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. and ethylene with molecular oxygen in the present

INTEGRATED PROCESS FOR THE PRODUCTION OF VINYL
ACETATE AND/OR ACETIC ACID

PROCESS

on relates generally to an mtegrated process for the productxon
of acetic acid and/or vinyl acetate and in pamcular to an integrated process for the
productlon of either acetic acid or vinyl acetate or,both acetic acid and vinyl

' acetate in any pre-determmed and var:able propomons from a gaseous feedstock

by the’ hqu:d phase car nylatlon of methanol and/or a reactive derxvatlve thereof in

the presence ofa Grou ! |
finite concentratron of water; however this process does not readily lend itself to

mtegratron since small qu ntities of iodide in the acxd are known to be poisons for

palladlum—based vmy ite catalysts. A]ternatwely, acetic acid may be produced
by the catalytic OXIdatl f ethylene and/or ethariie-.;'f_-; However, this process though
attractive from the pom of view of integration, suffers from the disadvantage that
large quantities of wate e produced as a by-pro 'uct of the process. Moreover,
ina preferred method operation water (steam); ded to the feedstock to

improve selectmty :_’Th d the generated waté requires removal, necessitating

expensive product sep D
Vinyl acetate ls generally prepared commercxally by contacting acetic acid

f a catalyst active for the

* Suitably, the catalyst may comprise palladium, an

production of vinyl" ace'
alkali metal acetate’ promo er and an optional co-p ymoter (for example, gold or
port. Acetic acid prod

d by carbonylation generally

cadm:um) ona catalyst su

. requxres extensive punﬁca on to remove inter alia odides arising from the catalyst

system genera"v employe because iodides are reco g,msed as potential vinvl acetate
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 remove iﬁert hydrocarbons such as ethane present i

@) reactmg ethane and/or ethylene with oxyben 1

comprising acetic acid, unreacted ethane (if present):
-without carbon dioxide and water removal to a reacto

WO 98/05620 B o PCT/GBY7/02101

catalyst éf_bisoners. The ethylene feedstock generally"“ec'luires puﬁﬁcation to
acker products.

Altemat'iiie!y, the process for the preduction of vin
purge to remove the accumulated hydrocarbons
Combmatxons of processes for producing vin acetate are known in the art.

Cetate requires a costly

= Thus GB-A-l 139,210 discloses a vapour phase pro_ ss for the production of
- unsaturated organic esters from a feed mixture cons:stmg of an alkene and an

oxygen-contalmng gas which does not require the presence of an organic
'specuf ically, for the
preparatlon of vinyl acetate from ethylene and oxygen,m the absence of acetic acid

carboxyllc acid in the initial reaction mixture and, mo

“inthe mmal feed mixture. The process comprises con ."actmg a gaseous feed

comprlsmg an alkene and an oxygen-containing gas - w'th a catalyst comprising a
palladxum or platinum - group metal or metal compoti
obtain a reaction product mixture containing the unsa :"rated organic ester, the
catalysts preferably being in sequence. The d:sclosur___does not mention the use of
mixed hydrocarbon feedstocks, the production of 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
producuon of an acetic acid-containing product from ethane and/or ethylene which
compnses _
ah oxidation stage to

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
carbon mqnoxlde, optionally together with carbon dqulﬂe and water;

(i) suﬁjecting the reaction product mixture with oi Without separating the

e is selectively oxidised to

acetic acid to an oxidation in which the carbon monc'f'
carbon dioxide in the presence of the unreacted ethan d ethylene, and/or
unreacted ethylene

(iii) - removing the carbon dioxide from the inixtufe

Gv) recycling the unreacted ethane optionally toge er with the ethylene. and/or
the unreacted ethylene to the ethane and/or ethylene

In an embodiment of this invention reaction pi

i _auon stage.

duct from step (i1)

e __hylene is passed with or
aving a suitable catalyst
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- for the production of ethyi acetate or, with addxtmn .of oxygen, for the production

of vinyl acetate. There is no mention in this dxsclosure of the recovery of both
acetic dcid and vinyl acetate, nor of the role of wa_t_g_r..

