‘ﬁ fying ethyl acetate derived from
(a) catal yti wa ex01is09 to BPalieyiieFatirtdry acHI08 cdedcritits b @kdcayyefdr eparating a
hydr ogenati on step. .The 2-but aH ne |i rTBur [ td}/ pr oduced hq st e{; (a) is
di f f i cuPteoRGE ByyaroldmprRtYy fome! ﬁlac‘raf&‘s %feeding e KRR UBY! LRGP Bs it to
secondagyiticaRBlumnfetNing ala PRssHRAFANAL @fdn BYbaf SAURRI This provides (1) a stream
20 comprising ethyl acetate as a major component and (2) a residue or a second stream comprising
at Jeast some secondary butanol from ethyl acetate. The process can be applied to purifying
ethyl acetate derived from (a) catalytic reaction of ethylene with acetic acid followed by (b) a
hydrogenation step. The 2-butanone impurity produced in step (a) is difficult to separate from
ethyl acetate, and step (b) converts it to secondary butanol, which can be separated by reduced
25  pressure fractionation.
A process for removing at least one compound selected from acetic acid, acetate esters
and aldehydes from a gaseous fraction additionally containing carbon dioxide is described in
United States Patent No. 6,663,692 entitled “Process for Purifying Carbon Dioxide-Containing
Gas Streams” of de Poitiers et al. The process includes the steps of scrubbing in a scrubber at
30 least part of the gaseous fraction with water and acetic acid to remove the acetic acid, acetate

esters and/or aldehydes and removing carbon dioxide from the scrubbed product by absorption

in aqueous potassium carbonate. The process may be used to remove acetate esters such as



25 pressure fractionation. A process for renoving at | east one conpound
selected fromacetic acid, acetate esters and al dehydes from a gaseous

fraction gg@ghdosesssd y containing carbon dioxide i s descgdbgdoisizsbini ted
States Patent No. 6,663,692 entitled "Process for Purifying Carbon

Di oxi de-Containing Gas Streans" of de Poitiers et all The process includes
the steps of scrubbing in a scrubber~at 30 | east part of the gaseous
fraction with water and acetic acid to renbve the acetic acid, acetate
esters and/ or al dehydes and renovi ng carbon dioxi de fromthe scrubbed

product VHY! a5t %‘tdi %lh)’l apiatg godaldehydet weh psarctldehydsatldie Prosesypsitlesss may be
used to chBIVE AR h@qaee}@maw%eé F)\A@h%%e@érpéﬁeh%ﬁefCJJeHﬁgga’gA@é?289 6

vi nyl ace n acetate an s suchas aceta

process owagpnb:entaempﬁ ga,seni themrcshecerrﬁmﬁtabfsmen@he wzﬂaytic aadatian of tayelﬂnhm: reaction
of et hyl Cld an en-cont a i.n Iesance of a
cat al ystané}BI:' (b?ﬁtﬁyﬁge AR r%Spg%wgfé/t( ot cfacﬁ a3n e({r enegﬂ% bglac% hyl ene
to psoduce respectively (a) acetic acid and/or et hyI ene and (b) aceti c acid.
5 Summary of the lnvention The present invention provides nunerous

advant a 1 art. For one, overall throughput is increased for

gi ven capi t alrpé pMegs mhtlofﬁbv@@ﬁm&ousraavanidgeme?&eqﬁfafranaF@r dRdseeM by
wi thdrawing a vinyl acetate streamenriched i'n ethyl acetate and converting

t he vi nyhroaghpubisénqreaserd fop gen pepiabwvestraent aF preanothisa puriBersipn egsts fre retuhgd
t at t
acetat e, %{hldla\xﬁﬂg{;]bﬁgi gc‘éiéa?]ét‘%ge?ﬁ% fﬁ%cﬁela?n %}H%]ea@&thfg@ng'cén\%hmg[thpﬁn r a €

(rawmat ria I'scar I's reduce
(conuént itoetay] oeneastengan kmmm‘rgaue crhyl(aoetpmeoﬂult anghariadyintape el &teenmdomt hyI

acetate,in accordance, wi vention.inc ti n et hyl ene,
rcet o it R AERpE AR e ol T o BRL Bl i@leed 83RO Ror anoun
of et hylcoa@atiaiat procbsingl ovi di ng a crude product stream containing the vinyl
acetate and ethyF acetate of step (a) and (Scetlc acid to a distillation

tower: (c) sépapthed atcapred ue?wéylmcetaﬁéﬂds viasptatedp gecordance with el acet at e
product ; rjiehg?&mnemaésc Qedcﬂngbt'ﬂ%‘ilen@‘é@ét@ta@id%a BxygeR $PREM \m;takeateawﬂﬁ product

stream an acid ecycle streamenriched i'nm acetic acid wth respect to
t he 16r udestr wihee tamgum@émhy( idetaje; (ab)mrooedinea crade pr@émt@trmrapmtngmmtmmsdc etate

and et hule 49 B0BhA Seual 1 oYL ARRLLAI BRLARRELENES LSRN, acetate

with re Vi n ream an hati ng
vi nyl aceaidatpeodunt sttﬂaemm]me(i) smdgmceteaqmmncmmymdﬂnamdem lnply] acetate with

respect to the crude product stream, (ii) an acid recycle stream enriched in acetic acid with
respect to the crude product stream,; (iii) a mixed sidestream containing vinyl acetate and ethyl

20 acetate, the mixed sidestream being enriched in ethyl acetate with respect to the vinyl acetate
product stream; and (d) hydrogenating vinyl acetate in the mixed sidestream to provide an ethyl
acetate product stream. Preferably, vinyl acetate in the mixed sidestream is catalytically
hydrogenated using a Raney Nickel catalyst or a palladium/carbon catalyst. Hydrogenation may
be carried out in a CSTR or in a fixed bed reactor, such as a trickle-bed reactor. The process

25  typically further includes the step of distilling the ethyl acetate product stream, preferably using
a single distillation tower.

Generally, the vinyl acetate product stream of step (c¢) is substantially an azeotropic
mixture of water and vinyl acetate and it preferably contains less than about 0.025 weight
percent ethyl acetate based on the weight of ethyl acetate and vinyl acetate. The ratio of mass

30  flow rates of vinyl acetate in the product stream to the flow rate in the mixed sidestream is
typically from about 10:1 to about 2:1 and may be from about 6:1 to about 3:1 in many cases.

