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:INTEGRA TEif PROCESS FOR THE PRC>;DUCTION OF VINYL 
-~\:· 

., :: ACETATE AND/OR ACETIC ACID 

PROCESS .. ·· 

·-Tne present inventl<>n':tbtates generally to an integf~ted process for the production . . ·. . .... '/ .. . . 

of acetic acid and/orvl~yl':acetate and in particula(fo an integrated process for the 
produ.~tion of eith~r .a~~~ib acid or vinyl acetate c>r;,both acetic acid and vinyl 
acetate in any pre"'.deteriliin~d and variable propor:t.iC:ms from a gaseous feedstock 

5 comprysing ethylen~.,an~/cii- ethane. . . 

: Acetic acid~~s~iULas a feedstock for the-production of vinyl acetate. may 
be prepared by sevetal:ihethods as commonly practiced in the industry. for example 
by th~ ·liquid phase C,~~~b:nylation of methanol and/Cir a reactive derivative thereof in . . . ·.. . ·~ 

the presence of a Gr0Up/yn1 noble metal catalyst. an alkyl iodide promoter and a ·•· .·. ·.·.···· .. ' 

IO . finite cpncentration ~fW.ater; however this process,qoes not readily lend itself to 
•'. ·.··· .. '· 

integration since srrtill .qt..~~tities of iodide in the ~cid are known to be poisons for . ···.~.: ... , 

palladi~m-based vinyl a<Setate catalysts. Alternatix~Jy, acetic acid may be produced 
by the catalytic oxiditi()h,:}~f ethylene and/or ethan~.:: However, this process though 
attractive from thep~iri~:(:>rview of integration. suffers fro~ the disadvantage that 

15 large quantities of~~tef:~r~ produced as a by-pr()dtict of the process .. Moreover, 
in a preferred method oi\6~eration water (steam) +;,~dded to the feedstock to · ..... ··. ·. ·:,-.• ... 

jmprove selectivity~ >This~.:artd the generated watef)requ~res removal. necessitating 
expensive product sep~atirio. ;-;.< "·. 

Vinyl aceta~ is g~n'~rally prepared comme~~1~11y by contacting acetic acid 
20 . and et~ylene with mbl~dil~r oxygen in the presen¢Jj6r a catalyst active for the 

production of vinyl,~eet_~te.,' . Suitably. the catalyst:: ~~Y comprise pa_lladium. an 
alkali metal acetate proir&oter and an optional co-ptqmoter (for example. gold or 
cadmi~·ITI) on a catal~st ~µpp~rt. Acetic acid proJ~~¢d. by carbonylation generally 
requires extensive pµrifi~titin to remove inter alia'.i~·dides arising from the catalyst 

25 system:.generally e1~~Jci~e~·p~cause iodides are re~o~nised as potential vinyl acetate 
A • :•.; ./'.', ••' •_",: 
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catalyst poisoners. The ethylene feedstock generallyrequires purification to 

·remove i~ert hydrocarbons such as. ethane present i~;pr.~cker _products. 

Altemati~ely, the process for the production of vinyr::~cetate requires a eostly 
: ·.:...·· 

purge to r.emove the accumulated hydrocarbons. · •.• 

s· Combinations of processes for.producing viilyf~cetate are known in the art. 
. -~ 

Thus, GB .. A-l, 139,210 discloses a vapour phase pro'¢ess for the production of 

. unsaturai6i organic esters from a feed mixture con~i~tihg pf an alkene and an 

oxygen-c~ntaining gas which does not require the pr~~ence of an organic 

carboxylic acid in the initial reaction mixture and, mQ(~ '.specifically, for the 

l 0 preparation of vinyl acetate from ethylene and oxyge~}:·in the absence of acetic· acid 

in the initlaT feed mixture. The process comprises cotjtacting a gaseous feed 

comprisin~ an alkene and an oxygen-containing gas ~ith a c;:italyst comprising a 

p~lladium' - or platinum - group metal or metal compopn,d supported on alumina to 

obtain a reaction product mixture containing the unsa.t\rrated organic ester. the 

1 S catalysts preferably being in sequence. The disclosur{does not mention the use of 

mixed hydrocarbon feedstocks. the production of wa~e.r and its removal. the 

recovery of acetic acid, or indeed any details of the vafious items of plant employed 

or their inter-relationship. 

Research Disclosure, June 1992, page 446, disCloses a process for the 

20 production of an acetic acid-containing product from ~thane and/or ethylene which 

comprises:· 

(i) reacting ethane and/or ethylene with oxygen in, ~,an oxidation stage to 

produce aq acetic acid-containing reaction product n:1ikiure containing, in addition 

to the acetic acid, unreacted ethane and ethylene and/Cl~ unreacted ethylene and 
. . . . . 

, 25 carbon monoxide. optionally together with carbon di()~i~.e and water; 

(ii) su~jecting the reaction product mixture with (if Without separating the 

acetic acid to a!l oxidation in which the carbon mon~iid~ is selectively 9xidised to 

carbon dio:xide in the presence of the unreacted etha?~~~?d ethylene. and/or 

unreacted ethylene~ 

30 (iii) removing the carbon dioxide from the mixtur~i;'a~d 
(iv} ·.. recycling the unreacted ethane optionally tog~~her with the ethylene. and/or 

the unreacted ethylene to the ethane and/or ethylene .9~id~ti0n stage. 

