"PROCESS FOR PURI FYI NG ACETI C ACI D FI ELD OFFFHE =~
J NVENTI ON. The, present i thlas Bedhaeglice® t 0 a process for
.purifying acetic acid whereby p{? acid is recovered froma
feedstock solution at a high efffi | ess energy consunption
BACKGROUND OF THE || NVENTI ON The coO ntionally known nethods for
produci ng acetic

PROCESS FOR PURIFYING ACETIC ACID

FIELD OF THE INVENTION

The present invention relates to a process for
purifying acetic acid whereby purified acetic acid is

recovered from a feedstock solution at a high efficiency with

less energy consumption.

BACKGROUND OF THE INVENTION

The conventionally known methods for producing acetic
acid on an industrial scale include the fermentation method;
the method of carbonylation of methanol by a reaction in a
homogeneous liquid phase system with the use of rhodium and
iodine as a catalyst, the method of oxidation of a
hydrocarbon (butane, naphtha, etc.) by a reaction in a
heterogeneous solid phase system with the use of an
organic-soluble salt catalyst (manganese naphthenate, cobalt
naphthenate, nickel naphthenate, etc.); the ethylene two-step
oxidation method which comprises oxidizing ethylene to
thereby once form acetaldehyde and then oxidizing the
resulting acetaldehyde in a. homogeneous liquid phase system
with the use of manganese acetate or a mixture of manganese
acetate, copper acetate and cobalt acetate to thereby give
acetic acid; and a method which comprises reacting ethylene
with oxygen in a gas phase with the use of metallic palladium

and heteropolyphosphoric acid as the main catalyst
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‘acid on an industrial scale include the fernentation nethod; the nethod of
carbonyl ati on of nethanol by a reaction in a honogeneous |iquid phase
.systemwi th the use of rhodiumand iodine as a catalyst, the method of

oxi dation of a hydrocarbon (butane, naphtha, etc.) by a reaction in a

het er ogeneous solid phase systemw th the use of an organic-soluble salt
cat al yst (manganese napht henate, cobalt naphthenate, nickel naphthenate,
etc.); the ethylene two-step oxidation nethod which conprises oxidizing

et hyl ene (08-At-fleB&BP bonddref dremmac'elbaiAde aalersar hdwairoxiehnzs ngnt he

resul ting acetal dehyde in a honbgeneous |iquid phase system wth the use
of manganusexadéngde b l4 shied Jedagfe st Rpdirte appkicateiotbpper acetate and

cobalt acetate to thereby give . . )
In each of these methods, acetic acid is obtained in

the form of an aqueous solution. To obtain dehydrated and
purified acetic acid, it is therefore needed to remove water
from this aqueous solution by a method as ;nexpensive as
possible.

Distillation is generally employed in order to
industrially obtain purified acetic acid from an aqueous
solution of acetic acid. To separate water from acetic acid
by a conventional distillation method, however, it is needed
to use a distillation column provided with a large number of
plates (i.e., 70 or more) since the boiling point of acetic
acid (117.8°C under atmospheric pressure) is close to that of
water. In addition, a large amount of water having a large
heat of vaporization should be distilled off from the column
top, which requires a large-scaled equipment and much energy.
Due to the low relative volatility of water to acetic acid,
furthermore, it is needed to set a large reflux raté at the
column top, which lowers the efficiency of the process.

Various proposals have been made to solve this
problem. For example, there has been known a method which
comprises subjecting an aqueous solution of acetic acid
(hereinafter referred to as the "feedstock solution") to
azeotropic distillation together with an azeotropic agent

capable of forming an azeotrope with water and thus
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‘acetic acid; and a nmethod which conprises reacting ethylene wth oxygen in
a gas phase with the use of netallic palladium and heteropol yphosphoric
acid as the main catal yst 2
(JP-A-7-89896; the term"JP-A" as used herein neans an "unexam ned
publ i shed Japanese patent application"). In each of these nethods,
acetic acid is obtained in the formof an aqueous solution. To obtain

dehydr at ed and
distilling off the minimum azeotrope of water and the
azeotropic agent from the column top while recovering the
acetic acid thus concentrated from the column bottom
(JP-B-43-16965, JP-B-61-31091, etc.; the term "JP-B" as used
herein means an "examined Japanese patent publication").
Although this method is advantageous in that the reflux rate
at the column top can be lowered and tﬁus the energy required
for the distillation of water can be reduced, a large amount
of water should be distilled off from the column top similar
to the conventional distillation methods. Thus no sufficient
effect of saving enerqgy can be achieved thereby.

As a method other than the azeotropic distillation
method, there has been known the extraction method. This
method generally comprises making a water-insoluble organic
solvent, which is employed as the extracting medium, in
contact with the feedstock solution, thus extracting acetic
acid into the extracting medium phase and then separating and
purifying the acetic acid from the extracted solution by, for
example, distillation. An important factor of this
extraction method resides in the selection of an appropriate
extracting medium which has a small partition coefficient
with water and allows sufficient dissolution of acetic acid
therein.

Regarding the selection of an appropriate solvent, a
number of proposals have been made to employ a solvent which

has a boiling point higher than that of acetic acid and
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"purified acetic acid, it is therefore needed to renove water fromthis
.aqueous solution by a nethod as i nexpensive as possible.

‘Distillation is generally enployed in order to industrially obtain
purified acetic acid froman aqueous solution of acetic acid. To separate
water fromacetic acid by a conventional distillation nethod, however, it
Is needed to use a distillation colum provided with a | arge nunber of
plates (i.e., 70 or nore) since the boiling point of acetic acid

(117. 8] erd]lOowsndaf Htaiswphati ss phussison ) f i acet bseacbd t blaerein, wairce &n
addition, a large anount of water having a large heat of vaporization
shoul d beodiventl Médtofd ighexr Hwoidbingnpoinh, Jemeehl FEga s etha sBagdescal ed

equi pnrent and much ene%gy. .
partition coefficient with water. In JP-A-60-25949 (the term

"JP-A" as used herein means an "unexamined published Japanese
patent application"), for example, acetic acid is extracted
from a feedstock solution with the use of ; high-boiling
solvent comprising a C; aliphatic ketone as the major
component and, after stripping the water contained in the
extracted solution, acetic acid is separated from the high-
boiling solvent by distillation. In JP-B-59-35373,
extraction is performed by using a tertiary amine, which has
a boiling point higher than that of acetic acid, together
with an oxygen-containing organic solvent, which also has a
boiling point higher than that of acetic acid, and the
extracted solution is dehydrated by distillation followed by
the distillation of the dehydrated mixture again to thereby
give the acetic acid. In JP-B-60-16410, a specific secondary
amide is employed as an extracting medium and acetic acid is
separated from the extracted solution by distillation.
Furthermore, U.S. Patent 4,143,066 proposes to use
trioctylphosphine oxide as a high-boiling solvent capable of
selectively extracting acetic acid.

There have been also known methods wherein a mixture
of a low-boiling solvent with a high-boiling solvent is
employed as an extracting medium. In JP-B-1-38095, for

example, a solvent mixture comprising ethyl acetate with
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"Due to the lowrelative volatility of water to acetic acid, furthernore,

It is needed to set a large reflux rate at the colum top, which | owers
the efficiency of the process. Vari ous proposal s have been nmade to
solve this problem For exanple, there has been known a nethod which
conprises subjecting an aqueous solution of acetic acid (hereinafter
referred to as the "feedstock solution"”) to azeotropic distillation

together with an azeotropic agent capable of form ng an azeotrope with
wat er anditisgbutyl ketone is used. urther, U.S. Patent 2,175,879

discloses a method wherein extraction and azeotropic
distillation are carried out at the same time. In this
method, a feedstock solution is divided into two portions and
one portion is extracted with a low-boiling solvent while
ancther portion is subjected to azeotropic?distillation with
the use of an azeotropic agent such as butyl acetate. By the
multipurpose use of the heat of condensation of the gas at
the azeotropic distillation column top, the low-boiling
solvent in the extracted solution is recovered from acetic
acid via distillation, thus saving energy.

When a high-boiling solvent is used as an extracting

medium in the extraction methods or the extraction/azeotropic

™
[

distillation methods as described above, the amount of water
taken up into the extracting medium phase is generally
reduced but the partition coefficient thereof with acetic
acid is also lowered. As a result, the extracting medium
should be used in a large amount and, in its turn, the scale
of the equipment is enlarged. In the subsequent stép of the
separation of acetic acid from the extracting medium by
distillation, moreover, it is needed to distill off acetic
acid having a relatively large latent heat of evaporation
from the column top, which brings about an increase in the
energy cost. When this separation is performed via the
minimum azeotropic distillation with water, the extracting

medium has a boiling point higher than that of acetic acid
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‘distilling off the m nimum azeotrope of water and the azeotropic agent
fromthe colum top while recovering the acetic acid thus concentrated
fromthe colum bottom (JP-B-43-16965, JP-B-61-31091, etc.; the term
"JP-B" as used herein neans an "exam ned Japanese patent publication").

Al t hough this nmethod is advantageous in that the reflux rate at the colum
top can be | owered and thus the energy required for the distillation of

wat er can be reduced, a |arge anobunt of water should be distilled off from
t he col unandophypniikgr mingmuhe aceptaepionalisdiidtlidtian drenpstrodsce Thais no
sufficient  effect of saving energy can be achi eved thereby. . As a
nmet hod ot BéPsehkA the heédipgpPeiditsQifl pagtds acid. Accordingly, it

is difficult to obtain highly pure acetic acid at a high
yield in this case.

The method, wherein a mixture comprising a low-
boiling solvent together with a high—boilfng solvent is used
as the extracting medium, is more beneficial than the method
with the use of a low-boiling solvent alone. In the former
case, however, a large amount of water is taken up into the
extracting medium phase, which enlarges the load in the
azeotropic distillation. 1In this case, it is also required
to separate the high-boiling solvent form acetic acid by
distillation. Thus it 1s not always beneficial from the
viewpoint of energy consumption.

The present invention has been completed in order to
solve the above-mentioned problems.

SUMMARY OF THE INVENTION

An object the present invention is to provide a
process for purifying acetic acid whereby purified acetic
acid is efficiently recovered from a feedstock solution with
less energy consumption.

Other objects and effects of the present invention
will be apparent from the following description.

The present invention relates to a process for

purifying acetic acid which comprises:
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‘met hod, there has been known the extraction nmethod. This nethod generally
conpri ses nmaking a water-insoluble organic solvent, which is enployed as
the extracting nedium in contact with the feedstock solution, thus
extracting acetic acid into the extracting medi um phase and then
separating and purifying the acetic acid fromthe extracted sol ution by,
for exanple, distillation. An inportant factor of this extraction method
resides in the selection of an appropriate extracting nediumwhich has a
smal | partition céetrpdneang @i fhedateckangugionews oduitiion aft atiessiol uti on
of acetic acid therein. Regardi ng the selectlon of an a roprlate
sol vent, aCiduRBEingr apr 658§apsaﬁ&@ecs>@€ﬁ g efplfePm btk ‘wrmch

weight into an extractor;

supplying an extracting medium containing isopropyl
acetate in an amount from 0.6 to 3.0 times by weight the
amount of the feedstock solution thereinto?in such a manner
that the extracting medium is made in contact with the
feedstock solution;

extracting acetic acid into the extracting medium;

separating the extracting medium containing acetic
acid from an extraction residue;

supplying the extraction medium containing acetic
acid into an azeotropic distillation coclumn;

distilling off the isopropyl acetate contained in the
extraction medium from a top of the azeotropic distillation
column via azeotropic distillation with water;

condensing a distillate from the top of the
azeotropic distillation column, to divide the distillate into
a water-poor phase being rich in isopropyl acetate and a
water-rich phase being rich in water;

returning at least a portion of the water-poor phase
into the extractor as the extracting medium; and

recovering the acetic acid, which has been thus

dehydrated and purified, from a bottom of the azeotropic

distillation column.
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“has a boiling point higher than that of acetic acid and

4 al l ows sufficient dissolution of acetic acid therein, since a solvent
.with a higher boiling point generally has the smaller partition
coefficient with water. In JP-A-60-25949 (the term "JP-A" as used herein
means an "unexam ned published Japanese patent application"), for exanple,
acetic acid is extracted froma feedstock solution with the use of a

hi gh-boi | i ng
In a preferred embodiment of the process for
purifying acetic acid according to the present invention, the
extraction residue and at least a portion of the water-xich
phase are supplied into a recovery/distillation column;
isopropyl acetate contained in the extraction residue and the
water-rich phase is subjected to azeotrop;c distillation with
water; a distillate distilled off from a top of the
recovery/distillation column is condensed to divide into a
water-poor phase being rich in isopropyl acetate and a water-
rich phase being rich in water; at least a portion of the
water-poor phase is discharged from a system; and a waste

water is discharged from a bottom of the

recovery/distillation column.

iy

In the above preferred embodiment of the present
invention, it is further preferred that the water-poor phase,
which has been discharged from the system, is introduced into
an esterification reactor together with acetic acid; and:
isopropyl alcohol, which has been produced by hydrdlysis of
isopropyl acetate, is converted into isopropyl acetate
followed by recovery.

