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; PCT/GB97/02%8} 2 R | NTEGRATED PROCESS FOR. THE _

- PRODUCTI ON ~ ACETATE AND/ ORTAERST(0210AC) D

: PROCESS . The presént invention relates generally to an

~integrated process for the production of acetic acid and/or vinyl
acetate and in particular - an integrated process for the

production of "either aceti.c*gcid or vinyl acetate or both acetic acid and

vi nyl ~acetate in any’ pre-deternined and- vari abl e proportions froma

gaseous feedstock:- 5 conpr.i si ng et hyl ene and/or et hane.

Acetic acid, useful as a feédstock for the production of vinyl acetate, may

be prepared by several nethods as commonly practiced in the industry, for

exanpl e by the tiqu Tphase cabonyl ati on of methanol and/or a

reactive derivative thereofsi:n. t he presence of a G oup VIII noble

metal catal yst, an al kyl F:_fde pronoter- and a 10 finite concentration

of water; however this pro‘j does not readlly Iend itself to

|ntegrat|on smce- 6, K to be
poi sons for ke & atively,
acetic acid may be produce W dation of et hyl ene
and/ or et hane. However, this:iprocess though ::%:. attractive fromthe

poi nt of view of integrati suffers fromthe di sadvantage that 15 | ar ge

quantities of water re. producéd as a BROEESSct of the process. Moreover,

""The présent inventi elates generally to an mtegrated process for the production
of acetic acid and/o ;_acetate and in pamcular to an integrated process for the
productlon of elther acetic.acid or vinyl acetate or.both acetic acid and vinyl

' acetate in any pre-determ ned and vanable propomons from a gaseous feedstock

5 compnsmg ethylene nd/or ethane.

. Acetic acnd-,_. ul-as a feedstock for the. producnon of vinyl acetate, may

be pre'pared by seve . ! ods as commonly pracnced in the industry, for example
by the hqu:d phase carbi ylatnon of methanol and/_or a reactive derivative thereof in
the presence ofa Group TII noble metal catalysi" "_:an alkyl iodide promoter and a

; however this process | does not readily lend itself to

10 . finite concentratlon of w
' 1ntegre;xon since sm ities of iodide in the acxd are known to be poisons for
palladium-based vinyl acetate catalysts. Alternatwe]y acetic acid may be produced

K by the catalytic oxxda.tloj of ethylene and/or ethan " :-However, this process though

attractive from the pomt f.view of integration, suffers from the disadvantage that
15 large quantities of w produced as a by-product of the process. Moreover,
ina preferred method of operation water (steam) dded to the feedstock to
and the generated wate requ:res removal, necessitating

improve selectivity. :Th:
expensive product separatton

Vinyl acetate is n'erally prepared comme xally by contacting acetic acid

20 . and ethylene with m_bl ar oxygen in the presence of a catalyst active for the
production of vinyl acetate; Suitably, the catalyst

alkali metal acetate. promoter and an optional co-|

y comprise palladium, an

oter (for example, gold or

cadm:um) ona catalyst sup p ort. Acetic acid prod ced by carbonylation generally

. requxres extensive pi fic 10N to remove inter alia iodides arising from the catalyst

:cognised as potential vinvl acetate

25



in a-preferred nmethod of operation water (stean) is added to the feedstock
t'o | nprove selectivity. This and the generated water, requires
renmoval , nagegsét i Ng -~ expensive product separati on. pcr/GBI7/02101 °

Vi- nyl acet ate is.generally prepared commercially by contacting acetic acid.
20 and ethylene with nol ecul ar oxygen in the priesence of a cat al yst
active for the production of vinyl aceate. Suitably, the catal yst may
conpri se pall adi Um an al kali metal acet ate pronoter and an opti onal

ggpg:’)? tm)t er e{aj 1o dﬁegéelhﬂgr% f‘:egds[t)ock yqenf-.rall}'t{. e rg{%‘f,fﬁ}agog% aIr g Z 'l[J _
“extensive [FeROYY leattllwﬁrchrbpew% as gthane. ateisqxtlt eagkses P&‘Pd@ﬁng tromthe

catal yst 2AltenfafVERMHRYREER! for tRIProaY&SD Scetatdirélfiiresth @oktBF OgNi sed as
-potential vi r?l ac@ bkt ° 8/ 05 E_Q:Q-‘:: &ﬁﬁr HF _ :

PCT/ GB97/ 0Pt to remove ¢ the egymylgted hﬁ@ﬁ%@%@?& ‘et hyl ene f eedst ock :
general$y requi Gomtsinatidns ofipioeesstSfor produchgrnim& acemeraréwﬂb"vma:rthe af. such as

The” broducarbh GB-ATGECE0ERE Sympous phate Arieedflor it droghBRalRE 7m0 e

accunul at edntaymtedan‘gms ester's from a feed mxxmwbon&stmg; pfaroélkenecargdsaes f or
pr oduci ng ﬁk%p-&ﬁﬁ&ﬁihg gﬁ§ %hiﬁﬂ hét éﬁ\great% es?nce of IP l&?gang?’ A-1,139,210

di scl oses Qur roces or t pr odu unsat ur at ed
organi ¢ esfpexy mw%mftbeantm seagrien poryrendngory spasifigallyefns thwd an
oxygen}@onbaapamnmmw h@ebatel B3 EIRYienAlidl xggbdin thE 5seRceCofQice@ad@iigani ¢ |
carboxylic.a reaction mxture-an nor e %gﬁlflcally for

the 10  pf¥ r“af'gétﬁe F"’?}P’ﬁy ﬂ%&é?%?ﬁ%wmwmeémwwg AR in the
absence of cemptising aniatkene and ari mcytgbnecbmahi@l gak Ofth ddatdlys eomiSHemQ fa0C es s

conpri ses g,gﬂldﬂﬁ,ﬁ ng E% ase%lg%%& fjal r metal 8&’ r’%) unﬁ'sﬂgPOFP"d P ?Eii“i'ﬁ‘ [}

oxygen-contal ning da
pl ati num - obteinpresstion pmdumnmure@mwm appmqre@d@m@rmﬂatheo

obt ai s reaﬁyb@. ré&%%eu[q mts &n&@”‘l‘ﬁé MsdlGsurdBods iR nehabdetheQls@ayri ¢ ester,

the 15 cat sts efe sequence. The di scl osure does not
ment i on t h arbon {eeg ks t e%rocpxcnorgo water and its removal, the

_recovery of' acetic acid, or indeed any details of the vanous items of plant employed

or their mter-relat:onshlp
Research stc]osure June 1992, page 446, d:scloses a process for the
20 producuon of an acetic acid-containing product from ethane and/or ethylene which
: compnses
(i) reactmg ethane and/or ethylene with oxygen 1 m an oxidation stage 10
produce an acetic acid-containing reaction product m|xture containing, in addition
to the acetic acid, unreacted ethane and ethylene and/or unreacted ethylene and
‘25  carbon monoxlde optionally together with carbon dlo" "de and water;

(i) su_bjectmg the reaction product mixture with oi Without separating the
acetic-acid to an oxidation in which the carbon mon&iidé is selectively oxidised to
carbon dioxide in the presence of the unreacted ethan and ethylene, and/or
unreacted ethylene

30 (i) - removing the carbon dioxide from the mixture

(iv) ~ recycling the unreacted ethane optionally togégher with the ethylene, and/or

the unreacted ethylene to the ethane and/or ethylene o H“at_;ibn stage.
In an embodiment of this invention reaction product from step (ii)

| comprising acetic acid, unreacted ethane (if present) and-ethylene is passed with or

35 - -without carbon dioxide and water removal to a reacto ving a suitable catalyst



. oxi di sedcto 0 t h
o e hyP endataytip SRR of e b Hhe Wshretateds atia, ¥
“carbon di oxiageurhulation bEimpurities & thenetycled gaseg iand at thesame timeguppléestthe eact ed

~ethane opti gy géésﬁ?rtﬁgﬁgé gén?é M‘&rgkia}%ﬂﬁg the QMt%g%teamﬁﬁcess bemg%Ek"enHﬂfyeaCt ﬁd an

n xed hydrocarbon feedstocks, the production of water and its renoval, the
recovery of acetic acid, or |ndeed any details of the various itens of

pl ant enpl oyNW@ 985620 or their inter-relationship. PCT/QB2#0318h
Di s¢l osure, June 1992, page 446, discloses a process for the 20
production of an acetic aci d-cont ai ni ng product from et hane and/ or ethyl ene

‘whi ch conpri ses: (i) reacti ng ethane and/or ethylene with

oxygen in an oxidation stage to pr oduce~an acetic aci d-contai ni ng
reaction prd@utheprpsuction of gehyhpestarg or. withyarditionef oxygen, fopthepsodussionc aci d,

unr eact ed Ettﬁ'&\iﬁ@l 26ark! MHeRYS nd Miknfibn Wih%adi&%ku% Bﬁ’ﬂhé?&o%&q' ofdoth car bon
nmonoxi de, optiqnally together wth E&e I oxi“de and water; (i)
subj ecting tacetic agid and Nyl aretase. nor of thedolgia H"”é?" wi t hout separating the
acetic acid to amaumpmﬂ:acmévs@fprb&@sfo%r €Paril ﬁrmyl gleetdte bp et i vel y
nce ?‘ nre cLed et hane
(1 Fi}Ja‘“P I ng the

ethylene to t ene 0O
enbodi ment @ataﬁtegls%bneﬂtelsmsmédmwmappmwn @ianatdhe recygled gases

conpri si ng Eﬁ‘&ﬁ'tl’fe REEtSr nmﬁﬁﬁ%eequ)ﬁfabél% i§ fofrml e@&%)caﬂ Qxﬁfsmg' fhee is
passed ﬁ%th or wi t hout carbon di oxi.de .ang:inat er rermva to a reactor

h avi ng su@%’@ C@&E%’I"'f’s‘f‘ said fraction to acetic acid wuh the aid of gaseous oxygen
and ‘é@[ﬂﬁh@ﬁﬁeﬁbetlc acid formed to the reactor in which the vinyl acetate is