The step of reacting ethylene, acetic acid and oxygen may be carried out in the liquid phase; but



acetate product stream Preferably, vinyl acetate in the m xed sidestreamis
catalytically hydrogenated using a Raney N ckel catalyst or a

pal | adi umye@sidagossesst al yst. Hydrogenati on may be carri e¢rasbodsnzfasdCSTR or in
a fixed bed reactor, such as a trickle-bed reactor. The process 25 typically

further includes the step of distilling the ethyl acetate product stream
preferably using a single distillation tower. Cenerally, the vinyl acetate
product streamof step (c) is substantially an azeotropic mxture of water
and vinyl acetate and it%éEr.e(Ler ablg cont ai ns .| ess lt an about 0.025 wei ght
per cent ISP BOEt HPicalbheatiied,gpt it e Kenoy Rhass ViIBaRA i Al Sherdvigh Ay |

acetate aﬁl;t]ﬁm{/?(glh@a@fyslrmss 30 flow rates of vinyl acetate in the product
stream Po the Tlowrate in the m xed sidestreamis typically from about

10: 1 to aboufn2pparangifangg-poedueing minybesgtatesand ethyl agetate inecgordencearith theises.  The
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react i nghwRirhyl eaiillanatoweradhsiedftd sepspagiag tHe@nide pidducnytleamIntdc @) atviayand at
| east a m nor anmpount of et h%l acetate; ( means for dDrovi di ng a crude
gl c

b Al
pr oduct 2&¥HeBIRIESITEMENEIER S YNHAcCt3E S respatido dietyudereduat ¥iegm; Gep ( a)
and acetj;§ r@cﬁglgtsﬁgan@em&% b 2E4HORkid AW spect %)th?icr;aﬁcz biddhétst®din ImBgapt ed

for separati e crude product streaminto: ;avinyl acetdte product
( st ré@m edeitchmdontiningyinylacetnigtand aihyiaceietspthe mixesl sidpstreamybeing ewribhed inst r eam

(ii) an_,acid recycle stre ' ' e ' | ect to the

Cr ude pebaR el AR ot [ REVRN ARl Biolfifthin? o R il ol SEREERALR: L0C o1 o
and et hylnybsetaad m,thd mécedisidestreaintte pravederanizaiyh geeerne protied siream. eTlyyheas dérat e
with re ct to the vinyl  acetate, prod strea . ns for

Py oge R PbRgeC 8 iy mUSELUSPEETR TEHEET S IR STHBE PR PUTA UL sSiFF et

acet at e fighoRte m&l{eemly&b@aqma@iufrmrboh&&ngaﬂﬂ&m &dalyie m xed si destream

i ncl udes a CSTR reactor provided with a catalyst selected from Raney N ckel

cat aPysts and pal | adi unf carbon hydrogenation catalysts. 15 Brief Description

of the Brarbbgsiofibdsf e brawing fl-ow di agram of a vinyl acetate production
uni t m%ﬂﬁrmj—g‘n—rﬁr—ﬁgze ropirc. tower having a vinyl acetate nononer output

st ream and aRigardylis aflew diagfan ofd vingdetetate poadugticn unit including an azeotropic
tower having a vinyl acetate monomer output stream and an ethyl acetate/vinyl acetate output
sidestream accérding to a preferred embodiment of the present invention.
20 Figure 2 is a flow diagram for hydrogenation of the ethyl acetate/vinyl acetate stream
output of Figure 1 according to one preferred embodiment of the present invention; and
Figure 3 is a plot of hydrogen uptake during vinyl acetate hydrogenation for different

conditions, catalysts and stirrer speeds.

25  Detailed Description
The invention is described in detail below with reference to the drawings for purposes of

exemplification and iflustration only. Modifications within the spirit and scope of the present
invention, set forth in the appended claims, will be readily apparent to those of skill in the art.
Unless more specifically defined, terminology as used herein is given its ordinary
30  meaning. Percent, for example, refers to weight percent. Throughout the specification and

claims, the following abbreviations are sometimes used:



si destream according to a preferred enbodi rent of the present invention. 20
Figure 2 is a flow diagram for hydrogenation of the ethyl acetate/vinyl

acet ate s{yeaRoseigput of Figure 1 according to one pretenkadsesbd nent of
the present invention; and Figure 3 is a plot of hydrogen uptake during
vinyl acetate hydrogenation for di ffser ent conditions, catalysts and stirrer
speeds. 25 Detailed Description The 1nvention is described in detail bel ow
with reference to the draw ngs for purposes of exenplification and
illustration only. I\/bd]i fications wthin the spirit and scope of the present
i nvention, seicH or PFEWRIASNE appended clains, will be readily apparent to
those of skiddgTrr L O8ntfHubus ddMe8 Sk MIcRrsPeci fically defined, term nology as
used herein is given its ordinary 30 neaning. Percent, for exanple, refers
to wei ght petRMK: Ditnethyldistae; t he specification and clains, the follow ng
abbrevi ati on tgre&&gg&q@% used: WD 2006/ 055183 PCT/ US2005/ 038289 8 "AcH'

- Acet al dehydge; ™" nti nuous stirred tank reactor; "DWK'- D nethyl
ket ofie; " Et AFIOACE: Agttifaeeidate; 5 "HOAc" - Acetifc acid; "I-PrAc”

| sopropyl acgtate, "l-Pr - | sopropyl alcohol; "pBQ - Para-benzoqui none;
"Pd/C' - Pal Iei?ﬁ m"&??pﬁoé’lyggcﬁtaéeat alyst; 10 "RaNi" or "Raney Ni" - Raney

ni ckel cat al YErOH - Bdpropyl agphee/tinme yield;, and "V AM' - Vinyl acetate.
Vinyl acetate mpnoner is used in both a nononmer formand a polynerized form
In the 15 nutRrer Pararbepzodpiggne;acet at e mononer has wide applicability in

manuf act ure fySyYDpReldim ofERES Yedystacrylic fiber, polymers and so forth.
Al ternatively, enulsions of vinyl acetate in polymer forminclude enul sions

cont@i ni ng pGaNii’ nyTRance Nat e Raprylnjekichgatalyst:icohol and et hyl vinyl acetate.
These emnul si‘cgals,,,i_n fur re.us in various industries |ike wod, paper,
rubber and sd Space/%m ylelH,ag

“VAM” — Vinyl acetate,

Vinyl acetate monomer is used in both a monomer form and a polymerized form. In the
15 monomer form, vinyl acetate monomer has wide applicability in manufacture of synthetic
adhesives, acrylic fiber, polymers and so forth. Alternatively, emulsions of vinyl acetate in
polymer form include emulsions containing polyvinyl acetate, polyvinyl alcohol and ethyl vinyl
acetate. These emulsions in turn are used in various industries like wood, paper, rubber and so
on. Typical specifications of vinyl acetate monomer are as follows:
20
Table 1: Vinyl Acetate Specifications

Characteristics | Specification Unit
Boiling Point 72 °C
Melting Point -93 °C
Relative density 0.9 Water = 1
Solubility in water 2.5 g/100 ml @ 20°C
Vapor pressure 11.7 kPa @ 20°C
Ethy! Acetate <0.025 wt. %
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Ethyl acetate is a side-product impurity commeon to vinyl acetate manufacturing that

requires removal in a purification system. Vapor phase, palladium catalyzed vinyl acetate

systems typically produce ethyl acetate at a 1000 or more ppm level, which must be reduced to <

10

250 ppm in the viny! acetate product. This reduction is conventionally achieved by distillation

to concentrate the ethyl acetate in a waste stream. This waste stream (which is typically

discarded) is currently minimized at high operating and capital cost to reduce waste of raw

materials.