In another preferred embodiment of the process for
purifying acetic acid according to the present invention, the
extraction residue is supplied into an extracting medium
recovery column; and a distillate distilled off from a top of
the extracting medium recovery column is returned to the

extractor.
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‘'solvent conprising a C7 aliphatic ketone as the major conponent and, after
stripping the water contained in the extracted solution, acetic acid is
separated fromthe high- boiling solvent by distillation. In
JP-B-59-35373, extraction is performed by using a tertiary am ne, which
has a boiling point higher than that of acetic acid, together wth an
oxygen-cont ai ni ng organi ¢ solvent, which also has a boiling point higher
than that of acetic acid, and the extracted solution is dehydrated by
distillation foll dnedhiys prefatimad |drhodimerit { hiet dehyfuatirelr npxrefierradai n
to thereby give the acetic acid. In JP-B-60-16410, a specific secondary
am de is éfpitoyd® at@r-sidFaahare bV idedntrercthie gendensedsepar at ed

fromthe extracted solution by distillation. ] L .
distillate from the “top of the azeotropic distillation column

is supplied to a stripper; a distillate distilled off from a
top of the stripper is returned to the azeotropic

distillation column; and water is withdrawn from a bottom of

the stripper.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram which shows an embodiment of
the present invention.

Fig. 2 is a flow diagram which shows another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be
described in detail by reference to the attached figures, but
the present invention is not construed as being limited
thereto.

Fig. 1 shows a flow diagram according to an
embodiment of the present invention. The equipment employed
in this process roughly comprises an extractor 2, an
azeotropic distillation column 6, a recovery/distillation
column 20 and an esterification reactor (hereinafter referred
to simply as "reactor") 32. The extractor 2 is a liquid-
liquid counter-current extractor provided with plates. The
azeotropic distillation column 6 and the

recovery/distillation column 20 are distillation devices each
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Furthermore, U.S. Patent 4,143,066 proposes to use trioctyl phosphi ne oxide
as a high-boiling solvent capable of selectively extracting acetic acid.
There have been al so known nethods wherein a mixture of a | ow boi | i ng
solvent with a high-boiling solvent is enployed as an extracting nedi um

I'n JP-B-1-38095, for exanple, a solvent mxture conprising ethyl acetate
W th 5 di i sobutyl ketone is used.

Further, U S Patent 2,175,879
equipped with a condenser 8 or 22 and a decanter 9 or 23 at

the column top and a reboiler 16 or 30 at the column bottom.

In Fig. 1, a feedstock solution 1, which contains
from 10 to 50% by weight of acetic acid, is first introduced
into the neighborhood of the column top of the extractor 2.
Into the neighborhood of the column bottoé of the extractor 2
is supplied an extracting medium comprising isopropyl acetate
as the main component via a line 3. The amount of this
isopropyl acetate thus supplied ranges from 0.6 to 3.0 times
by weight as much as the feedstock solution. It is not
necessary that the extracting medium is pure isopropyl
acetate but it is sufficient that it contains isopropyl
acetate as the major component, such as the water-poor phase
from the compartment 11 of the first decanter 9 described
hereinbelow.

In the extractor 2, the feedstock solution 1 comes
into contact counter currently with the extracting medium 3
both in the form of a liquid. Thus the acetic acid in the
feedstock solution 1 is extracted into the extracting medium
phase, and the mixture is separated into an extracted
solution containing a major amounts of isopropyl acetate and
acetic acid with a minor amount of water, and an extraction
residue containing a major amount of water with a minor
amount of isopropyl acetate. The acetic acid-containing
extracted solution thus separated is supplied into the

azeotropic distillation column 6 via a line 4. The
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‘di scl oses a nethod wherein extraction and azeotropic distillation are
carried out at the sane tine. In this nethod, a feedstock solution is
divided into two portions and one portion is extracted with a |ow boiling
solvent while another portion is subjected to azeotropic distillation with
the use of an azeotropic agent such as butyl acetate. By the nmultipurpose
use of the heat of condensation of the gas at the azeotropic distillation
colum top, the lowboiling solvent in the extracted solution is recovered
from acetéstractdoni aedidtiel batiisond i sttingsgeal ifagprendregycolumn bottddent a

hi gh-boi ling solvent is used as an extracting nediumin the extraction

met hods othehextxeeseri én/ azeotropic distillation nmethods as descri bed

above, the anmount of water .
The extracted solution 4 from the extractor 2

contains water, which has been distributed on the extraction
step, in addition to isopropyl acetate and acetic acid. When
the extracted solution 4 is supplied into Ehe azeotropic
distillation column 6, the isopropyl acetate and water
contained therein form a minimum azeotrope which are then
distilled off as an azeotropic distillate 7 from the column
top.

The azeotropic distillate 7 from the column top is
condensed by the condenser 8 and then introduced as the
column top condensate into the first decanter 9.

This decanter 9 has a bulkhead 10 by which the lower
part of the tank is divided into two compartments 11 and 12.
The column top condensate introduced into the first decanter
9 is then introduced into one compartment 12 where it is
divided by liquid/liquid separation based on the difference
in specific gravity into a water-rich phase, which contains
water as the main component together with a minor portion of
the isopropyl acetate and has a large specific gravity, and a
water-poor phase, which contains isopropyl acetate as the
main component together with a minor portion of water and has
a relatively small specific gravity.

Then the water-rich phase is continuously withdrawn

at a regulated rate from the bottom of the compartment 12 in
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“taken up into the extracting nmedi um phase is generally reduced but the
partition coefficient thereof with acetic acid is also |lowered. As a
~result, the extracting nmedium should be used in a |large anount and, in its
turn, the scale of the equipnment is enlarged. In the subsequent step of

the separation of acetic acid fromthe extracting nmediumby distillation,
noreover, it is needed to distill off acetic acid having a relatively
| arge | atent heat of evaporation fromthe colum top, which brings about
an increaseh & tMamnesnargyt ddst .waNen-pgdos sepss sd lame | S1pes f bepeddvi a t he
m ni num azeotropic distillation with water, the extracting nediumhas a
boi | i ng pdientbuikfiead tiHanntmtansfthaet¢ompaitgient 11. Thus the

surface levels of the water-rich phase and the water-poor

phase are regulated so as to separate the water-rich phase in

the compartment 12 and the water-poor phase in the

compartment 11 with the bulkhead 10. In some cases, a part

of the water-rich phase in the compartment 12 withdrawn from

the bottom of the compartment 12 may be returned into a

definite feed plate in the neighborhood of the top of the

recovery/distillation column 6 via a line 15. However, at

least a portion of the water-rich phase in the compartment 12

is discharged via a line 14.

A portion of the water-poor phase flowing into the
compartment 11 is returned into a definite feed plate in the
neighborhood of the top of the azeotropic distillation column
6 via a line 13, while the residue thereof is circulated via
a line 13 into the above-mentioned extractor 2 where it is
reused as the extracting medium.

Thus purified acetic acid 17, which is substantially
free from water or isopropyl acetate, is obtained from the
bottom of the azeotropic distillation column 6.

The extraction residue 5 discharged from the bottom
of the extractor 2 and the water-rich phase 14 discharged
from the compartment 12 of the decanter 9 contain isopropyl

acetate distributed into water and isopropyl alcohol formed

by the hydrolysis of isopropyl acetate. To efficiently
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6 and thus its mninmm azeotropic distillation tenperature is close to
the boiling point of acetic acid. Accordingly, it 1is difficult to obtain
highly pure acetic acid at a high vyield in this case. The net hod,
wherein a mxture conprising a low boiling solvent together with a
hi gh-boiling solvent is used as the extracting nedium is nore beneficial
than the method wth the use of a | owboiling solvent alone. In the forner
recover these substances, therefore, the extraction residue 5
and the water-rich phase 14 are supplied into the feed plate
of the recovery/distillation column 20.
In the recovery/distillation column 20, isopropyl
acetate and isopropyl alcohol form a minimum azeotrope
together with water which is then subjectéd to azeotropic
distillation and distilled off from the column top as a
recovery column top gas 21. The recovery column top gas 21
is condensed by the condenser 22 and fed as a condensate into
a second decanter 23. Similar to the above-mentioned first
decanter 9, the second decanter 23 has a bulkhead 24 by which
the lower part of the tank is divided into two compartments
25 and 26.
The condensate fed into the second decanter 23 is
then introduced into one compartment 26 where it is divided
by liquid/liquid separation based on the difference in
specific gravity into a water-rich phase in the compartment
26, which contains water as the main component together with
a minor portion of the azeotropic agent (isopropyl ‘acetate
and isopropyl alcohol) and has a large specific gravity, and
a water-poor phase in the compartment 25, which contains the
azeotropic agent as the main component together with a minor
portion of water and has a small specific gravity. The
water-rich phase in the compartment 26 is withdrawn from the

bottom of the compartment 26 via a line 27 and circulated

into an appropriately selected feed plate in the neighborhood
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" case, however, a large anount of water is taken up into the extracting

medi um phase, which enlarges the load in the azeotropic distillation. In

.this case, it is also required to separate the high-boiling solvent form
acetic acid by distillation. Thus it is not always beneficial fromthe

vi ewpoi nt of energy consunpti on. The present invention has been
conpleted in order to solve the above-nentioned probl ens.
SUMVARY OF THE | NVENTI ON An object the present invention is to

provi de ef phecdésy fodr Yhe ifadawemoetist kbl at ivereblupur 26 i edHageteéc, acid
Is efficiently recovered froma feedstock solution with |ess energy
consunpt iiénthe liquid/liquid separation cannot be performed due to,
for example, a high concentration of isopropyl alcochol in the
condensate, then the contents of the compartment 26 are not
circulated into the recovery/distillation column 20 via the
line 27 but treated in the same manner as?the one employed in
treating the contents of the compartment 25.

A portion of the water-poor phase in the compartment
25 in the decanter 23 may be, in some cases, circulated into
an appropriately selected feed plate in the neighborhoocd of
the top 6f the recovery/distillation column 20 via a line 29,
while the residue thereof is withdrawn as a concentrate 28
and fed into the reactor 32.

By the azeotropic distillation in this
recovery/distillation column 20, isopropyl acetate and
isopropyl alcohol contained in the extraction residue 5 from
the extractor 2 and the water-rich phase 14 discharged from
the compartment 12 of the decanter 9 are concentrated and
recovered into a line 28, while the waste water 31 is
discharged from the column bottom.

The concentrate 28 is then introduced into the
reactor 32 to react the isopropyl alcohol contained therein
with acetic acid and recover the isopropyl acetate thus

formed. The acetic acid for this esterification can be

obtained by taking up some portion of the bottom solution 17
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‘O her objects and effects of the present invention wll be apparent from
the foll ow ng description. The present invention relates to a
process for purifying acetic acid which conprises:

7 i ntroduci ng a feedstock aqueous solution of acetic acid
having an acetic acid concentration of from10 to 50% by weight into an
extractor; suppl ying an extracting nmedi um cont ai ni ng i sopropyl

from the azeotropic distillation column 6 and supplying it
via a line 18,

The reactor 32 also contains an acid catalyst 33 for
the esterification (for example, a strongly acidic cation
exchange resin or heteropolyphosphoric acid such as
phosphotungstic acid). ?

The reaction mixture 34, which is rich in isopropyl
acetate obtained by this reaction, can be circulated and
reused by, for example, supplying into the azeotropic
distillation column 6.

In accordance with the process for purifying acetic
acid as described above by reference to Fig. 1, purified
acetic acid, which is substantially free from water or
isopropyl acetate, is recovered from the feedstock solution 1
containing form 10 to 50% by weight of acetic acid, as the
bottom solution 19 from the azeotropic distillation column 6,
while the water contained in the feedstock solution 1 is
discharged as the waste water 31 from the bottom of the
recovery/distillation column 20.

In this purification process shown in Fig. 1, it is
not necessary to distill off a large amount of water or
acetic acid from the column top. From the tops of the
azeotropic distillation column 6 and the
recovery/distillation column 20, minimum azeotropes each
having a boiling point sufficiently lower than that of acetic

acid are distilled off. Therefore, this process can be
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"acetate in an armount from0.6 to 3.0 times by weight the anount of the
feedstock solution thereinto in such a manner that the extracting nmedi um

s made in contact with the feedstock solution; extracting acetic
acid into the extracting nedi um separating the extracting nmedi um
containing acetic acid froman extraction residue; supplying the
extraction medi um containing acetic acid into an azeotropic distillation
col um; ] distilling off the isopropyl acetate contained in the
extractio?ﬁw%ms?wmaatgﬁWof—éﬂéXaiééﬁr UpitE dES6i PREIY¥n col um via
azeotropic distillation with water; condensing a distillate from

the top dfeRfmption.

Fig. 2 shows a flow diagram according to another
embodiment of the present invention. The equipment employed
in this embodiment roughly comprises an extractor 2, an
azeotropic distillation column 6, a strippér 57, and an
extracting medium recovery column 61. The extractor 2 and
the azeotropic distillation column 6 are the same as the
embodiment shown in Fig. 1. The stripper 57 is equipped with
a reboiler 59 at the column bottom. The extracting medium
recovery column 61 is equipped with a condenser 63 and a
decanter 64 at the column top and a reboiler 67 at the column
bottom.

In Fig. 2, the extraction of acetic acid by an
extracting medium in the extractor 2 and the separation of
purified acetic acid from the extracted solution in the
azeotropic distillation column 6 are conducted in the similar
manner as in the embodiment shown in Fig. 1. In Fig. 2,
numeral 40 denotes a feedstock solution, 42 denotes an
extracting medium, 43 denotes an extracted solution, 46
denotes an azeotropic distillate, 47 denotes a condenser, 48
denotes a first decanter, 49 denotes a bulkhead, 50 and 51
denote compartments, 52 denotes a line for returning the
water-poor phase to the azeotropic distillation column 6, 54

denotes a line for returning the water-rich phase to the
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“azeotropic distillation colum, to divide the distillate into a water-poor
phase being rich in isopropyl acetate and a water-rich phase being rich in

wat er; returning at |east a portion of the water-poor phase into
the extractor as the extracting nmedium and recovering the acetic
acid, which has been thus dehydrated and purified, froma bottomof the
azeotropic distillation colum. 8

azeotropic distillation column 6, 55 denotes a reboiler, and
56 denotes a line for withdrawing purified acetic acid.