PCT/ G897/ OZJfQIJmed ﬁhe ?O“Id“{%é bﬁ‘f‘bg 8} &dﬁt% cgﬁe tf of%grhlyrodg&? natthg rgéycmdt h

~addition of "oxyge

gases is kept below 20% by volume. and the amoum of acetic acid formed is
_sufficient to replace the acetic acid consumed in thq grc.parauon of vinyl acetate.
15 * No mention is made of the use of mixed hydrocarbon feedstocks. nor of recovering
~ both acetic acid and vinyl acetate as products, nor 6f co-produced water and its
role in the process. _
There is a need for an intégrated process capable of producing at least one
of the products acetic acid and vinyl acetate. .
20 Accordingly the present invention provides an integrated process for the
produqtipn of acetic acid and/or vinyl acetate whiché__é;fofnprises the steps:-
(a) contacting in a first reaction zone a g g,aseous:tbedslock comprising ethylene
and/or ethane, and optionally steam, with a molecular oxygen- containing gas in the
presence of a catalyst active for the oxidation of ethylene to acetic acid and/or
25 ethane to acetic acid and ethylene to produce a ﬁrst,_:,p__xpduct stream comprising

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

ethylene), and optionally ethane, carbon monoxide.,";‘ rbon dioxide and/or nitrogen;
(b) contacting in a second reaction zone in the presence or absence of
additional ethylene and/or acetic acid at least a pdn’f ‘of the first gaseous product
30  stream compnsmg at least acetic acid and ethylene and optlonally also one or more
of water, ethane, carbon monoxide, carbon dioxide; : d/or nitrogen with a
molecular oxygen-contammg gas in the presence of alyst active for the
production of vinyl acetate to produce a second plo stream comprising vinyl
acetate, water, acetic acid and optnonally ethylene; '

35  (c) separating the product stream from step (b): stillation into an overhead

d




of vinyl acetate. There is no nention in this disclosure of the recovery of
bot h acetic acid and vinyl acetate, nor of the role of water. -

GB- A- 12097@39%5& oses a process for preparing vinyl acetatgignitiRi015
catal yti c-oxidation of ethylene in the presence of acetic acid, which

avoi ds the .accunul ation of inpurities in the recycled gases and at
the sanme tine supplies the necessary acetic acid for preparing the

- vinyl acetate, the process being essentially characterised by the

steps of drazedtiepefrativnesdnipiising Vi k&tatefand haidraay albask fiagion fromthe
reactor i ncv\,hi ch. the vi n%zl_ acetate is formed, catalytically oxidising the
10 et hyl SREPLSHBACARG2YE: sai'd fraction to acetic acid with the aid of
gaseous oxydkn- éither (ipregosening acetigacit froactheibaseftaatiohseparated n sthp (c)eact or in

- which the y e ;e Londit Longahel that the
~ content . of ‘%%?‘gﬁﬁ@t‘sw} g the azeolrpdTkrion 1epdtildd il b8P kO RE BartliFl) 0 0
vol une &nd complesersenaratiom ofshe weteamaefr@nm@atepgg)ﬁ. - sufficient to replace

‘the acetic acid b g R Ry SEVIW, No
nmention is ( 5ade 651(1 ﬂ ?%mggde&p\?m _aQéetgﬁﬁf{/ﬂ-?gc ar bgtﬁ&?éw%im%%%@rﬁtgg :"g?t P

T eeds} oc
recover i ng (¢) and 9%&9@#&@%@8& ¢ EasirfEFcW%%P%ﬂ }&t-sée-l’aé:) roeué®s, nor of
- co-produced wat er (i) decdvering aceticfadidefrarh thidtrasp fragtisiSseparated in step (¢) There is

The pr oduc A8 rEBVEARELFN eSS g ARBEG Rol sBpROR MR N iR G (e

- presentOi nstent(Ebn provides an i ntegrat ed process for the - producti on
of acetic aci-dmamy ' A& ' . - (a)
- contacting in_ a fli r@?‘:ér/sg%h on zbgélagiogmég{slg%W%ﬁ!&%?@?ggﬁ(@%%rﬁ?si ng et hyl ene

‘and/ or et h&RBsidered as ppreness foy tha praductign:of asetiacid by the axidagien of et ai ni ng gas

in the  ethyRnea88ee etland fGALRLY & which itiecd-fodhb® SPdddad Warergé et hyl ene to
acetic acid,an ‘ et hyl ene to, produce a

_ “g/ or ﬁg et r}@?e A % acetic ach and
~first prod adyz FERUY COMBYS Yogstilation as g xinylaceraty{ Walgs B27ounng. eetiPBene
- (ei t hel3 as asnbstantialigl deiel pketiveacahpiioductatheodny noxlate edled in the azdomppene) , and
~optional Iy gelifiaite b&ifg E%idég%%hﬂﬁmg%%m& h&’i@%f%@é&ﬁc QLi" ogen;

(b) contacting. Il n a Secon eact10n zone 1 h tthe presence or absence of
addi ti onal PERAVFPERK thinemidationewith ethytene (sither prgsant as perierctem edylenner #s r st
gaz eoutS_ pr @fﬁlyrdneff@rmecﬁﬁy @a&atmrmfeuﬁnepatfﬁi mbRAFAr ; &m@omind\gagnd. et hyl gne
“and optionally also oné or .nore.. .. waj er ..car bon nonoxi de,

car bon_di oxi de Z‘lr?(TIPcSPc‘ﬁF P?Btje“ﬁ"m"t%ma of steps {ﬁﬁq’@‘gﬁpgﬁg %)B@h-g?:ont ai ni ng gas
i n the2@r esensidered anar otegratst paadtess/for i protiection of vinyl ectate fimm of vi ny!|

acetat e t Ol RANGEd . L Sl ' acet at e,
-water, ace ?‘g aci ﬁ %ﬁ%ﬂf?g??‘c?ﬁé ﬂ{;&@eﬁiﬁi%ﬁﬁn g@@pspa?g?gaaggﬁg 5} cle?\_s t he
product st PaRg theofellowing gdypntggesver pipregesbwith gelirelyrseparaterrsgtic aci

_ . production:- -

1) insofar as a mixture of ethylene and ethane is used as the feedstock it

25  facilitates the use of cracker off-gases or a partially puﬁﬁ-g_d ethylene/ethane stream
which might otherwise be flared or require to be further purified. The purge of
inert hydrocarbons, for example ethane, is either remos c__i-,o.r reduced because they
can be oxidised in the integrated process; o '
()  water co-produced with acetic acid in the oxidation reaction instead of

30  being removed can pass with the acetic acid to the vilny ég:je_tate production step.
Thereafter it (the water) is advantageously separated b azeotroping with the viny!

acetate for distillative removal;
(i)  Infrastructures, utilities, and other features can ombined, for example

stem is required whereas

only a single feed gas compressor and off-gas scrubbing__'_
35 separate acetic acid and vinyl acetate processes each require their own feed gas
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- PCT/ GB97/ 02101 -azeotrope fraction conprising vi nyI acet te and
~water and a'Waa80%62%ct i on conprising acetic acid; P?‘ll@r“"(l )

' recovering acetic acid fromthe base fraction separated in step (c)

- and optionally recycling the azeotrope fraction separated in step (c) after
" partial or 5 conplete separation of the wat er therefromto step (c).

. or (ii) recovering vinyl acetate fromthe azeotrope fraction separated in
fstep - (eompressoo pod offegas gcrubbipg Systemit he base fraction separated in step

- (c) to step &8, reduced mtermedxateckzorﬁgé l'elqulr&‘ﬁ@t\’t? hieHeeddiPls comparédl fo'wip t he

base fraction “separated recovering vinyl acetate from
t he overheacﬁeaé@tﬁPf@sessﬂkactlon recovered in 10: step (c).

