
WO 2008/019873PCT/EP2007/007299 Process for working up vinyl acetate
The present invention relates to a process for working up vinyl
acetate from a gas mixture which is formed in the gas phase in the
conversion of 5  ethylene with acetic acid and oxygen over palladium
or palladium containing catalysts, in which the energy of the water
vapour saturated carbon dioxide discharged from the CO2-desorber is
used. The production of vinyl acetate by conversion of ethylene with
acetic acid and oxygen or oxygen-containing gases over fixed bed
catalyst in the gas 10  phase is already known. The reaction is in
general carried out at pressures of 1 to 2.5 MPa and temperatures of
100 to 250 C. Suitable catalysts contain a noble metal portion and an
activator portion. The noble metal portion consists of palladium
and/or compounds thereof; in addition, gold or compounds thereof can
be present. The activator portion consists of 15  compounds of
elements of main group 1 and/or main group 2 and/or cadmium. These
active components are applied to supports in finely divided form,
silica or alumina being in general used as the support material.
In general, the palladium content in the catalyst is between 0.5 and
5 % by 20weight. If gold or one of its compounds is used, it is added
in an amount of 0.01 to 4 % by weight. Each individual activator is
in general also added in an amount of from 0.01 to 4 % by weight. In
all three percentages given, the metal content of 25the component is
in each case based on the overall weight of the supported catalyst.
The following catalysts are preferred: 



WO 2008/019873- 2 -PCT/EP2007/007299 Palladium/alkali metal/cadmium
and palladium/gold/alkali metal it being possible for palladium
and/or gold to be present in the ready-to-use catalyst as metals or
as a compounds, and a preferred alkali-element being potassium.
Potassium is used in the form of a carboxylate, in particular as
5acetate. Especially preferred are the catalysts palladium
acetate/potassium acetate/ cadmium acetate and palladium
acetate/barium acetoaurate/ potassium acetate.       In the
multi-step catalytic process, vinyl acetate and water are formed in
10equimolar amounts, as shown in the following net equation: (cat.)
H2C-CH2 + CH3-COOH + 0.5 02H2C=CH-O-CO-CH3 + H20 Due to the total
oxidation of ethylene, which cannot be avoided completely, CO2 and
water are formed: 15H2C-CH2 + 3 02 ----> 2 CO2 + 2 H20 Thus, more
than 1 mole of water is formed per mole of vinyl acetate; in general
the weight of the water formed constitutes about one fourth of the
weight of the vinyl acetate formed. As a further important
by-product, CO2 is formed. The gas mixture leaving  20 the vinyl
acetate reactor has a CO2 content of about 10-20 % by volume. From
Ullmann's Encyclopaedia of Industrial Chemistry, Vol. A 27, 5th
edition 1996, it is known to absorb the carbon dioxide from the gas
stream in a column charged with an aqueous potash solution. The hot
potash washing process besides an absorption step also comprises a
desorption 



25step, and is known in the field of chemical engineering for the
separation of CO2 from gas streams as Benfield process
(Chem.-Ing.-Tech. 60 (1988),  No. 5, pages 410-412). In the absorbing
section, CO2 is absorbed in an aqueous potash solution. The pressure
in the absorber in general is higher than 1 MPa, so that also a part
of the gas to be cleaned dissolves in the washing solution. 5The
efflux from the CO2-absorber section can be expanded by use of an
intermediate expansion so that the dissolved gas is released in part
and can be recycled to the process. The expanded, charged potash
solution is fed to the CO2-desorber section. In the desorber, the CO2
vapour pressure of the potash solution is increased by heating and
CO2 is expelled by feeding of 10 direct steam or boiling. Usually,
the washing solution is regenerated at atmospheric pressure or small
overpressure, and the potash solution leaving via the desorber bottom
is recycled to the absorber section at a temperature of about 100 to
120 C. At the head of the CO2-desorber, CO2 saturated with water
vapour is removed at a temperature of about 100 C. 15In the prior art
there is no indication to use the heat content of the water vapour
saturated CO2 obtained at the head of the CO2-desorber in the working
up of vinyl acetate by distillation. The use of said heat content in
the working up of vinyl acetate by distillation is desirable. In the
production of vinyl acetate, besides other by- 20products also ethyl
acetate is obtained in an amount of about 500 to 2000 ppm based on
the amount of vinyl acetate formed. Ethyl acetate may be present in
pure vinyl acetate in a small amount of 250 