In Fig. 2, the extraction residue 44 discharged from
the bottom of the extractor 2 is supplied into the extraction
medium recovery column 61. In the extraction medium recovery
column 61, the extraction residue 44 is sdbjected to
distillation to separate water therefrom, which is then
withdrawn from a line 68. A distillate 62 distilled from the
extraction medium recovery column 61 containing the
extracting medium is condensed by the condenser 63 and the
decanter 64. The condensate in the decanter 64 is then
returned to the extractor 2 through a line 65 as the
extracting medium. A part of the condensate may be returned
to the extraction medium recovery column 61 through a line
66.

The azeotropic distillate 46 from the top of the
azeotropic distillation column 6 is condensed by the
condenser 47 and separated into a water-rich phase and a
water-poor phase in the decanter 48. A portion of the water-
poor phase is returned into the azeotropic distillation
column via line 52 and the residue thereof is circulated via
a line 42 into the extractor 2 as the extracting medium in
the similar manner as in the embodiment shown in Fig. 1.

A part of the water-rich phase may be returned into
the azeotropic distillation column 6 in the similar manner as

in the embodiment shown in Fig. 1. The residue of the water-
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" In a preferred enbodi nent of the process for purifying acetic acid
according to the present invention, the extraction residue and at |east a
_portion of the water-rich phase are supplied into a recovery/distillation
columm; isopropyl acetate contained in the extraction residue and the
water-rich phase is subjected to azeotropic distillation with water; a
distillate distilled off froma top of the recovery/distillation colum is
condensed to divide into a water-poor phase being rich in isopropyl
acet at e aridha phetss -1s rdigdclphegd berery @i thnénSdatad; supplégdt iatpothieon of
the water-poor phase is discharged froma systeny and a waste water is
di schar g&d-FimRa®m Dot t FAfwatrr-rich phase is subjected to

distillation in the stripper 57. The distillate distilled

off from the top of stripper 57 containing water and the
extracting medium is supplied to the condenser 47 to return
into the azeotropic distillation column 6] Water is
withdrawn from the bottom of the stripper 57 via a line 60.

In the process for purifying acetic acid of the
present invention, isopropyl acetate is selected as the
extracting medium for the following reasons. Isopropyl
acetate has a relatively small partition coefficient with
water at the extraction ahd is highly compatible with water,
thus ensuring efficient separation of acetic acid from water.
Also, the boiling point of isopropyl acetate alone (88.5°C)
and the minimum azeotropic distillation temperature thereof
with water (76.6°C) are sufficiently lower than the boiling
point of acetic acid (117.8°C). Thus the energy required for
the separation can be reduced and, moreover, the reflux rate
at the distillation/recovery step can be regulated to a low
level, which contributes to the improvement in the efficiency
of the process.

As the feedstock solution 1, an aqueocus solution with
an acetic acid concentration ranging from 10 to 50% by weight
can be used. The concentration range as defined above is the
optimum one when isopropyl acetate is employed as the

extracting medium. When the acetic acid concentration is
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recovery/distillation colum. In the above preferred enbodi nent of
the present invention, it is further preferred that the water-poor phase,
~which has been discharged fromthe system is introduced into an
esterification reactor together with acetic acid; and isopropyl alcohol,
whi ch has been produced by hydrolysis of isopropyl acetate, is converted
into i sopropyl acetate followed by recovery. I n anot her preferred
enbodi ment of the process for purifying acetic acid according to the
present ilweearibmant he% kbxtwvatghtn Lésidureguisegdplitiedsienio lawrgext racti ng
medi um recovery colum; and a distillate distilled off froma top of the
ext ract i rejie@t upf r bBOREPPY LoRURKALS RBt GhRe@Xtsarkéng medium in order

to elevate the yield of the acetic acid. 1In this case, much
energy is consumed for the recovery of the isopropyl acetate
from the azeotropic distillation column 6 and the
recovery/distillation column 20. When thé concentration of
acetic acid in the feedstock solution exceeds 50% by weight,
on the other hand, a relatively large amount of water is
distributed into the extracted solution 4 in the extractor 2
compared with the amount of the water contained in the
extraction residue 5. In this case, the ability to
selectively separate acetic acid is substantially
deteriorated.

The amount of the isopropyl acetate to be supplied
into the extractor 2 is from 0.6 to 3.0 times by weight the
amount of the feedstock solution 1. When the amount of the
isopropyl acetate is less than 0.6 times by weight the amount
of the feedstock solution, the yield of the acetic acid is
lowered. When the amount of the isopropyl acetate exceeds
3.0 times by weight, on the other hand, excessive energy is
required for the distillation/recovery of the isopropyl
acetate in the azeotropic distillation column 6.

It is preferred that the extraction temperature in

the extractor 2 is from 10 to 80°C. When the extraction

temperature falls within this range, the liquid-liquid
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“extractor. 9 In this
preferred enbodinent, it is further preferred that the water-rich phase
‘divided fromthe condensed distillate fromthe top of the azeotropic
distillation colum is supplied to a stripper; a distillate distilled off
froma top of the stripper is returned to the azeotropic distillation
colum; and water is withdrawn froma bottomof the stripper.

separation into the isopropyl acetate phase and the aqueous
phase can be smoothly performed. |

In the first decanter 9 and the second decanter 23,
the liquid-liquid separation is carried out to give the
water-poor phase and the water-rich phase. To smoothly
perform the liquid-liquid separation, it is preferable to
regulate the temperature to 0°C to 70°C.

Because of being an ester compound, isopropyl acetate
is hydrolyzed in the presence of water in the extractor 2,
the azeotropic distillation column 6, etc. to thereby give
isopropyl alcohol. This hydrolysis is an equilibrium

reaction and the equilibrium constant thereof is 0.45 as

shown by the following formula.

by

Reaction formula

isopropyl acetate + water —— isopropyl alcohol + acetic acid

Equilibrium constant

isopropyl alcohol x acetic acid

isopropyl acetate x water

When isopropyl alcohol having a large partition
coefficient with water is gradually accumulated in the
circulation system, the extraction in the extractor 2 and the
liquid-liquid separation in the decanfers are disturbed
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"BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a flow diagram which

shows an enbodi nent of the present invention. Fig. 2is a flow
di agram whi ch shows anot her enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the present

i nvention will be described in detail by reference to the attached
figures, but the present invention is not construed as being limted
t her et o. Fig. 1 shows a flow diagram according to an enbodi nent

of the prebenebiynvedti ds. theeedquiep sl mipleoyddtit ithd hisograoess roughly
conprises an extractor 2, an
alcohol thus formed is reacted with acetic acid to thereby
give isopropyl acetate which is then circulated and reused.
Isopropyl alcohol per se is a low-boiling compound
(boiling point: 82.3°C) and forms a three-component minimum
azeotrope together with water and isopropjl acetate (minimum
azeotropic distillation temperature: 75.5°C, composed of
11.0% by weight of water, 76.0% by weight of isopropyl
acetate and 13.0% by weight of isopropyl alcchol). Thus it
can be easily separated from acetic acid by distillation.
In the embodiment shown in Figure, the isopropyl

alcohol is converted into isopropyl acetate which is then

circulated and reused. Thus the extraction residue 5 from

v
ey
3

the extractor 2 and a portion 14 of the water-rich phase in
the compartment 12 separated by the first decanter 9 are
subjected to azeotropic distillation in the
recovery/distillation column 20. Then the condensate 28,
which is obtained from the recovery/distillation column top
and contains isopropyl alcohol concentrated therein, is
supplied together with acetic acid 18, which is a portion of
acetic acid recovered from the bottom of the azeotropic
distillation column, into the reactor 32 where the isopropyl
alcohol is converted into isopropyl acetate.

It is preferable that the reaction mixture 34 thus

obtained, which is rich in isopropyl acetate and contains
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“azeotropic distillation colum 6, a recovery/distillation colum 20 and an
esterification reactor (hereinafter referred to sinply as "reactor") 32.
.The extractor 2 is a liquid- |liquid counter-current extractor provided
with plates. The azeotropic distillation colum 6 and the
recovery/distillation colum 20 are distillation devices each
10 equi pped with a condenser 8 or 22 and a decanter 9 or 23 at

acetic acid in excess, is circulated into not the extractor 2

but the azeotropic distillation column 6.

The equipment to be used in the process for purifying
acetic acid of the present invention and the mode thereof are
not restricted to those employed in the above-mentioned
embodiment. For example, the extractor, ézeotropic
distillation column and recovery/distillation column may be
each of plate type, packed type, rotating cylinder type, etc.
The condensers, decanters, reboilers, etc. attached thereto
may be either integrated thereinto or separately provided.
Neither the type of the reactor nor the constitution of the
catalyst is particularly restricted, so long as the smooth
progress of esterification is not inhibited thereby.

The present invention is further described in more
detail by referring to the following Examples, but the
present invention is not construed as being limited thereto.

In the following Examples, purified acetic acid is
recovered from a feedstock solution in accordance with the
above-mentioned embodiments by using the equipments shown in
Figs. 1 and 2. In the following description, the term "parts

by weight" means the value expressed by referring the amount

of the feedstock solution as to 100 parts by weight.
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"the colum top and a reboiler 16 or 30 at the colum bottom In
Fig. 1, a feedstock solution 1, which contains from10 to 50% by wei ght of
‘acetic acid, is first introduced into the neighborhood of the colum top
of the extractor 2. Into the neighborhood of the colum bottom of the
extractor 2 is supplied an extracting nmedi um conprising isopropyl acetate
as the main conponent via a line 3. The anpbunt of this isopropyl acetate
t hus supplied ranges fromO0.6 to 3.0 tines by weight as nmuch as the
feedstock solution. It is not necegXampitrhdt the extracting nmediumis pure
| sopropyl acetate but it is sufficient that it contains isopropyl acetate
as the major conpbmehhjssexampiet ha maxksurpoof pleasd.c facm t(He2 .dddrpar t ment
11 of the first decanter 9 descri bed
weight) and water (58.0% by weight) was used as the feedstock
solution 1 and purified by using the equipment shown in
Fig. 1.
The above-mentioned feedstock solution 1 (100 parts
by weight) and the extracting medium 3 (105.5 parts by
weight) comprising isopropyl acetate as the main component
were introduced into the extractor 2 each at a temperature of
30°cC.
As the extractor 2, a vertical vibration column of
the counter current liquid-liquid extraction type
(corresponding to a theoretical plate number of from 4 to 6)
was used. The feedstock solution 1 was introduced from the
neighborhood of the column top, while the extracting medium
was introduced from the neighborhood of the column bottom.
The extracted solution 4 (168.8 parts by weight)
flowing from the column top of the extractor 2 was supplied
into the feed plate of the azeotropic distillation column 6
and subjected to azeotropic distillation therein. At the
same time, the reaction mixture 34 (3.4 parts by weight) from
the reactor 32 was also supplied to the same feed plate. As
this azeotropic distillation column 6, a distillation device

of the Oldershaw type composed of a concentration unit having

30 plates and a recovery unit having 30 plates was used.
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her ei nbel ow. In the extractor 2, the feedstock solution 1 cones

I nto contact counter currently with the extracting nedium3 both in the
“formof a liquid. Thus the acetic acid in the feedstock solution 1 is
extracted into the extracting nmedium phase, and the mxture is separated
into an extracted solution containing a major amounts of isopropyl acetate
and acetic acid with a mnor anmount of water, and an extraction residue
containing a major anmount of water with a mnor anount of isopropyl

acet ate. The acetBhe astldwwortep rdag 7 ekromctieel svdoatiropichdsssepaastied is

supplied into the azeotropic distillation colum 6 via a line 4. The
column 6 was cooled to 30°C by the condenser 8. Then the

RO

condensate thus obtained was divided into the water-poor
phase in the compartment 11 and the water-rich phase in the
compartment 12 by the liquid-liquid separation in the
decanter 9. A portion (172.0 parts by weight) of the water-
poor phase was then returned into the neighborhood of the top
of the azeotropic distillation column 6 via the line 13,
while the residue (105.0 parts by weight) thereof was
circulated into the extractor 2 and employed as the
extracting medium 3.

The water-rich phase in the compartment 12 of the
decanter 89 was not returned into the azeotropié distillation
column 6 but all supplied into the recovery/distillation
column 20 via the line 14.

Together with the above-mentioned water-rich phase in
the compartment 12, the extraction residue 5 (36.2 parts by
weight) from the extractor 2 was supplied into the
recovery/distillation column 20 wherein the extracting medium
was recovered by distillation. As the recovery/distillation
column 20, a distillation device of the Oldershaw type
composed of a concentration unit having 25 plates and a
recovery unit having 25 plates was used.

When the column top gas 21 was cooled with the

condenser 22, the obtained condensate could not undergo

liquid-~-liquid separation. Thus a portion (4.0 parts by

Sheet Has Been Replaced

B 11



"extraction residue 5 is discharged fromthe colum bottomof the extractor
2. The extracted solution 4 fromthe extractor 2 contains water,
‘which has been distributed on the extraction step, in addition to
I sopropyl acetate and acetic acid. Wien the extracted solution 4 is
supplied into the azeotropic distillation colum 6, the isopropyl acetate
and water contained therein forma m ni mum azeotrope which are then
distilled off as an azeotropic distillate 7 fromthe colum

weight) thereof was returned as such into the neighborhood of

the top of the recovery/distillation column 20 via the line

29, while the residual column top solution (2.5 parts by

weight) was supplied as a concentrate 28 into the reactor 32.