In accordance with the present invention throughput is improved because there is

15

diverted a larger mass flow of vinyl acetate with ethyl acetate in a sidestream which is provided

to a hydrogenation reactor to convert vinyl acetate in the stream to ethyl acetate. Synergy

derived advantages in efficiency, product yield, energy consumption and capital costs result,

The co-production process reduces azeotropic tower rectification requirements and energy

usage. One benefit of the inventive process is that it enables regional EtAc production directly

20

tied to ethylene raw material pricing without spending capital for building a dedicated ethylene



to concentrate the ethyl acetate in a waste stream This waste stream (which
is typically discarded) is currently mnimzed at high operating and

capital c uce waste of raw materials. In accgrqRReRsishdy t he
pr esent iﬁv%ezr?w%sﬁﬁtghr oughput is inproved because there ?sl%?S cﬂﬁverted a

| arger mass flow of vinyl acetate with ethyl acetate in a sidestream which
is provided to a hydrogenation readPor to convert vi nyl acetate in the
streamto ethyl acetate. Synergy derived advantages in efficiency, product
yield, energy consunption and capital costs result. The co-production

pr ocess agetwkytation based Hitdp produgwarunit gt isfappraxinaately ¢ §ud-p émenhighemid cesi¢hagy

usage. M nef i he | I cess | s that it enabl es regional EtAc
pr oduct f“bﬁt(g??%%rftﬁ?géﬁhw?é\}(ljtﬂ;{%nsteah%?f@%g&oﬁac\%?@?éri al pricing wthout

spendi ng capAt atevionslylzuplathedghaprdéuatitionbéa viey hackmreen WO BGW A bEIdG. The

PCT/ US2005/ Q38289 0 acet.oxylation b d FEt raduction unit.that s

appr oxi WBQB)?OTP@%}W ‘E‘%"?%‘Pé%m%f’g%?c ?cillg@ﬁ%rfd Ettlﬁ'i?{{% @ﬂ‘%ﬁ“ﬁa}lf%%&?f?ﬁ)@ﬁ? f%n unit
Wi t hst hgrogadneiRgHEdetiomosa@aciilly. As previously explained, the production
of a vinyl acetate nononmer is well known. The nethod conprises the
conbining of acetic acid (1) and ethylene (I1) in the presence of oxygen to
5 produce the vinyh acetic nmononmer (111): 0 O Il 02 I H3CGC OH + H2C=CH2 -
H3C-C-OCH=CH2 1 I|} I'll In accordance \rq'zth t he inven Ii on, hydrogenation of
vinyl acet at notrer _in 0.sidestream-of vinyl acetiate/ethyl acetate

yi el ds rel at ﬁ?/‘%FT ur eé'ét %yﬂ:'zgéﬁf‘g]%?e (V). Do W2 O qu T er=ce -
H3C- G- OCH2CH3 IV I Vvarious hydiogenati on net hods may bdllused, for exanple a
‘single stage continuous stirred tank reactor (CSTR) or a trickle bed type
‘reactor. Wth regard to catal ysts, nunerous 15 options are avail able

i ncl udi ng Rap@ycNiga@RdvilihEidviRorS B @b génhtfon FBAtY sRtAL aﬁahan@rgﬁaeffecti ve.

The use of the nickel catalyst in high acid steans that could potentially
comdOf r eideazamtof (y'piytacetate/ethyl acetate yields relatively pure ethyl acetate (IV):

O
Hy
Hac_C_OCH:CHz —_— H3C*—"-C———OCH20H3

v

Various hydrogenation methods may be used, for example a single stage continuous
stirred tank reactor (CSTR) or a trickle bed type reactor. With regard to catalysts, numerous
15  options are available including Raney Ni and Pd/C type catalysts. Both catalysts are effective.
The use of the nicke! catalyst in high acid steams that could potentially come from azeotropic
tower side stream locations near the base of the tower is not recommended. The Pd/C
hydrogenation is substantially equivalent to Raney Ni. However, the nickel catalyst is generally
a lower cost catalyst system that is available for hydrogenation of purer vinyl acetate monomer
20 (i.e. one with lower HOAc content).

Alternatively, hydrogenation of vinyl acetate may be performed “;ith cyclometallated
transition metal catalysts is described in United States Patent No. 4,645,849 entitled
“Hydrogenation of Unsaturated Hydrocarbons with Cyclometallated Transition Metal Catalysts™
of Lewis. This method for hydrogenating unsaturated hydrocarbons comprises reacting an

25  unsaturated hydrocarbon with hydrogen in a selution of cyclometallated complex catalyst at a
temperature above about 20°C, the unsaturated hydrocarbon comprises less than about 50 mole

percent of the reaction mixture and is selected from aliphatic and cyclic olefins and alkynes of



tower side streaml ocations near the base of the tower is not recomended.
The Pd/ C hydrogenation is substantially equivalent to Raney Ni. However, the
ni ckel caka) wetedssszgenerally a | ower cost catal yst sysicarstévabss:e avail abl e
for hydrogenation of purer vinyl acetate nononer 20 (i.e. one with |ower
HOAc content). Alternatively, hydroggnation of vinyl acetate nay be
performed with cyclonetallated transition rretal catalysts is described in
United States Patent No. 4,645,849 entitled "Hydrogenation of Unsaturated

dr ocar.bo onet al | d, Trans n_ et talysts" . of Lew s.
Thi s relHBKE PD eAh GlEa e ot Rp s g Raroe 1P 6oReT el hryad ol § ng an
25 unsabﬂéi@@%ﬁﬁti@hmgmm Wydidtaiboed rQaeis dfifroth 3 @) 4JEdchb'h abme ¥&d arRhmsbat ed
conpl ex catalyst at a eraturgaabove about . 20C H} unsat ur at ed

hydr ocafgen r@d&pr(ﬁse@ 1@3@ hayigg olehpiger 5'(5Y1f*ﬁ)‘7“é°“°ﬁé'|“é’éﬂ 1) hydrpgarbongadicap

m xt ur e pRdh, S, S€L&ohehnld. A&t to&h@baoc.s@nﬁtw%gaan%@hymcﬁmsacwﬂ% of WO
2006/ 055183 PC?'/ us2005/ 038 from?2 carbon atons, aronatic

hydr dcartidindunstiofial gro@s.tand 113 crya}omtﬂlla&eé n@nhlav r«ﬁg\ym baving & 4-6onerabetgcheng
functionalit . als of from2 to 4 carbon atons and
2&1 8 c%emlcyr:h/ [i'orp%xgicg&f}{ l?ei fo%ﬂhl%

si | oxané' units having olefinic or alkyne
functionality within hydrocarbon radicals of from2 to 4 carbon atons,
subject to the proviso that the unsatugated hydrocarbons contain no 5 aci di c
functional groups, and the cyclonetgékated conpl ex catal ysts having a 4-6
nmenbered ring wth a chemcally co nediunit of the formula: /N M 10
wherein Mis a transition metal, L i3\a ngand sel ected fromthe group

( consi sting of phosphorus, nitrogen drseni c, oxygen and sulfur and Cis a
coval ently bonded carbon atom of a hydrocarbon speci es having at |east 6
carbon atons. The ring structure is typically of the fornulas: 15 M N---

or ¥0Z whaeineMzs p gapgiggnogelal, bris %Hg@éﬁeleged ﬁ’P’é‘ftbﬁr BRIy consisEng 9EPhogRIRRYS, on i s
effecti Yrolzh, %&@Hl@,r&xygérl arf sulfGREHAYC Blal coPlledtl ot W darfneli@h f a hydrocarbon

species having at least 6 carbon atoms.