In an embodiment of this invention reaction p_i.;Hdiict from step (ii) 

comprising acetic acid, unreacted ethane (if present) a11d'eth~lene is passed with or 

35 without carbon dioxide and water removal to a react0f·l1~ving a suitable catalyst 

2 
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for the;production of ethyl acetate ()r, with additi<>ltof oxygen, for the production 

of vinyl acetate. There is no mention.in this discl~sure of the recovery of both 

acetic acid and vinyl acetate, nor of the role (>fwa(~~--
GB-A"'.1209727 discloses a process for pr:e.p~fing vinyl acetate by the 

5 catalytic-oxidation of etbyl_ene in the presence ofitd~tic acid~ which avoids the 

accumulation ofimpuriti_es in the recycled gases an(j-at the same time supplies the 

necessary acetic acid for preparing the vi~yl acetat~_.: __ the process being essentially 

characterised by the steps of d~awing a convenienftf8.ction of the recycled gases 

from the reactor in which the vinyl acetate is form~~{~atalytically oxidising the 

lO ethylene contained in said fraction to acetic acid with the aid of gaseous oxygen 

and ·supplying the acetic acid formed to the reactor in which the vinyl acetate is 

formed, the conditions being such that the contend:>( by-products in the recycled 

gases is kept below 20% by volume. and the amount ,of acetic .acid formed is 

_ ·sufficie~t to replac_e the acetic acid consumed in thf preparation of vinyl acetate. 

15 No mention is made of the use of mixed hydrocarbon f eedstocks. nor of recovering 

both acetic acid and vinyl acetate as products, nor of'co-produced water and its 

role -in the process. 

20 

There is a need for an integrated process capable of producing at least one 

of the products acetic acid and vinyl acetate. 

Accordingly the present invention provides ~r_l integrated process for the 

produ~ti~n of acetic acid and/or vi_nyl acetate which: ~omprises the steps:-

(a) contacting in a first reaction wne a gaseous feedstock comprising ethylene 

and/or ethane. and optionally steam. with a molecul~r oxygen-containing gas in the 

presence of a catalyst active for the oxidation of ethyl~ne to acetic acid and/or 

25 ethane to acetic acid and ethylene to produce a first.;product stream comprising 

aceti~ acid. water and ethylene (either as unreacted: e.tl~ylene and/or as co-produced 

ethylene). and optionally ethan~. carbon monoxide,_:~~-rbon dioxide and/or nitrogen: 

(b) contacting in a second reaction zone in the ~-~e-~ence or absence of 

additional ethylene and/or acetic acid at least a port,i~:~ of the first gaseous product 

30 stream comprising at least acetic acid and ethylene an'd optionally also one or more 

. of water. ethane. carbon monoxide. carbon dioxide;aij'dtor nitrogen with a 

molecular oxygen-containing gas in the presence of~:i~*-talyst active for the 

production of vinyl acetate to produce a second prd~frpt ~tream comprising vinyl 
/ ,. 

acetate. water, acetic acid and optionally ethylene~ ',f~:· 

35 (c) separating the product stream from step (b} ~~·,distillatil)n into an overhead 

.. 
·' 
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azeotro~e fraction comprising vinyl acetate and water and a base fraction 

comprising acetic acid~ ·. . 
(d) · either (i) recovering acetic acid from the b&Se:Craction separated in step (c) 
and optiOnally recycling the azeotrope fraction sepaf4iec:l in step (c) after partial or 

5 complet~ separation of the water therefrom to step (J)~ . 

10 

.,-·:.:··-

or (ii) recovering vinyl acetate fro~ the azec>irope fraction separated in step 
(c) and ()ptionally recycling the base fraction separat~(! _ip step (c) to step (b). 

-~r (iii) recovering acetic acid from the base fr.~¢tJon separated in step (c) 
' . . ,, .... 

and recovering vinyl acetate from the overhead azeotroj:>e fraction recovered in 
.:>· 

step (c). : .' : . 

--- --·The process of the combination of steps (a) t~,(c) and (d) (i) may be 

consider.:=d as a process for the production of aceti"c ~¢~d by the oxidation of an 

ethylene and/or ethane feedstock in which the co-pro~uced or added water is 

advantageously removed by distillation as a vinyl acet~telwater azeotrope, leaving 

15 a substanti.ally dried acetic acid product. the vinyl acetate used in the azeotrope 
. . .• ·;·. 

distillation being provided by reacting a sufficient portj;on of the acetic acid 

produced :.by the oxidation with ethylene (either prese~_t.as unreacted ethylene or as 

ethylene formed by oxidation of ethane) and molecular:oxygen-containing gas. 
The process of the combination of steps (a) to (t) and (d)(ii) may be 

20 considered as an integrated process for the production:·of vinyl acetate from 

ethylene .and/or ethane via the intermediate fonnation ;C)f acetic acid, the process 

having the following advantages over a process with entirely separate acetic acid 

production:-

(i) insofar a:s a mixture of ethylene and ethane is us~d as the feedstock it 
25 facilitates the use of cracker off-gases or a partially pupfied ethylene/ethane stream 

which might otherwise be flared or require to be furtheF:purified. The purge of 

inert hydrocarbons. for example ethane. is either remoy~d :O~ reduced because they 

30 

35 

can be oxidised in the integrated process~ .,> ·•. 