Conelocrgi” bt STl R1ohS aphalad ity () e, |
| u XI [

of an 5 a@? hyl)'é Prﬁ"‘élﬁ fordeatipis ’°l‘e§l'f§ ?llft?l'll" 'tl‘ha‘l"l’l g"’gl;thﬁl}%&uced or
added wat er stage may be pﬁbsedltcﬂ(lje cecxinyg stageny du reguirkidseléviatediteroperature and nyl

acet At of e i AEAcRE Rait i o e iRl AR bR ALYl GV ARESE BTC!

product, the € azeo atron being
provi ded by accencau:xd,gasissequﬁned withtseparete) asatioacid’ h&d vipphacetatecpracesses.  produced
by the oxidation | ene or as

et hyl ene forned bﬂ‘ég og:%%%gﬁﬂkg?é etlﬁl&ﬁ{ &%&3’%&) ta%c%qaﬂlﬁejﬁgig% ai ni ng
gas. 10 CO“Sldefed'ﬁﬁé“pl"GSféSeél R:l’f’c%sﬁ@fébﬁﬁl%’élt’l'%" Freetq %ﬁb‘ga'( dymyb (c) and

(d)(ii) may d&ezai’é)m argqﬁeiddehﬁmea r@mmdsﬁsegnﬂet:adtsamcaaaavimagetmcaxaﬁuct i on
of vinyl acetat terrredl ate

f or mati on ofacﬁll"e?‘f‘e aﬁfl vipyl ?‘l?eatf)grc?c‘egrééscale ‘"dlélllln ‘l/uﬁ§ th Ni 8vlnv?1g advant ages
over a proceauspartiohs efiwhiohlcan be pdjusted bactha& process |oﬂthe inventipn beluct i on: -

(1) __ insof aﬂ{cc?ﬁlpf% g%eﬁlr'él/aqlulgﬂ'\ggkgy & ec?\lelJ N dcknt'agd r@&w@l%% dsgedst ock

it 25 fac use crac er oft-gases “or, a partrally gurlfled
et hyl endfet undugsmeedhe dried. Thinichmeiogiadvantsas wheadt issorsidaredithef ab@ifuire to

be further palfithé @ﬁlrreﬁl\ﬁorll)c%l%@u&lon of aceti¢ 864 Is 1MiSedIR MirlyPRcetatbOr exanpl e
ethane, is either_renoved or re uced ‘because they can be oxidised in

the int egrat@’ﬁ WHtif0esss:

In a first reaction zone a gaseous feedstock compnsmg 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 acetle acid and/or ethane to acetic
acid and ethylene to produce a first product stream compnsms_., acetic acid, water
and ethylene (step (a)). .
The catalyst active for the oxidation of ethylene 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, US 5,300,682, EP 0 407 091, EP O
620 205, EP 0 294 845 and JP 06293695-A
. US 5,304,678 describes a solid catalyst acnve for the oxldatlon of ethylene
with molecular oxygen to form acetic acid, the catalyst contammg the elements and

proportions indicated by the empirical formula:
30 ;
Pd MpTiP.Ox

where
M is selected from Cd, Au, Zn, Tl, alkali metals and cllkalxne earth.metals.
. 35 aisfrom 0.0005 t0 0.2, '



(i) - water co-produced with acetic acid in the oxidation reaction instead
of 30 bei ng renoved can pass with the acetic acid to the vinyl acetate

pr oduct i orydlegiss20 Thereafter it (the water) 'is advant &ﬁ#y 101
separated by azeotroping with the vinyl - acetate for dis ative
renoval ; (iii) Infrastructures, utilities, and other features can be
conbi ned, for exanple only a single feed gas conpressor and off - gas

scrubbing systemis required whereas 35 separate acetic acid and vinyl

'5?1C6t ate pr qyg%ﬁéﬁg‘éh reqw re their own.feed gas

. PCT/ GB97/ OZUlEfTOmOStOZS@@dpressor and off gas. scrubbi ng system (iv)
reduced i ntefaRRhRl &R ¢ E‘at{s 1% F&négﬁ‘&gﬁﬁ FQJEP:@ t%d to two
separ at e processes; van ges L1 nd tore uced capi tal

and oper at RTS8 band. 5 (v) it all ovvs for heat integration; thus the

et hyl end/ aoehawnaucfdca‘talymdohmdswnstaﬂmeT1P2§t7age may be passed to the second

stage at the re re ev . tenmpe re and with the acetic acid

in vapour form 3##}%&0454@%@&95#6?“51 Y?‘r?ﬁﬁ\'efoéthfa%ﬁ”r‘@é of igthane to  scet i c

acid, as isfoch&tromd:idfmfbt hylem| teccatubyst having ihd-elenebnys andlrelatied somipr ocesses.

The proces | n_of. .St ) to-(c) and (d) (iii) may be 10
- ! %r&éo&lggs @8&?{3? t ?%xgglggal?fg?mp%

considered®as  an I n e production of acetic acid and

vi nyl . acetate in any pre-deternined proportions. This in itself is an
advant Qe SVByMpOpt h acetic acid and vinyl acetate are world scale

I ndustrial pfoducts, the relative proportions of which can be

adj usted by the process of the invention to ; accomodat e prevailing

- mar ket needgherd/M B®HRTor nfitk bpﬁsxm blemdfi SHiecRAAYGH €9, €8, Re, Fe, Ni, Nb,
Cr. W, U, Ta, Ti, Zr, Zn, Hf Mn, Pt, Pd, Sn, Sb, Bi, (.c As, Ag, and Au, wherein
ais 0.51t03,
15 bisOtol, and _ :
X is a number determined by the valence requirements"b'f the other elements in the
catalyst and wherein the. catalyst contains crystalline vanadyl pyrophosphate,
(VO)2P,07. S
EP 0 407 091 describes a catalyst active for thé oxidation of gaseous ethane

20  and/or ethylene to form ethylene and/or acetic acid wh:ch catalyst comprises the
elements A, X and Y in combination with oxygen, the | "ram -atom ratios of the
elements A:X:Y being a:bic, '
wherein A = MogRe Wr,
X Cr,Mn, Nb, Ta, Ti. V andlor W, and preferably _Mn Nb, V and/or W,

25 Y =Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, T}
Sb, Ce and/or U,
a=1,
b=0to2, preferablyO 0S to. l 0,
c=0to 2, preferably 0.00]_ ___:to_-l_ .0, and more preferab

30  proviso that the total value of ¢ for Co, Ni and/or F e |
d+e+f=a, _'
d _is either zero or greater than zero,
eis gréater than zero,
and fis either zero or greater than zero.

nd/or U, and preferably

05 to 1.0 with the
s than 0.5,

35 EP 0 620 205 describes a catalyst active for producing acetic acid from



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

-t'’hat about hal f the current world product I on of acet | ca &
utilised i n WP MW et at e production. - l;ﬁ#l Péfmwl
reaction zone a gaseous feedstock conpri si ng et hyl ene and/ or et hane

is contacted with a nol ecul ar oxygen-containing gas in the. presence of a 20
. catalyst active for the oxidation of ethylene to acetic acid and/or ethane
i'to acetic acid and ethylene to produce a first product stream

conpri si ng afdwlese apd gxygeaivdiich catalyst-oompeises (ab metatliq R aqd(b) at least one

Tthﬁ cat ?I yst n?ﬁiﬁeyﬁelé&éd grbﬁttﬁéﬁ Fﬂﬂp‘ c‘uinsxeﬁngeém polpacm@ahglcthaﬁsaks aﬁﬂ?/ Ic<>r
et.hane to acetj.c e eany sui tabl e st known
“i'h the 25  §pjon K%%SQ‘FP& an asmﬁeﬁ#{fﬁ?q g 62" e ‘1J§'%"a‘j§éo 682,
"EP 0 407 091eleEIénﬁ of GroupSPB), 4B 5B &Rl 6B bﬂﬂleﬂlﬁt mdl’ablk ofRkesredts: Ahe

US 5, 304,678 |

el oo $TCHUEREONRESICRRP Kla I kb0 B Uit O of HEBIARE The

~contai ni ng t heters-atosnmay preferably be splectpd froimoths gi'mm mtsednpyf PManplSr i caI

~formula: 30 g tit cRHBHD b0
wher e Y '?%mggf%nc alé’gl n?zumngggnamum 1amur_n|_] zxrcomun|1| nmet al's _and al kal i ne

earth net al Schrgg:;num andl sulphuryand themoly-atomsmay prefaerably be selected from the
5 p%ﬁﬂﬁﬁ@of‘ molybdenum, tungsten, vanadm" ; niobium and tantalum,

PCT/ GB97{ 002 er, silver, tin, lead, antimony,

omponent (c) may preferably be:selected. from

“bismuth; selenium and tellurium. L
EP 0 294 845 describes a catalyst active for the oxidation of ethane to
oxidation of ethylene to acetic

acetic dcid and ethylene (as a by-product) and/or th
" acid comprising at least two different catalyst enfi._t:-i:e,s' " The first catalyst entity is a
15  calcined ethane oxidation catalyst of formula: |
Moy VyZ, _

in which the metal elements are in combination wnh -oxygen in the form of various

oxides. In this formula Z can be nothing or one o_r __m_ore of Li, Na, Be, Mg, Ca, Sr,

Ba, Zn, Cd, Hg, Sc, Y. La, Ce. Al, TL Ti, Zr, prb Nb, Ta, As, Sb, Bi, Cr, W,
20 U, Te, Fe, Co, Ni, and x is equal t0 0.510 0.9, y ;lS: eﬁlnal to0.lto04andzis

equal to 0 to 1. The second catalyst entity is an etﬁiﬁie:xe hydration catalyst and/or

an ethylene oxidation catalyst and includes one or more of the following

classifications: L

(1) a molecular sieve catalyst such as a zeolite Y, ef.\-s‘ii’icate or an aluminophosphate
25  or a metal aluminophosphate; o

(ii) a palladium-containing dxj_de catalyst;

(ii1) a tungsten-phosphorus-containing oxide catalys

(1v) a tin-molybdenum-containing oxide cataly%t.