The ring structure is typically of the formulas:
15

where Z is nitrogen or carbon.

20 Preferably, the hydrogenation is effective to convert all or nearly all of the vinyl acetate
so that the hydrogenated stream can be purified with a single distillation step.

The following description and examples illustrate preferred methods and apparatus of the
invention. These examples are illustrative only and do not limit the scope of the invention. All
percentages are by weight, unless otherwise indicated.

25 There is shown schematically in Figure 1, a typical apparatus 10 for manufacturing vinyl
acetate by way of a vapor phase process. A catalytic reactor 20 reacts acetic acid, ethylene and

oxygen to produce vinyl acetate, which exits the reactor to a product stream 22. Stream 22 is



so that the hydrogenated stream can be purified with a single distillation
step. The follow ng description and exanples illustrate preferred nethods

and appar aybgSofosifae 1 nvention. These exanples are illpgl/gshivesmal y and do
not limt the scope of the invention. Al percentages are by weight, unless

ot herwi se indicated. 25 There is shoypn schematically in Figure 1, a typical
apparatus 10 for manufacturing vinyl acetate by way of a vapor phase
process. A catalytic reactor 20 reacts acetic acid, ethylene and oxygen to

produce vinyl acetate, i X[ t.s the. r r,to rneam.22.

St r eam 2°2’°F°'§ 'l o) i@ﬁ%ﬁé@‘é@é@%@?ﬁﬁﬂﬁﬁ%}“@f@%ﬁ%& ab%gb%o%hg@“u?éﬁ arﬁfng PeEEnt

cool er 24rewhizgMrdnetd HoBomiofe abs@batfecds s azdoaopecioiven30. 28ncilGry sieeapisetict
stream 28 fromthe bottom of the absorber feeds an _azeaqtrgpe tower_ 30.

Anci | | arSigeq E4 PEIPRSES of vy b gy paPHsvEd aaﬁee&rlgmef@}ﬂesﬁ?atwﬁ%Na

conf i gurggh@sysSRe db8vd. he United States Patent No. 6,420,595 noted above. 5
Crude stream 28 consists mainly of vinyl acetate, acetic acid and water, but
al so Scont ai ngCrudé gream Zfgensiasmiainly obyingiapsgtate saceticacid amplgwigter, B alwpeniainss

vi nyl acet ate. . g}?ﬁ%s qh)%pqute'l ight conponents fromacetic acid. Vinyl
acetate arong w wat er -approachi ng the vinyl acetate-water azeotrope is

t aken over heditbwen30 vepaydtesadet] ateatpredercind stheebght 8@mpdieetstioneaceliottidns st ream
34 is gener llé from70%to 90% 10 cet.i(i a%itd, \{\/nich is returned.,to, the
system ¥} F8QIAIPE VER W eBaRRLoa B Rg i IBY A5 E A AFBIORT B 88 dhe f ed
and is fadify@aveadié pfodict shishh QQeThd oty bdbiohBatress 38 @deataBy ¥AM 708263 908t hyl
acetate and acetic acid, as further discussed below Sidestream 38 is fed

(f or v d %Céticaaori‘éé(ﬂ’ci@‘risﬂf?j“‘(“ﬁ&lﬁh‘ésﬁj‘?%i ch may be a CSTR reactor or 15 a
fixed bed re%g@édra&qgw_@? ifbldRecat BY BeQARA HiSHLATA g%-feﬁﬁﬁqg &4 BavBtdonal Iy

includes stirring neans if hydrogenation is carried out in solution.
Hy dr ogenatdraganasiont [Sereamn@Bicentatny Viddyl, 1O, eyl acgintcamidiageticaacid, adifusther i n r eact or
40 and t e ere?%léﬁgv' crude ethyl acetate, is fed forward at 44 to a
distillat'T8a tower 46 which may be a divided or split tower as shown.
Fi ni shed et hySidaoeirati8 is fed famwhhddo aweactlr 44 8Figuid 2)evlademay baas C8 TRyedcemyoe| ed
viaIineEO. erhead fromt r 46 is decanted 20 at. 52 rovi ding refl ux
ot ColtHhPeHATIo P HBR CHoaeEe SFETHIA guctetr 4% apialy kB sidng
i nvent i Ofefr@ MRS eNRIoN i eaAERRIYn WlithhnC CRMAIFEhBIRA of e0LRISEd By Way ber s of
raw material useage, capital, and energy costs. Consider the follow ng.
Oxi dat i vreamSB8ax yareed o in reactor 40 and the product, crude ethyl acetate, is fed forward at 44 to
a distillation tower 46 which may be a divided or split tower as shown. Finished ethyl acetate is
withdrawn at 48, while acetic acid is recycled via line 50. Overhead from tower 46 is decanted
20  at 52, providing reflux to the column while minor components are purged or vented.
The present invention compares very favorably with conventional processing in terms of
raw material useage, capital, and energy costs. Consider the following. Oxidative acetoxylation
VAM production units typically produce ~0.0016 tons EtAc per ton of VAM as a reaction by-
product. This by-product is an impurity that must be separated from VAM for generation of
25  sales grade product (<0.025 wt% EtAc). EtAc, which can be concentrated as a “bulge” in the
azeo-column, is then typically purged via a liquid sidestream draw-off below the feed tray; note
the ‘595 Hallinan patent referenced above. The purge sidestream generally contains VAM,
HOAc, H,0, EtAc, and AcH in various ratios depending upon the number of trays in the azeo-
column. The sidestream, for example, may contain ~17.5% VAM, ~9% H,0, ~61% HOAc,
30  ~0.6% AcH and the EtAc is concentrated up to ~15.5%. The VAM unit eventually must dispose
of the EtAc impurity resulting in an efficiency loss plus the energy and equipment costs

necessary to concentrate the EtAc. Ifthe 0.16 wt% EtAc formed in the reaction step must be
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wat er,
this stream produces a crude EtAc product (>94% assay) containing HOAc, water, and a low

20  concentration of light-ends (some from the crude VAM and some produced by the
hydrogenation step).
The invention is further appreciated by reference to the following examples, wherein

materials, procedures and results are summarized in Table 3 and further described below.