(ii) water co-produced with acetic acid in the oxidit.t'ion reaction instead of 

being removed can pass with the acetic acid to the vinyr~cetate production step. 

Thereafter_ it (the water) is advantageously separated b~,azeotroping with the vinyl 

acetate for distillative removal; .,;-. 

(iii) Infrastructures. utilities. and other features can·~~ qombined. for example 

only a single feed gas compressor and off-gas scrubbing' ~~;~tem is required whereas 
: . ; ':: ·': ~ 

separate acetic acid and vinyl acetate processes each req'U.ire their own teed gas 

4 
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compressor and off-gas scrubbing system; 

{iv) reduced intermediate storage requirements are needed as compared to two 

separate processes; 

Advantages (iii)"and (iv)'lead to reduced capital and operating costs. 

5 (v) .it allows for. heat integration; thus the ethyl~ne/acetic acid from the first 

stage may be passed to the second stage at the required .elevated temperature and 

with the acetic acid in vapour form without the ne~p ·for heat input to vaporise the 

acetic acid, as is required with separat~ acetic acid imd vinyl acetate processes. 

The process of.the combination of steps (a) to (c) and (d) (iii) may be 

10 considered as an integrate4 process for the production of acetic acid and vinyl 

ac-etite in any pre-determined proportions. This in itself is an advantage since both 

acetic acid and vinyl acetate are world scale industrial products. the relative 

proponions of which can be adjusted by the process of the invention to 
,.·. 

accommodate prevailing market needs. Moreover, only acetic acid recovered as a 

15 product need be dried. This is a major advantage when it is considered that about 

half the current world production of acetic acid is utilised in vinyl acetate 

production. 

In a first reaction zone a gaseous feedstock comprising ethylene and/or 

ethane is contacted with a molecular oxygen-containing gas in the presence of a 

20 catalyst active for the oxidation of ethylene to acetic acid ~nd/or ethane to acetic 

acid and ethylene to produce a first product stream comprising acetic acid. water 

and ethylene (step (a)). 

The catalyst active for the oxidation of ethyiene to acetic acid, and/or 

ethane to acetic acid and ethylene may comprise any suitable catalyst known in the 

25 art. for example. as described in US 5.304,678. U$ 5,300,682, EP 0 407 091, EP O 

30 

620 205, EP 0 294 845 and JP 06293695-A. ' , 

. US S.304.678 describes a solid catalyst acti,:ve for the oxidation of ethylene 

with molecular oxygen to form acetic acid, the cat~iyst cont~i~ing the elements and 

proponions indicated by the empirical formula: 

where 

M is selected from Cd, Au. Zn, Tl, alkali metals and ~11kaline eanh metals. 

. 35 a is from 0.0005 to 0.2. 

5 
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b is from zero to 3 a. 

c is from 0.5 to "2.5, and 

x is a. va,lue sufficient to satisfy the valence requir~m~nts _of the other elements 
present, and 

5 wherein such catalyst contajns crystaUine TiP207. 

US 5,300,682 desciibes a solid catalyst active.for the oxidation of ethane to 

form acetic acid and eth;1~rie. the catalyst ·having ih~:~l~ments and relative atomic 

propqrtions indicated by 'the. empirical' formula: . . . 

: . . . . 

where Mis one or more optfonal element selected from.Co, Cu, Re. Fe. Ni, Nb, 

c:;r. W, U~ Ta. Ti, Zi-. Zn, Ht:· Mn. Pt, Pd. Sn. Sb, Bi. C~. As, Ag, and Au, wherein 

a is 0.5 to 3, 

· 15 b is 0 to I, and 

xis a number determined _by the valence requirements of the other elements in the 

catalyst and wherein the cata:lyst contains crystalline vanadyl pyre.phosphate, 
(V0)2P207. •·. 

EP 0 407 '091 describe.s a catalyst active for the: ().xidation of gaseous ethane 

20 and/or ethylene to form ethylene and/or acetic acid whi~h catalyst comprises the 

elements A. X and Y in combina~ion with oxygen, the ·,gram-atom ratios of the 
elements A:X:Y being a:b:·c, .. 
wherein A= ModReeWf. 

. . 

X =Cr, Mn, Nb. Ta, Ti. V and/or W. and preferably Mr. Nb. V and/or W, 

25 Y = Bi, Ce. Co, Cu, Fe, K, ·Mg~ Ni. P. Pb. Sb. Si, Sn, J":l)md/or U. and preferably 

Sb, Ce and/or U, 

a= I, 

b = 0 to 2, preferably 0.05 to .l.O, 

c = 0 to 2, prefera.bly 0.001t~1.0, and more prefera~Jy_q.os to 1.0 with the 

30 proviso that the total value ofc .for Co, Ni and/or Fe ·i~)~~s _than 0.5, 
d + e'+ f= a. 

35 

d is either zero or greater than zero. 

e is greater than zero. 

and f is either zero or greater than zero. 