ppm only. The separation of ethyl acetate is energy-consuming, and in
the art various processes are known which aim to reduce the
consumption of 25 energy in the purification of vinyl acetate by
separation of ethyl acetate and other by-products. Moreover, also the
separation of the remaining acetic acid traces from vinyl acetate is
energy-consuming.  WO 2008/019873- 4 -PCT/EP2007/007299 In the
process according to DE-A1-3 422 575, the hot gas mixture leaving the
vinyl acetate reactor, which consists essentially of ethylene, acetic
acid, vinyl acetate, water, carbon dioxide, oxygen and inert
compounds such as nitrogen and argon, and furthermore contains ethyl
acetate, is fed to a first 5  distillation column, the so-called
pre-dehydration column, which is operated without additional heating.
The gas mixture leaving at the head of this column first is brought
into contact with the reflux to the pre-dehydration column in a heat
exchanger, so that the gas mixture is cooled and the reflux is heated
correspondingly. The gas mixture then is fed from 10  the heat
exchanger to a condenser. The portions liquefied therein are trapped
in a collecting tank, in which the liquid separates into an aqueous
and an organic phase. The aqueous phase is removed and the organic
phase completely or in part is recycled as a reflux to the head of
the pre-dehydration column. 15The portions which are not liquefied in
the condenser still contain gaseous vinyl acetate. This vinyl acetate
is washed out of the gas mixture in a washing column operated with
acetic acid as washing liquid, which is also designated as
recycle-gas washer. The remaining gas is recycled to the reactor. The
efflux from the bottom of the recycle-gas washer as well as the 20
remained of the organic phase liquefied from the condensate of the
pre-dehydration column is collected in a further tank, in case not
the complete organic phase liquefied from the condensate is used as
reflux for the pre-dehydration column. At the bottom of the
pre-dehydration column a mixture is obtained, which 25  consists of
vinyl acetate, acetic acid and about half of the reaction water, as
well as by-products. The other half of the reaction water has already
been split off without energy supply and forms the aqueous phase of
the  



WO 2008/019873- 5 -PCT/EP2007/007299 condensate which is formed upon
cooling of the head vapour of the pre-dehydration column. The bottom
product of the pre-dehydration column first is fed to a collecting
tank, which is also designated as collecting tank for raw vinyl  5
acetate, and is then worked up in a second distillation column, the
so-called azeotrop column. As a head product, water-saturated vinyl
acetate is obtained; furthermore an ethyl acetate containing side
stream is obtained, and finally a bottom product is obtained, which
is recycled to the system as feedback acetic acid. The ethyl acetate
containing side stream is removed.  10 The water-saturated vinyl
acetate, which is not recycled as reflux to the head of the second
distillation column, is combined with the bottom efflux of the
recycle gas washer and the remainder of the organic phase liquefied
from the condensate of the pre-dehydration column. Then, the mixture
is fed to a third distillation column, the so-called  15 dehydration
column. The head vapour of this column after condensation almost
completely is recycled as reflux. The removed side stream is
separated into an aqueous and an organic phase, and the aqueous phase
is removed and the organic phase is recycled to the column. From the
bottom of the dehydration column, a dry vinyl acetate/acetic acid
mixture is  20 removed and is fed to a further, fourth column, the
so-called pure vinyl acetate distillation column. In this column, as
a head product vinyl acetate which is almost completely free of ethyl
acetate is obtained, and the bottom product of this column, which
contains acetic acid, high boiling compounds and traces of vinyl
acetate and ethyl acetate, is recycled to the process with 25a
partial stream being removed. A further variant for working up of
vinyl acetate is known from EP-A2-0 423 658. In this process, the
bottom product of the recycle gas washer is not directly combined
with water-containing vinyl acetate obtained from  



WO 2008/019873- 6 -PCT/EP2007/007299 the azeotrop column, but is
first fed to a further column, in which as a head product a vinyl
acetate-water azeotrop is obtained, and as a bottom product acetic
acid is obtained which is recycled to the process. The aqueous vinyl
acetate obtained in this additional column is combined with the
water-  5 saturated vinyl acetate obtained from the azeotrop column
and is further worked up in the subsequent dehydration column and
pure vinyl acetate distillation column, in accordance with the
process of DE-A1-3 422 575. The process according to EP-A2-0 423 658
requires about the same consumption of distillation energy for the
separation of ethyl acetate as the  10 process according to DE-A1-3
422 575, however, a smaller number of column plates is required and
thus the investment costs are lower. The non-condensed part of the
vinyl acetate from the pre-dehydration column which is washed out in
the recycle gas washer with acetic acid and is obtained as acetic
solution as well as the organic phase of the condensate from the pre-
15 dehydration column are almost free of ethyl acetate, and thus an
energetically expensive separation of ethyl acetate from said vinyl
acetate streams is not necessary. However, this process variant
requires the operation of an additional distillation column for the
splitting off of the bottom efflux from the recycle gas washer. 20It
is characteristic for the vinyl acetate working up processes of
DE-A1-3 422 575 and EP-A2-0 423 658 that the acetic solution obtained
from the bottom efflux of the recycle gas washer, the water-saturated
vinyl acetate from the head product of the azeotrop column, and the
remainder of the organic phase liquefied from the condensate of the
pre-dehydration column  25 are combined. Thus, to the further
purification stages performed in the subsequent dehydration column
and pure vinyl acetate distillation column, an acetic mixture is fed
from which acetic acid has to be separated, thus requiring a high
consumption of energy. Furthermore, the dehydration  WO 20081019873-
7 -PCT1EP20071007299 column and the pure vinyl acetate distillation
column must be designed with corrosion-resistant material insensitive
to acetic acid. Still further, the condensate of the pre-dehydration
column, which is not recycled as reflux to the head of the
pre-dehydration column, still contains 5 a certain amount of ethyl
acetate. Because this stream is combined with the water-saturated
vinyl acetate only after the azeotrop column, which is obtained as a
head product from said column, an ethyl acetate containing stream is
fed to the subsequent dehydration column and pure vinyl acetate
distillation column, from which ethyl acetate can be separated only
in an 