25  Examples: Hydrogenation of VAM to EtAc

General Procedure: A 300 ml autoclave with stirrer was configured as a batch
hydrogenation reactor for testing both Raney Nickel and Pd/C hydrogenation catalysts with
either para-benzoquinone inhibited VAM or a synthetic sidestream VAM mixture. Hydrogen
uptake was measured by pressure changes in a ~2500 ml H; reservoir used to feed the reactor H,

30  through a pressure control valve used to maintain a constant reaction pressure set-point.
Temperature control was generally accomplished by the flow of chilled water through an

internal autoclave-cooling coil after initiation of the reaction by starting the stirrer. Reaction



20 concentration of |ight-ends (some fromthe crude VAM and sone produced by
the hydrogenation step). The invention is further appreciated by reference

to the foI@g%({bg,sepganpl es, wherein materials, procedurp@r@mog,(ggﬁbts are
sunmarized in Table 3 and further described bel ow. 25 Exanpl e

Hydr ogenati on of VAMto Et Ac Ceneral grocedure. A 300 ml aut ocI ave with
stirrer was configured as a batch §/ rogenation reactor for testing both
Raney Nickel and Pd/ C hydrogenation catalysts wth either para benzoqui none

i nhi bited VAM or a synt hetic sidestream VAM m xture. dro upt ake was
neasur edsaplesmessepliscteh agethe regctgr vigsgintargd Wnlﬁ@s‘-‘éﬁebﬁlt?n %mtms p agetint he

reactor 2. 30c50 %qgho% RafRS, Léffﬁdlﬁ&ﬁt é)@%ﬂ:‘ﬁ@ﬁtéﬂ%a{és% tteﬁ)ctmaﬂ%ﬁ Ahagfcé‘sonst ant

reaction pressure se erat'dre control was gener conpl i shed
by the fweawimiudetid TdﬂeMttmhed)nrRraqiDnaunes|(mtrwtmhﬂlst@im®bh:v3eﬂeﬁanm thadlzcoi |

after initiation he reaction b a th rer actio

3006, 05SSR RE sEon St PRl ioh SFHF el haBRF TRl o
Via & sistremnaavittiROAtL estaiding@bactibh t:kalrgetagmé Rit®inise@inae dxpefimehfiava Gral ave.
React i on charg condi tions, experi ”Z‘Sa% data,, and reactor sanpl e anal yses
wer e i ncRyged IQIWM%F@Bed(‘QQFra‘Eﬁ%Vd)Ra £i 4555 VRgRY) ies Ripseddhres tigiea #ithn Tabl e

3 refer l'sgprwa%or&d gﬁthuﬁﬁl HOMR in A\Ipml ﬂﬁ@knafdxhéntwasmsﬁﬁe@ta%a B@pta@ddi tion
of H2 to determne (he conpatibility 5 RaNi HOAc contai ning reaction

char ges. wirlheddRagual 4O |WMh@hlb&1§b‘NliﬂhE$@ £5Q%@HM§ éddeﬂaﬁél};ﬂ adlsfp@thw stored
under | dAb

|sopro\p,)vzl];‘r?o%moﬁgV w%ﬁjﬁéﬁgﬁ]ﬁawwﬁﬁelg?%g’wﬁp daés)ﬁ? ﬂﬁgﬁg{n&ﬁg’g ansferred
(to the anpm)cfcbra@ehoum tThe pdaiuci ample \Ib‘KBtgreen\MMleddbirasedalwetdhop&@amaﬁgz ppnm was
added to th ut.ocl t V, N2to-115
si g, amPSkook e B 2e bt VB P E o8 A PR A T Rt th
product SaBihentwas réfeeRd ukifig ﬂﬁhﬁfpr@.ﬁdol\tmﬁe aaawze(dmmm@ma&aan oPpm N,
0.18wm % H20O, 77.22 wt % VAM 0.39 W % Et Ac, 21.67 wt % HOAc. The prelimnary
exper | meHPARAR theé??@areah%gﬁoﬁgcttfwa thisgptt Saa A6 Withhagcolgyand yras Angszerdne

rinsing wma%ﬂ@'ntvwmz@ z4m%@oﬁrban5ﬁa¢éw7s vawmdmtcw%h s test was

clear with no color and was analyzed to contain 0.2 w% 22 W %

i soptopaproblemamgrerabsarsedvvit Waltoppen] duiriadrdstrice of HOR Qv wing Redfigesmbedr ved
with isopr | t e of HOAc when using RaNi resulted in
unaccept ab Qcacgﬁtaileﬁ%ﬁs(%llsgﬁlbﬁlhﬁo(g%sses Raney N Catal yzed Hydrogenati on
(Exanpl es 1-6)

Raney Ni Catalyzed Hydrogenation (Examples 1-6}
Six batch autoclave RaNi catalyzed VAM hydrogenation runs were conducted. The first
20  experiment (Run-173) was made using the reactor charge from Run-169 (above) at a pressure of
110 psig, stirrer rate = ~1500 rpm, target temperature = 50°C. The peak temperature from the
exothermic reaction was 85°C.

Example 2 was a repeat of the previous experiment with a fresh charge of RaNi (washed

only with I-PrOH) conducted at a pressure of 105 +/- 2 psig, target temperature = 50°C (peak =
25  61°C), and a ~1500 rpm stirrer rate.

Example 3 was also a repeat using another fresh charge of catalyst. The peak
temperature was 54°C and the pressure was controlled in a range of 100 to 105 psig at a stirrer
rate of ~1500 rpm.

The reactor pressure was increased to ~204 psig for Example 4. The reaction

30 temperature target was 50, but briefly peaked at 89°C about three minutes after the stirrer
(~1500 rpm) was started. The RaNi charge solvent exchange for Example 4 was attempted with
just VAM to rinse off water from the catalyst, but the water reacted with the VAM resulting in



Si x batch autoclave RaNi catal yzed VAM hydrogenati on runs were conduct ed.
The first 20 experinent (Run-173) was nade using the reactor charge from
Run- 169 (apgueosodtisp Pressure of 110 psig, stirrer ratgerudfafossy target
tenperature = 50C. The peak tenperature fromthe exotherm c reaction was
85C. Exanple 2 was a repeat of the J vious experinment with a fresh charge
of RaNi (washed only with I-PrOH) conducted at a pressure of 105 +1- 2
psig, target tenperature = 50C (peak = 25 61 C), and a -1500 rpmstirrer
rate. Exanple 3 was al so repeat _usi ng anot her fresh charge of catalyst.
The peakolidssiigingiuie laégﬁzﬂ&@ Wrd far i RsEeRPS t%%‘&‘étlﬂ‘h ¥¢IPRRd 4 geel r ange of
100 to ch’fsr,pﬁlu%a bvoutitn wds@oted! Al fevPlatal s OfardPWhs rified GSRACHRI-PROBSSUT € Was
increased to -204 psig for Exanple 4. e reaction 30 tenperature target was
50, but pededfirey Adtoak agw MAMIdobition wWap pepared utieg VAM &om 4185 gallondeym (- 1500
rom was stagted, Th .. .charge sol vent exchange for Exanple 4 was

at t enpt e%%%#pﬁﬂ%g%%lggﬁ nse off water fromthe catal yst, but the water
reactsed w t h BxhmpMAVhseéd s diteth cigrderof \RBN2 HAGWASHE B3 SBCWith SROAPHLOBFRBBvedl 5