EP 0 620 205 describe~_a catalyst active for pro·~pcing acetic acid from 

6 
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.ethylene and oxygen which catalyst comprises (~):~etallic Pd and (b) at least one 
~· ' : . '. . 

member selected from the group consisting of b¢,~rqp9ly-acids and their salts and 

optionally ( c) at ·Jeast one .member selected from:·thJ°~roup consisting of metallic 

elements of Groups l B~ 4.B. SB and 6a of the P~~q~i~ Table of Elements. The 

5 heteropoly-acids may contain on~ het~ro-atom a~cl.'9n.e or more _poly.atoms. The 

hetero-atom may preferab!y be selected.from th~··:~rb~p consisting of phosphorus, 

silicon. boron, aluminium, :germanium, titanium, zit¢q~ium, cerium. cobalt. 

chromium and sulphur, and .the poly-~toms may pr~°(erably be selected from the 

group consisting of molybdenum, tungsten, vanadit.a'm,.niobium and tantalum. 

10 Component (c) may preferably be;-selected. fro.m ~ppp~r. silver, tin, lead, antimony, 

·bismuth,- selenium and tellurium. 

EP 0 294 845 describes a catalyst active fo,~ the oxidation of ethane to 
acetic acid and ethylene (as a by-product) and/odli(!.(lxidation of ethylene to acetic 

· acid comprising at least two different catalyst eniiti"es · · The first catalyst entity is a 

15 calcined ethane oxidation catalyst of formula: 
MoxVyZz 

in which,the metal elements are in combination wi'ih oxygen in the form of various 

oxides. In this formula Z can be nothing or one or Ji:iore of Li. Na, Be, Mg. Ca, Sr. 

Ba, Zn, Cd, Hg. Sc, Y. La. Ce. Al. Tl, Ti. Zr. Hf._"p'b~: Nb. Ta. As. Sb, Bi. Cr, W, 

20 U, Te, Fe, Co. Ni. and xis equal to 0.5.to 0.9. y is: equal to 0.1 to 0.4 and z is 

equal .. to 0 to l. The second catalyst entity is an ethylene hydration catalyst and/or 

an ethylene oxidation catalyst and includes one or 1nore of the following 

classifications: 

(i) a molecular sieve catalyst such as a zeolite Y, qr~silicate or an aluminophosphate 

25 or a metal aluminophosphate; 

(ii) a palladium-containing oxide catalyst; 

(iii) a tungsten-phosphorus-containing oxide catalyst:·· • 
.. ,··.:·. -~< -J'•. 

(iv) a tin-molybdenum-containing oxide catalyst. :: : : . 

JP 06293695-A describes the oxidation o(~tl~yl~ne to acetic acid in the 
30 presence of a supported palladium catalyst contairiit;gbne or more metals selected 

from chromium, vanadium, molybdenum and tung~te,h, ··. 

The catalyst active for the oxidation of eth~fe:r)e'.:and/or ethane may be used 

supported or unsupported. Examples of suitable s~6ports include silica. 
··.·,,· ···. , .. 

diatomaceous earth, montmorillonite, alumina. sili~~.iflJfi:nina. zirconia, titania, 
3 5 silicon carbide. activated carbon, and mixtures rhe1j~6't~> · 

. ·. · .. ; 

7 
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The catalyst active fur;:thb,C>Xieiation of ethylene and/or ethane may be used in the 
form of a fixed or flufdised'bCd. . . : '-~:-:: .. : .-· . . .. 

..;, 

The molecular oxrg¢n~containing gas used J~- the . .-flrst reaction zone may be 
air or a gas richer or:-~6(>r¢tJh:molecular·oxygen th4~ ~i~.- A suitable gas may be. 

for example, oxygen :dilute<! \vith a suitable diluent. for example nitrogen or carbon 
dioxide. Preferablyth~_~dlecular oxygen-containing-,g~s is oxygen. Preferably, the 

molecular oxygen-co~taj~in"~ gas is fed to the first teaction zone independently 
f~om the ethylene and/~t:~ttii!lle feedstock. . . 

The ethylene a~d/or'~h,ane feedstock of step :(a) of the process of the 

present invention may:6~_stibs~antially pure ·or may be.admixed with one or more of 

nitrogen. methane, car~~ri:d_i_?·xide. hydrogen. and l~w levels of C3/C4 

alkenes/alkanes. 
.. 

. . . 

It is preferred lof*ed. ·water (steam) to the first reaction zone along with the 

ethylene and/or etha~~:.re~~t~ck and molecular oxygen-containing gas. because 
this can improve sele6ti~fi; '.to acetic acid. The amob~t of steam fed to step (a) is 
suitably in the range g;~t~r-,than 0 to 50 mol%. prefe~abl~ 10 to 30 molo/o. 

The gaseous f~~d.$i:6'C,k.of step (a) of the process of the present invention 
.. ·.'. ···· .. ··,.. . ·,· 

(ethylene and/or ethan~)itog¢th~r with a molecular oxygen-containing gas is 

preferably passed' thro~~~:the c~talyst at a gas hourly space ~elocity (GHSV) of 
I 000-1 O,OOOhr-1. 'i 

":·.-_· .. : 

~tep (a) of the p.rq~s~ of the present invention-may suitably be carried out 

at a temperature in the -~~pge-from I 00 to 400°C, typi~ally in the range 140 to 
210°c. 