The concentrate 28 comprised 11.1% by weight of
water, 67.9% by weight of isopropyl acetaée and 21.1% by
weight of isopropyl alcohol.

Into the reactor 32 was supplied a portion (0.9 parts
by weight) of the purified acetic acid 17 obtained from the
bottom of the azeotropic distillation column 6 via the line
18, together with the concentrate 28.

The reactor 32 was packed with a cationic ion
exchange resin (PK-212H, manufactured by Mitsubishi Chemical
Company) as an acid catalyst 33.

The reaction mixture 34 (3.4 parts by weight), which
was obtained by the esterification in the reactor 32,
contained 8.3% by weight of water, 25.6% by weight of acetic
acid, 50.9% by weight of isopropyl acetate and 15.3% by
weight of isopropyl alcohol. In the reactor 32, isopropyl
alcohol was converted into the isopropyl acetate at a
conversion of 2.3%.

The reaction mixture 34 thus obtained was all
supplied into the feed plate of the azeotropic distillation
column 6.

By the above-mentioned operation, purified acetic

acid 19 (41.0 parts by weight), which was substantially free
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" top. The azeotropic distillate 7 fromthe colum top is condensed
by the condenser 8 and then introduced as the colum top condensate into
.the first decanter 9. This decanter 9 has a bul khead 10 by which
the lower part of the tank is divided into two conpartnments 11 and 12.

The columm top condensate introduced into the first decanter 9 is then

i ntroduced into one conpartnent 12 where it is divided by liquid/liquid
separation based on the difference in specific gravity into a water-rich
phase, wizhr d6HiE nslseRXePY hsa¢hka k@ nCEokpoREAPYL0gécREP Lwi WRSa mi nor

portion of t he |sopropg acetate and has a |l arge specific_gravity, and a
wat er - poditP %%n?%?ﬁ%mlggpFBﬁszﬁeéfaPécaglFﬁéllatlon

column 6, while the waste water 31 was discharged from the
bottom of the recovery/distillation column 20.

Table 1 shows the composition (% by weight) of the
contents of each line shown in Fig. 1 and?the load (parts by
weight per 100 parts by weight of the feedstock solution 1)

of each line.

rltl..: -"h(.(.t Ha
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mai n conponent together with a mnor portion of water and has
specific gravity.

snal |
W t hdr awn

12 such a manner that the water-poor phase aﬂ@ﬂﬁm&H@Wke
bul khead 10 into another conpartnent 11. Thus th

arelatively

Then the water-rich phase is continuously
at a regulated rate fromthe bottom of the conpartnent 12 in

wat er-rich phase and the water- poor

TABLE 1

~
—

14 15

13

Line

Composition (% by weight)

(@]

o

.0

96.6

16.2 93.4

2

58.0

Water

100.0

0.0

.0

24.3 0.0

0.0

42.0

Acetic acid

(e ]
o

0.0

59.0 2 95.8

95.8

0

Isopropyl acetate

o

o

0.0

.9 1 0.7

0.6

0.0

Isopropyl alcohol

105.0 168.8 36.2 172.0 25.3 0 41.8

100.0

Load (part by weight)
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19 27 28 29 31 34

18

Line

TN

Composition (% by weight)

11.1 11 98.7

0.0

0.0

0.0

Water

1 25.6

0.0

100.0 0.0

100.0

Acetic acid

50.9

0.0

0.0 67.9 67.9

0.0

0.0

Isopropyl acetate

21.1 0.0 15.3

21.1

0.0

0.0

Isopropyl alcohol

m
S of the

3.4

59.1

4.0

0.0

41.0

Load (part by weight)



" phase are regulated so as to separate the water-rich phase in the
conpartment 12 and the water-poor phase in the conpartnent 11 with the
_bul khead 10. In sone cases, a part of the water-rich phase in the
conpartment 12 withdrawn from the bottom of the conmpartnent 12 may be
returned into a definite feed plate in the nei ghborhood of the top of the
recovery/distillation colum 6 via a |line 15. However, at |east a portion
of the water-richThepaserepulhe ebapathatnt in2 accordag@eamgdd e a i ne 14.
A portion of the water-poor _phase flowng into the conpartnent 11 is
returned PREBCY GEf ExpRBleedd prELéipd @etifeidGHomPodd D@ ttHgh op of the

azeotropic distillation colunm, 6 via a line 13, while the r%fiqye t her eof
i s circul BEEyLYj gould be efficiently separated from water and thus

recovered from the feedstock solution 1, which contained
42.0% by weight of acetic acid, without taking out the acetic
acid as a column top distillate from a distillation column.
It is also shown that the extracting medium could be
circulated and reused without any waste.

EXAMPLE 2

Acetic acid was purified by using the same equipment
and the same method as those employed in Example 1 but
varying the composition of the feedstock solution 1.

The feedstock solution 1 employed in Example 2

x comprised 21.0% by weight of acetic acid and 79.0% by weight
of water.

The above-mentioned feedstock solution 1 (100 parts
by weight) was introduced into the extractor 2 from the
neighborhood of the column top thereof, while an extracting
medium (148.0 parts by weight) consisting of 2.8% by weight
of water, 96.4% by weight of isopropyl acetate and 0.8% by
weight of isopropyl alcohol was introduced thereinto from the
neighborhood of the column bottom, each at a temperature of
30°C, followed by extraction.

The extracted solution 4 (174.1 parts by weight)
flowing from the column top of the extractor 2 was supplied

into the feed plate of the azeotropic distillation column 6

- - 28 -
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"a line 13 into the above-nentioned extractor 2 where it is reused as the

extracting nedi um Thus purified acetic acid 17, which is
.substantially free fromwater or isopropyl acetate, is obtained fromthe
bottom of the azeotropic distillation colum 6. The extraction

resi due 5 discharged fromthe bottom of the extractor 2 and the water-rich
phase 14 discharged fromthe conpartnent 12 of the decanter 9 contain

i sopropyl angcetdiechiast b RZRPHIRRLQE EF thhtr F5opr BpgreaneohdE £benmed by

t he hydrol ysis of isoproeyl acetate, To efficiently i
same time, the reaction mixture 34 (4.2 parts by weight) from

the reactor 32 was also supplied to the same feed plate.

The column top gas 7 from the azeotropic distillation
column 6 was cooled to 30°C and the condensate thus obtained
was divided into the water-poor phase in the compartment 11
and the water-rich phase in the compartment 12 by liquid-
liquid separation in the first decanter 3. A portion (44.0
parts by weight) of the water-poor phase was returned into
the azeotropic distillation column 6 via the line 13, while
the residue (148.0 parts by weight) thereof was circulated
into the extractor 2 as the extracting medium 3. The water-

rich phase in the compartment 12 was not returned into the

L

azeotropic distillation column 6 but all (8.6 parts by
weight) supplied into the recovery/distillation column 20 via
the line 14.

Into the recovery/distillation column 20 was supplied
the extraction residue 5 (73.9 parts by weight) from the
extractor 2 together with the above-mentioned water-rich
phase from the line 14 to thereby distill and reco%er the
extracting medium.

The column top gas 21 from the recovery/distillation
column 20 was cooled and the condensate thus obtained was
subjected to liquid-liquid separation. The water-rich phase
in the compartment 26 thus obtained was all (0.3 parts by

weight) returned to the recovery/distillation column 20 as

- 29 .
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13 recover these substances, therefore, the extraction residue 5 and
the water-rich phase 14 are supplied into the feed plate of the
recovery/distillation colum 20. In the recovery/distillation
colum 20, isopropyl acetate and isopropyl alcohol forma m ni mum
azeotrope together with water which is then subjected to azeotropic
distillation and distilled off fromthe colum top as a recovery colum
top gas 2ithaheeflenvely cohuhhetophgashand,i s pondénsed4by PhREtSomienser
22 and fed as a condensate into a second decanter 23. Simlar to the
above- mentVOHERE F i 95t theledaheerroort RRasecHAs getunner 23tRa$h@ bul khead 24

by which o . : : :
recovery/distillation column 20 via the line 29 while the

residue (2.9 parts by weight) thereof was supplied into the
reactor 32 as the concentrate 28.

The concentrate 28 consisted of 8.6% by weight of
water, 76.4% by weight of isopropyl acetate and 15.0% by
weight of isopropyl alcohol.

Into the reactor 32 was supplied a portion (1.3 parts
by weight) of the purified acetic acid 17 cbtained from the
bottom of the azeotropic distillation column 6 via the line
18 together with the concentrate 28.

The reaction mixture 34 (4.2 parts by weight)

iy

obtained by the esterification in the reactor 32 contained
6.1% by weight of water, 30.6% by weight of acetic acid,
53.5% by weight of isopropyl acetate and 9.9% by weight of
isopropyl alcohol. 1In the reactor 32, isopropyl alcohol was
converted into isopropyl acetate at a conversion of 4.2%.

The reaction mixture 34 thus obtained was all
supplied into the feed plate of the azeotropic distillation
column 6.

By the above-mentioned operation, purified acetic
acid 19 (20.4 parts by weight), which was substantially free
from water, isopropyl acetate, or isopropyl alcohol, was

obtained from the bottom of the azeotropic distillation
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“the lower part of the tank is divided into two conpartnents 25 and 26.

The condensate fed into the second decanter 23 is then introduced into one
_conpartnent 26 where it is divided by liquid/liquid separation based on
the difference in specific gravity into a water-rich phase in the
conpartment 26, which contains water as the main conponent together with

a mnor portion of the azeotropic agent (isopropyl acetate and isopropyl

al cohol ) &vdures b2 Wyide sHeivasteratey, 3hndas adhackargedr LpRBsEhen t he
conpartment 25, which contains the azeotropic agent as the mai n conponent
t oget her WOtROR @fhdhe FRIGT oI ik ekl ahtohaso husmatf - specific gravity.

The water-rich pha in the conpartnent 26 js wthdrawn, fromthe
pTS%ie 3 showsIH%e composition (%hby weight) of the
contents of each line shown in Fig. 1 and the load (parts by
weight per 100 parts by weight of the feedstock solution 1)

of each line. .
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‘bottom of the conpartment 26 via a line 27 and circulated into an
appropriately selected feed plate in the nei ghborhood

14 of the top of the recovery/distillation colum 20. However, if the
liquid/liquid separation cannot be performed due to, faQr gx I i gh
concentration of isopropyl alcohol in the condensate, f'?ﬁmq’ : Geep Ko ‘% of
the conpartnent 26 are not <circulated into the recovery ﬂl“l "lﬁl |

colum 20 via the
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"line 27 but treated in the same manner as the one enployed in treating the
contents of the conpartnent 25. A portion of the water-poor phase
.in the conpartnment 25 in the decanter 23 may be, in sonme cases, circul ated
into an appropriately selected feed plate in the nei ghborhood of the top
of the recovery/distillation colum 20 via a line 29, while the residue
thereof is withdrawn as a concentrate 28 and fed into the reactor 32.
By the azeotropi cTRFS2iTealbh FROVhFBaty e&ByEXGMBLSt PI WREFEATC&HDEM 20,
i sopropyl _acetate and. isopropyl al cqhql ained in the extractiaon
resi due” SEEFOTFOEReS ety ggtahﬂeghglmégehyrW@ﬁgﬁﬁag EHISC RS Ged from
the comparlient 12;@ coufddgcanEgJE.CJ_e £2,°006805526°¢ A0 vater to
thereby give purified acetic acid having a high purity.
EXAMPLE 3
In this example, a mixture of acetic acid (35.0% by
weight) and water (65.0% by weight) was used as the feedstock
solution 40 and purified by using the equipment shown in
Fig. 2.
The above-mentioned feedstock solution 40 (100 parts
by weight) and the extracting medium 42 (104.0 parts by
weight) and 65 (5.4 parts by weight) each comprising

isopropyl acetate as the main component were introduced into

]

the extractor 2 each at a temperature of 30°C.

As the extractor 2, a vertical vibration column of
the counter current liquid-liquid extraction type
(corresponding to a theoretical plate number of from 4 to 6)
was used. The feedstock solution 40 was introduced from the
neighborhood of the column top, while the extracting medium
was introduced from the neighborhood of the column bottom.

The extracted solution 43 (157.6 parts by weight)
flowing from the column top of the extractor 2 was supplied
into the feed plate of the azeotropic distillation column 6
and subjected to azeotropic distillation therein. As this

azeotropic distillation column 6, a distillation device of
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“recovered into a line 28, while the waste water 31 is discharged fromthe
colum bottom The concentrate 28 is then introduced into the
reactor 32 to react the isopropyl alcohol contained therein wth acetic
acid and recover the isopropyl acetate thus fornmed. The acetic acid for
this esterification can be obtained by taking up sone portion of the
bottom sol ution 17 15 fromthe
azeotropic distillation colum 6 and supplying it

the Oldershaw type composed of a concentration unit having 30

plates and a recovery unit having 30 plates was used.

The column top gas 46 from the azeotropic

distillation column 6 was cooled to 30°C by the condenser 47.

Then the condensate thus obtained was divided intc the water-

poor phase in the compartment 50 and the water-rich phase in

the compartment 51 by the liquid-liquid separation in the

decanter 48. A portion (108.0 parts by weight) of the water-

poor phase was then returned into the neighborhood of the top

of the azeotropic distillation column 6 via the line 52,

while the residue (104.0 parts by weight) thereof was

circulated into the extractor 2 and employed as the

extracting medium 42.

y
(B4

The water-rich phase in the compartment 51 of the
‘decanter 48 was not returned into the azeotropic distillation
column 6 but all supplied into the stripper 57 via the line
53. As the stripper 57, a distillation device of the
Oldershaw type having 20 plates was used.