10energy-consuming process. In the non-published German patent
application with the file number 10 2005 036 930.8-44, in contrast to
the processes known from DE 34 22 575 Al and EP 0 423 658 A2 the
bottom efflux from the recycle gas washer is not fed to a collecting
tank to which further streams are fed and which are 15 then together
fed to the dehydration column and pure vinyl acetate distillation
column, but the bottom efflux from the recycle gas washer after
heating is introduced into the lower part of the pre-dehydration
column, thus further heating the mentioned acetic bottom efflux from
the recycle gas washer. This measure inter alia leads to a washing
effect in the pre- 20 dehydration column, so that almost the complete
ethyl acetate is washed into the bottom of the pre-dehydration column
and is removed. Furthermore, by this measure no acetic acid
containing stream is fed to the collecting tank before the
dehydration column, but the acetic bottom efflux from the
pre-dehydration column is directly introduced into the azeotrop 25
column. The complete acetic acid is removed with the bottom of the
azeotrop column, so that the stream supplied to the dehydration
column and thus also the stream supplied to the pure vinyl acetate
distillation column is free of acetic acid. With the stream supplied
to the pure vinyl acetate  WO 2008/019873- 8 -PCT/EP2007/007299
distillation column being free of acetic acid, also the distillation
expenditure for obtaining the pure vinyl acetate is decreased,
because the separation of traces of acetic acid from vinyl acetate is
very costly. In the vinyl acetate distillation process described in
the non-published 5  German patent application with the file number
10 2005 036 930.8 distillation is carried out at a lower temperature.
The bottom temperature in the pure vinyl acetate distillation column
in general is about 80 C, in contrast to the temperature of 120-135 C
in the process according to DE 34 22 575 Al and EP 0 423 658 A2.
10The process for working up of vinyl acetate according to the
teaching of the non-published German patent application with the file
number 10 2005 036 930.8 can still be improved, if the CO2 saturated
with water vapour, which is obtained at the head of the CO2-desorber
and has a temperature of about 100 C, is used for the heating of the
pure vinyl acetate distillation column. 15  The decisive measure for
the use of the heat content of the CO2 saturated with water vapour,
which is obtained at the head of the CO2-desorber and has a
temperature of about 100 C, for the heating of the pure vinyl acetate
distillation column is the lowering of the bottom temperature of the
pure vinyl acetate distillation column. Such a lowering of the
temperature is 20  possible without a decrease in the quality of the
pure vinyl acetate because the complete acetic acid is removed via
the bottom of the azeotrop column, and thus a supply of an acetic
acid containing stream to the dehydration column and the pure vinyl
acetate distillation column is avoided. Through the lowering of the
temperature in the bottom of the pure vinyl acetate 



25  distillation column, a sufficient difference to the temperature
of the water-saturated CO2 which is obtained at the head of the
CO2-desorber is built up, which makes it possible to use the heat of
the water vapour-saturated CO2,  WO 2008/019873- 9 -PCT/EP2007/007299
which can also be designated as desorber exhaust vapour, for the
heating of the pure vinyl acetate distillation column. The invention
thus consists in a process for the separation of vinyl acetate from
the gas mixture being formed in the gas phase in the conversion of
5ethylene with acetic acid and oxygen over palladium or palladium
containing catalysts, wherein a) the gas mixture leaving the reaction
zone is introduced into a first distillation column, b) the gas
mixture leaving at the head of the first distillation  10 column is
cooled to -20 to +50 C, so that a condensate is formed which
separates into an aqueous phase and an organic phase, c) the aqueous
phase formed in step b) is removed, d) the organic phase formed in
step b) completely or in part is  15 reintroduced as reflux to the
head of the first distillation column used in step a) and a part of
the organic phase not used as reflux is removed, e) the gas not
condensed in step b) which contains vinyl acetate is washed in a
washing column with at least 90% aqueous 



20acetic acid to yield a vinyl acetate containing acetic solution at
the bottom, 0 a portion of the bottom product of the washing column
used in step e) is first cooled during pumping over and is then
reintroduced into the bottom of the washing column used in 25step e),
the remaining part of the bottom product is removed  WO 2008/019873-
10 -PCT/EP20071007299 and heated to at least 30 C, and then fed to
the lower part of the first distillation column used in step a),
g) a gas stream is removed at the head of the washing column of step
e), from which a portion is discharged as exhaust and the 5remaining
portion is recycled to the reaction zone, h) the exhaust discharged
in step g) is passed through an aqueous, alkaline solution, i) the
aqueous, alkaline solution obtained in step h) is regenerated by
increasing the temperature to 100-120C, 10j) the CO2 stream saturated
with water vapour resulting from 