JP 06293695-A describes the oxidation o

30  presence of a supported palladium catalyst containii
from chromium, vanadium, m,c’_;lybdenum and tun

ylene to acetic acid in the

ne or more metals selected
The catalyst active for the oxidation of el and/or ethane may be used
supported or unsupported. Examples of suitable supports include silica,

diatomaceous earth, montmorillonite, alumina, sil mina, zirconia, titania,

L
(V. ]

silicon carbide, activated carbon, and mixtures thereaf.



bis fromzero to 3a, cis from0.5to 2.5, and X is a val ue
sufficient to satisfy the val ence requirenents of the other el enents:

present, and 9sfseoWher ei n such catal yst contains crystalli 2101
TiP[err]err]. *US 5, 300, 682 describes a soli cata yst
active for the oxidation of ‘et hane to formacetic acid and ethyl ene,
.the catal yst having the el erments and rel ative atomic proportions

~indicated by the enpirical fornula: 10 VP[ err] Merr]Jerr] vvhere

| 'V' s one OVTHEQ.*a&l}%P&M eed%hoﬁ %k‘@ﬁ\gﬂﬂe 56&8?' &ﬂaneq'lad[eﬁeuseﬁ‘?n -
U Ta, Ti Zn,: M, . ! _ , Ag, and Au
',Wnerel n ormgfpgxgigrﬂg __ed;hgi bis 0to 1/ and X is a nunber

det ermi ned byt HFhewabeBEIRr "'ﬁxcmm:fggﬁsu%mnqhbﬁfst Plaeli®iisnel ay B8
cat al yst ag wherein,the -

o pyr ophosph I or a gas’ nchfw;[%}?ljﬁr%of%&ral ?Sen t‘r}Xn a"@' A Slitable %%ey he7 091
~descri bes £omtaa1p}es toxyigen dilutédowith heumahlcjdtluenn forf exgaplenisogdnhamartih  and/ or

S lre AR LR Sl A5 oAt ok Uat |t 53R YPCORIhE S 117
elements AR leculasioxygen-ponsaining gas isfaé tathe Ast rmqn@nrzpﬁe{néppqnﬂwlyr] | X

=Cr, I\/h mmiéet@lene\é g\feeaggcgreferably My, Nb, V and/or W 25 Y
= Bi, Ce, T1 and/qr, U, and

preferably hStF h@%?g%l_%re?@“e feeds“’clé"f-“ip (2) O?the processof ey pref er abl y
0.05 tho1. @resent mvetmon rﬁhyt sabstanitillgpakd or MayPbeladmixdd Vithdnd ofRfope BF ef er abl y
0.05 to 1. glm ﬁ .|x"§)eh rt ghe E%all v‘al lfl%:;Zé c for Co, Ni

and/ or Fe E (?a-___,on ° yqrogen. gnd Jovy 1evels o ?s either zero or

- greater thaﬁkencﬂ/aikanes ei'sigreater than zero, and f is either zero

or greater thanggr Qefeﬁ@? ofeed | water (s (st'é?m?to%g e ALR3R %Péaa%ﬁg GRh3hest

active for Produm ace
tock and molecular oxy zen-containing gas, because

hylene and/or ethan
15 this can improve selec o acetic acid. The am_ou_qt of steam fed to step (a) is
than 0 to 50 mol%, preferably 10 to 30 mol%.

of step (a) of the probegs of the present invention

suitably in the range g

The gaseous fee

(ethylene and/or eth_an'
preferably passed'throu

20 1000-10,000hr-1. .
- Step (a) of the 'p.rc")"ces's"o'f the present invention:m'iy suitably be carried out

ier with a molecular oxygen-containing gas is
e catalyst at a gas hourly space velocity (GHSV) of

ata temperature in the"r ge:'from 100 to 400°C, typzca"y in the range 140 to

25

30

litre of catalyst.

Depending uponith re of the catalyst used m the second stage, it is

35  desirable that the first gaseous: 'roduct stream has a low concentratmn of carbon



6 WO 98/ 05620

PCT/ GB97/ 02101 et hyl ene and oxygen whi ch cat al yst c%g:)ri seé (a)
" metal |icc 'PdRAESPH0at | east one nmenber selected fromP
_consisting of heteropoly-acids and their salts and optlonal |y (c) at

.l east one nenber selected fromthe group consisting of netallic

t el enents of Groups 1B, 4B, 5B and 6B of the Periodic Table of Elenments. The
" 5 heteropol y-aci ds may contain one hetero-atomand one or nore poly-atons. .
The. Haenaxie b RTadgt 35:this rathaye be adarseceffest on same ersalysts fpr hensi st i ng

of phosphor Liﬁoductlon of vﬁM héebdte. bﬁfng%ucl%dtﬂly&k Wikch SBYIERE fedd3todk # 31 UM
zirconium ce and the paly-atons

m um and, Sul
may " pref er atﬂrffle’aga §% PE‘H %alﬁtd%t'}eném reactor thaf giygs E&Il‘gﬁb?c FaRRPIMORSXIgB denum
tungsten, v &iyqﬂ'bdmtl‘sudbaslmaﬁd&cﬁwlﬁ |BPIA-062020530F®10&M1*6 dr%)hyliﬁé fEéd?f erably

. be. sel ected tr e ver
sel eni umg an(?;'l agpqtﬁp%tﬂys% compor\eni fheé%tdé@ggnggge 'X‘&E? Pffé’stoé”‘g&:li?%l yst
active for m@mmmmommm oThis may lm(peesent inchedcamalgstetriiybene (as a

by:- pr oduct) saiide 64&‘3 oxi dation of ethylene to acetic aci d
conprising at least two different catalyst entities The first catalyst
entity is a 15 SASPRUS PEedHSH Stream fam siep (a)campeses geeticoadid, iethylene

“Mo[ err] V[ er shdatér] and may cbﬁta\“f‘h‘ttﬁiﬂebﬂ?g,éﬁhﬁ% }\Sﬁ@ﬂkfbxﬁﬁr@d%drisnﬁ?gb'zngg'noge

\rllmot E, gg¥€en3h%altgpl$¥{{9, gar, pn m\é%l e ag@carp,an d@éldesﬁcetaldehydegad caboncy ‘Hg, Sc,
Y, La, Ce. AlonoXide will,beZonvdrfed H?hhe Molechiar o&?gen%ntaﬁlmg gisto\prodéee U, Te,
Ezuafﬂ o1 088 iy Bl 38R oo it BB R R oo 1
cat al yst  and@ftejrrecycling, in the first reactlon zone. Ethylene is present in the gaseous
. product stream of step (a) either as unconverted reactant 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) may be fed directly to 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-product may be optionally recovered from the gaseous product
20  from step (a). |
_The catalyst active for the production of \}inyl;acetate which is used in step
(b) of the process of the present invention may comﬂéise any suitable catalyst
known in the art, for example, as described in GB | 559 540 and US 5,185.308.
GB 1 559 540 describes a catalyst active for -the preparation of vinyl acetate
25 by the reaction of ethylene acet:c acid and oxygen, the catalyst consisting
essentially of: '
(1) a catalyst support having a particle diameter of from 3 to 7 mm and a pore
- volume of from 0.2 to 1.5 ml/g, a 10% by weight water suspens:on of the catalyst .
support having a pH from 3.0 to 9.0,
30 (2) a palladium-gold alloy distributed in a surface layer of the catalyst support, the
surface layer extending less than 0.5 mm from the surface of the support, the
palladium in the alloy being present in an amount of from 1.5 to 5.0 grams per litre
of catalyst, and the gold being present in an amount; of from 0.5 t0 2.25 grams per
litre of catalyst, and ' -
35  (3)from 5 to 60 grams per litre of catalyst of alkah metal acetate.



an ethylehe oxi dation catal yst and includes one or nore of the follow ng
-.cl assi fications: (i) a nolecular sieve catalyst such as a zeolite Y,
~or silicate. an_ al um nophosphat e 25 or a netal aIun1noQQ9§Egﬁ%ﬁ

(i) a paﬁﬁgg&W%%Eontalnlng oxi de catal yst; ' (rii) a

t ungst en- phosphor us- cont ai ni ng oxi de catal yst. (iv) a

ti n-nol ybdenum cont ai ni ng oxi de catal yst. : ' JP 06293695- A

- .describes the oxidation of ethylene to acetic.acid in the 30 presence of

~a. supported pall ags %rgfe%'ﬂt ﬁ&f‘igﬂﬂﬁi?ed%ta’i%[ gctwgtt@,ltﬁesel ect ed

from chrom um vana um an The cat al yst
active for tme @ﬁtmazﬂvwl wetate ﬁymtbylmnmn@mmé AmOKYERN Gpsitamning

--supported Orgﬁqggggﬁfﬁggonsgﬁws@ﬁlﬂ ofui tabl € supports include silica.
Cdi atomaceous(lfart h, nontnmorilJonite, alumna,_:silica_al ;& ggnm rﬁonl a,

titania, 35 (1) acpalyshsipaprihayng 2 partcls diameter ﬁ'&ﬁ‘ abgpty3 fR
7 5  porévSlahiedFA02 to 1.5 ml per gram,