The column top gas 58 from the top of stripper 57 was
returned to the condenser 47. The waste water 60 was
withdrawn from the bottom of the stripper 57.

The extraction residue 44 (51.8 parts by weight) was
supplied into the extracting medium recovery column 61
wherein the extracting medium was recovered by distillation.
As the extracting medium recovery column 61, a distillation

device of the Oldershaw type composed of a concentration unit
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‘'via a line 18. The reactor 32 also contains an acid catal yst 33
for the esterification (for exanple, a strongly acidic cation exchange
.resin or heteropol yphosphoric acid such as phosphotungstic acid).
The reaction mxture 34, which is rich in isopropyl acetate obtained by
this reaction, can be circulated and reused by, for exanple, supplying
Into the azeotropic distillation colum 6. In accordance with the
process for purifying acetic acid as described above by reference to Fig.
1, purifilaviage?d cphates amiich recgubsyannisl haviinge 26r prhhalsise wasr
| sopr opyl agftate, I's recovered fromthe feedstock solution 1

used.

The column top gas 62 from the top of the extraction

medium recovery column 61 was cooled with the condenser 63

and the condensate thus obtained was introduced into the

decanter 64. A portion (16.3 parts by weight) of the

condensate was returned into the neighborhood of the top of

the extracting medium reco?ery column 61 via the line 66,

while the residue (5.4 parts by weight) thereof was

circulated into the extractor 2 and employed as the

extracting medium via the line 65.

By the above-mentioned operation, purified acetic

acid 56 (34.5 parts by weight), which was substantially free

S
H

from water, isopropyl acetate, or isopropyl alcohol, was
obtained from the bottom of the azeotropic distillation
column 6, while the waste water 60 and 68 was discharged from
the bottom of the stripper 57 and the bottom of the
extracting medium recovery column 61.

Table 3 shows the composition (% by weight) of the
contents of each line shown in Fig. 2 and the load (parts by
weight per 100 parts by weight of the feedstock solution 40)

of each line.
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containing form10 to 50% by wei ght of acetic acid, as the bottom solution
19 fromthe azeotropic distillation colum 6, while the water contained in

the feedstock solution 1 is discharged as the waste WQQQQ3§$g§&9§L L&l
purification process showmn in Fig. 1, it is not necess

113 32
HLAHL -
| arge anmobunt of water or acetic acid fromthe columm t ' ops of

bottom of the recovery/distillation colum 20. (15
the azeotropic distillation colum 6 and the recovery/distillation colum

20, mini mum azedtropes eaeh <haw ngea boiling point sufficiently lower than
t hat of acetic;gacid avedistlled off. Therefore, this process can be
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‘carried out at a lowreflux rate with | ess energy consunption.

Fig. 2 shows a flow diagram according to another enbodi nent of the present
.invention. The equi pnent enployed in this enbodi ment roughly conprises an
extractor 2, an azeotropic distillation colum 6, a stripper 57, and an
extracting medi umrecovery colum 61. The extractor 2 and the azeotropic

distillation colum 6 are the sane as the .
These results show that, in accordance with the

method of Example 3, purified acetic acid having a high
purity could be efficiently separated from water and thus
recovered from the feedstock solution 40, which contained
35.0% by weight of acetic acid, without taking out the acetic
acid as a column top distillate from a digtillation column.
It is also shown that the extracting medium could be
circulated and reused without any waste.

The process for purifying acetic acid of the present
invention comprises extracting a feedstock solution, which
contains from 10 to 50% by weight of acetic acid, with an
extracting medium, which contains isopropyl acetate in an
amount of from 0.6 to 3.0 times by weight the amount of the
feedstock solution; subjecting the extracted solution thus
obtained to azeotropic distillation; returning at least a
portion of the water-pcor phase, which has been separated
from the column top distillate, into the above-mentioned
extractor as the extracting medium; and recovering the
dehydrated and purified acetic acid from the bottom of the
azeotropic distillation column. In accordance with this
process, therefore, the extraction medium can be effectively
circulated and reused and thus purified acetic acid can be
obtained at a high efficiency with less energy consumption.

The extraction residue from the extractor is combined
with the water-rich phase from the azeotropic distillation

column and supplied into the recovery/distillation column
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‘enbodi ment shown in Fig. 1. The stripper 57 is equipped with a reboiler 59
at the colum bottom The extracting nmedium recovery colum 61 is equi pped
W th a condenser 63 and a decanter 64 at the columm top and a reboiler 67
at the colum bottom In Fig. 2, the extraction of acetic acid by
an extracting nediumin the extractor 2 and the separation of purified
acetic acid fromthe extracted solution in the azeotropic distillation
colum 6 arkexorhetedtracthrgsngfiium CRERABRNAS Contaiaedniiadithent shown in
Fig. 1. In Fig. 2,  nuneral 40 denotes a feedstock _solution, 42 denotes an
ext ract i ngtieeieen Lad Hehbl £8daRyerEratrerisofifitdd L add ondendies e

azeotropic distil)ate, 47 denotes a condenser, .48
extracting medium can be concentrated and separated from the

water with less energy consumption, which makes it possible
to reduce the extracting medium loss.

Moreover, the extracting medium concentrate obtained
from the recovery/distillation column is esterified by adding
acetic acid. Thus the isopropyl alcohol, which has been
formed by the hydrolysis of'the isopropyl acetate during the
process, can be converted into isopropyl acetate and
recovered. As a result, the loss of the isopropyl acetate
can be further reduced and, at the same time, the isopropyl
alcohol concentration in’the extracting medium can be

= continuously regulated to a low level, which makes it
possible to maintain a high acetic acid extraction efficiency
in the extractor.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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denotes a first decanter, 49 denotes a bul khead, 50 and 51 denote
conmpartnents, 52 denotes a line for returning the water-poor phase to the

.azeotropic distillation colum 6, 54 denotes a |i “w“u the
water-rich phase to the r“\ﬂ r‘
azeotropic distillation colum 6, 55 denotes a reb and 56 denotes a

line for mﬁthdraMAgggﬂgrlfled acetic acid. In Fig. 2, the
extracti oHEPEsEEuE Psdfdrged from the bottomof the extractor 2 is

supplied into the extractlon
PP 1. A process for purifying acetic acid which

comprises:

introducing a feedstock aqueous solution of acetic
acid having an acetic acid concentration of from 10 to 50% by
weight into an extractor; .

supplying an extracting medium containing isopropyl
acetate in an amount from 0.6 to 3.0 times by weight the
amount of said feedstock solution thereinto in such a manner
that said extracting medium is made in contact with said
feedstock solution;

extracting acetic acid into said extracting medium;

separating said extracting medium containing acetic

i

X acid from an extraction residue;

supplying said extraction medium containing acetic
acid into an azeotropic distillation column;

distilling off said isopropyl acetate contained in
said extraction medium from a top of said azeotropic
distillation column via azeotropic distillation with water;

condensing a distillate from said top of said
azeotropic distillation column, to divide said distillate
into a water-poor phase being rich in isopropyl acetate and a
water-rich phase being rich in water;

returning at least a portion of said water-poor phase

into said extractor as said extracting medium; and
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‘medi um recovery colum 61. In the extraction nmediumr ol um 61
the extraction residue 44 is subjected to distillati E@ﬁ!&“’i’fﬂ,&%mﬁt er
therefrom which is then wthdrawm froma line 68. A ! X
distilled fromthe extraction mediumrecovery colunmm 61 containing the
extracting nmediumis condensed by the condenser 63 and the decanter 64.
The condensate in the decanter 64 is then returned to the extractor 2
through a |ine 65 agceveriagt pacdi agetidi anida padichothashdesonddnsat e may

be returned to the extraction nediumrecovery colum 61 through a l|ine
66. dehyfgahedotpdprurdtier| dreme hadmamet grist agROtZORE r opi c

distillation colum 6 is condensed by the
distillation column.

2. A process for purifying acetic acid as claimed in
claim 1, wherein .

said extraction residue and at least a portion of
said water-rich phase are supplied into a
recovery/distillation column;

isopropyl acetate contained in said extraction
residue and said water-rich phase is subjected to azeotropic
distillation with water;

a distillate distilled off from a top of said
recovery/distillation column is condensed to divide into a
water-poor phase being rich in isopropyl acetate and a water-
rich phase being rich in water;

at least a portion of said water-poor phase is
discharged from a system; and

a waste water is discharged from a bottom of said

recovery/distillation column.

3. A process for purifying acetic acid as claimed in
claim 2, wherein

said water-poor phase, which has been discharged from
the system, is introduced into an esterification reactor
together with acetic acid; and

' - 40 -
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condenser 47 and separated into a water-rich phase and a water-poor phase

in the decanter 48. A portion of the water- poor T ﬂ into

.the azeotropic distillation colum via line 52 and mm”lmumwllrﬁ I'eof S
circulated via a line 42 into the extractor 2 as the estractt ng m&di umin
the simlar manner as in the enbodi nrent shown in Fig. 1. A part of

the water-rich phase may be returned into the azeotropic distillation
colum 6 in the sigpprePyhinddeohel, whikd dasodespnprodewed wyFig. 1. The

resi due of the_ water- )
hydrolysis of isopropyl acetate, is converted into isopropyl

acetate followed by recovery.

4. A process for purifying acetic acid as claimed in
claim 3, wherein said acetic acid introdueed into said
esterification reactor together with said water-poor phase is
a portion of acetic acid recovered from said bottom of said

azeotropic distillation column.

5. A process for purifying acetic acid as claimed in
claim 1, wherein said extraction residue is supplied into an
extracting medium recovery column; and

a distillate distilled off from a top of said

.
oy

extracting medium recovery column is returned to said

extractor.

6. A process for purifying acetic acid as claimed in
claim 5, wherein said water-rich phase devided from said
condensed distillate from said top of said azeotropic
distillation column is supplied to a stripper;

a distillate distilled off from a top of said
stripper is returned to said azeotropic distillation column;
and

water is withdrawn from a bottom of said stripper.

- 41 -
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18 rich phase is discharged froma line 53 and supplied into the
stripper 57. The water-rich phase is subjected to distillation in the
stripper 57. The distillate distilled off fromthe top of stripper 57
containing water and the extracting nediumis supplied to the condenser 47
to return into the azeotropic distillation colum 6. Water is w thdrawn
fromthe bottomof the stripper 57 via a |ine 60. In the process
for purifying acetic acid of the present invention, isopropyl acetate is
selected as the extracting mediumfor the follow ng reasons. |sopropyl
acetate has a relatively small partition coefficient with
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water at the extraction and is highly conpatible with water, thus ensuring
efficient separation of acetic acid fromwater. Also, the boiling point of
i sopropyl acetate alone (88.5[err]C) and the mninmm azeotropic
distillation tenperature thereof wth water (76.6[err]C) are sufficiently
| ower than the boiling point of acetic acid (117.8[err]C). Thus the energy
required for the separation can be reduced and, noreover, the reflux rate
at the distillation/recovery step can be regulated to a low |evel, which
contributes to the inprovenent in the efficiency of the process.

As the feedstock solution 1, an aqueous solution with an acetic acid
concentration rangi ngyfrom 10 to 50% by weight can be used. The
concentration ra a fi neql\.aabove is the
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opti mum one when isopropyl acetate is enployed as the extracting nmedium
When the acetic acid concentration is

19 | ower than 10% by weight, it is required to use a |large anount of

| sopropyl acetate as the extracting nmediumin order to elevate the yield
of the acetic acid. In thi e IS nsunmed for the recovery
of the isopropyl acetatenhimgﬁfﬁﬁgqg@gg¥ﬁ@b?@ﬁngyﬁﬁlation colum 6 and the
recovery/distillation col unABEIRAGEOF HEHE oRESOE@SYREN of

A process for purifying acetic acid which comprises:
introducing a feedstock agueous solution of acetic acid
having an acetic acid concentration of from 10 to 50% by
weight into an extractor; supplying an extracting medium
containing isopropyl acetate in an amount from 0.6 to 3.0
times by weight the amount of the feedstock solution
thereinto in such a manner that the extracting medium is made
in contact with the feedstock solution; extracting acetic
acid into the extracting medium; separating the extracting
medium containing acetic acid from an extraction residue;
supplying the extraction medium containing acetic acid into
an azeotropic distillation column; distilling off the
isopropyl acetate contained in the extraction medium from a
top of the azeotropic distillation column via azeotropic
distillation with watexr; condensing a distillate from the top
of the azeotropic distillation column, to divide the
distillate into a water-poor phase being rich in isopropyl
acetate and a water-rich phase being rich in water; returning
at least a portion of the water-poor phase into the extractor
as the extracting medium; and recovering the acetic acid,
which has been thus dehydrated and purified, from a bottom of

the azeotropic distillation column.
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acetic acid in the feedstock sol ution exceeds 50% by wei ght, on the ot her
hand,-a relatively |large anount of water is distributed into the extracted
solution 4 in the extractor 2 conpared with the amount of the water
contained in the extraction residue 5. 4 n this case, the ability to
selectively separate acetic acid is substantially deteriorated.

The anpunt of the isopropyl acetate to be supplied into the extractor 2 is
fromO0.6 to 3.0 times by weight the amount of the feedstock solution 1.
When the anount of the | \ C LS~ a 6 times by wei ght
the amount of the feeds %(Sckgé%%l% ?oﬁ‘?ﬁ%ﬁ‘ék@?e QE%#Etﬁ‘gggcetic aci)cgl S ’

| onered. When the anount of the isopropyl acetate exceeds

FIELD OF THE INVENTION

The present invention relates to a process for
purifying acetic acid whereby purified acetic acid is
recovered from a feedstock solution at a ﬁigh efficiency with
less energy consumption.