solids sti.ckj to the 125 ml _fl for .the rinsing steps, the solution
devel _opZ’éf ‘gfhéiprg@ﬁs toggmgYe mﬁ?{d’fﬁﬁg'ﬁ(?gf 33\36?‘?‘3&&%“%?@8’.” aﬁg\ﬂfn&ﬁ"t‘e&l@st char ge
was I i nsg&qodsirBgshotittht i, Bd pradE@e Qds Fepulafdds 105/ 3atgVAM the eelrarQhtdtiagn was

prepared using VAMfroma 55 gallon drum wth -52 ppm para_benzoqui none. 5

Exanpl e 8 50@ gran.aT e duklecrbtieneexghangs fethod aesultedsing lpwiwatsrseat” Y™ i sopr opanol
fol |l owe rinses to renove nost of the I-PrOH The reaction
terrperagll}’g{a&é\?v%@%nﬁmht ained at <51C throughout the run, the pressure was
(regullat ed at Ex@fple-Bwpsi gpeaantitht IsamplerSrusingribe Ba/adoublG@ivenpenchaige doubl e

sol vent exchange t hod resul ol | ow.wat er. " neat ., VAM .;hydr ogenat i on
on. 10 B fithrecis i Bpefalitat “Brotade eptidb S on i ot PN IRE e

sol vent sexehargeas deetebed bydalfencIi0apmt dilipekatherirewaf notidéGlyalesh oi@ACdd AN
pressure of --101 prig.,However, the stirrer rate s decreased by half to
-750 r prife tpwer %‘%&’ﬁ@?gﬂ’@\%’g\iﬁé‘ﬂa&%%Wﬁ eéé?“ﬁp%%ﬁh%mﬁ at the lower stirrer
rate and the H2 uptake rate was essentially cut in half 15 Pall adi um on

Car bon Cat al yzed Hydrogenati on (Exanples 7-9) Three experinents were

condidct &tlladgipvmopniigrbaint avalvzad Hydsegenatipndfinamples 7%he Pd/ C
Three experiments were conducted using PMC 5% Pd on a carbon support. The Pd/C

contained 58.13 wt% H,0. The catalyst charges were adjusted for water content and were
reported in Table I on a “dry” basis.
Example7 utilized HOAc, H20, EtAc, VAM, pBQ and the Pd/C catalyst to approximate

20 hydrogenation of a VAM azeo tower sidestream. The run was made at a pressure of 107 +/- 3
psig at a temperature of about 50°C during the first 30 minutes. The hydrogen feed vessel
showed no drop in pressure after about 4 minutes reaction time even with a ~10°C increase in
the reaction temperature for the Jast 35 minutes of reaction time. The stirring rate was ~1000
throughout the run,

25 Example 8 was a repeat of the previous Pd/C catalyzed experiment, Example 7,
including an increase in reaction temperature from the initial target = 50°C to 60°C during the
fast 30 minutes. The stirrer rate was ~1000 rpm during the run and the pressure was maintained
at 103 +/- 3 psig. No H; uptake was observed after the initial 6 minutes of reaction time,

For example 9, the reaction vessel was charged with only Pd/C catalyst and VAM

30  inhibited with 50 ppm pBQ. Operation was at 106 +/-3 psig pressure, initial target temperature

~50°C during the first 30 minutes and 60°C during the last 30 minutes at a stirrer rate ~1000



cont ai ned 58.13 wt % H20. The catal yst charges were adjusted for water
content and were reported in Table | on a "dry" basis. Exanple7 utilized
HOAc, H2O wid A6s0s¥ pBQ and the Pd/ C catal yst to appr @girigbds/nisdso

hydr ogenati on of a VAM azeo tower sidestream The run was nade at a pressure
of 107 +/- 3 psig at a tenperature qf about 50C during the first 30

m nutes. The hydrogen feed vessel showed no drop in pressure after about 4
mnutes reaction time even with a -10C increase in the reaction tenperature

for the |ast_ 35 m,nutes n The stirrin te

b ough ol HiE aHeDESTERs AT A TR A i e E o S SM0e ol yzed
experi mepfk firdeX@Mlted, HydREENGhRIE stdppbd&i@aI6 niiftésSasdioR finfeenper at ure from
the initial target = SOéto 60C during the last 30 mnutes. The stirrer

rate was -100@%@%’”@01’@ wgulistappean in Bigdrehe pressure was mmintained at 103
+/ - 3 psig. I\,Qs E?ll HQ@g&IMﬁ&Qﬁg%%%afﬁ regpﬁ"le Faé&fvﬁk oﬁle\)i‘H%Mcﬁ“ﬁ teatl n:
reaction tinme. For e , the réactioh vesse har B8 ?
cat al yst toafitelc WAMgBEd fon Ialllof tled:xpartrﬂmnﬁ(b rtpqsnﬂ;i@Qhe @pteclavé smrewa:e.‘e eedel6 +/ - 3
psi g press o Lnitial. t ratur ng.the first 30.,m nutes
bna s SiErsite it it B Hibnc, ML oS ppevel bl dfmired S 5855 1 62
PCTI US2008/ 382 8Qrt tikee wiyased hetheraatdartimd o kerb forsalIngaite Hééd%gdnéwseswlytzad in a
maxi num t enperature of 59C during the first _ten mnu drogen upt ake

st opped #fte@avecxpermelit e itheugapd ﬁcttcpwaarlsope@ﬁm&aéﬁpapﬁawaﬁeé fivegn Baear in
Fi gure 3,, ¥y michyoed ﬁlﬂpwh@ttrﬁﬁefFlgmeTﬁmoevsﬁmr fr@UehSvAhfie sel ectivity
of VAM hy rogenati'on 5 to EtAc was good fo |1 of the experinental runs.

(Al s0}0 t hbydnegeoatien/mins atthree diffesang amfa@i@veestlrrnmate@eﬁm Balli qatadyzed cwnsiweremadgpt ake.
No H2 uptak I S [ J4&r start
ti me was ug Wﬁ?ﬁe%ﬁwzgﬂ?lyg bt H%Q%nzgtégfor a‘[gipglt"?’ 'Etg%ﬁe l'Eul(;dr%oag]E‘é eous

cat al yzechtalgsnrcmmdeattmomxperfhﬁht(wlw)AMhhlf@lm amdtat leading peppectisolovwefedithe ti al H2

Shovs  pl GGV el R e 0 Pho ARt GO e BEF DRSS THBE He PRAVELVBR for on

aut ocl av gorfardblEbetivadtthe NTagd Rabitalgad & ware thelreitsomaits, eRJe0.068 +LQoghl y a 3%
cat al@l}éSt concentration. The 5%°d/ C experinents were nmade at a | ower

cat a|1 § st emelebEnpteden e V AM Sydrogenation s gandugird wHbewt SR Ac. nEiea3 TY salen!afgd
pers pect YR (hOMehsidkd Jags G 1adf¥ﬁetmhsqueih Jamyie) QZS‘S%&# 2 %E ‘?@%6&?”

conpl etion (as fneasure e-up) ‘were etween the Ni
and Pd céxdbgisg shedewetirrer mamndélaghnrcmumamésn the. ager,agct) 665 VWMmydl@genatzon

molar conversions were high (>95%) for most of the experimental runs (excluding the first RaNi

Pd/ C

and Pd/C runs). The VAM concentrations varied from 0.02 — 1.12wt% in reactor product

20 samples (excluding the initial experimental run)

Impurities such as HOAc and AcH are consistent with VAM hydrolysis and EtOH can
be formed by the hydrogenation of the AcH. Ethylene and HOAc can be generated from VAM.
Ethylene can be a source of butylenes and hydrogenation of ethylene to ethane and butene to
butane would be the expected subsequent products.