PCT/ GB97/ 02 T d f hyl
“andlor etha g}%{m@. s Pl Hhe S i P o5 e
- The nol ecul euatabysyga)pampamdes mpd gas used in the first reaction zone may be
cairor a 9a~°(3¥ frBHﬁ{onx{FB%r 35ut'§15%%|ye»%igﬁ a@ﬁ&mta@gtg e%}ggr?ﬁ:ﬁ{g&?b' e gas

may be, exanpl €, - oxygen sui t uen
exanpl e ni trte@éha%vmmzmrtaﬂo in saidggagplysy s, in %@ES%%ﬁ)fOtlﬁé nol cul ar

oxygen- gont ai ni ngAﬂaavansag%mgn aliﬁnicﬁmﬂlﬂomauﬁﬁgecazalyst s | thRY ¢ eafon
oxygen-cont a| o r:]cgdegp duced in gne forst react{onrzone wel?ge consi.xme ih the %? sg#cdeeoql 'y
oxygen and the palladium-containing catalyst in the__isecond reaction zone, thereby
eliminating the need for a separate carbon monoxidé "'r._en{oval reactor.
Typically, step (b) of the process of the preé_;éii; invention is carried out
I5  heterogeneously with: the reactants being present in 'ﬂie gas phase.
' The ethylene reactant used in step (b) of the: process of the present
invention may comprise ethylene product'from step (a), unreacted ethylene
feedstock from step (a) or additional cthylene reactant.
\ The molecular oxygen-containing gas used in: '::'_s_t'__ep (b) of the process of the
20  present invention may.comprise unreacted molecuIa'rf."éxygen-containing gas from
step (a) and/or additional molecular oxyg,en-contaxmn_s, gas. Preferably.at least
some of the molecular oxygen-containing gas is fed. mdependently to the second
reaction zone from the acetic acid and ethylene reactants
The acetic acid, ethylene and molecular oxyg,en—contammg gas which are
- 25 reacted in step (b) of the process of the present inve
through the catalyst at a gas hourly space velocity (GH SV} in the range 1000-
10000 hr-1.
Step (b) of the process of the present invention-mdy suitably be carried- out
. at a temperature in thenra‘nge from 140 to 200°C.
30 Step (b) of the process of the present invent

n are preferably passed

hay suitably be carried out
at a pressure in the range 50 to 300 psig. .
Step (b) can be carried out in either a fixed f;h_'z_jxdised bed.
Acetic acid conversions in the range 5 to 50% _,gy_.be achieved in step (b)
of the process of the present invention.

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

10



fromthe ethylene and/ or ethane feedstock. The et hyl ene
" and/ or ethane feedstock of step (a) of the process of the 10 pr esent
i nvention eVt antial |y pure or may be adni xed with ondCI/GBAT310f
i nitrogen, nethane, carbon di-oxi de, hydrogen, and |low |levels of C3/C4
. al kenes/ al kanes. ™ It is preferred to feed water (stean) to the
i first reaction zone along with the et hyl ene and/ or et hane feedstock
''and nol ecul ar oxygen-cont ai-ni ng gas, because 15 this can inprove
- sel ecti vi ty -t othecEPress 9f the preseat mventian. of steamfed to step (a) is
suitably in the ranmh;ae&aapﬁvefsibamr&h&?m@@srtallmo%ﬁﬁéy%%haévé&int@?ﬁ@]@' %
The gaseous feeflﬁ‘tgock of ?ep a) ,of the process of the present iInvention
(et hyl ene and/ 8t ""&(PRAFRSY Ot BGHIFFE HYEMOB: ol ecul ar oxygen- cont ai ning gas is
%ifs\e/; ab:c y passed t mwgﬁ @Elt:&hspio%bwdftﬁé prese@tihvbistion! me%awya% sifliaa@i Ha¥ a

o] A QAT [.err]. . » ep,(a) .o e process -
of the pr e?‘;nt peo(r%\ggtﬁl ‘ey? b{ﬁ rta};\%‘f §/°°o‘é’ 1099 ﬁé‘ﬁ"sﬁ""@' gcg’atai""Iej']‘P‘!é'rﬂSér ature’
in the range fhlitserpficmalyst, HDGi 19000 Grams qfiviryl heetite pehieour papiitrd dfcadtalyst is
210[err] C. al§b=suiiabie. Step (a) of the process of the present invention
may suitably be carrled out:25 at atnmospheric or superatnospheric pressure,
for exanple in the Fhfgecondpreduet steeam from step(bpef the process comprises vinyl

TYDCRLIY . Of paseane, WRSN IS atid shd BpidtANPaito kel ERYIEhE eBERkCYSY | 1
oxygen corier s?"(?%&?’ﬁa?'mét’? Ry ’é@" Fonaxideandsarien dieride Jegrmedigte ~ step (a)
of the pr ?C eﬁsbamWed:mﬁep (B=mt istépr(cpof the Iproce?s of the inyemigln id ? préfeped &) Of the
process of t - vent tal yst suita s .

P oot ol vy EiE e i e, ST KahhoR onBRlal anf RarBan digwider hour

per it r’_éa'éif. feom §1eysscond product stream, suit@idpenah oxerigadigasdons fiactiore of t he
cat al yst used ﬁ-é}nita'l%nﬁﬁﬁ%‘:lﬂiﬁﬁﬁ:ﬂg@whiéh a1 uﬁpfractféﬁ%bﬁlgh%ﬁ%wmﬂacte{.h?e,vatéll '
gaseous pr(gduct stream_has::a:’| ow_concentration of carbo :

1 and acetic acid is re oved from the base.

8
' : The seconﬂ i__'oduct stream from step (b) comprising vinyl acetate, water
and acetic acid, wit or without the interm.edia_le_ scrubbing step, is separated in
step (c) by distillati ':_-i_nlo an overhead azeotrbpe fraction comprising vinyl acetate
and water and a ba: ':f:'raclion comprising acetic acid.

20 In step (d)alternative (i) of the process of the invention acetic acid is
- recovered from the
may be further pu

The azeotrope fra_}ﬁ_'o__h removed as an overhead fraction is preferably recycled,

with complete or

ase fraction separated in step (c). The recovered acetic acid

d if desired , in known manner, for example by distillation.

:i_al separation of the water therefrom, by for example cooling
25  and decantation, to step (c) of the process. | '

In step (d '

fraction separated

vinyl acetate may, i

It__éjrn_ative (i) vinyl acetate is recovered from the azeotrope

tep (c). suitably for example by decantation. The recovered
esired, be further purified in‘’known fhanner. The base - .
_ fraction comprising cetxc acid separated in step (c) is preferably recycled, with or
30  preferably withdu't___-;; _ ér purification, to step (b) :of the process.
In step (d_)_'::t'i:l__tér?na.tive (iii) acetic acid is recovered from the base fraction
~ separated in step (';i)'—'::':‘_nd:vinyl_acetate is recovered from the overhead azeotrope
fraction recovered:in st

tep (c). Both the acetic ac;d and the viny! acetate may be
further purified in k wn manner if desired. The rzelative yield of acetic acid to
35  vinyl acetate may be adjusted to any pre-determined value.

1l



L feed, 5 an additional

1-aceta|dehyde ar on NPNOXI

WD 98/ 05620
PCT/ GB97/ 02101 nonoxi de by-product as this may have an adver se
. effect onwmﬁ al yst's - f:or -t he production of vinylh~& JoS1or USi N9
~such catalysts, wth ethyliene“feedstock it is preferred to use a
. catalyst in the first reactor that gives negligible carbon nonoxide
~by-product such as that described in EP-A-0620205. For ethane or ethyl ene
at al yst conponent in the first reaction zone may
R ?ggsopacge(cgcg%go z l?%tgagocﬁmééimtheh' S mayrhge
40 ¢t ) 0@:0nfor pmplaedIOD ¢o 30i3@, Telrgtiene
Akl products, 10
l@gggﬁﬁ’m‘?ygil{n%%%cg :§¥ﬂ and car bon
monoxi de vInVeTsed toYinKaceiatesyTherratiod D@0 eriesenis Aliemative f‘)m é-egas to

producé process%&%ioh varyy/ 'aﬁérﬂfbﬁﬁddimﬁﬁfﬁtﬁeﬁtﬁﬁmﬁsltdeﬁh’ct the t her in the
" second reaction .z e fi reaction

_ i after. rec
Soner L hyeREopiE Uk and pas S tesdvestd A the g B etveesthESE BT st op ()
-either as exmeeﬁresénf slterhai '(dj(m@bhweqnecessmpmelebtbthlaaeﬂéamdh@dfeedstock

“and/or as st fiiethane is present in the feedstock.
.. The' gaseou‘gﬁ% %xh&'hr ré’o%U (a) may be fed directly to the second

reaction zone oTh%ov;qsa!( 10!)31__ retie: ey be waried i tusher b wayidneluding| rml ecul ar
0Xygeno - inde en@&ﬂ&add stif Rt Rty dnﬁ/&%&c&xbﬁ’@@ﬂdx%ﬂﬂf@

optionally tio acetl, ci d. trc acid nay be
opt i onal | m@ﬁw hS:Are gfa%@@wiﬁﬁwdaené@ﬂy apishog *@rpxc/ayn

The catal ycﬁﬁlcﬁﬁi'd%ﬁ(sf)ﬁhd/bh ef @ﬂbﬁ&étﬁﬁbr@ﬁxré’slaﬂﬁbr@ﬁﬁbﬁte which is used in

St Lol vesept e oo BS et SEEE bod | n c 1

suitable catal y@ e bioced éﬁ‘lﬁ/\?f
559 540 anwitiuefereadsioFigure ch represents mBB:htsTﬁﬁ@fcﬁmmmei foesseaincat al yst
py! acetate 25 by the reaction of

be used to oxidi
present in the té??ﬂt%?fovf
.gaseous prmragms tmyrbyamﬂ[w 3

~and wat.er, r&@ﬂ&%lt.