BACKGROUND OF THE INVENTION

The conventionally known methods for producing acetic
acid on an industrial scale include the fermentation method;
the method of carbonylatioﬁ of methanol by a reaction in a
homogeneous liquid phase system with the use of rhodium and
iodine as a catalyst, the method of oxidation of a
hydrocarbon (butane, naphtha, etc.) by a reaction in a
hetercgeneous solid phase system with the use of an )
organic-soluble salt catalyst (manganese naphthenate, ccbalt
naphthenate, nickel naphthenate, etc.); the ethylene two-step
oxidation method which comprises oxidizing ethylene to
thereby once form acetaldehyde and then oxidizing the
resulting acetaldehyde in a homogeneous liquid phase system
with the use of manganese acetate or a mixture of manganese
acetate, copper acetate and cobalt acetate to thereby give
acetic acid; and a method which comprises reacting ethylene

with oxygen in a gas phase with the use of metallic palladium

and heteropolyphosphoric acid as the main catalyst
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3.0 tines by weight, on the other hand, excessive energy is required for
the distillation/recovery of the isopropyl acetate in the azeotropic
distillation colum 6. It is preferred that the extraction
tenperature in the extractor 2 is from320 to 80[err]C. Wen the extraction
tenperature falls within this range, th&Tiquid-liquid

20 separation into the isopropyl acetate phase and the aqueous

(JP-A~-7-89896; the term "JP-A" as used herein means an
"unexamined published Japanese patent application").

In each of these methods, acetic acid is obtained in
the form of an aqueous solution. To obtain dehydrated and
purified acetic acid, it is therefore needed to remove water
from this aqueocus solution by a method as ;nexpensive as
possible.

Distillation is generally employed in order to
industrially obtain purified acetic acid from an aqueous
solution of acetic acid. To separate water from acetic acid
by a conventional distillation method, however, it is needed
to use a distillation column provided with a large number of
plates (i.e., 70 or more) since the boiling point of acetic
acid (117.8°C under atmospheric pressure) is close to that of
water. In addition, a large amount of water having a large
heat of vaporization should be distilled off from the column
top, which requires a large-scaled equipment and much energy.
Due to the low relative volatility of water to acetic acid,
furthermore, it is needed to set a large reflux raté at the
column top, which lowers the efficiency of the process.

Various proposals have been made to solve this
problem. For example, there has been known a method which
comprises subjecting an agueous solution of acetic acid
(hereinafter referred to as the "feedstock solution") to
azeotropic distillation together with an azeotropic agent

capable of forming an azeotrope with water and thus
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phase can be snoothly perforned. In the first decanter 9 and the
second decanter 23, the liquid-liquid separation is carried out to give
the water-poor phase and the water-rich phase. To snoothly performthe
liquid-liquid separation, it is preferaBle to regulate the tenperature to
O[err]Cto 70[err]C Because of being an ester conpound, isopropyl
acetate is hydrolyzed in the presence of water in the extractor 2, the
azeotropic distillation colum 6, etc. to thereby give isopropyl alcohol.

e et *f SHPLE LIS R LA LN o P2CL BB BB Ll L constan
azeotropic agent from the column top while recovering the
acetic acid thus concentrated from the column bottom
(JP-B~43-16965, JP-B-61-31091, etc.; the term "JP-B" as used
herein means an "examined Japanese patent publication").
Although this method is advantageous in tﬁat the reflux rate
at the column top can be lowered and tﬁus the energy required
for fhe distillation of water can be reduced, a large amount
of water should be distilled off from the column top similar
to the conventional distillation methods. Thus no sufficient
effect of saving energy can be achieved thereby.

As a method other than the azeotropic distillation
method, there has been known the extraction method. This
method generally comprises making a water-insoluble organic
solvent, which is employed as the extracting medium, in
contact with the feedstock solution, thus extracting acetic
acid into the extracting medium phase and then separating and
purifying the acetic acid from the extracted solution by, for
example, distillation. An important factor of this
extraction method resides in the selection of an appropriate
extracting medium which has a small partition coefficient
with water and allows sufficient dissolution of acetic acid
therein.

Regarding the selection of an appropriate solvent, a

number of proposals have been made to employ a solvent which

has a boiling point higher than that of acetic acid and




Reaction formul a | sopropyl acetate + water [err] isopropyl alcohol +

acetic acid Equi |'i bri um const ant | sopropyl al cohol x
acetic acid = 0.45
| sopropyl acetate x water Wiea i sopropyl al cohol having a large

partition coefficient with water is gradually accunulated in the
circulation system the extraction in the extractor 2 and the
liquid-liquid separation in the decanters are disturbed

allows sufficient dissolution of acetic acid therein, since a
solvent with a higher boiling point generally has the smaller
partition coefficient with water. 1In JP-A-60-25949 (the term
"JP-A" as used herein means an "unexamined published Japanese
patent application"), for example, acetic acid is extracted
from a feedstock solution with the use of ; high-boiling
solvent comprising a C; aliphatic ketone as the major
component and, after stripping the water contained in the
extracted solution, acetic acid is separated from the high-
boiling solvent by distillation. In JP-B-59-35373,
extraction is performed by using a tertiary amine, which has
a boiling point higher than that of acetic acid, together
with an oxygen-containing organic solvent, which also has a
boiling point higher than that of acetic acid, and the
extracted solution is dehydrated by distillation followed by
the distillation of the dehydrated mixture again to thereby
give the acetic acid. 1In JP-B-60-16410, a specific secondary
amide is employed as an extracting medium and acetic acid is
separated from the extracted solution by distillation.
Furthermore, U.S. Patent 4,143,066 proposes to use
trioctylphosphine oxide as a high-boiling solvent capable of
selectively extracting acetic acid.

There have been alsc known methods wherein a mixture
of a low-boiling solvent with a high-boiling solvent is
employed as an extracting medium. In JP-B-1-38095, for

example, a solvent mixture comprising ethyl acetate with




21 thereby. It is . therefore desirable that the isopropyl alcohol thus
formed is reacted with acetic acid to thereby give isopropyl acetate which
is then circul ated and reused. | sopropyl al cohol per se is a

| ow-boi | i ng conpound (boiling point: 8253[err]C) and fornms a

t hr ee- conponent m ni nrum azeotrope togettrer with water and isopropyl
acetate (mninmum azeotropic distillation tenperature: 75.5[err]C, conposed
of 11.0% by wei ght of water, 76.0% by wei ght of isopropyl

diisobutyl ketone is used. Further, U.S. Patent 2,175,879
discloses a method wherein extraction and azeotropic
distillation are carried out at the same time. In this
method, a feedstock solution is divided into two portions and
one portion is extracted with a low-boiling solvent while
another portion is subjected tolazeotropié distillation with
the use of an azeotropic agent such as butyl acetate. By the
multipurpose use of the heat of condensation of the gas at
the azeotropic distillation column top, the low-boiling
solvent in the extracted solution is recovered from acetic
acid via distillation, thus saving energy.

When a high-boiling solvent is used as an extracting
medium in the extraction methods or the extraction/azeotropic
distillation methods as described above, the amount of water
taken up into the extracting medium phase is generally
reduced but the partition coefficient thereof with acetic
acid is also lowered. As a result, the extracting medium
should be used in a large amount and, in its turn, the scale
of the equipment is enlarged. 1In fhe subsequent step of the
separation of acetic acid from the extracting medium by
distillation, moreover, it is needed to distill off acetic
acid having a relatively large latent heat of evaporation
from the column top, which brings about an increase in the
energy cost. When this separation is performed via the
minimum azeotropic distillation with water, the extracting

medium has a boiling point higher than that of acetic acid

1 dOV 1596

v o £

R W T T SRR AT



acetate and 13. 0% by wei ght of isopropyl alcohol). Thus it can be easily
separated fromacetic acid by distillation. I n the enbodi nent
shown in Figure, the isopropyl alcohol is converted into isopropyl acetate
which is then circulated and reused. Thgs the extraction residue 5 from
the extractor 2 and a portion 14 of thé&Water-rich phase in the
conpartnent 12 separated by the first decanter 9 are subjected to
azeotropic distillation in the recovery/distillation colum 20. Then the
which is, obtained fromthe reco [distillation colum top

condensate 28, g r
and contaﬁﬂéﬂ?ﬂﬂﬁwﬁﬁﬁ THEHRYT %Bﬁeﬁﬁ?PéFeﬂlFﬁéxgﬁ 100g tempsERtaF e dFet her
‘t’)“oi [‘Oﬁ]cg} ictﬁho:scéé%eoéﬁ%mgﬁiﬁg o8Pht! 8P QhetRGOLLE4RC! A LBEAYRLEY,fgm the
pic
is difficult to obtain highly pure acetic acid at a high
yvield in this case.
The method, wherein a mixture comprising a low-
boiling solvent together with amhigh—boiling solvent is used
as the extracting medium, is more beneficial than the method
with the use of a low-boiling solvent alone. In the former
case, however, a large amount of water is taken up into the
extracting medium phase, which enlarges the load in the
azeotropic distillation. In this case, it is also required
to separate the high-boiling solvent form acetic acid by
distillation. Thus it is not always beneficial from the
viewpoint of energy consumption.
The present invention has been completed in order to
solve the above-mentioned problems.

SUMMARY OF THE INVENTION

An object the present invention is to provide a
process for purifying acetic acid whereby purified acetic
acid is efficiently recovered from a feedstock solution with
less energy consumption.

Othexr objects and effects of the present invention
will be apparent from the following description.

The present invention relates to a process for

purifying acetic acid which compfises:
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distillation colum, into the reactor 32 where the isopropyl alcohol is
converted into i sopropyl acetate. It is preferable that the
reaction m xture 34 thus obtained, which is rich in isopropyl acetate and
cont ai ns 7 22 acetic acid in excess,
is circulated into not the extractor 2 “but the azeotropic distillation
col um 6. The equi pnment to be used in the process for purifying

introducing a feedstock aqueous solution of acetic
acid having an acetic acid concentration of from 10 to 50% by
weight into an extractor;

supplying an extracting medium containing isopropyl
acetate in an amount from 0.6 to 3.0 times by weight the
amount of the feedstock soluticn thereinté in such a manner
that the extracting medium is made in contact with the
feedstock solution;

extracting acetic acid into the extracting medium;

separating the extracting medium containing acetic
acid from an extraction residue;

supplying the extraction medium containing acetic
acid into an azeotropic distillation column;

distilling off the isopropyl acetate contained in the
extraction medium from a top of the azeotropic distillation
column via azeotropic distillation with water;

condensing a distillate from the top of the
azeotropic distillation column, to divide the distillate into
a water-poor phase being rich in isopropyl acetate and a
water-rich phase being rich in water;

returning at least a portion of the water-poor phase
into the extractor as the extracting medium; and

recovering the acetic acid, which has been thus
dehydrated and purified, from a bottom of the azeotropic

distillation column.
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acetic acid of the present invention and the node thereof are not
restricted to those enployed in the above-nentioned enbodinent. For
exanpl e, the extractor, azeotropic distillation colum and
recovery/distillation colum nay be eaclg of plate type, packed type,
rotating cylinder type, etc. The condensers, decanters, reboilers, etc.
attached thereto may be either integrated thereinto or separately

provi ded. Neither the type of the reactor nor the constitution of the

catalyst is particghag!% E%%EE%Et%%bdaldéHHJ&ﬁ1&&? &y fgogress of
t her eby. The present i1nvention is

esterification S not i ibite _ _ _
further depariBedngnatei8c ARUA ladPbrBIRY NG HS desdot | o a9 FXRMPERS.

but the presenf invention is not construed as being limted thereto.
extraction residue and at least a portion of the water-rich
phase are supplied into a recovery/distillation column;
isopropyl acetate contained in the extraction residue and the
water-rich phase is subjected to azeotropic distillation with
water; a distillate distilled off from a top of the
recovery/distillation column is condensed to divide into a
water-poor phase being rich in isopropyl acetate and a water-
rich phase being rich in water; at least a portion of the
water-poor phase is discharged from a system; and a waste
water is discharged from a bottom of the
recovery/distillation column.

In the above preferred embodiment of the present
invention, it is further preferred that the water-poor phase,
which has been discharged from the system, is introduced into
an esterification reactor together with acetic acid; and
isopropyl alcohol, which has been produced by hydrolysis of
isopropyl acetate, is converted into isopropyl acetate
followed by recovery.

In another preferred embodiment of the process for
purifying acetic acid according to the present invention, the
extraction residue is supplied into an extracting medium
recovery column; and a distillate distilled off from a top of

the extracting medium recovery column is returned to the

extractor.
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In the follow ng Exanples, purified acetic acid is recovered froma
feedst ock solution in accordance with the above-nentioned enbodi nents by
usi ng the equi pments shown in Figs. 1 and 2. In the follow ng description,
the term"parts by weight" neans the vabue expressed by referring the
amount of the feedstock solution as to~I00 parts by weight.

23 EXAMPLE 1 In this exanple, a

m xture of acetic acid (42.0% by
In this preferred embodiment, it is further preferred

that the water-rich phase divided from the condensed
distillate from the top of the azeotropic distillation column
is supplied to a stripper; a distillate distilled off from a
top of the stripper is returned to the azeotropic

distillation column; and water is withdrawn from a bottom of

the stripper.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram which shows an embodiment of
the present invention.