‘GB-A-1209727 discloses a process for_pr‘_ébiring vinyl acetate by the
catalytic-oxidation of ethylene in the ptesénce qf‘ acetic acid, which avoids the
accumulation of impurities in the recycled gases aﬂd‘-at the same time s'upplieé the
the process being essentially
action of the recycled gases
_catalytically oxidising the

necessary acetic acid for preparing the vinyl acetal
characterised by the steps of dfa{wing a convenien
from the reactor in which the viny! acetate is form
ethylene contained in said fraction 1o acetic acid w:.t__h" the aid of gaseous oxygen
and supplying the acetic acid formed to the reactor m which the vinyl acetate is
formed, the conditions being such that the content;éf by-products in the recycled
gases is_.kept below 20% by volume. and the amou_m.;of acetic acid formed is
sufficient to replace the acetic acid consumed in thé T;‘_;)_rr.eparation of vinyl acetate.

* No mention is made of the use of mixed hydrocarbon feedstocks, nor of recovering

both acetic acid and vinyl acetate as products, nor of 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. .

Accordingly the present invention provides an integrated process for the
producti'on of acetic acid-and/or vinyl acetate which, éoi‘nprises the steps:-
(a) contacting in a first reaction zone a gaseous.: teedslock 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
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 ethane, carbon monoxide, carbon dioxide and/or nitrogen;

(b) contacting in a second reaction zone in the esence 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 nd?or nitrogen with a

atalyst active for the

molecular oxygen-containing gas in the presence of.

production of vinyl acetate to produce a second product stream comprising vinyl
acetate, water, acetic acid and optnonally ethylene; '
(c) separatmg the. product stream from step (b) b dlsuilanon into an overhead

d
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azeatrope fraction comprising viny! acetate and water and a base fraction
comprising acetic acid; ST
(d) - either (i) recovering acetic acid from the base raction separated in step (c)
and optibnally recycling the azeotrope fraction sep edin step (c) after partia! or
complete separation of the water therefrom to step (©),
or (ii) recovering vinyl acetate from the azeof__'__ ope fraction separated in step
(c) and optlonally recycling the base fraction separat ed in step (c) to step (b),
or (iit) recovering acetic acid from the base fragtion separated in step (¢)
and recovenng vinyl acetate from the overhead azeo_:_ rope fraction recovered in
step (c).
== =~ The process of the combination of steps (a) t (o) and (d) (i) may be
considered as a process for the production of acetic agd- by the oxidation of an

ethylene and/or ethane feedstock in which the co-pro‘_d_}ix_céd or added water is
advantageously removed by distillation as a vinyl aceféite/water azeotrope, leaving
a substantially dried acetic acid product, the vinyl acetate used in the azeotrope
distillation being provided by reacting a sufficient pomon of the acetic acid
produced by the oxidation with ethylene (either present as unreacted ethylene or as
ethylene formed by oxidation of ethane) and molecular oxygen-contammg gas.

The process of the combination of steps (a) to (c) and (d)(i1) may be
considered as an integrated process for the producuon of vinyl acetate from

ethylene and/or ethane via the intermediate formation of acetic acid, the process

having the following advantages over a process with entu’ely separate acetic acid
producuon -

1) insofar as a mixture of ethylene and ethane is used as the feedstock it
facilitates the use of cracker off-gases or a partially puhﬁed ethylene/ethane stream
which might otherwise be flared or require to be furthe punﬁed The purge of
inert hydrocarbons, for example ethane, is either removed or reduced because they

can be oxidised in the integrated process;

(i)  water co-produced with acetic acid in the oxidation reaction instead of
being removed can pass with the acetic acid to the vi‘njd"' ég:ie_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 be combined, for example

only a single feed gas compressor and off-gas scrubbing system is required whereas

separate acetic acid and vinyl acetate processes each require their own feed gas
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compressor and off-gas scrubbing system;

(iv)  reduced intermediate storage requirements are needed as cbmpared to two
separate processes; :

Advantages (iii) and (iv) lead to reduced capital and operatmg costs.

(v) it allows for heat mtegratlon thus the ethylene/acetlc acid from the first
stage may be passed to the second stage at the reqmred elevated temperature and
with the acetic acid in vapour form wnthout the need for heat input to vaporise the
acetic acid, as is required with separate acetic acid’ and vinyl acetate processes.