activgsfor £58
et hyl eﬁe thégfoldé& aci h@ghggn? er{ the catal yst consisti n%@ essentially
of : (1) alhesnpajatys i5es-a figsyireastian gane (1319 optignaliheat of from 3 to 7

nm and a mb?angﬁr (2). ¥ QJltdd)ﬁB
suspensi o .cat al yst
(2) a pallggauftﬁ? gl %

support, tdpsional second chsullat
' 20 - Inuse, amolecu

b 8033, 4 hleaﬂ-e:ﬁ:hﬁﬁgeg (9)aa 1&%&& colingit wat er
éjﬁrégort@aw%ﬁ R §Oto 9.0, 30
 dRCaRrer (o Vangﬁf{ andAl catal yst -
in (8).
_ "n-containing gas, optxonal steam and a gaseous
. feedstock comprising et lene and/or ethane are fed to the first reaction zone (1)
- which contains a catalys e for the oxidation of the ethylene to form acetic
acid, and/or the oxidatic

- on the scale of the proces

ne to form acetic acid and ethylene. Depending
rst reaction zone (1) may comprise either a single
25 reactor or several react araﬂel or series. A first g,aseous product stream
comprising acetic acid, un '_ cted feedstock, optionally 1 unconsumed molecular
oxygen-containing gas and'water together with carbon monoxlde carbon dioxide,
inerts and acetaldehyde by products is withdrawn from the first reaction zone (1)

and is fed to the second. reactlon zone (3), via optnonal heat exchanger (2) which

30 allows adjustment of the temp ture of the feed to the second reaction zone (3).

dtis envxsaged that if no: h hanger (2) is reqmred it may be possible to have
the first and second reacnon in the same vessel. Addmonal molecular
‘oxygen-containing gas an' ene and/or acetic acnd recyc]e may be mixed

with the product stream w:thdrawo from the first rcactlon zone (1). In the second

35  reaction zone (3) acetic acid-and’ethylene are contacted wath molecular oxygen-



- surface | ayer extending less than 0.5 mmfromthe surface of the support,
Cthe in the alloy being present in an anount of 5 to
" 5.0.granms p@bw of catalyst, and the gold being pre%%&%g :
amount of fromO0.5 to 2.25 grans per litre of catalyst, and 35 (3)

" from5 to 60 grans per litre of catalyst of alkali netal acet at e

9. WD 98/ 05620

--"PCT/ GB97/ 02101 5 ted
“catal yst act i PRPE gagin the pres?ﬂ%d’ﬁétc?@ﬁ's{ﬂ‘cq F’g?fl tg?a@@’[di?tém\‘ o‘f’ﬁ“@lt m/)lr ggga ©

acetic acid cavetatm Dependingorthescaleof the processashe sebendorebctionstone @)anayt i ng

T bout s Yemerise cithérd sifuif foBlof B sSVdBR e A 9 BERSEALT &1 Tt T
(2) pall adi umradmgt;em@psmsmg.ml saetaneiovasen optianally tthanengaseouskyd ayer. of

the 5 Calgpbiidts SPiteactePadetic hGa an&@ﬂrylene is wﬁl@ra\;‘rﬁ mggeco%[ﬁ to about
-__9 5% by wei ght of: pot a a?egt ate wherern the- to pa | adi um
wei ght rati o "E3FtiORZgne @aﬂ“g]éﬁ sVIp hegtirechanggi( 9@» tB tb%s"l'“%" cqlgmn (4 An

‘advant age of wisireg gasdmls kﬁ@hnuampm@g éthfigne; ahdb ﬁ&nany efhand to@@ﬁheﬁ@ithon
nonoxi de pro%‘&&%ﬂje thenf' r react I'gﬁjﬂﬁ‘gﬁa@lﬂﬁ e co uned in the
‘presence of LR il ‘Wem i} ioxife By Hftﬁéﬁ in the
'second react iveithdrawme pverheadednd is recycleda to therfaxsti reaitioh eome(dd Adliquid stegand at e
oo bon TRk S4By RS St v e e B bRy, 1 1
_t he r eact ant Profuckiys yyithgesawn frqnnthebm@fphawbber column (4) and is fed to the
first distillation column (5).. In the first dlstlllatxon column (5) vinyl acetate and
- water is removed as an azeotrope and acetic acid, gnd the heavy organic by-
- products are removed as a bleed from the base of the first distillation column (5).
15 The water in the overhead stream from the first d'{éiillation column (5) is separated
from the vinyl acetate in a decanter (6) and a vinylzécetate product stream removed
from decanter (6) is purified by conventional means known in the art. The acetic
acid-containing bleed stream removed from the bjase of the first distillation column
(5) may be fed to the optional vaporiser (7) wherein acetic acid is separated as a
20 vapour fraction comprising acetic acid from a heevy ends liquid fraction (10)
compnsmg acetic acid and heavy organic by—products Acetic acid may be
recovered from the heavy ends liquid fraction by conventlonal 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 aci.d—con’t?a.ining bleed stream removed
25  from the base of the first distillation zone (5) andldg a portion of the vapour
fraction from the optional vaporiser (7) may be t‘éd"ib a second distillation column
(8). An acetic acid product stream is optionally’ wnhdrawn overhead from the
second distillation column (8). ' o
Carbon dioxide by-product can be removed om a bleed from the top of
30  the scrubber column (4) for example by absorptlon by potassium
carbonate/bicarbonate mixtures. _
Items (2) to (7) may be units of a conven;t_:;_cf al vinyl acetate manufacturing

plant which may provide benefits of reduced capiia fistallation costs,

35
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The ethyl ene reactant used in step (b) of the process of the present
invention may conprise ethylene product fromstep (a), unreacted ethyl ene

feedst ock woegnsézep (a) or additional ethylene reactant. PCT!GB97/02101 The
nol ecul ar oxygen-contai ning gas used in step (b) of the process—of—the—

present invention may conprise unreacted nol ecul ar oxygen- c
from step (a) and/or additional nolecul ar- oxygen-cont “ﬂu E& Fﬂﬁ'lu"
Pref erabl yat ‘| east sone of the nol ecul ar oxygen- contal

i ndependently to the second reaction zone fromthe acetic acid and

et hyl ene reactants. The acetic acid, ethylene and nol ecul ar
oxygen-cont ai ni ng gas which are 25 reacted in step (b) of the process of
the present invention are preferably passed - t hrough the catal yst at a
gas hourly space velocity (GHSV) in the range 1000- - - 10000 hrferr].
Step (b) of the process of the present invention may suitably be carried

out at a tenperature in the range from 140 to 200[err]C. 30

Step (b) of the process of the present invention 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 a fluidised bed.

Acetic acid conversions in the range 5 to 50% nmay be achieved in step (b)

of the process of the present invention. 35 - OXygen conver si ons
in the range 20 to 100% may be achieved in step (b) of
10 Clai¥¥e: 98/ 05620

PCT/ GB97/ 0%101_, cess of t h?.agé esent i.nvention.

An integrated process i%r 81e production tic acid and/or vinyl acetate
which comprises the steps:-

(a) - contacting in a first reaction zone a gaseous feedstock 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 optlonally also ethane, carbon monoxide, carbon dioxide and/or
nitrogen;

10 (b) contacting in a second reaction zone in the presence or absence of
additional ethylene and/or acetic acid at least a portion of the first gaseous product
stream comprising at least acetic acid and ethylene and optionally also one or 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 product stream comprising vinyl
acetate, 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; ' |

200 (d) either (i) recovering acetic acid from the base fraction separated in step (c)
and dbtionally recycling the azeotrope fraction separaté‘d in step (c) after partial or
complete separation of the water therefrom to step (c),

- or (ii) recovering vinyl acetate from the azeotrope fraction separated in step
(c) and optnonally recycling the base fraction separated in step (c) to step (b),
25 or (iii) recovering acetic acid from the base fraction separated in step (c)
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Et hyl ene conversions in the range 5 to 1000% may be achieved in step (b)

i of the process of the present invention. In step (b) of the
' process of thHWOFB@RRt invention, the catalyst suitably has a PCHGBI7I02I01
| productivity (STY) in the range 300 to 10000 gtrans of vinyl ‘acetate per

R BEE v of cavalys sV “;;twawf°f“W'WMMMHHMW"

second product streamfromstep (b) of the process conprises vi'nyf
-.acetate, vvat eandiregoweralg vinyl acetaterfiom the ovraticayf azdotrope fraction sstoesrey irene,
et’hane, sf3p§ )al dehyde, nitrogen, carbon nonoxi de and carbon di oxi de.
I nt er medi ate bet ween step (b) and step (c)-of the process of the
“invention it Ps pré§process aceording to claimtovkerein hwtm;d iamecoyeted fegm the

acet al dehyde. basIfi¥RtioR® tQ&maéiéb Gﬁ%ﬁ@&e%%t e fraction s?pdr{te&“ﬂysteﬁ Egm th
second pr%duct str rn Sui ﬁP%}y as an over ead--&)seous raction from
‘ascrubbi g cBIFEHE ehRart tQrepiets sepasetianf thewpter shesefrom g stendek at e,
-water- | 15 - . amd acﬂpmgedsladcctrﬂlngeﬂméﬂﬂ 1fwieneih bﬁyb&b‘é&te is rfcc%vered frtt)m the The
second produc Lom st e cO acet at e, . wat er

and. acetic acigztf%{r\?ﬁgﬁagﬁ’owet’ﬁ'&?ﬁ Eep(gfwsﬁbﬁgﬁeén %E?ﬁﬁ?ﬂaﬁﬁeét“eﬁﬁep G

separated in is recycledstp@pcp((b) by d| stillation int o an overhead azeotrope

fraction conpgisin flei On
conpri s gzit | Qct?i'geé% 6@&:‘?&1%&?0 claim | wiﬁe?g cﬁpe F%&__@é’ég f{on? Bt he
‘process dP t hase %R?E‘i\?‘l srparated m@t@cﬁcmamévmyl acetatenemggrgd flompthet he base

fraction sepagrbgd ¢ﬁa§ﬁ@gee@eredTﬂ;;%tgpe@5)vered acetic aci d " may be
further urlfged |? desired known franner, for exanp y distillation.