step i) is removed, k) the vinyl acetate, ethyl acetate, acetic acid
and water containing bottom product of step a) is fed to a collecting
tank and the pressurized liquid is expanded so that a gas is formed,
151) the liquid which results from the expansion in step k) is fed to
a second distillation column, and from a concentration zone above its
bottom an ethyl acetate containing side stream is removed,
m) the acetic acid and water containing bottom product of step 1)
20is used completely or in part for the washing of the gas in step
e), n) the head vapour of step 1) is cooled, so that a condensate is
formed which separates into an aqueous and an organic phase,
o) the aqueous phase formed in step n) is removed,  WO 20081019873-
11 -PCT/EP2007/007299 p) a portion of the organic phase formed in
step n) is recycled as reflux to the head of the second distillation
column used in step 1), and the remaining portion is removed, q) the
remaining organic phase removed in step d) is expanded, 5  and the
gas formed during expansion is combined with the gas formed in step
k), and the combined gas streams are recycled to the process, r) the
organic phase resulting from step q) is combined with the organic
phase resulting from step n), and the remaining 



10  removed portion of the organic phase of step p), which is not
used as reflux, is introduced into a third distillation column, s)
the head product of the third distillation column of step r) is
cooled and the resulting low boiling fraction and the resulting water
are separated, 15t) the bottom product of the third distillation
column of step r) is introduced into a fourth distillation column, u)
pure vinyl acetate is removed from the head of the fourth
distillation column used in step t), characterised in that v) the
bottom product of the fourth distillation column is 20  removed, and
a portion thereof is heated in one or more heat exchangers, which are
operated with the water vapour-saturated CO2 stream obtained in step
j), and w) the so heated bottom product is recycled to the lower part
of the fourth distillation column.  WO 2008/019873- 12
-PCT/EP2007/007299 In step a), preferably the gas mixture leaving the
reaction zone first is cooled 115 C to 150 C in counter current heat
exchange with the colder recycle gas, which is thus heated and then
recycled to the reaction. In this step, a condensation of the
liquefiable portions does not yet occur and the 5  gas mixture is
introduced into the first distillation column, also designated as
pre-dehydration column. The amount of the organic phase formed in
step b) depends on the temperature to which the gas mixture is cooled
down in this step. The 



portion of the organic phase of step b) which is not used as reflux
in step d) 10 is removed and is expanded in step q) from a first
pressure stage at 0.5 to 2.0 MPa to a second pressure stage at 0.1 to
0.3 MPa, preferably 0.1 to 0.15 MPa. The resulting liquid is combined
in step r) with the organic phase from the condensed head product of
the second distillation column, also designated as azeotrop column
(step n). Preferably, both organic phases are 15 combined in the
phase separator of the azeotrop column. The portion of the organic
phase which is not introduced as reflux to the head of the azeotrop
column is introduced into a third column, which is also designated as
dehydration column. Preferably, the cooling temperature in step b)
and the portion of the organic 20 phase formed in step b) and used as
a reflux in step d) is selected so that the bottom product of step a)
contains an amount of vinyl acetate which is as small as possible and
contains, as far as possible, the complete amount of ethyl acetate.
After step e), a portion of the bottom efflux of the washing column,
which 25 is also designated as recycle gas washer, is pumped over,
and the portion of the bottom product of the washing column which is
pumped over is cooled. For cooling of the bottom product, means are
used which are known to the skilled person, for example heat
exchangers. The portion of the bottom  WO 2008/019873- 13
-PcrEP2007/007299 efflux which is not pumped over is removed from the
washing column and is heated to a temperature of at least 30 C,
preferably of 60 to 120 C, in particular of 60 to 100 C, and is then
introduced to the lower part of the first distillation column used in
step a). Suitably, for heating the bottom 5  product pumped out of
the washing column it is passed through a heat exchanger. Preferably,
the mentioned bottom efflux of step 0 is fed to the 2. to 15., in
particular 5. to 10., column plate of the first distillation column,
counted from the bottom of the column. 10At the head of the washing
column, a gas stream is removed, which contains ethylene, non-reacted
oxygen and, as a by-product, carbon dioxide. From this gas stream, a
portion is removed as exhaust, and the rest is recycled to the
reaction zone. 



The removed exhaust contains carbon dioxide and is submitted to a 15
washing step with an aqueous, alkaline solution for removal of the
carbon dioxide. Such kind of exhaust washing steps are known in the
art. Carbon dioxide first is absorbed in an aqueous potash solution
and is thus removed from the exhaust. In a subsequent desorption
step, the potash solution is 20 regenerated by raising the
temperature to 100-120 C. The hot aqueous potash solution is passed
back to the absorber section, and at the head of the desorber
water-saturated CO2 is removed at a temperature of preferably,
90-120C and at a pressure of, preferably, 0.1 to 0.12 MPa (step j).
The removed, heated mass stream is also designated as desorber
exhaust 25vapour.  WO 2008/019873- 14 -PCT1EP20071007299 The head
product of the first distillation column contains only very small
amounts of ethyl acetate, and the recycled reflux of step d) and the
portion of the organic phase which is not used as reflux are poor in
ethyl acetate and thus can be further processed without further
measures which would 5  require a separation of ethyl acetate. For
further processing, the removed organic phase is expanded according
to step q) and the resulting liquid is combined with the organic
phase resulting from step n), which is obtained from the head product
of the second distillation column, also designated as azeotrop
column. The combined organic phases in part are recycled as 10
reflux to the head of the azeotrop column. The remainder is fed to a
third distillation column, which is also designated as dehydration
column (step r). The gas resulting from the expansion in step q) is
also designated as feedback gas and has about the same composition as
the feedback gas 15  resulting from the expansion of the bottom
efflux of the first distillation column in step k). Both feedback gas
streams are combined, compressed in a feedback gas compressor and
then recycled to the process. Suitably, the combined feedback gas is
further combined with the residual gas resulting from the acetic acid
washing in step e), which is also designated as recycle 