The process of the combination of steps (a) to (c) and (d) (iii) may be
considered as an integrated process for the production of acetic acid and vinyl
acetate ifi any pre-determinied proportions. This in itself is an advantage since both
acetic acid and vinyl acetate are world scale industrial products, the relative
proportlons of which can be adjusted by the process of the invention to
‘accommodate prevailing market needs. Moreover, only acetic acid recovered as a
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 eomprising ethylene and/or
ethane is contacted with a molecular oxygen-containing gas in the presence of a
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 ethyle’ne to acetic acid, and/or
ethane to acetic acid and ethylene may comprise any suitable catalyst known in the
art, for example, as described in US 5,304,678, US 5,300, 682, EP 0407 091, EP 0
620 205, EP 0 294 845 and JP 06293695-A

. US 5,304,678 describes a solid catalyst acttve for the oxldatlon of ethylene
with molecular oxygen to form acetic acid, the catalyst contammg the elements and
proportions indicated by the empirical formula:

PdaMpTiPOx
where

M is selected from Cd, Au, Zn, Tl, alkali metals and cllkalxne earth.metals.
a is from 0.0005 t0 0.2, '
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b is from zero to 3a,

cis from 0.5 to 2.5, and .

x is a value sufficient to satisfy the valence requnrements of the other elements
present, and

wherein such catalyst con‘tains' crystalline TiP207.

US 5,300,682 descnbes a solid catalyst active f_or the oxxdat:on of ethane to

form acetic acid and ethylene. the catalyst having th elements and relative atomic

proportions indicated by the empmcal formula

'VPaMbO
where M is one or more o;jtiijnal element eelected fi'eip.'Co, Cu, Re, Fe, Ni, Nb,

Cr, W, U, Ta, Ti, Zr. Zn, Hf. Mn, Pt, Pd, Sn, Sb, Bi. Ce, As, Ag, and Au, wherein
as 0.5103, )

bisOto I, and _ -

X is a number determined by the valence requirements"b'f the other elements in the
catalyst and wherein the catalyst contains crystallme vanadyl pyrophosphate,
(VO)2P,07. | '

EP 0 407 091 describes a catalyst active for thé oxidation of gaseous ethane
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,

Y = Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn,"
Sb, Ce and/or U,

a=1,

b=0to2, preferablyO 05 to. l 0,
c=0to 2, preferably 0. 00] to l 0, and more preferabl

nd/or U, and preferably

provxso that the total value of ¢ for Co, Ni and/or Fe i

d+e+f=a, _

d is either zero or greater than zero,

eis gfeater than zero,

and fis either zero or greater than zero.
EP 0 620 205 describes a catalyst active for producing acetic acid from
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 metallic Pd and (b) at least one
opoly-acids and their salts and

ethylene and oxygen which catalyst comprises (s
member selected from the 'mgroup consisting of hi

optionally (c) at least one member selected from'the group consisting of metallic
elements of Groups 1B, 4B, 5B and 6B of the Periodic Table of Elements. The
heteropoly-acids may contain one hetero-atom an ne or more poly-atoms. The
hetero-atom may preferably be selected from the group consisting of phosphorus,
silicon, boron, aluminium, germamum tuamurn zx ____'omum cerium, cobalt,
chromium and sulphur, and the poly-atoms may pref‘erably be selected from the

' . niobtum and tantalum.

group consisting of molybdenum, tungsten, vanadiu
Component (c) may preferably be:selected from ._opper silver, tin, lead, antimony,

“bismuth; selenium and tellurium. :
EP 0 294 845 describes a catalyst active for thc oxidation of ethane to
fo:udmon of ethylene to acetic

acetic dcid and ethylene (as a by-product) and/or (]
" acid comprising at least two different catalyst enﬁt’-fes The first catalyst entity is a
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 or more of Li, Na, Be, Mg, Ca, Sr,
Ba, Zn, Cd, Hg, Sc, Y. La, Ce. AL, T, Ti, Zr, Hf' Pb Nb, Ta, As, Sb, Bi, Cr, W,
U, Te, Fe, Co. Ni, and x is equal t0 0.510 0.9, y is. _e_qual to0.1to0.4and zis
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
or a metal aluminophosphate: s
(ii) a palladium-containing oxnde catalyst;
(ii1) a tungsten-phosphorus-containing oxide catal- st
(iv) a tin-molybdenum-containing oxide catalyst.
JP 06293695-A describes the oxidation of
presence of a supported palladium catalyst containi
from chromium, vanadium, m,c’_;lybdenum and tungjs
The catalyst active for the oxidation of ethy]e e and/or ethane may be used
rs include silica,

lene to acetic acid in the
one or more metals selected

supported or unsupported. Examples of suitable §p_p
diatomaceous earth, montmorillonite, alumina, silic
silicon carbide, activated carbon, and mixtures therex

mina, zirconia, titania,
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The catalyst active fo: he xxdatlon of ethylene and/or ethane may be used in the
form of a fixed or ﬂux _
%containing' gas used 35i‘f'ithe__."__ﬁfst reaction zone may be

in'molecular oxygen thar |
\ vith a suitable diluent, for example nitrogen or carbon

eeular oxygen-contammg gas is oxygen. Preferably, the

The molecular
air or a gasricher o

-air. A suitable gas may be,
for example, oxyge
dioxide. Preferably th

molecular oxygen-co 1 zas is fed to the first: reacnon zone mdependently

~ from the ethylene and/ thane feedstock.