25 The liquid phase, heterogeneous catalyzed hydrogenation of VAM and mixtures
containing VAM was thus demonstrated with high conversions (>95%) at good space-time yield
(STY) reaction rates using mild hydrogenation conditions (i.e., 100 — 200 psig, <90°C).

Both Raney nickel (RaNi) and palladium on carbon (Pd/C) heterogeneous catalysts were
tested with Specification Grade VAM, and the experimental results were fairly equivalent.

30  Vinyl acetate hydrogenation in solutions containing acetic acid concentrations of 60 +/-5 wt%
were also tested using Pd/C catalyst with good results. However, the RaNi catalyst system was

found to be applicable to only catalyzing hydrogenation reactions of VAM with low HOAc



15 gnol e/ m nute for the VAM hydrogenati on runs conducted w t hout HOAc. The
STY calculated fromthe H2 uptake rates for all of the runs (both

catal ysts) “iseigz T/ -2 grol e/ Liter/hour (excluding t LyLer rate
and hi gh pwggzg?ﬁoes‘ rans in the average). The VAM hydr ogeﬁg[llbgérel{og&r‘;'g{sgr

conversions were high (>95% for nost_of the experinmental runs (excluding
the first RaNi  and Pd/ C runs). The VAM concentrations varied fromO0.02 -
1.12wt % i n reactor product 20 sanples (excluding the initial experinental
run) lnmpurities such as HOAc and AcH are consistent with VAM hydrol ysis and
Et OH cancontest dusrtenghe High sdiebihiydf oisbeldn Hé @ Mhichaestiipll inrxhgssiva Kablndatéiic can
be generl%t ed fromVAM Ethylene can be a source of butyl enes and
hydrogenaf%e%n of ethylene to ethane and butene to butane would be the
expect ed subskgpeductpmnpaittdsssuck as, tthend, boand aphBsene wWat proigesdca biigheat al yzed

hydr ogenati on of  VAM m xt ur cont ai ni ng VAM was t hu enonstrated with
hi gh con%P%‘i‘%ﬁ’é‘”@i}@%ﬁéﬁaﬁata&%dﬁgwcf@r-nﬁuﬁﬁ “S??éflsﬂme‘\é\%‘hf)‘”? E&g’?g"é‘ﬁ“?r‘a&es usi ng
i | d sy dsRpaaink Orhs 628 Fbrincans tHeiloW-acetikARid-PdAD CatM§ stGxpar i) - ABQbR Raney

ni ckel (RaN ) and pal | adi um on carbon (Pd/C) heterogeneous catal ysts were
t est ed wiorthatSpeakring BalNi pHs @rag ddrityiad to dpley drogenatiopf iseprepanc! pessiup rigseer e

fairly LV, Bt R 38 Mida¥h } ate hydrogenation in solutions containing
acetic :\g%{ 1i(i’:l‘%)[ﬁceentratrlyons 8 gO +/-5 wt% were also tested using Pd/C

cat al yst wi t HnijiebH: ngskd fages updshfevRaNi exheinRalN werat-4B geiolesiighiraml Ossig f ound t o
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rone o Gor sl G AP s GRS AR e Gl s R et 11 ¢
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By- pr oduct inﬁjri ties, such a%,& et hzn(gé,bu‘&anei, and butane were produced in
hi gher  QREeR(EY far datchsrartoRsraneieidd 2t St b yas t AU B R B PRt TShVarked 18 umred to
be via hyminqgessy ipaharl wer® aBb FotngRELARY divestyakRBodsAlWeh ihe thhgkeynacet i c
acid Pd/ C catal yst eggerl ment. Acetone formation during RaNi runs was

at t ri but Bahey aicehyelld e futtirefprest catalysp#isisanior a igan-aleng”i Fide progaetian unitom t he
RaNi re j : Lt ; or RaNi experinents were
-43 gmﬁglét;v’iﬂgggf&m %E%Jg@%(eg%s“?gk?%ﬁ%%gﬂ?Z?dé?9%‘&3 and -1500 rpmstirrer
rat ek Doubl i Sygetglintic cegoeducti@peti dAMrgd fitss sithe invéftidnas p&Bagrmgst spydiselle an

obser ved BRIt o ok S AP B OB SR 158 AT 85 O b e G- PRIt GUE BRI  or r at es
Wer e varéafhgk hf3btiated with building a larger VAM unit necessary to supply VAM sales and to
supply EtAc feedstock. Other advantages of VAM/EtAc co-production are: 1) the elimination
of the current azeotrope tower waste stream (~1% of VAM production) required for EtAc
20 impurity control and, 2) the need to used catalysts and VAM reactor conditions that are designed

to minimize EtAc production.
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While the invention has been described in connection with several examples,

modifications to those examples within the spirit and scope of the invention will be readily
apparent to those of skill in the art. In view of the foregoing discussion, relevant knowledge in
the art and references discussed above in connection with the Background and Detailed

5  Description, the disclosures of which are all incorporated herein by reference, further description

is deemed unnecessary.
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PCT/ US2005/ 038289 20 Wil e the invention has been described in connection
with several exanples, nodifications to those exanples within the spirit
and scopeMﬂ.Lr‘?imﬂﬁﬁilﬁh will be readily apparent to those of skill in
the art. In view of the foregoing discussion, relevant know edge in the art
and references discussed above in connection with the Background and

Detai | ed 5 Desgri pt iA0fethbdef €6-prIdasinp @myDicerdid &l @hyl adttatel OmPER@AEAt ed herein
by reference, further description is deenmed unnecessary. 21 WHAT IS

CLAI MED | &) 1. reaciigg miw oF, asstigrasiflienchgxxachyic fes ey %ﬁ%@“é?ﬁ‘i/lat Hask at e
conpri si ngﬂn Ju%? a%Et'ﬁ%él ene, acetic acid and oxygen to form vinyl
acetate an eas m nor’amount of ethyl acetate; (b) providing a crude
pr oduct s(lf)earrpmumag alcngietplmduct stydamacoatanieg dedvieylhaektatecaiti stleyl atetate of

step (a) and acetic acid to a distillation tower;

(c) separating the crude product stream into:
(i) a vinyl acetate product stream enriched in vinyl acetate with respect to the
crude product stream;
(i1) an acid recycle stream enriched in acetic acid with respect to the crude
product stream;
(iii) a mixed sidestream containing vinyl acetate and ethyl acetate, the mixed
sidestream being enriched in ethyl acetate with respect to the vinyl acetate
product stream; and

(d)  hydrogenating vinyl acetate in the mixed sidestream to provide an ethyl acetate

product stream, wherein the vinyl acetate in the mixed sidestream is catalytically

hydrogenated.