The azeot r ope”f r acfiRSRCTSS ﬁ’b‘i?é@l“&@ S'Hhe@\?@t'“éal!l Ctﬁ"ﬁé‘t‘t”('b‘ﬂelﬂé’"bt' éFQS?t&bﬁ y
‘recycl ed, recovened fromativg hedotrope fﬁaﬁén Sdpagatddan aiepoB) ¥ dédantavisher

therefrom by Tor RYAERLEaERThES, &% ol SRS Lo b Bl °
r ecover ed>f r diFecquersd fnm t)‘pe;aseous prédust frioovstee{adr ated in step (c), sw tably

for exanple by decA%@éés@HccoTJ]ﬁ E@ﬁ%&{ee& the prgced‘i’dgﬁ&’lhurﬁ(\\ﬁ&&&ﬁw

desired, be furth? in manner ., : t|on
“conprising adSter®@ é&@g ra&féactm @t“éﬁl%é)‘”'ths‘hﬁf‘*‘é‘b’lé‘ﬂaﬁ!“i/of E’é‘?@ﬁ ed, Wth
or 30 pref efeedstgckvantlhﬁolécnﬂaﬂd én-BoHthihingahi on,. to step (b) of the

process. .acetic.acid is

‘recovered f r & t he® ’°°’°s$?‘§8f‘to% c)any onespgzléer%&:% "ﬁtgl%‘t"éﬁ"(e&‘iméﬂd vi nyl
acetate P8 r @ddirionalratalysncomponsntisiead imthe firstagrstion zone for addisocarben over ed

.i.n step (c). ,ﬁg),td*,del}g @fsni foagi d and the vinyl acetate may be
“further puri fd ed i nown manner if desired. The relative yield of acetic

aci d to 35 Wi nyI’QQE Qfess aFCREAING IO 2ty Querad the Ryes ANy Emgevherein suwlena| ue.
: and ethane are fed to the first reaction zone. C

10. A process according to any one of the precedmg claims wherein the

25  molecular ox_\,lgen-cc:mtz’.:mng= gas used in the ﬁrst'
1. A process accordm_g to any one of the pré
molecular oxygen-containing gas is fed to the firsl
from the ethylene and/or ethane feedstock.

act:on zone is oxygen.
ding claims wherein the
ction zone independently
12. A process according to any one of the preceding claims wherein the
30  molecular oxygen-containing gas is fed independe;
from the acetic acid and ethylene reactants. :
13. A process according to any one of the prfef ng claims wherein additional
ethylene and/or acetic acid is fed to the second reaction zone.
14. A process according to any one of the pre:

- 35 palladium-containing catalyst is used in the second reaction zone and carbon

to the second reaction zone

g claims wherein a

llfill |
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: \Ié\gT?ng??(z)glOl : The r at”“l“H“luxl“"au“ l““lal ds of acetic

| acid: vi nylwoesidssee produced in the * prfocéss*may be i‘n 0:.100
' to 100:0, for exanple 0:100 to 70:30. The ratio - of O: fggﬁggbwgignts

alternative (d)(ii) of the process in which acetic acid is al

' converted to vinyl acetate. The ratio 100:0 represents alternative (d)(i)
tof the 5 'process in whi ch- vinyl acetate is onlyy made in sufficient

- anounts to ehdmexidetfrem the first PREKON LieGs Ebrishinkd BY @Bt MertWid. | S recover ed.
Al the ratios in between these two extrenes represent alternative
(d)(iii) of the process in which both acetic acid and vinyl acetate
are recover ed. ."The overall yield ratio my be varied in a
nunber of ways i ncl udi ng 10 ~independent |y adjusting the reactant ratios
and/ or action conditions of step (a) and/ or step(b) of the process,
for exa | e by independent!y adjusting the oxygen concentration(s)
and/ or the reaction tenperatures and pressures. The process
of the present invention wiil now be illustrated by exanple with
reference to Figure 1 which represents in schematic form apparatus for use
in 15 the process of the present invention. : The appar at us
conprises a first reaction-zone (1), an optional heat - exchanger (2)

a second reaction zone (3), a heat exchanger (9), a scrubber colum _
(4), a Mrst distillation colum (5), a decanter (6), an optional vaporiser
(7) and an - - optional second distillation colum (8). 20 I n
use, a nol ecul ar oxygen- cont aining gas, optional steam and a gaseous

f eedst ock conprising ethylene and/or ethane are fed to the first reaction

zone (1) whi ch contains a.catalyst active for the oxidation of the
ethylene to form acetic -~ acid, and/or the oxidation of ethane to form
acetic acid and ethyl ene. EEpendlng on the scale of the process, the

first rldaction zone (1) may .conprise either a single 25 reactor or
several reactors in parallel. or series. A first gaseous product stream
conprising acetic acid, unreacted feedstock, optionally unconsuned

. ol ecul ar oxygen-contai ning gas and water together with car bon
monoxi de, carbon dioxide, - inerts and acetal dehyde by products is
w thdrawn fromthe first reaction zone (I) and is fed to the second

reacti%% zone (3), via optional_heat exchanger (2) which

25

30

35
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30 al I ows adj ustnment of the tenperature of the feed to the second
reaction zonpo@amgno "It is envisaged that ' fif no heat exchapeficeo7e210f
reqU|red it may be possible to have the first and second reaction.
zones in the sane vessel. Additional éﬁy | ar oxygen-cont ai,.ni ng gas
and/ or ethyl ene and/or acetic acid recy may be m xed . with the
product streamw thdrawn fromthe first reaction zone (I). In the second
35 reaction zone (3) acetic acid and ethyle ane-contacted with

nol ecul ar oxygen- WD 98/ 05620 =,
PCT/ GB97/ 02101 containing gas int Ejggesence of a catal yst
active for the production of vinyl ace 559: Dependi ng on the scale

:a: conprise either a
"ln series. A
nptlonally et hane, gaseous

of the process, the second reaction zone (3)
single reactor or several reactors in parallel

product stream conprising vinyl acetate, wate
"by- 5 products and unreacted acetlc acid thylene is withdrawn from
t he second reaction zone (3).,3 fedtSE a heat exchanger (9), to
t he scrubber colum (4) mhere\@_ eous str@®m conprising ethyl ene,
and optionally ethane together with acet al d de, inerts, carbon
nonoxi de and car bon di oxi de by- product c &t hdrawn overhead and is
recycled to the first reacti.on zone ( Ligquid stream 10  conprising
vinyl acetate, water, unreacted aceti

. Q
£1 ml-

id and

i , , i ol heavy or c by-
i i (14) and is fed
to the “Tirst™distillation colun (5). In the first didtillation

products is wthdrawn fromthe base of t

colum (5) vinyl acetate and .us renpved a%¥?an azeotrope and
acetic acid, and the Hﬁévy organic by::: oducts are rgnoved as a

bl eed from the base of I he first distBHRE §§|on c q g The wat.er in
the overhead stream fri@m the first dEEEEEEatlon colunn (5) i{s separat ed
fromthe vinyl acetat@yn a decanter (6 and a V|nyI acetagg product stream

r enoved frodfﬁéfhnter (6) is alf neans known in
the art. The aceti = acid-co ved fromthe
base of the first t#4 | ation col : to the optional
vaporiser (7) wherekn i idi ad vagpour fré?tion
conprising acetic ag¢idf{froma ) §§
&=
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conprising acetic acid and heavy organic mu j \u c aC|
recovered fromthe heavy ends |iquid fract Imm I«%m {
in the art. The vapour fraction from t he opt i ona vaporl ser %

be recycled to the reaction zone (3). A portion of the acetic
acid-containing bleed streamrenoved 35 fromthe base of the first
distillation zone (5) and/or a portion of the vapour fraction from

the optional vaporiser (7) may be fed to a second distillation columm

(8). An acetic acid product streamis optionally w thdrawn overhead from

t he - second distillation colum (8). Car bon di oxide
by-product can be renoved froma bleed fromthe top of 30 t-he scrubber
colum (4) for exanple by absorption by potassium

car bonat e/ bi car bonat e m xt ur es. Items (2) to (7) may be units

of a conventional vinyl acetate manufacturing pl ant whi ch may provide
benefits of reduced capital installation costs. 35

14

Claims:
1. An integrated process for the production of acetic acid and/or vinyl acetate _
which comprises the steps:- '
(@)  contacting in a first reaction zone a gaseous feedstock comprising ethylene
and/or ethane and optionally steam with a molecular oxygen-containing gas in the

5 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
carbon monoxide, acetic acid, water and ethylene (either as unreacted ethylene
and/or as co-produced ethylene) and optionally also ethane, carbon dioxide and/or
nitrogen;