20  gas. The combined gas streams are compressed and are recycled to
the vinyl acetate reactor after discharge of a portion containing
inert compounds. In the gas washing of step e), at least in part the
bottom product of the second distillation column is used (step 1).
The bottom product mainly 25  consists of acetic acid and further
contains water in an amount of at most 10 % by weight. A portion of
the bottom product not needed in step e) preferably is recycled to
the reactor as feedback acetic acid, after a small  WO 2008/019873-
15 -PCT/EP2007/007299 portion thereof has been discharged for removal
of high boiling compounds and polymers. In step r), preferably only
such an amount of the combined organic phases of step n) and q) is
recycled as reflux, so that the head vapour of the second 5
distillation column contains ethyl acetate in an amount as small as
possible. The portion of the organic phase, which is not needed for
this purpose, is introduced into the third distillation column, which
is also designated as dehydration column.    In step s), the
condensed head product of the third distillation column is not 10
completely used as reflux, but a portion sufficient for the
separation of low boiling compounds and water is removed. In step t),
the bottom efflux of the third distillation column, which virtually
consists of dry vinyl acetate, is fed to a fourth distillation
column, the so- called pure vinyl acetate distillation column, from
which pure vinyl acetate 



15is removed as a head product (step u). Through recycling of the
bottom product from the washing column, which is not pumped over, to
the lower part of the first distillation column used in step a (step
e) an acetic acid free stream is fed to the pure vinyl acetate
distillation column. Thus, the pure vinyl acetate distillation column
can be 20 operated at a temperature of 70 to 100 C, preferably 70 to
90 C, without a decrease in the quality of the vinyl acetate. Said
lowering of the temperature causes a sufficient temperature
difference between the pure vinyl acetate distillation column to be
operated and the water vapour-saturated carbon dioxide, also
designated as desorber exhaust vapor, 25 removed according to step
j). This temperature difference is sufficient to use the heat content
of the desorber exhaust vapor for heating of the pure vinyl acetate
distillation column.  WO 2008/019873- 16 -PCT/EP2007/007299 In
accordance with the invention, a bottom efflux is removed from the
pure vinyl acetate distillation column at a temperature of 70 to 100
C, preferably 70 to 90 C. A portion of this bottom efflux is passed
through one or several heat exchangers and is thus heated to a
temperature of 80 to 5  110 C, preferably 80 to 100 C. The so heated
bottom product is recycled to the lower part of the pure vinyl
acetate distillation column where it is evaporated. For the operation
of the heat exchangers used for heating of said pump over stream, the
desorber exhaust vapor with a temperature of 90 to 120 C is used. The
amount pumped over is selected so that the energy 10  of said
desorber exhaust vapor is optimally used. The portion of the bottom
efflux of the pure vinyl acetate distillation column which is not
pumped over is fed to the low part of the azeotrop column operated in
step a). The process according to invention makes is possible to use
the heat content of the desorber exhaust vapor for heating of the
pure vinyl acetate distillation 15  column thus leads to a
significant saving of energy in this vinyl acetate working up
process. The first, second, third and fourth distillation column in
the claimed vinyl acetate working up process are operated at such
temperature, pressure and feed back conditions which result from the
overall performance of the 20plant. 



The process according to the invention is illustrated in Figure 1.
Known measures such as addition of stabilizer are not shown. The
recycled gas mixture, also designated as recycle gas, consisting of
ethylene, oxygen and CO2, as well as inert compounds and low amounts
of 25  organic compounds such as acetic acid is passed via line (1)
into an acetic acid evaporator (2) designed as plate column in which
the gas stream is charged with acetic acid fed in via line (3). The
gas mixture leaving the  WO 2008/019873- 17 -PCT/EP2007/007299 acetic
acid evaporator (2) is fed into the vinyl acetate reactor (5) via a
vapour heated line (4).   The gas mixture leaving the vinyl acetate
reactor (5), which is mainly consisting of ethylene, acetic acid,
vinyl acetate, water, carbon dioxide, 5oxygen as well as inert gases
such as nitrogen and argon, is passed via line  (6) into the first
distillation column, the pre-dehydration column (7). The
pre-dehydration column (7) is designed in a known manner. The gas
mixture leaving the pre-dehydration column (7) at the head enters a
heat exchanger (9) via line (8) where it is brought into counter
current heat  10 exchange with the reflux which enters via line (16)
and is recycled to the pre-dehydration column (7) via line (10). From
the heat exchanger (9) the gas mixture enters a water-cooled
condenser (12) via line (11), where it is cooled to about 35 C. The
liquefied portions enter tank (14) via line (13), where they are
collected. The portion of liquid exceeding a certain level in 15the
collecting tank (14) is pumped back into the pre-dehydration column 