The ethylene ahd/or hane feedstock of step. (a) of the process of the

present invention may bstantially pure or may be__adm_xxed with one or more of

nifrogen, methane, caj ioxide, hydrogen, and low levels of C3/C4
alkenes/alkanes. : o

It is preferred- ed: ,_hter (steam) to the first reaction zone along with the
eihylehe and/or ethane tock and molecular oxy en containing gas, because
o.acetic acid. The am_ou_qt of steam fed to step (2) is
than 0 to 50 mol%, prefe_rably_ 10 to 30 mol%.

-of step (a) of the probeSs of the present invention

this can improve selec
suitably in the range great

The gaseous feec
ge! her with a molecular oxyg,en-contammg gasis
the catalyst at a gas hourly sp‘xce velocity (GHSV) of

(ethylene and/or ethan
preferably passed thro
1000-10,000hr-1 : ..
- Step (a) of the process of the present invention: zmy suitably be carried out
ata temperature in the r ge_from 100 to 400°C, typzca"y in the range 140 to

:f the present -inventiqh_fmay suitably be carried out
heric pressure, for eXample in the range from 80 to

rsions in the range 5: to 99% ‘may be achieved in
Sent invention. -

: sions in the range 30 to lOO% may be achieved in
- step (a) of the process of the sent invention. i
* In step (a) of the:process of the present mventx__z__'__

ng 1200 to 10000 grams g Facetic acid per hour per

the catalyst suitably has a

litre of catalyst. _ :
Depending upon: ture of the catalyst used in the second stage. it is

desirable that the first ga product stream has a low. concentration of carbon
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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, with ethylene feedstock it is
preferred to use a catalyst in the first reactor that g_iy_eé negligible carbon monoxide

by-product such as that described.in EP-A-0620205. -For ethane or ethylene feed,

an additional catalyst component in the first reactlon 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 stream from'siep (a) comprises-acetic acid, ethylene
and water, and may contain ethane,oxygen, nitrogen and the by-products,
acetaldehyde, carbon monoxide and carbon dioxide Acetaldehyde and carbon
monoxide will be converted by the molecular oxygen_;éontaining gas to produce
acetic acid and carbon dioxide respectively, either in 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 reactant if ethylene is present in

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
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 comﬂr;_ise any suitable catalyst
known in the art, for example, as described in GB 1 559 540 and US 5,185.308.
GB 1 559 540 describes a catalyst active for -the preparation of vinyl acetate
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,

(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 -

(3) from S to 60 grams per litre of catalyst of alkah metal acetate.
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US 5,185, 368 describes a shell 'impregnat'eﬁ.an éatalyst active for the
production of vinyl acetate from ethylene, acetic acm and an oxygen containing
gas, the catalyst consisting essentially of:

()a catalyst support having a particle diameter from about 3toabout 7mmand a

pore volume of 0.2 to 1.5 ml per gram,
(2) palladium and gold dtstnbuted in the outermost l .0 mm thick layer of the.

catalyst support particles, and

(3) from about 3.5 to about 9. 5% by weight of potassxum acetate wherem the gold
to palladium weight ratio in said catalyst is in the rgg_ge 0.6t0 1.25.

An advantage of using a palladiunn-contain""' catalyst 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__;sccond reaction zone, thereby
eliminating the need for a separate carbon monoxid:__é "'r._en{oval reactor.

Typically, step (b) of the process of the ;m&_%m invention is carried out
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: Step (b) of the process of the
present invention may.comprise unreacted molecular oxygen-contammg 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

reacted in step (b) of the process of the present inverition are preferably passed
through the catalyst at a gas hourly space velocity (GHSV) in the range 1000-
10000 hr-1,

Step (b) of the process of the present inventi dy suitably be carried out
at a temperature in thenra‘nge from 140 to 200°C.

Step (b) of the process of the present invemif ay 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% y_.be achieved in step (b)

of the process of the present invention. .
Oxygen conversions in the range 20 to IOO% may be achieved in step (b) of

10
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the process of the present invention.