Step (a} of the prdc~s ~of the present inventio_n~:may suitably be carried out 
. · .... ,: : ·. -~·: .· ..... . . :\: 

25 at atmospheric or supetaiiliospheric pressure. for example in the range from 80 to 
400 psig. '~<-, .. c··' ;·_.,· .. :. 

30 

35 

Typically, ethylert~.~bnversions in the range 5 :to 99% may be achieved in 
step Ca) of th.e process cidh~: :~t~~ent invention. ·.· .. ·. •·· .. 

.... :· ... ,.· 

Typically. oxygeif ·t:Qriy~rsions in the range 30 t6 I 00% may be achieved in 

step (a) of the process ofih~pt~ent invention. ·. 

.. _ In step (a) ofthe··pf(>~*~~~fthe present inventip~. the catalyst suitably has a 
productivity (STY) in th~-r~ri~¢'.roo to lOOOO grams d-ikcetiC acid per hour per 

•.•. , ... ·•··. -~. ··.···\ ";> 

litre of catalyst. 
··:,-"' 

' . . :> .... :· .. ~ 

Depending upon',_~h~:-~~ture. of the catalyst used, :JJl the second stage. it is 
~- ·. . . . .· . 

desirable that the first ga~~pus p~oduct stream has a loW:: concentration of carbon 
.... _:-::;:·::. · .. ·';:·.:·, 

.· ' .. : ,'_:'·· 
.::· ... ,.:::·;·:J:,,:··. 

: .. ,:.:_:: ~~~·:;~:;.<; .. ~; ... ~:::: 
.... ·: '· ·-·~. ·· .... 
. • ·., ~·:.: :.= · .. 
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monoxide by-product as this may have an. adverse _effect on some catalysts for the 
production of.vinyl acetate. Using such catalysts. wi~I:!. ·ethylene feedstock it is 

preferred to use a catalyst in the fii:st reactor that g~yes negligible carbon monoxide 

by-product such as that described·: in EP-A-062020?:. ··For ethane or ethylene feed. 
5 an additional catalyst component in the first reaction zone may be used to oxidise 

carbon monoxide to carbon dioxide. This may be present in the catalyst or in a 
secondary bed. 

The gaseous product str~ from step (a) comprises.acetic acid. ethylene 

and water, and may contain ethane.oxygen, nitrogen and the by-products. 

10 acetafdehyde, carbon monoxide and .carbon dioxide Acetaldehyde and carbon 
monoxide-will be converted by the molecular oxygen-containing gas to produce 
acetic acid and carbon dioxide respectively, either iri the second reaction zone or, 
after recycling, in the first reaction zone. Ethylene is present in the gaseous 

. product stream of step (a) either as unconverted reac.tant if ethylene is present in 
15 the feedstock and/or as oxidation product if ethane is present in the feedstock. 

The gaseous product from step (a) 1nay be feci directly ·ro the second 

reaction zone of.step (b) together with optionally additional molecular oxygen­
containing gas, optionally additional ethylene and optionally additional acetic acid. 
Acetic acid co-pToduct may be optionally recovered frot_n the gaseous product 

20 from step (a). 

The catalyst active for the production of vinyl acetate which is used in step .. :· 

(b) of the process of the present invention may com1irise any suitable catalyst 
known in the art. for example, as described in GB I 559 540 and US 5, 185.308. 

GB 1 559 540 describes a catalyst active for t~e preparation of vinyl acetate 
25 by the reaction of ethyle~e, .acetic acid and oxygen, the catalyst consisting 

essentially of: · 

( 1) a c.atalyst support having a particle diameter of'~~()fu 3 to 7 mm and a pore 

volume of from 0.2 to LS ml/g, a 10% by weight w~ter suspehsion of the catalyst 
support having a pH from 3.0 to 9.0, 

30 (2) a palJadium-gold alloy distributed in a surface lay¢r:ofthe catalyst support, the 
surface layer extending less than 0.5 mm from the s~fface of the support, the 
palladium in the alloy beh1g present in an amount of:fi'.o.m 1.5 to 5.0 grams per litre 

of catalyst. and the gold being present in an amount"qf.from 0.5 to 2.25 grams per 
litre of catalyst, and 

3 5 (3} from S to 60 grams per litre of catalyst of alkaJi 1n~tal acetate. 

9 
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US 5, l 85.398· describes a shell .impregnat~ catalyst active for the 

production of vinyl acetate from ethylene. acetic a9j.d and an oxygen containing 

gas~ the catalyst consisting essentially of: ' 

(1) a catalyst support having a. particle diam~ter fr<>tn:about 3 to about 7 mm and a . · ...... 

S pore volume of0.2 to LS ml per gram, 

(2).palladium and gold distributed in the outermos!>Lo mm thick layer of th~ 
catalyst support particles, and 

(3) from about 3.5 to about 9.5%.by weight of po~~sium acetaie wherein the gold 

to palladium weight ratio in said catalyst is in the ra~ge 0.6 to 1.25. 

I 0 · An advantage of using a palladium-containfo~.fatalyst is that any carbon 
·monoxide produced in the first reaction zone will be_ consumed in the presence of 

oxygen and the palladium-containing catalyst in the_second reaction zone, thereby 

eliminating the need for a separate carbon monoxid~ removal reactor. 