(7) by means of pump (15) via line (16), heat exchanger (9) and line
(10). After a certain period of time, the condensate formed in the
collecting tank (14) separates into two phases (17) and (18); from
now on, the aqueous phase (17) is discharged via line (19) and only
the organic phase (18) is 20pumped back as reflux into the head of
the pre-dehydration column (7) completely or in part via line (16),
heat exchanger (9) and line (10). The gas mixture leaving the
condenser (12) via line (20) is washed with the acetic acid coming
from line (51) in washing column (21) (recycle gas washer) and is
freed from uncondensed vinyl acetate portions. The bottom  25 efflux
from the recycle gas washer (21) is divided, with a partial stream
being pumped over under cooling by means of heat exchanger (23) via
line (22) and being recycled to the recycle gas washer, and the other
portion of the bottom efflux being passed through a heat exchanger
(25) via line (24)  WO 2008/019873- 18 -PCT/EP2007/007299 in which
the bottom efflux is heated to a temperature of at least 30 C,
preferably 60 to 120 C, and in particular 60 to 100 C. The thus
heated bottom efflux then is pumped back to the lower part of the
pre-dehydration column, preferably to the 2. to 15., in particular to
the 5. to 10. plate, 5calculated from the column bottom. The residual
gas or recycle gas (ethylene, unconverted oxygen and CO2 formed as
by-product) leaving the washing column (21) via line (26) is combined
with the feedback gas fed via line (35), which predominately contains
ethylene and, moreover, CO2, inert compounds such as nitrogen 10 and
argon, as well as acetic acid and small amounts of vinyl acetate and
ethyl acetate, and the combined gas streams are compressed by means
of recycle gas compressor (27) and are recycled to reactor (5) via
line (1) and acetic acid evaporator (2). A portion of the recycle gas
is removed as a waste gas via line (28) in order to discharge inert
components. Fresh 15ethylene is fed via line (29) and fresh oxygen is
fed via line (30). 



The liquid obtained at the bottom of the pre-dehydration column (7),
consisting mainly of vinyl acetate, acetic acid and water and
containing almost the complete ethyl acetate, is fed to a tank (32),
which is also designated as row vinyl acetate collecting tank, via
line (31), and is 20 expended, preferably to a pressure of 0.1 to 0.3
MPa, in particular to a pressure of 0.1 to 0.15 MPa. The feedback gas
formed during expansion, which contains predominantly ethylene and,
moreover, CO2, inert compounds such as nitrogen and argon, as well as
organic components such as acetic acid, is discharged via line (33),
then is combined with the 25 feedback gas fed via line (57) which has
about the same composition, and finally, after having been compressed
in feedback gas compressor (34), is combined via line (35) with the
recycle gas from the recycle gas washer (21) fed via line (26). The
organic phase obtained after expansion in the  WO 2008/019873- 19
-PCT/EP2007/007299 raw vinyl acetate collecting tank (32) is
discharged via line (36) and fed into the second distillation column
(37), which is also designated as azeotrop column. The head vapor of
the second distillation column (37) is fed to cooler (39) 5  via line
(38) and condensed therein. The condensate which is passed to phase
separator (41) via line (40) separates into an aqueous phase (42)
which is removed via line (43), and an organic phase (44) which is
combined with the organic phase fed via line (58). The combined
organic phase in phase separator (41) is discharged by means of pump
(45). A 10  portion of the discharged organic phase is fed to the
head of the azeotrop column (37) via line (46) and is used there as
reflux. The portion not used as reflux is discharged via line (47)
and fed to a third distillation column (48), the dehydration column.
The ethyl acetate entering via line (36) into column (37) is
discharged from a concentration zone above the bottom of 15  column
(37) via line (49). The bottom product of column (37) contains almost
the complete acetic acid obtained in the vinyl acetate working up
stage, at most 10 % water, small amounts of high boiling components
and/or polymers, and only traces of vinyl acetate and ethyl acetate.
The aqueous acetic acid is discharged from the bottom of column (37)
via 20  line (50) and divided. Depending on the design of the washing
column (21) and the temperature of the gases to be washed, differing
amounts of acetic acid are necessary as washing liquid. The portion
necessary for the acetic acid washing in step e) is fed to washing
column (21) via line (51) and pump (52). The remainder is fed to the
acetic acid evaporator (2) via pump 25  (53) and line (3). Fresh
acetic acid is fed via line (54) to the head of acetic acid
evaporator (2) in an amount corresponding to the amount of acetic
acid consumed during the reaction, and simultaneously serves as
washing  