10 (b) contacting in a second reaction zone in the presence or absence of
additional ethylene and/or acetic acid at least a portion of the first gaseous product
stream comprising at least carbon monoxide, acetic acid and ethylene and _
optionally also one or more of water, ethane, 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 product stream comprising vinyl
acetate, water, acetic acid and optionally ethylene, the contacting in said second
reaction zone being carried out heterogeneously with ethylene, acetic acid and
molecular oxygen-containing gas being present in the gas phase; the catalyst used
in the second reaction zone being a pallaidium—containing catalyst comprising

20  palladium, an alkali metal acetate promoter and an optional co-promoter on a
catalyst support and carbon monoxide from the first reaction zone being consumed
in the presence of oxygen and the palladium-containing catalyst;

(c) separating the product stream from step (b) by distillation into an overhead
azeotrope fraction comprising vinyl acetate and water and a base fraction

25  comprising acetic acid; |
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T iyl asstate O oo T’ the eBQC’f’”‘“ ] lllillj fHIlﬂlllﬂlﬁfll fl

contacting in a first reaction zone a gaseous feedstock conpri sing ethyl’ené
and/ or ethane and optionally steam wig h a nol ecul ar oxygen-contai ni ng gas

in the 5 presence of a catalyst active for the oxidation of ethylene to
acetic acid and/or - ethane to acetic acid and ethylene to produce a

and et hyl ene (ghi ¢ HEReLD BrexoRagesuacif Bhs the b5 Bapfaepasiodiogradioed
et hyl ene) anchnd}mptxomllyl rgeyaling tlmtdzaumopecfwmoms&bmdim seapdcypafter partial o t r ogen;
10 (b) addrl‘t%ﬂ@trl]%?geé{aﬂat{ag%?%w éﬁﬁg&bgﬁt{)q ?éhgtthe presence or absence

of Ne andlor seetrc ac | east a portion of the
first gaseous produdi) TCGOVCHHSMIBémwnﬁrmthngzmtrope&%mmanmdunox| de,
acetic acisd apd, d@om d«gﬂ! Wrecxchnlg PB&S@'TF’Jcth ?épﬁﬁté?ﬂﬁ sﬁ% (%%téﬁf (byater,

et hane, car bon

oxygen- cont ai ni ng G441 |1'?F°B’ﬁ'én$ﬁ"€§6ﬁ@éfwnﬁle@&feafr%‘lonééﬁqr%‘édpbﬁteﬂﬂé 15

production 0fanulrEﬁdveﬂﬁ@V@WBadeﬁt@ﬁ@ﬂ&ﬁ@o@erﬁ&@Qﬁébtmb@%@ﬁoﬁi&@@d&&mﬁpr i sing
vi nyl aqal e, water, acetic acid and optionally ethylene, the . -
contacting i r‘F second . reaction zone being carried out

het er ogeneousd.y wiA pmmbtsydcemdmgeto eldim lawheteiaradetic acid 1srre¢oeyemkia'rom the

oxygen- cqgt ai used

in the sccai?on Fggg I on oned%{eﬁ%wgamﬁ h%l uny cgp'}%al ni ltésb%)

conpri si ng 20s recyeled afienpartial or aomnlete m@ratlora@%thamtqmmfr@n f‘aﬁépﬁﬂ opti onal
co-pronbter o a A mcessaécebﬁaﬂgtalemrﬂweaanw QBetiiRPrCceréd fBIithe first
reacti on zone bel onsune tg S ce ,of ox and (tg

pal I adi um corﬂzﬁ?tFﬁ d‘g a%ﬁ%@fatedmstep(e):ﬁnd € Hipg s¢n3 iff ¢kt ream
from step (Db)ispacycledtas stepb)on into an overhead azeotrope fraction

compri si g vyl aget b AR S ARY AndeRteld AR RledRerc RIS "0

acetic acid;
base fraction separated in step (c) and vinyl acetate is recovered from the

azeotrope 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 in step (c) by decantation.

20 6. A process according to any one of the preceding claims wherein acetic
acid is recovered from the gaseous product from step (a).

7. A process according to any one of the preceding claims wherein water
(steam) is fed to the first reaction zone along with the ethylene and/or ethane
feedstock and molecular oxygen-containing gas.

25 8. A process according to any one of the preceding claims wherein an
additional catalyst component is used in the first re_action zone to oxidise carbon
monoxide to carbon dioxide. |
9. A process according to any one of the preceding claims wherein ethylene
and ethane are fed to the first reaction zone.

30 10. A process according to any one of the preceding claims wherein the

' molecular oxygen-containing gas used in the first reaction zone is oxygen.

11. A process according to any one of the preceding claims wherein the
molecular oxygen-containing gas is fed to the first reaction zone independently
from the ethylene and/or ethane feedstock. '

35 12. A process according to any one of the preceding claims wherein the
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(d)" '« either (it) recovering acetic acid fromthe base fractllmllﬂm:lmﬁmlnml
step (c) and optionally recycling the azeotrope fracti

step (c) after partial or ' conpl ete separation of the wat er® t fer &f r om
to step (c), or (ii) rggovering vinyl acetate fromthe
azeotrope fraction separated in 5 step (c) and optionally recycling the
base fraction separated in step (c). to step (b), or (iii) '
recovering aceﬁlc acid fraom.the basge f(i)aCtIO S .ated in step (c)

and recover i FPIGAURY OXygeDrcantaining gas isded ipde ntsy ?ﬁ?@n‘iFe&Ett‘?‘b’FPnFecover ed
in. st efrofrCthe acetic acidand ethﬂeﬁ:@ﬁaﬁﬁts accor di ng to claiml V\,her ein
acetic acid g regovered fromthe q?g qn se‘%ratg? A atep (c)
and the azeotl ope nggtis‘sgﬁcoggxggit%wdoqeo %Bret;%ﬁngcalms CIpig, 8 Bh%af t er
partial or cethylentend/epageticiacid ipfedtthéheserend tehetionfzone t o step (c). 3.

A processsacqgr d &&@'ﬁb@h&dﬂ(ﬁ%ﬁ ?e\ﬁffh%&r%%ﬁﬁlgtcfalfnﬁracf&%ﬁf ged from the

azeotrope fracti on Separat e n separated in
step (c) catalyst active fordhe exidatianp (ebl)yle@@nd/m: ethane, andjop thesstalyst 8y di ng t o

claim1l whergf (gﬁghg&jﬁ%éifdrﬁld’fg%ﬁ@b&ﬂ fromthe base fraction
separated i n and acet atetjﬁ recoyered, from t&% :
azeotrope frd t| oﬁ V&Y ?:} eﬂ‘%?@b‘“{%‘) t epreceduggclalm%naylg e Qzcor di ng
to either cl piomatenis goldorreadmidner ei n vinyl acetate is recovered from
the azeotrope fraction separated in step (c) by decantation. 20 6. A
process according to any one of the preceding clains wherein acetic

acid is recovered fromthe gaseous product fromstep (a). 7. A

process according to any one of the preceding clains wherein water

(stean) is fed to the first reaction zone along with the ethyl ene and/ or

et hane f eedst ock and nol ecul ar oxygen-containing gas. 25 8. A
process according to any one of the preceding clains wherein an

addi ti onal catalyst component is used in the first reaction zone to oxidise
car bon nonoxi de to carbon di oxi de. 9. A process according to
any one of the preceding clains wherein ethyl ene and et hane are fed
to the first reaction zone. 30 10. A process according to any one of
the preceding clains wherein the nol ecul ar oxygen-cont ai ni ng gas used
in the first reaction zone is oxygen. 11. A process according to
any one of the preceding clains wherein the nmol ecul ar
oxygen-containing gas is fed to the first reaction zone independently
fromthe ethylene and/ or ethane feedstock. 35 12. A process accor.di ng
to any one of the preceding clains wherein the
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ol ecul &r oxygen-containing gas is fed independently ,,
_,fromthe acetic acid and et“)/I ene reactants.
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(57) Abstract

Acetic acid and/or vinyl acetate are produced by an integrated process whlch comprises the steps: (a) contacting in a first reaction
zone a gaseous feedstock comprising ethylenc and/or ethane and optionally stean with a molecular oxygen-containing gas in the 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-prodnced ethylene) and optionally also ethane, carbon
monoxide; carbon dioxide and/or nitrogen; (b) contacting in a second reaction’ zone in the presence or absence of additional ethylene and/or |
acetic acid at least a portion of the first gascous product stream comprising at least acetic acid and ethylene and optionally also one or more
of water, éthane, carbon monoxide, carbon dioxide and/or nitrogen with a molecular oxygen-commnmg gas in the presence of a catalyst
active for the production of vinyl acetate to produce a second product stream comprising vinyl acetate, water, acetic acid and optionally
cthylene; (c) scparating the product stream from step (b) by distillation into an-overhead azeotrope fraction comprising vmyl acetate and
water and a base fraction comprising acetic acid; (d) either (i) recovering acetic ‘acid from the base fraction separated in step (c) and
optionally: mcyclmg the :azeotrope fraction separated in step (c) -after partial or. ‘complete separation of the water therefrom to step (c), or
(ii) recovering vinyl acetate from the azeotrope fraction separated in step (c) and optionally xecyclmg the base fraction separated in step
{c) to step (b}, or (iii) recovenng acetic acid from the base fraction scparated in step (c) and recovenng vinyl acetate from the overhead
azeotrope fractlon recovered in step (c).