Typically. step (b) of the process of the present ·invention is carried out 

15 heterogeneously with. the reactants being present in the gas phase. 

The ethylene reactant used in step (b) ofthe.0process of the present 

invention may comprise.ethylene product-from step (~J. unreacted ethylene 

feedstock from step (a) or additional ethylene react~nt. 

The molecular oxygen-containing gas used i~·~tep (b} of the process of the 

..2'0 present invention may. comprise unreacted molecula~ oxygen-containing gas from 

step (a) and/or additional molecular oxygen-containif.g gas. Preferably.at least 

some of the molecular oxygen-containing gas is fed.• i_11c:jependently to the second 

reaction zone from the acetic acid and ethylene react~nts. 

The acetic acid. ethylene and ·molecular oxyg¢11"::containing gas which are 
.··.-· ··.· 

25 reacted in step (b) of the process of the present inven~#m are preferably passed 

through the catalyst at a gas hourly space velocity (Gf{SV) in the range I 000-
10000 hr-1. · · 

Step (b) of the process of the present inveiltidK·may suitably be carried out 
.: ,.·.;· 
~ :. ; 

at a temperature in the range from 140 to 200°C. __ , 

30 Step (b) of the process of the present inventitirfi:nay suitably be carried out 
. ;-\:·:.·.:: 

at a pressure in the range 50 to 300 · psig. 

Step (b} can be carried out in either a fixed or{.fluidised bed. 

Acetic acid conversions in the range 5 to 50o/c(~~-ay be achieved in step (b) 

of the process of the present invention. 

35 Oxygen conversions in the range 20 to 100%'1nay be achieved in step (b) of 

.:··: 
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the process of th~ pi~ent inv.ention. 
. Ethylene Q)h'versions in the range 5 to I 000% may b~ achieved in step (b) 

of the process ofto~·present invention . 

. In .step (~l ;8(,the process of the present invention. the catalyst suitably has a 
5 .. productivity csty)"in the range 300 to 10000 grams of vinyl acetate per hour per 

litre ·of catalyst. bl1~:·:>10000 grams of vinyl acetate per hour per litre of catalyst is 
also ·suitable. . ·.· ·,. 

The second.product· stream from step (b) ·afthe process comprises vinyl 
acetate, water and -~¢etic acid and optionally also•tmreacted ethylene. ethane, 

I 0 acetaldehyde. nittdg~n. carbon monoxide and carbon dioxide. Intermediate 
·-·-between step (b) ~ri~·~tep {c} of the process of th~ invention it is preferred to 

remove ethylene, ~PQ ethane, acetaldehyde. carbon monoxide and carbon dioxide. 
if any. from the s~c.~lld product stream, suitably as an overhead gaseous fraction 
from: a scrubbing cqlujnn. in which a liquid fraction comprising vinyl acetate, water 

15 and acetic acid is rJi~_bved from the base. 

The second:;p"roduct stream from step (b) comprising vinyl acetate, water 
and acetic acid. ~it.6-~t without the intermediate scrubbing step, is separated in 
step (c) by distillati9~ into an overhead azeotr~pe fraction comprising vinyl acetate 
and water and a b~~~·'rraction comprising acetic acid. 

20 In step (d)'·'.alf~r~ative (i) of the proce~s of the i'nvention acetic acid is 
recovered from th~;b.~se fraction separated in step (c). The recovered acetic acid 
may· be further putlfi~d if desired . in known manner. for example by distillation. 
The azeotrope fra¢tipn removed as an overhead fraction is P.referably recycled, 
with complet.e or :~~l"tial separation of the water tb,erefrom. by for example cooling 

25 and decantation, t() ~tep (c) of the process. 

In step { d}.~ller.native (ii) vinyl acetate is .r~covered from the azeotrope 
fraction separated in -~tep ( c), suitably for example. by decantation. The recovered 
vinyl acetate may. jfd~sired, be further purified 

0

in iknown manner. The base 
fraction comprising;;aceti,c acid ~eparated in step(~) is preferably recycled, with or 

30 preferably withoutfufth~r purification, to step {brofthe process . 
. ~ . : -~ :. : -. 

In step { d) altern~tive (iii) acetic acid is recovered from the base fraction 
. separated in step (c))•nd:vinyl acetate is recovered_ from the overhead azeotrope 

fraction recovered;i~:$tep (c). Both the acetic aci4 and the vinyl acetate may be 
further purified in k~~wn manner if desjred. The ~elative yield of acetic acid to 

35 . vinyl a~etat~ may'b~·-~~j~sted to any pre-detennined value. 

11 
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The ratio ofoy~~~lfy~e1$is of acetic acid: viny,;acetate produced in the 

process ~ay be in the.fJIJ¢6:i'oo to 100:0, for exa.rrtpie 0:100 to 70:30. The ratio 

of 0:1 QO: represents .aJ~erilati~~-:(d)(ii) of the process. iq which acetic acid is all 

.con~erted, to vinyl· ac~taie;: ($it .ratio i 00:0 represents alternative ( d)(i) of the 

5 process ijl which vinyl;~~tat~'i~ only made iri su"fficier:it amounts to effect the 

azeotrQpib distillation a.rid ri~rl~ls recovered. All the .. tatios in between these two 
. · . .- :• :, . ·.· . ' ·.·:. 

extremes represent alteinatfo~·(d)(iii) of the process in which both acetic acid and 
. ..· . ·,· .... ·· ... 

vinyl. acetate are recovefecL:;. :;. . 
The overall yi~ld··rittiQ)riay be varied in a number of ways including 

1 O independe~tly adjusting;~~'.i~~ctant ratios and/or rea~tion conditions of step {a) 

and7orstep-(b) of the pfdd~s~}(or example by independently adjusting the oxygen 

concentration(s) and/or~'i~~:t~,~~ion temperatures and pressures. 