WO 20081019873- 20 -PCT/EP2007/007299 solution for the recycled
acetic acid fed via line (3), which is also designated as feedback
acetic acid. The remainder of the organic phase (18) from collecting
tank (14) is passed to expansion tank (56) via line (55), in case not
the entire organic phase 5 (18) is used as reflux in the
pre-dehydration column (7). The feedback gas formed during expansion
to a pressure of 0.02 to 0.2 MPa, preferably to 0.1 to 0.15 MPa, is
discharged via line (57), is combined with the feedback gas fed via
line (33), and is recycled back to the process via line (35) after
compression by means of the feedback gas compressor (34). 10The
liquid obtained in tank (56) is fed to phase separator (41) via line
(58) wherefrom the combined organic phases in part are fed to the
azeotrop column (37) via line (46) as reflux, and in part as are fed
via line (47) as supply to the third distillation column (48), which
is also designated as dehydration column. The supply to the
dehydration column is virtually free 15of acetic acid. The low
boiling compounds and the remaining water residues contained in the
head vapor of column (48) are removed via line (59) and are
discharged from the working up process. The virtually water-free
vinyl acetate which is obtained at the bottom of 20 column (48) is
passed via line (60) to the fourth distillation column (61), which is
also designated as pure vinyl acetate distillation column. The head
vapor of this column is fed to condenser (63) via line (62). The
obtained condensate is pure vinyl acetate free of ethyl acetate. A
very small portion of said vinyl acetate is fed as reflux to column
(61) via line (64). Pure vinyl 25 acetate is discharged via line
(65). The bottom product of column (61) which contains small amounts
of ethyl acetate, polymers and high boiling compounds is in part
recycled to column (37) via line (66) and pump (67).  WO 2008/019873-
21 -PCT/EP2007/007299 



A partial stream is removed via line (67) from acetic acid evaporator
(2), into which finally all pipe volume components and polymers are
recycled, to discharge the polymers. The exhaust removed via line
(28) is passed to an absorption column (68) 5 charged with a 20 to 40
% by weight aqueous, alkali carbonate solution, preferably potassium
carbonate solution, and from the head of the adsorption column (68)
exhaust is removed via line (69) which is free from carbon dioxide.
The purified exhaust is recycled to the process and is fed to line
(26). The bottom of the absorption column removed via line (70) is 10
expanded in tank (71) from a pressure stage of 0.6 to 1.3 MPa to a
pressure stage of 0.12 to 0.3 MPa, and gaseous portions are recycled
to the process via line (72) and are fed to line (33). The liquid
portions are fed to the desorption column (74) via line (73), to
which energy is supplied by means of heat exchangers. The hot
regenerated alkali carbonate solution is passed 15 back to the
absorption column (68) via the bottom of the desorption column (64)
and line (65) by means of pump (76). The desorption and absorption
columns are designed in a known manner. The carbon dioxide which is
saturated with water vapor and has a temperature of 90 to 120 C is
removed at a pressure of 0.1 to 0.12 MPa via line (77) and is used
for the 20 operation of the heat exchanger (78). The water
vapor-saturated carbon dioxide cooled in the heat exchangers (78)
then is removed via line (79). In general, one or more heat
exchangers (78) are operated by use of the desorber exhaust vapours
fed via line (77). The heat exchangers operated in the process
according to the invention are designed in known manner. 25The
desorber exhaust vapours fed via line (77) have a temperature of 90
to 120 C and are cooled in heat exchangers (78) to about 80 to 90 C.
WO 2008/019873- 22 -PCT/EP2007/007299 From the bottom product removed
via line (66) a portion is derived after pump (67) and is fed to the
heat exchangers (78) operated with the desorber exhaust vapor via
line (80). The bottom product removed from column (61) has a
temperature of 70 to  5 100 C, preferably 70 to 90 C, and is heated
in heat exchangers (78) to a temperature of 80 to 110 C, preferably
80 to 100 C. The heated pumped over stream then is recycled via line
(81) to the lower part, preferably to at most the third column plate
calculated from the column bottom, and, in particular, to the bottom
of the pure vinyl acetate distillation column, and is 10evaporated
there. 



The measure essential for the working up process according to the
invention consists in the heating of a portion of the bottom product
from the pure vinyl acetate distillation column (61) which is pumped
over, with the desorber exhaust vapours in heat exchangers (78) fed
via line (77). By  15 this measure, the bottom product is heated from
a temperature of preferably 70 to 90 C to a temperature of 80 to 110
C, preferably 80 to 100 C. The thus heated bottom product is recycled
to the pure vinyl acetate distillation column and evaporated there.
The water vapor-saturated CO2 stream cooled in heat exchangers (78)
and  20 removed therefrom via line (79) is further cooled in a water
cooled condenser (82). The CO2 gas stream resulting therefrom is
removed via line (83) and finally discharged. The liquid phase
obtained in condenser (82) is removed via line (84) and recycled to
the desorption column (74). The measure according to the invention,
namely the heating of the bottom  25 efflux from the pure vinyl
acetate distillation column by means of the desorber exhaust vapour
furthermore makes possible an elegant analytical control of the
operation of the pure vinyl acetate distillation column. For  WO
2008/019873- 23 -PCT/EP2007/007299 this purpose, in line (84) an
additional container (85) can be installed as a control container. In
case during the operation of the pure vinyl acetate distillation
column there is a breaking through of vinyl acetate, in container
(85) two liquid phases are formed and the occurrence of a phase
separation 5can be realized in a simple manner during the operation
of the plant. Furthermore, by means of the control of the pressure
conditions in the pure vinyl acetate distillation column (61) and in
the desorption column (74), i.e. by means of a pressure increase in
the desorption column (74) and/or by means of a pressure decrease in
the pure vinyl acetate distillation column 10 (61) the temperature
difference between the bottom efflux of the pure vinyl acetate
distillation column and the desorber exhaust vapours can be
controlled. Thus, the optimum use of the energy content of the
desorber exhaust vapours can be achieved in a simple manner by means
of a purposeful control of the pressure conditions in the pure vinyl
acetate 15distillation column (61) and/or in the desorption column
(74). By means of the use of the heat content of the desorber exhaust
vapours for the heating process in the pure vinyl acetate
distillation column the heat consumption for its operation can
significantly be decreased without that there is a lowering in
quality, so that the mode of operation according to 