Fig. 2 is a flow diagram which shows another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be
described in detail by reference to the attached figures, but
the present invention is not construed as being limited
thereto.

Fig. 1 shows a flow diagram according to an
embodiment of the present invention. The equipment employed
in this process roughly comprises an extractor 2, an
azeotropic distillation column 6, a recovery/d;stillation
column 20 and an esterification reactor (hereinafter referred
to simply as "reactor") 32. The extractor 2 is a liquid-
liguid counter-current extractor provided with plates. The
azeotropic distillation column 6 and the

recovery/distillation column 20 are distillation devices each

3
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wei ght) and water (58.0% by wei ght) was used as the feedstock

and purif

I ed by using the equi pnent shown in Fig. 1. The

above-nenti oned feedstock solution 1 (100 parts by weight) and the

extractin

g nmedium 3 (105.5 parts by wenght) conprising isopropyl acetate

as the main conponent were introducedTTto the éextractor 2 each at a

t enperatu
col um of
(correspo
f eedst ock
top, whil

88L
0

re of 30[err]C As the extractor 2, a vertical vibration

the counter current liquid-liquid extraction type

Was iTtro rom nel g
enbNeof 2t @n®d YBboiler 16 or 30 at the column bottom.

In Fig. 1, a feedstock sqQlution 1, which contains
from 10 to 50% by weight of acetic acid, is first introduced
into the neighborhood of the column top of the extractor 2.
Into the neighborhood of the column botto& of the extractoxr 2
is supplied an extracting medium comprising isopropyl acetate
as the main component via a line 3. The amount of this
isopropyl acetate thus supplied ranges from 0.6 to 3.0 times
by weight as much as the feedstock solution. It is not
necessary that the extracting medium is pure isopropyl
acetate but it is sufficient that it contains isopropyl
acetate as the major component, such as the water-pocor phase
from the compartment 11 of the first decanter 9 described
hereinbelow.

In the extractor 2, the feedstock sclution 1 comes
into contact counter currently with the extracting medium 3
both in the form of a liquid. Thus the acetic acid in the
feedstock solution 1 is extracted into the extracting medium
phase, and the mixture is separated into an extracted
solution containing a major amounts of isopropyl acetate and
acetic acid with a minor amount of water, and an extraction
residue containing a major amount of water with a minor

amount of isopropyl acetate. The acetic acid-containing

extracted solution thus separated is supplied into the

azeotropic distillation column 6 via a line 4. The

ML) )
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was i ntroduced fromthe nei ghborhood of the col um bottom . The
extracted solution 4 (168.8 parts by weight) flowng fromthe columm top
of the extractor 2 was supplied into the feed plate of the azeotropic
distillation colum 6 and subjected toiazeotropic distillation therein. At
the sane tine, the reaction mxture 34 (3.4 parts by weight) from the
reactor 32 was also supplied to the sane feed plate. As this azeotropic
distillation colum 6, a distillation device of the O dershaw type

R R R B PP S S S
the extractor 2.

The extracted solution 4 from the extractor 2
contains water, which has been distributed on the extraction
step, in addition to isopropyl acetate and acetic acid. When
the extracted solution 4 is supplied into?the azeotropic
distillation column 6, the isopropyl acetate and watex
contained therein form a minimum azeotrope which are then
distilled off as an azeotropic distillate 7 from the column
top.

The azeotropic distillate 7 from the column top is
condensed by the condenser 8 and then introduced as the
column top condensate into the first decanter 9.

This decanter 9 has a bulkhead 10 by which the lower
part of the tank is divided into two compartments 11 and 12.
The column top condensate introduced into the first decanter
9 is then introduced into one compartment 12 where it is
divided by liquid/liquid separation based on the difference
in specific gravity into a water-rich phase, which contains
water as the main component together with a minor portion of
the isopropyl acetate and has a large specific gravity, and a
water-poor phase, which contains isopropyl acetate as the
main component together with a minor portion of water and has
a relatively small specific gravity.

Then the water-rich phase is continuously withdrawn

at a regulated rate from the bottom of the compartment 12 in

]
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24 : The columm top gas 7 fromthe azeotropic distillation colum
6 was cooled to 30[err]C by the condenser 8. Then the condensate thus
obt ai ned was divided into the water-poor phase in the conpartnment 11 and
the water-rich phase in the conpartnenti212 by the liquid-1liquid separation
in the decanter 9. A portion (172.0 parts by weight) of the water- poor
phase was then returned into the nei ghborhood of the top of the azeotropic
distillation colum 6 via the line 13, while the residue (105.0 parts by

wei ght) tHEEROL Wafne® tR%ALAY WA NG ISRROTa Fodlde POWL O¥EJRT e
the bulkhead 10 into another compartment 11. Thus the
surface levels of the water-rich phase and the water-poor
phase are regulated so as to separate the water-rich phase in
the compartment 12 and the water-poor phase in the
compartment 11 with the bulkhead 10. 1In éome cases, a part
of the water-rich phase in the'Compartment 12 withdrawn from
the bottom of the compartment 12 may be returned into a
definite feed plate in the neighborhood of the top of the
recovery/distillation column 6 via a line 15. However, at
least a portion of the water-rich phase in the compartment 12
is discharged via a line 14.

A portion of the water-poor phase flowing into the
compartment 11 is returned into a definite feed plate in the
neighborhood of the top of the azeotropic distillation column
6 via a line 13, while the residue thereof is circulated via
a line 13 into the above-mentioned extractor 2 where it is
reused as the extracting medium.

Thus purified acetic acid 17, which is substantially
free from water or isopropyl ace£ate, is obtained from the
bottom of the azeotropic distillation column 6.

The extraction residue 5 discharged from the bottom
of the extractor 2 and the water-rich phase 14 discharged
from the compartment 12 of the decanter 9 contain isopropyl
acetate distributed into water and isopropyl alcochol formed

by the hydrolysis of isopropyl acetate. To efficiently
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extracting nmedi um 3. The water-rich phase in the conpartnent 12 of
the decanter 9 was not returned into the azeotropic distillation colum 6
but all supplied into the recovery/distillation colum 20 via the |line 14.
Toget her with the above-nenti oned wat er-x3 ch phase in the conpartnent 12,
the extraction residue 5 (36.2 parts by weight) fromthe extractor 2 was
supplied into the recovery/distillation colum 20 wherein the extracting
nmedi um was recovered by distillation. As the recovery/distillation colum

oty s kSRR S G SN0 RETURST TR roigye 3,
was used. ah4 the water-rich phase 14 are supplied into the feed plate
of the recovery/distillation column 20.

In the recovery/distillation column 20, isopropyl
acetate and isopropyl alcohol form a minimum azeotrope
together with water which is then subjectéd to azeotropic
distillation and distilled off from the column top as a
recovery column top gas 21. The recovery column top gas 21
is condensed by the condenser 22 and fed as a condensate into
a second decanter 23. Similar to the above-mentioned first
decanter 9, the second decanter 23 has a bulkhead 24 by which
the lower part of the tank is divided into two compartments
25 and 26.

The condensate fed into the second decanter 23 is
then introduced into one compartment 26 where it is divided
by liguid/liquid separation based on the difference in
specific gravity into a water-rich phase in the compartment
26, which contains water as the main component together with
a minor portion of the azeotropic agent (isopropyl ‘acetate
and isopropyl alcchol) and has a large specific gravity, and
a water~poor phase in the compartment 25, whichlcontains the
azeotropic agent as the main component together with a minor
portion of water and has a small specific gravity. The
water-rich phase in the compartment 26 is withdrawn from the
bottom of the compartment 26 via a line 27 and circulated

into an appropriately selected feed plate in the neighborhood
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When the columm top gas 21 was cooled with the condenser 22, the obtained
condensate could not undergo liquid-liquid separation. Thus a portion (4.0
parts by 25 wei ght) thereof was

returned as such into the neighborhood qfs the top of the
recovery/distillation colum 20 via thetTTe 29, while the residual colum
top solution (2.5 parts by weight) was supplied as a concentrate 28 into

t he reactor 32. The concentrate 28 conprised 11. 1% by wei ght of

of the top of the recovery/distillation column 20. However,
if the liquid/liquid separation cannot be performed due to,
for example, a high concentration of isopropyl alcohol in the
condensate, then the contents of the compartment 26 are not
circulated into the recovery/distillation column 20 via the
line 27 but treated in the same manner as Ehe one employed in
treating the contents of the compartment 25.

A portion of the water-poor phase in the compartment
25 in the decanter 23 may be, in some cases, circulated into
an appropriately selected feed plate in the neighborhood of
the top of the recovery/distillation column 20 via a line 29,
while the residue thereof is withdrawn as a concentrate 28
and fed into the reactor 32.

By the azeotropic distillation in this
recovery/distillation column 20, isopropyl acetate and
isopropyl alcohol contained in the extraction residue 5 from

' the extractor 2 and the water-rich phase 14 discharged from
the compartment 12 of the decanter 8 are concentrated and
recovered into a line 28, while the waste water 31 is
discharged from the column bottom.

The concentrate 28 is then introduced into the
reactor 32 to react the isopropyl alcohol contained therein
with acetic acid and recover the isopropyl acetate thus
formed. The acetic acid for this esterification can be

obtained by taking up some portion of the bottom solution 17
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water, 67.9% by wei ght of isopropyl acetate and 21.1% by weight of

| sopr-opyl al cohol . Into the reactor 32 was supplied a portion (0.9
parts by weight) of the purified acetic acid 17 obtained fromthe bottom
of the azeotropic distillation colum 618ia the |ine 18, together with the

concentrate 28. The reactor 32 was packed with a cationic ion
exchange resin (PK-212H nmanufactured by M tsubishi Chem cal Conpany) as
an acid catal yst 33. The reaction mxture 34 (3.4 parts by

e oo M S A R DL ERLER T LEhs B SLERISAR 1T
by wei ght (gfy iasqplrrgg)ng acetate and 15. 3% by

The reactor 32 also contains an acid catalyst 33 for
the esterification (for example, a strongly acidic cation
exchange resin or heteropolyphosphoric acid such as
phosphotungstic acid). ?

The reaction mixture 34, which is rich in isopropyl
acetate obtained by this reaction, can be circulated and
reused by, for example, supplying into the azeotropic
distillation column 6.

In accordance with the process for purifying acetic
acid as described above by reference to Fig. 1, purified
acetic acid, which is substantially free from water or
isopropyl acetate, is recovered from the feedstock solution 1
containing form 10 to 50% by weight of acetic acid, as the
bottom solution 19 from the azeotropic distillation column 6,
while the water contained in the feedstock solution 1 is
discharged as the waste water 31 from the bottom of the
recovery/distillation column 20.

In this purification process shown in Fig. 1, it is
not necessary to distill off a large amount of water or
acetic acid from the column top. From the tops of the
azeotropic distillation column 6 and the
recovery/distillation column 20, minimum azeotropes each
having a boiling point sufficiently lower than that of acetic

acid are distilled off. Therefore, this process can be
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wei ght of isopropyl alcohol. In the reactor 32, isopropyl alcohol was

converted into the isopropyl acetate at a conversion of 2.3% The
reaction mxture 34 thus obtained was all supplied into the feed plate of
the azeotropic distillation colum 6. 16 By the above-nenti oned

operation, purified acetic acid 19 (410 parts by weight), which was
substantially free 26

carried out at a low reflux rate with less energy
consumption.

Fig. 2 shows a flow diagram according to another
embodiment of the present invention. The equipment employed
in this embodiment roughly comprises an extractor 2, an
azeotropic distillation column §, a stripp;r 57, and an
extracting medium recovery column 61. ‘The extractor 2 and
the azeotropic distillation column 6 are the same as the
embodiment shown in Fig. 1. The stripper 57 is equipped with
a reboiler 59 at the column bottom. The extracting medium
recovery column 61 is equipped with a condenser 63 and a
decanter 64 at the column top and a reboiler 67 at the column
bottom.

In Fig. 2, the extraction of acetic acid by an
extracting medium in the extractor 2 and the separation of
purified acetic acid from the extracted solution in the
azeotropic distillation column 6 are conducted in the similar
manner as in the embodiment shown in Fig. 1. In Fig. 2,
numeral 40 denotes a feedstock solution, 42 denotes an
extracting medium, 43 denotes an extracted solution, 46
denotes an azeotropic distillate, 47 denotes a condenser, 48
denotes a first decanter, 49 denotes a bulkhead, 50 and 51
denote compartments, 52 denotes a line for returning the
water-poor phase to the azeotropic distillation column 6, 54

denotes a line for returning the water-rich phase to the
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fromwat er,

| sopr opyl

acetate, or isopropyl
bottom of the azeotropic distillation
was di scharged fromthe

al cohol ,

was

obtai ned fromthe

colum 6, while the waste water 31

bottom of the recovery/distillation colunmm 20.
Table 1 shows the conposition (% by weigfit) of the

contents of each |line

shown in Fig.
the feedstock solution 1)

1 and the load (parts by  weight per 100 parts by wei ght of
of each |ine.

azeotropic distillation column 6, 55 denotes a reboiler, and
56 denotes a line for withdrawing purified acetic acid.

In Fig. 2, the extraction residue 44 discharged from
the bottom of the extractor 2 is supplied into the extraction

medium recovery column 61. In the extraction medium recovery

column 61, the extraction residue 44 is sébjected to
distillation to separate water therefrom, which is then
withdrawn from a line 68. A distillate 62 distilled from the
extraction medium recovery column 61 containing the
extracting medium is condensed by the condenser 63 and the
decanter 64. The condensate in the decanter 64 is then
returned to the extractor 2 through a line 65 as the
extracting medium. A part of the condensate may be returned
to the extraction medium recovery column 61 through a line
66.