The process ort'he·~~~~'ent invention will now be illustrated by example 

with reference to Figure{ I :Qtii~h represents in schematic form apparatus for use in 

I 5 the proce~~ of the pres¢[{firi~¢~tion. 
~ ·. /·.: . :, 

The apparatus corfipfl-ses.a first reaction zone {I}. an optional heat 
exchanger (2), a second·

0

r~~dii9n: zone (3 ). a heat exchanger (9). a scrubber column 

. (4). a firstdistilJation c~l;u¥.~;(~)~ a decanter (6). an c},p.tional vaporiser (7) and an 

optional second dinilhiti(>,J"t.:CplµJlin (8). 

20 In use. a molecul~;_:b*yg¢n-containing gas. optional steam and a gaseous 

feedstock comprising ethyt~ri~-~~d/or ethane are fed to the first reaction zone (I) 

which contains a catalys{~dtiye' for the oxidation of the ethylene to form acetic 

acid. and/or the oxidatiqti'::¢f'~th~ne to form acetic acid:and ethylene. Depending 
. : . . ~: - ... · .· . .. .. 

on the scale of the proce~~Jtii~:fir:st reaction zone (I) may comprise either a single 
25 reactor or several reactQt~;iri:p~r~Uel or series. A tirstgaseous product stream 

comprising acetic acid, l1.rlri~~tecf.feedstock. optionally,,µrtconsumed molecular 
~- . . . . . ·. 

Oxygen-<?Ontaining gas an~ ;Mite~fogether With carbon J1lonoxid~, carbon dioxide, 

inerts and a¢etaldehyde ~~-p~ridu~ts is withdrawn from _:the first reaction zone ( 1) 

and is fed to the second:reaction;~ne (3). via optional heat exchanger (2) which 
.... ··:." · .. ·. ......... .' 

30 ·allows adjustment ofthe;tefup~~ture of the feed to the.second reaction zone (3) . 

. It is erivisaged that if no ~eit-~k~h~nger (2) is required it inay be possible to have 
. . ·-~- :· ·-· . . 

the first and second reactiol1.:'~on~s in.the same vessel. .Additional molecular 

oxygen-containing gas anclliif°k(l1~lene and/or acetic ac.id' recycle may be mixed 

with the product stream wiihdl"~~ from the first reacticl,n zone {I). In the second 

35 reaction zone (3) acetic a~i~r~nd'·~thylene are contacted .with molecular oxygen-
~· . ·;. :· ·.,., .. . .. ,., ' . . 
·'< .. i.->: :-::,_.;·· 
~--~-- ~-.·· ....... :· .. :;.:: 

•• : :,·:=··: 
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c<;>ntaining gas in the presence of a catalyst active for the production of vinyl 

acetate. Depending on the scale ofthe:pro~ss, tlj~:second r~ction zone (3) may 

·comprise either a single reactor or several. r~ctors.:•~ parallel or in series. A 

product stream comprising vinyl acetate~ water,-bpti9nally ethane, gaseous by­
products· and unreacted acetic acid and ethylene isy.'ithdrawn from the second 
reacti~n zone (3) and is fed, via heat exchanger (9)~-to the scrubber column (4) 

where 'a gaseous stream comprising ethylene. and. optionally ethane together with 

acetaldehyde, inerts, carbon monoxide and carbo,n)u6xide by-products is 

withdrawn overhead and is recycled to the first re~ction zone (I). A liquid stream 

I 0 comprising vinyl acetate, water; unreacted acetic add and heavy organic by-

15 

20 

·-products is withdrawn from the base·ofthe scrubb~r column (4) and is fed to the 
first distillation column (5). In the first distillation column (5) vinyl acetate and 
water is removed as an azeotrope and acetic acid. ~nd the heavy organic by­

products are removed as a bleed from the base oftl:ie first distillation column (5). 
The water in the overhead stream from the first distillation column (5) is separated 

from the vinyl acetate in a decanter (6) and a vinyl-acetate product stream removed 
from decanter (6) is purified by conventional means known in the art. The acetic 

acid-containing bleed stream removed from the base· of the first distillation column 
(5) may be fed to the optional vaporiser (7) wherei;n acetic acid is separated as a 
vapour fraction comprising acetic acid from a heavy ends liquid fraction ( 10) 

comJ?rising acetic acid and heavy organic by-products. Acetic acid may be 

recovered from the heavy ends liquid fraction by C?nventional means known in the 
art. The vapour fraction from the optional vaporiser (7) may be recycled to the 
reaction zone (3). A portion of the acetic acid-containing bleed stream removed 

25 from the base of the first distillation zone (5) and/or. a portion of the vapour 
fraction from the optional vaporise_r (7) may be t~d,)() a second distillation column 

(8) .. An acetic acid product stream is optionally\yJ~hdrawn overhead from the 

30 

35 

second distillation column (8). . . ·'·. 