Ethylene co :versmns in the range 5 to IOOO% may be achieved in step (b)
resent invention.

“the process of the present invention, the catalyst suitably has a
n the range 300 to 10000 grams of vinyl acetate per hour per
>10000 grams of vinyl acetate per hour per litre of catalyst is

litre of catalyst. |

also su1table :
The second product stream from step (b) of the process comprises vinyl

' etic acid and optionally also-unreacted ethylene, ethane,

n carbon monoxide and carbon dioxide. Intermediate

'step (c) of the process of the invention it is preferred to

; ethane, acetaldehyde, carbon monoxide and carbon dioxide,

~ acetate, water and |
10 acetaldehyde, nit
~—-between step (b) a
remove ethylene, a

if any, from the sec nd product stream, suitably as an overhead gaseous fraction

from'a scrubbing coluinn, in which a liquid fraction comprising vinyl acetate, water
r oved from the base.

roduct stream from step (b) comprising vinyl acetate, water

or without the mtermedxale scrubbing step, is separated in

into an overhead azeotrope fraction comprising vinyl acetate

15  and acetic acid ist
The second

and acetic acid, with'o

step (c) by distillati

and water and a b

20 In step (d

fraction comprising acetic acid.

¢ native (i) of the procees of the invention acetic acid is

e ase fraction separated in step (c). The recovered acetic acid
may be further punﬁed if desired . in known manner, for example by distillation.
The azeotrope fraction removed as an overhead fraction is preferably recycled,
with complete or pal ial separation of the water therefrom, by for example cooling

25  and decantation, to ep (c) of the process. | :

In step (d ernanve (i1) vinyl acetate is recovered from the azeotrope
fraction separated _tep (c), suitably for example by decantation. The recovered
vinyl acetate may, if' desxred be further purified in: known manner. The base

_ fraction compnsm cetxc acid separated in step (c) is preferably recycled, with or
30 preferably withou 1 her purification, to step (b)_ ?of the process.
In step (d)tﬁl ':'rinative (iii) acetic acid is recovered from the base fraction
~ separated in step (c) nd. vinyl acetate is recovered from the overhead azeotrope
tep (c). Both the acetic aejd and the viny! acetate may be

fraction recovered
further purified in l_cnown manner if desired. The rglatwe yield of acetic acid to
35 vinyl acetate mayﬁje_; djusted to any pre-determined value.

1l




- process may be in the range

10

IS5

- 20

25

30

~ process i m which vinyl

' extremes represent ajt

. feedstock comprising et
* which contains a catalys

~ on the scale of the proces

WO 98/05620 PCT/GB97/02101

"l,‘:he ratio of QVera_lli'yiél,ds of acetic acid: vinyl.acetate produced in the
00 to 100:0, for exam'pl'e 0:100 to 70:30. The ratio
of 0: 100 ‘represents a!temat:v -d)(u) of the process in which acetic acid is all
ratio 100:0 represents alternative (d)(l) of the
s only made i in sufficient amounts to effect the

'ns recovered. All the ranos in between these two
atwe d)(m) of the process m whlch both acetic acid and

azeotrop:c distillation

vinyl acetete are recover :
The overall yield rat '_ay be varied in a number of ways inciuding

mdependently adjustmg the reactant ratios and/or reactxon conditions of step (a)

and/or step (b) of the proce:

concentratlon(s) and/or’

or example by lndependently adjusting the oxygen

tion temperatures and pressures.

The process of t' : ént invention will now be illustrated by example

W|th reference to Fxgu ich represents in schematic form apparatus for use in

In use, a molecula en-contammg gas, opt:onal steam and a gaseous
lene and/or ethane are fed to the first reaction zone (1)
for the oxidation of the-ethylene to form acetic
acid, and/or the oxidatie thane to form acetic acid-and ethylene. Depending
first reaction zone (1) may comprise either a single
reactor or several reacto arallel or series. A first g,aseous product stream
comprising acetic acid, reacted;;feedstoek optionally 1 unconsumed molecular
oxygen-containing gas 2 d'wate together with carbon monoxlde carbon dioxide,
inerts and acetaldehyde by prod 31:s is withdrawn from the first reaction zone (1)
and is fed to the second’ reactlon zone (3), via optnonal heat exchanger (2) which
‘allows adjustment of the’ t_emp athre of the feed to the second reaction zone (3).