2. The method according to claim I, wherein vinyl acetate in the mixed

sidestream is catalytically hydrogenated using a Raney Nickel catalyst.

3. The method according to claim 1, wherein vinyl acetate in the mixed

sidestream is catalytiéally hydrogenated using a palladium/carbon catalyst.

4. The method according to claim 1, wherein the step of hydrogenating

vinyl acetate in the mixed sidestream is carried out in a CSTR.

5. The method according to claim 1, wherein the step of hydrogenating

vinyl acetate in the mixed sidestream is carried out in a fixed bed reactor.



step (a) and acetic acid to a distillation tower; (c) separating the crude
product streaminto: (i) a vinyl acetate product streamenriched in vinyl
acetate with respect to the crude product stream (ii) an acid recycle
streamenriched in acetic acid with regpect to the crude product stream
(ti1) a mxed sidestream containing vinyl acetate and ethyl acetate, the

m xed sidestream being enriched in ethyl acetate with respect to the vinyl

acetate produgt st : r natq I i LP gL i xed
sidestreamto gf ovi @@%et%c%@gé@tgtcggﬁpgo uctr%g{?l)sg%lﬁg%vi%?pe?ﬂdl%@gngi nyl

acet at e i rthe ttbylracetetd psodiesitre@am i s catal ytically hydrogenated. 2. The

nmet hod according to claim1, wherein vinyl acetate in the m xed sidestream
is catalytically hydrogenated using a Raney N ckel catalyst. 3. The nethod
accordi ng to cl7ai m The whethed accordmyg tcadaima b ewhercinhbe sieped digillidestheethyl i s

catal ytically hydrogenated using a palladium carbon catalyst. 4. The net hod
accor di ng a[“?ﬁ%l"ﬁ?‘#ﬁ%“ﬁﬁé? garHed ﬂ%t “ESF'&? %’Fglﬁ%P@ﬁE’Hé?Wﬁrg vinyl acetate in
the m xed sidestreamis carried out in a CSTR 5. The nethod according to
claim1l1, wherei,n the, step, of hydrogenat,.n vi.nyl. etate in the mxed

si destreamis §a_r ri EHC dﬂ%h?‘; aﬁgqrfj'%gqtobgﬁm?éaé”flﬁ em 3@3 V&y?ﬂ‘fgt_a#ef’ﬁ’%é

accor di ng st-8ark biteR &) idf shbiRial SUMRZESHIPE thik@urs beRaef asl ﬁih%ﬂ dcefags. the ethyl
acetate product stream 7. The method according to claim®, wherein the step

of distilling the ethyl acetate product streamis carried out using a
single distillationTheWséthod acddi@ingebheldinaac idied® thed vy atethte phoAL&I N t he
vinyl acetate product stream of step (c) is substantially an azeotropic

m xt ure oftrogn eenizingless thon abeus 04028 wegght ppisentethybaced®eor ding to claim 1,
wherein the vinyl acetate product streamcontains |ess than about 0.025

wei ght percent ethyl acetate. 10. A method of co-producing vinyl acetate and
ethyl acetate ¢BnpriAshetod phyo-pgdesingyinyt sptadnand cilad pretats CPRPERBEoXygen t o

form vi nyl(a)ace{‘é’%ﬁng’ﬂ@ﬁllyf’e%e,l £&%t Rid and oxygen to form vinyl acetate and at least a
minor amount of ethy| acetate;
(b)  providing a crude product stream containing the vinyl acetate and ethyl acetate of
step (a) and acetic acid to a distillation tower;
(c) separating the crude product stream into:
(i) a vinyl acetate product stream enriched in vinyl acetate with respect to the
crude product stream;
(ii) an acid recycle stream enriched in acetic acid with respect to the crude
product stream;
(iii) a mixed sidestream containing vinyl acetate and ethyl acetate, the mixed
sidestream being enriched in ethyl acetate with respect to the vinyl acetate
product stream; and
(d) hydrogenating vinyl acetate in the mixed sidestream to provide an ethyl acetate
product stream, wherein the ratic of mass flow rates of vinyl acetate in the product

stream to the flow rate in the mixed sidestream is from about 10:1 to about 2:1.

11.  The method according to claim 10, wherein the ratio of mass flow rates
of vinyl acetate in the product stream to the flow rate in the mixed sidestream is from

about 6:1 to about 3:1.



A

m.nor anount of ethyl acetate; (b) providing a crude product stream
containing the vinyl acetate and ethyl acetate of step (a) and acetic acid
to a distillation tower; (c) separating the crude product streaminto: (i) a
vinyl acetate product streamenriched i,y vinyl acetate with respect to the
crude product stream (ii) an acid reC); | e streamenriched in acetic acid
wWith respect to the crude product stream (iii) a m xed sidestream
containing vinyl acetate and ethyl acetate, the m xed sjdestream being
enriched in etHyl addednehed @Worcﬁ%éfb@lat%lt Waesgimipe siepephteacting ghylere. st r eam
and (d) h i Loyl t L0 jxed sidestreamto provide an
et hyl acet)ég'{tgcga%pr ogﬁgéﬁﬁggﬁﬁgfﬁgﬁéhﬁhéﬂgp[r%%éi o of mass flow rates of vinyl
acetate in the product streamto the flowrate in the m xed sidestreamis
fromabout 10:1_to out 2:1. 11, The nethod. according top claim10, wherein
the rari o of mads r iBa hethed accsiding iy pIake dy Haeim e R LSRNt AU 1 o ¢ he
flow rate,ididRR PR Heak{c@dM inShé (4% pRAeUt 6:1 to about 3:1. 23 12
The net hod according to claim1l, wherein tﬁe step of reacting ethyl ene,
acetic acid and oxygen is carried out in the liquid phase. 13. The net hod

according to cl.aim wherei,n_t he,. st f. react.i et byl ene,. cetic acid
and oxygen is &grri é&eoﬁlte OH ?%8@5%%5 %ﬁlgggl.%’ 1‘ﬁﬂg?ﬁen?%ef?‘?880%2%eg‘ﬁﬁnng to
clai m 13, ciyene) fcetibacieasd brygehabWean vigll hivteres Atdizes wagi d panadiomygen to
formvinyl acetate is catalyzed with a palladium catalyst. 15. The net hod
accor di nge#talyel ai m 13, wherein the reaction between ethylene, acetic acid
and oxygen to formvinyl acetate is catalyzed with a pall adi unf gol d

catal yst.
15. The method according to claim 13, wherein the reaction between

ethylene, acetic acid and oxygen to form vinyl acetate is catalyzed with a palladium/gold

catal yst.