20the invention leads to a significant saving of energy during the
operation of the pure vinyl acetate distillation column.  - 24 -
Claims 1.A process for the separation of vinyl acetate from a gas
mixture      formed in the gas phase in the conversion of ethylene
with acetic 5acid and oxygen over palladium or palladium containing
catalysts, wherein a) the gas mixture leaving the reaction zone is
introduced into a first distillation column,        b) the gas
mixture leaving at the head of the first distillation 10column is
cooled to -20 to +50 C, so that a condensate is formed which
separates into an aqueous phase and an organic phase, c) the aqueous
phase formed in step b) is removed, 



d) the organic phase formed in step b) completely or in part is
reintroduced as reflux to the head of the first distillation column
15used in step a) and a part of the organic phase not used as reflux
is removed,  e) the gas not condensed in step b) which contains vinyl
acetate is washed in a washing column with at least 90% aqueous
acetic acid to yield a vinyl acetate containing acetic solution at
the 20bottom,  f) a portion of the bottom product of the washing
column used in step e) is first cooled during pumping over and is
then reintroduced into the bottom of the washing column used in step
e), the remaining part of the bottom product is removed and  - 25 -
heated to at least 30 C, and then fed to the lower part of the first
distillation column used in step a),        g) a gas stream is
removed at the head of the washing column of step e), from which a
portion is discharged as exhaust and the 5remaining portion is
recycled to the reaction zone,  h) the exhaust discharged in step g)
is passed through an aqueous, alkaline solution,  i) the aqueous,
alkaline solution obtained in step h) is regenerated by increasing
the temperature to 100-120C, 10j) the CO2 stream saturated with water
vapour resulting from step 



i) is removed, k) the vinyl acetate, ethyl acetate, acetic acid and
water containing bottom product of step a) is fed to a collecting
tank and the pressurized liquid is expanded so that a gas is formed,
151) the liquid which results from the expansion in step k) is fed to
a second distillation column, and from a concentration zone above its
bottom an ethyl acetate containing side stream is removed, m)the
acetic acid and water containing bottom product of step I) is used
completely or in part for the washing of the gas in step e), 20n) the
head vapour of step I) is cooled, so that a condensate is formed
which separates into an aqueous and an organic phase, o) the aqueous
phase formed in step n) is removed,  - 26 -  p) a portion of the
organic phase formed in step n) is recycled as reflux to the head of
the second distillation column used in step 1), and the remaining
portion is removed,             q) the remaining organic phase
removed in step d) is expanded, 5and the gas formed during expansion
is combined with the gas formed in step k), and the combined gas
streams are recycled to 



the process,  r) the organic phase resulting from step q) is combined
with the              organic phase resulting from step n), and the
remaining removed 10portion of the organic phase of step p), which is
not used as reflux, is introduced into a third distillation column,
s) the head product of the third distillation column of step r) is
cooled and the resulting low boiling fraction and the resulting water
are separated, 15t) the bottom product of the third distillation
column of dtep r) is introduced into a fourth distillation column,
u) pure vinyl acetate is removed from the head of the fourth
distillation column used in step t), characterised in that
v) the bottom product of the fourth distillation column is 20removed,
and a portion thereof is heated in one or more heat exchangers, which
are operated with the Water vapour- saturated -CO2 stream obtained in
step j), and  w) the so heated bottom product is recycled to the
lower part of the fourth distillation column.  



- 27 - 2. Process according to claim 1 characterized in that the CO2
stream saturated with water vapour used in step v) has a temperature
of 90- 120 C. 3. Process according to claim 1 or 2 characterized in
that the CO2 5stream saturated with water vapour used in step v) has
a pressure of 0.1 to 0.12 MPa. 4. Process according to one or more of
claims 1 to 3 characterized in that the fourth distillation column is
operated at a temperature from 70 to 100 C. 105.Process according to
one or more of claims 1 to 4 characterized in that the bottom product
of the fourth distillation column resulting from step v) is removed
at a temperature of 70 to 100 C. 6.Process according to claim 5
characterized in that a portion of the 15resulting bottom product of
the fourth distillation column is heated to a temperature of 80 to
110C. 