Carbon dioxide by-product can be remo'v'.ed .fy-om a bleed from the top of 

the scrubber column ( 4) for exampie by absorpti~rr~y potassium 
carbonate/bicarbonate mixtures. 

Items (2) to (7) may be units of a convent~o~al vinyl acetate manufacturing 

plant which may provide benefits of reduced capita(J1~stallation costs. 

I 
..... 
. • I 
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Claims: 

i:-- --An-integrated process for the production of acetic acid and/or vinyl acetate 

which comprises the steps:-
(a) contacting in a first reaction zone a gaseous fe,edstock comprising ethylene 

and/or ethane and optionally steam with a molecular oxygen~containing gas in the 

S presence of a catalyst active for the oxidation of ethylene to acetic acid and/or 

ethane to acetic acid and ethylene to produce a first product stream comprising 

acetic acid, water and ethylene (either as unreacted ethylene and/or as co-produced 

ethylene) and optionally also ethane, carbon monoxide, carbon dfoxide and/or 

nitrogen; 
. 

I 0 (b) contacting in a second reaction zone in the presence OT absence of 

additiom~I ethylene and/or acetic acid at least a portion of the first gaseous product 

strea1n comprising at least acetic acid and ethylene arid optionally also one OT more 

of water, ethane, carbon monoxide, carbon dioxide and/or nitrogen with a 

molecular oxygen-containing gas in the presence of a catalyst active for the 
15 production of vinyl acetate to produce a second produc;t stream comprising vinyl 

acetat,e, water, acetic acid and optionally ethylene; 
' ' 

(c) separating the product stream from step (b) by distillation into an overhead 

azeotrope fraction comprising vinyl acetate and water and a"base fraction 

comprising acetic acid~ 

20' (d) either {i) recovering acetic acid from the base fraction separated in step (c) 

and o·ptic:mally recycling the azeotrope fraction separateµ in step (c) after partial or 

complete separation of the water therefrom to step (c), 

25 

or (ii) recovering vinyl acetate from the azeotrope fraction separated in step 

(c) and optionally recycling the base fraction separated in step (c) to step (b), 

or {iii) recovering acetic acid from the base fraction separated in step (c) 

14 
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~nd recovering vinyl acet~te from th~ overhead ~~otrope fraction recover~ in 
step (c). 

2. A process according to claim I wherein ~~~tic acid is recovered from the 
base fraction separated iri step ( c) ·and the azeotrQ·P:~ fraction separated in step ( c) 

S is recycled after partial or complete separation of;~ne water therefrom to step (c). 
3. A process according to claim l wherein \linyl acetate is recovered from the 
azeottope fraction separated in step (c) and the b.-~~¢.fraction separated in step (c) 
is recycled to step (b). 

4. A process according to claim _l wherein acetic.acid is recovered from the 
10 base fraction separated in step (cj and vinyl acetii.f"efis recovered from the 

·-a:zeotrope fraction recovered in step (c). 

5. A process according to either claim 3 or claim 4 wherein vinyl acetate is 
recovered from the azeotrope fraction separated i~:~tep (c) by decantation .. 
6. A process according to any one of the pr~;eding claims wherein acetic acid 

· 15 is recovered from the gaseous product from step·(~)- . 
7. A process according to any one of the preceding claims wherein water ., 
(steam) is fed to the first reaction zone along with{he ethylene and/or ethane 
feedstock and molecular oxygen-containing gas. 
8. A proc'ess according to any one of the prec;e~ing claims wherein an 

20 additional catalyst component is used in the first r~~ction zone to oxidise carbon 
monoxide to carbon dioxide. 

9. A process according to any one of the prec¢cHng claims wherein ethylene 
and ethane are fed to the first reaction zone. 

I 0. A process according to any one of the pr~c;eqing claims wherein the 
25 molecular oxygen-containing_ gas used in the first 'r~·~ction zone is oxygen. 

11. A ·process according to any one of the pre'ci~ding claims wherein the 
molecular oxygen-containi~g gas is fed to the firsLt~action zone independently 
from the ethylene and/or ethane feedstock. - ... '· .. ···. 

12. A process accol".ding to any one of the preF~ping claims wherein the 
30 molecular oxygen-containing gas is fed independ~r~i"t~~ :to the second reaction zone 

: :·.::;: 

from the acetic acid and ethylene reactants. 
13. A process according to any one of the pre'¢~~lng claims wherein additional 
ethylene and/or acetic acid is fed to the second 1~e~:st:l(_)n zone. 
14. A process according to any one of the pteci~#~ng claims wherein a 

•. -;, -.: '· .. 

35 palladium-containing catalyst is used in the second}°~action zone and carbon 

-··--···------·· ------·-··-. --- ·------·-·--·---------- ··---····--·-;_. 
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m'onoxide from the first rea~ti(>n zone is consumed by reaction therewith . . . : .-:· ·. . . . . 

.. :'• ;; :._. 

.. · .. 

··-·-- ·-····· ···-·-· ·····-----··--- ---- ------·-·- ------- ----v- ~·-· _:_',, · .. : 
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