dtis emnsaged that if no: h.ea exchanger (2) is reqmred it may be possible to have

the first and second reac_tl_'_' s in the same vessel. Addmonal molecular

‘oxygen-containing gas anc 'f:.-_lene and/or acetic acnd._ recyc]e may be mixed
rawr_l from the first reactnon zone (1). In the second

thylene are contacted .wath molecular oxygen-

with the product stream w:t
reaction zone (3) acetic a¢
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containing gas in the presence of a catalyst active 'fcsr the production of vinyl
acetate. Depending on the scale of the process, the'second reaction zone (3) may
‘comprise either a single reactor _o_f several reactors:in parallel or in series. A
' product stream comprising vinyl acetate; water, ¢ pti onally ethane, gaseous by-

5  products and unreacted acetic acid and ethylene i's_:gti'thdr_awn from the second
reaction zone (3) and is fed, via heat exchanger (9), to the scrubber column (4)
where a gaseous stream comprising ethylene and obtionally ethane together with
acetaldehyde inerts, carbon monoxide and carbon’ dioxide by-products is
withdrawn overhead and is recycled to the first reactxon zone (1). A liquid stream

10 comprising vinyl acetate, water; unreacted ace_tlc;acld and heavy organic by-
~~products is withdrawn from the base of the scrub_b.el% column (4) and is fed to the
first distillation column (5).. In the first distillation_cblumn (5) vinyl acetate and
- water is removed as an azeotrope and acetic acid, and 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 dxst:llatlon 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 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 heevyrends liquid fraction (10)
comprising acetic acid and heavy organic by—prodtigits. Acetic acid may be
recovered from the heavy ends liquid fraction by cclzj'_:nventional means known in the
art. The vapour fraction from the optional Vaporis}e_r: (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). -
Carbon dioxide by-product can be remov
30  the scrubber column (4) for example by absorptlon by potassium
carbonate/bicarbonate mixtures. S
Items (2) to (7) may be units of a conventior

om a bleed from the top of

| vinyl acetate manufacturing

plant which may provide benefits of reduced capital installation costs.
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Claims:
1.7 7" 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 feedstock 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
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;
{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
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; ' |
(d) eit}__ier (i) recovering acetic acid from the base fraction separated in step (c)
and dbtionaﬂy 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 azeotmpe fraction separated in step

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

or (iii) recovering acetic acid from the base fraction separated in step (c)
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and recovering vinyl acetate from the overhead azeotrope fract:on recovered in

step (c).

2. A process according to claim | wherein ac ttc acid is recovered from the

base fraction separated in step (c)and the azeotr Js ;e"fraction separated in step (c)
5  isrecycled after partial or complete separation 'bf‘t'ﬁe'water therefrom to step (c).

3. A process aeco'rding to claim 1 wherein' vx yl acetate is recovered from the
fraction separated in step (c)

azeotrope fraction separated in step (c) and the base

is recycled to step (b). .:

4. A process according to claim | wherein acetlc ‘acid is recovered from the-
10 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 E'if_ll?s‘__tep'-(c) by decantation. -

" 6. A process according to any one of the prec" ing claims wherein acetic acid

‘15 isrecovered from the gaseous product from step (a).
7. A process according 10 any one of the precedmg claims wherein water
(steam) is fed to the first reaction zone along_, with the ethylene and/or ethane
feedstock and molecular oxygen-containing gas. '

8. A process according to any one of the preeéi__ﬁng claims wherein an

20  additional catalyst component is used in the first qj;j;éiétiOﬂ zone to oxidise carbon
monoxide to carbon dioxide. o
9. A process according 1o any one of the plecedmu claims wherein ethylene
and ethane are fed to the first reaction zone. ’

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 action zone is oxygen.
1. A process accordmg to any one of the preceding claims wherein the

molecular oxygen-containing gas is fed to the first'reaction zone mdependently

from the ethylene and/or ethane feedstock.
12. A process according to any one of the pre_ dmg claims wherein the

30  molecular oxygen-containing gas is fed mdepende ly to the second reaction zone
from the acetic acid and ethylene reactants.
13. A process according to any one of the pr
ethylene and/or acetic acid is fed to the second 1;ee

ng claims wherein additional
n-zone.
14. A process according to any one of the preceding claims wherein a

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

UThlS Sheet Has Been R

U

HIS SHEET HAS BEEN |




10

15

20

25

WO 98/05620

* [ L M S *

. PCT/GBY702161

monoxide from the first reaction zone is consumed by reaction therewith.
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