The azeotropic distillate 46 from the top of the
azeotropic distillation column 6 is condensed by the
condenser 47 and separated into a water-rich phase and a
water-poor phase in the decanter 48. A portion of the water-
poor phase is returned into the azeotropic distillation
column via line 52 and the residue thereof is circulated via
a line 42 into the extractor 2 as the extracting medium in
the similar manner as in the embodiment shown in Fig. 1.

A part of the water-rich phase may be returned into
the azeotropic distillation column 6 in the similar manner as

in the embodiment shown in Fig. 1. The residue of the water-




27 ferr] . 28 These results
show.that, in accordance with the nethod of Exanple 1, purified acetic
acid having a high purity could be efficiently separated from water and
thus recovered fromthe feedstock soluthgn 1, which contained 42.0% by
wei ght of acetic acid, wthout taking oot—the acetic acid as a columm top
distillate froma distillation colum. It is also shown that the
extracting medi um coul d be

rich phase is discharged from a line 53 and supplied into the
stripper 57. The water-rich phase is subjected to
distillation in the stripper 57. The distillate distilled
off from the top of stripper 57 containing water and the
extracting medium is supplied to the condenser 47 to return
into the azeotropic distillatiqn column Sj Water is
withdrawn from the bottom of the stripper 57 via a line 60.

In the process for purifying acetic acid of the
present invention, isopropyl acetate is selected as the
extracting medium for the following reasons. Iscpropyl
acetate has a relatively small partition coefficient with
water at the extraction aﬁd is highly compatible with water,
thus ensuring efficient separation of acetic acid from water.
Also, the boiling point of isopropyl acetate alone (88.5°C)
and the minimum azeotropic distillation temperature thereof
with water (76.6°C) are sufficiently lower than the boiling
point of acetic acid (117.8°C). Thus the energy required for
the separation can be reduced and, moreover, the reflux rate
at the distillation/recovery step can be regulated to a low
level, which contributes to the improvement in the efficiency
of the process.

As the feedstock solution 1, an aqueous solution with
an acetic acid concentration ranging from 10 to 50% by weight
can be used. The concentration range as defined above is the
optimum one when isopropyl acetate is employed as the

extracting medium. When the acetic acid concentration is




circulated and reused w thout any waste. EXAMPLE

2 Acetic acid was purified by using the sane equi pnent and the
same nethod as those enployed in Exanple 1 but varying the conposition of
t he feedstock solution 1. The fieedstock solution 1 enployed in
Exanple 2 conprised 21.0% by wei ght of—acetic acid and 79.0% by wei ght of
wat er . The above-nenti oned feedstock solution 1 (100 parts by

wei ght) was introduced into the extractor 2 fromthe neighborhood of the

o | o L VAR St L0 EAGUELLASSD 8 e ke o)

acetateimuhéhﬁ%@$w isopropyl acetate as the extracting medium in order
to elevate the yield of the acetic acid. 1In this case, much
energy is consumed for the recovery of the isopropyl acetate
from the azeotropic distillation column 6 and the
recovery/distillation column 20. When thé concentration of
acetic acid in the feedstock solution exceeds 50% by weight,
on the other hand, a relatively large amount of water is
distributed into the extracted solution 4 in the extractor 2
compared with the amount of the water contained in the
extraction residue 5. In this case, the ability to
selectively separate acetic acid is substantially
deteriorated.

The amount of the isopropyl acetate to be supplied
into the extractor 2 is from 0.6 to 3.0 times by weight the
amount of the feedstock solution 1. When the amount of the
isopropyl acetate is less than 0.6 times by weight the amount
of the feedstock solution, the yield of the acetic acid is
lowered. When the amount of the isoprdpyl acetate exceeds
3.0 times by weight, on the other hand, excessive energy is
required for the distillation/recovery of the isopropyl
acetate in the azeotropic distillation column 6.

It is preferred that the extraction temperature in
the extractor 2 is from 10 to 80°C. When the extraction
temperature falls within this range, the liquid-liquid

e it s
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wei ght of isopropyl alcohol was introduced thereinto fromthe neighborhood
of the colum bottom each at a tenperature of 30[err]C, followed by
extraction. The extracted solution 4 (174.1 parts by wei ght)
flowing fromthe colum top of the extragtor 2 was supplied into the feed
pl ate of the azeotropic distillation cotumm 6

29 and subjected to azeotropic distillation therein. At the sane tine,
the reaction mxture 34 (4.2 parts by weight) from '

separation into the isopropyl acetate phase and the agqueous
phase can be smoothly performed.

In the first decanter 9 and the second decanter 23,
the liquid-liquid separation is carried out to give the
water-poor phase and the water-rich phase. To smoothly
perform the liquid-liquid separation, it fs preferable to
regulate the temperature to 0°C to 70°C.

Because of being an ester compound, isopropyl acetate
is hydrolyzed in the presence of water in the extractor 2,
the azeotropic distillation column 6, etc. to thereby give
isopropyl alcohol. This hydrolysis is an equilibrium

reaction and the equilibrium constant thereof is (0.45 as

shown by the following formula.

Reaction formula

isopropyl acetate + water —— isopropyl alcohol + acetic acid

<~

Equilibrium constant

isopropyl alcohol x acetic acid - 0.45

isopropyl acetate x water

When isopropyl alcohol having a large partition
coefficient with water is gradually accumulated in the
circulation system, the extraction in the extractor 2 and the

liquid-liquid separation in the decanters are disturbed
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the reactor 32 was also supplied to the sane feed pl ate. The
colum top gas 7 fromthe azeotropic distillation colum 6 was cooled to
30[err] C and the condensate thus obtained was divided into the water-poor
phase in the conpartnment 11 and the watzr-rich phase in the conpartnment 12
by liquid- liquid separation in the fiTSt decanter 9. A portion (44.0
parts by weight) of the water-poor phase was returned into the azeotropic
distillation colunn 6 via the line 13, while the resi due (148.0 parts by

wel ht) thereolpyas oir gyl shedorbkouLie SAEAGHAL 2480 dhgaitypcting
er-

medi um 3 rich aséin &t was no returned

into the azeoh gp{:ﬁug' %Jﬁ\%&t 5 gn %Qlc‘&@& QiR A ?gt\}fcga@ﬂaaréos therdiy 9ht)

supplied into t recover I stil atlon colum
give isopropyl acetate which is then circulated and reused.

Isopropyl alcohol per se is a low-boiling compound
(boiling point: 82.3°C) and forms a three-component minimum
azeotrope together with water and isoprop;l acetate (minimum
azeotropic distillation temperature: 75.5°C, composed of
11.0% by weight of water, 76.0% by weight of isopropyl
acetate and 13.0% by weight of isopropyl alcohol). Thus it
can be easily separated from acetic acid by distillation.

In the embodiment shown in Figure, the isopropyl
alcohol is converted into isopropyl acetate which is then
circulated and reused. Thus the extraction residue 5 from
the extractor 2 and a portion 14 of the water-rich phase in
the compartment 12 separated by the first decanter 9 are
subjected to azeotropic distillation in the
recovery/distillation column 20. Then the condensate 28,
which is obtained from the recovery/distillation column top
and contains isopropyl alcohol concentrated therein, is
supplied together with acetic acid 18, which is a portion of
acetic acid recovered from the bottom of the azeotropic
distillation column, into the reactor 32 where the isopropyl
alcohol is converted into isopropyl acetate.

It is preferable that the reaction mixture 34 thus

obtained, which is rich in isopropyl acetate and contains
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the line 14. Into the recovery/distillation colum 20 was supplied
the extraction residue 5 (73.9 parts by weight) fromthe extractor 2
together with the above-nentioned water-rich phase fromthe line 14 to
thereby distill and recover the extracti2ag nmedi um The col umm top
gas 21 fromthe recovery/distillation <coludm 20 was cool ed and the
condensate thus obtained was subjected to liquid-liquid separation. The
water-rich phase in the conpartnment 26 thus obtained was all (0.3 parts by

wei ght) retwned &Q.{11a  fEOVEl Y/ d 1L 1AL Q040 B A8t he extractor 2

but the azeotropic distillation column 6.

The equipment to be used in the process for purifying
acetic acid of the present invention and the mode thereof are
not restricted to those employed in the above-mentioned
embodiment. For example, the extractor, ;zeotropic
distillation column and recovery/distillation column may be
each of plate type, packed type, rotating cylinder type, etc.
The condensers, decanters, reboilers, etc. attached thereto
may be either integrated thereinto or separately provided.
Neither the type of the reactor nor the constitution of the
catalyst is particularly restricted, so long as the smooth
progress of esterification is not inhibited thereby.

The present invention is further described in more
detail by referring to the following Examples, but the
present invention is not construed as being limited thereto.

In the following Examples, purified acetic acid is
recovered from a feedstock solution in accordance with the
above-mentioned embodiments by using the equipments shown in
Figs. 1 and 2. In the following description, the term "parts
by weight" means the value expressed by referring the amount

of the feedstock solution as to 100 parts by weight.
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30 the reflux 27. On the other hand, a portion (4.3 parts by weight) of
t he wat er-poor phase was returned into the recovery/distillation colum 20
via the line 29 while the residue (2.9 parts by weight) thereof was

supplied into the reactor 32 as the congentrate 28. The
concentrate 28 consisted of 8.6% by wetght of water, 76.4% by wei ght of
| sopropyl acetate and 15.0% by wei ght of isopropyl alcohol. Into

the reactor 32 was supplied a portion (1.3 parts by weight) of the
purified acetic acid 17 obtained freombthg s

In this example, & mixture of acetic acid (42.0% by
weight) and water (58.0% by weight) was used as the feedstock
solution 1 and purified by using the equipment shown in
Fig. 1.

The abo§e—mentioned feedstock sol&tion 1 (100 parts
by weight) and the extracting medium 3 (105.5 parts by
weight) comprising isopropyl acetate as the main component
were introduced into the extractor 2 each at a temperature of
30°cC.

As the extractor 2, a vertical vibration column of
the counter current liquid-liquid extraction type
{(corresponding to a theoretical.plate number of from 4 to 6)
was used. The feedstock solution 1 was introduced from the
neighborhood of the column top, while the extracting medium
was introduced from the neighborhood of the column bottom.

The extracted solution 4 (168.8 parts by weight)
flowing from the column top of the extractor 2 was supplied
into the feed plate of the azeotropic distillation column 6
and subjected to azeotropic distillation therein. At the
same time, the reaction mixture 34 (3.4 parts by weight) from
the reactor 32 was also supplied to the same feed plate. As
this azeotropic distillation column 6, a distillation device
of the Oldershaw type composed of a concentration unit having

30 plates and a recovery unit having 30 plates was used.
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bottom of the azeotropic distillation colum 6 via the line 18 together
with the concentrate 28. The reaction mxture 34 (4.2 parts by

wei ght) obtained by the esterification in the reactor 32 contained 6.1%
by wei ght of water, 30.6% by wei ght of aqetic acid, 53.5% by weight of

| sopropyl acetate and 9. 9% by wei ght of~—Tsopropyl alcohol. In the reactor
32, isopropyl alcohol was converted into isopropyl acetate at a conversion

of 4.2% The reaction m xture 34 thus obtained was all supplied
into the feed plat of the az otro i.C dIStI|| t on Q
t he above- nenti one %p%?g nEOBug Pi ddTEOB: & ggﬁg%fgpgfb%¢52ﬁ%laﬁﬁpn

wei ght), “@émeMﬁ§ §395E883é8'£¥ EBGE by the condenser 8. Then the

condensate thus obtained was divided into the water-poor
phase in the compartment 11 and the water-rich phase in the
compartment 12 by the liquid-liguid separation in the
decanter 9. A portion (172.0 parts by weight) of the water-
poor phase was then returned into the neighborhood of the top
of the azeotropic distillation column 6 via the line 13,
while the residue (105.0 parts by weight) thereof was
circulated into the extractor 2 and employed as the
extracting medium 3.

The water-rich phase in the compartment 12 of the
decanter 9 was not returned into the azeotropic distillation
column 6 but all supplied into the recovery/distillation
column 20 via the line 14.

Together with the above-mentioned water-rich phase in
the compartment 12, the extraction residue 5 (36.2 parts by
weight) from the extractor 2 was supplied into the
recovery/distillation column 20 wherein the extracting medium
was recovered by distillation. As the recovery/distillation
column 20, a distillation device of the Oldershaw type
composed of a concentration unit héving 25 plates and a
recovery unit having 25 plates was used.

When the column top gas 21 was cooled with the
condenser 22, the obtained condensate could not undergo

liquid-liquid separation. Thus a portion (4.0 parts by
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fromwater, isopropyl acetate, or isopropyl alcohol, was obtained fromthe
bottom of the azeotropic distillation

31 colum 6, while the waste water 31 was di scharged fromthe bottom of
the recovery/distillation colum 20. 25 Table 2 shows the conposition
(% by weight) of the contents of each™TTne shown in Fig. 1 and the | oad
(parts by weight per 100 parts by weight of the feedstock solution 1) of
each line.

weight) thereof was returned as such into the neighborhood of
the top of the recovery/distillation column 20 via the line
29, while the residual column top sclution (2.5 parts by
weight) was supplied as a concentrate 28 into the reactor 32.

The concentrate 28 comprised 11.1% by weight of
water, 67.9% by weight of isoprqpyl acetaée and 21.1% by
weight of isopropyl alcohol.

Into the reactor 32 was supplied a portion (0.9 parts
by weight) of the purified acetic acid 17 obtained from the
bottom of the azeotropic distillation column 6 via the line
18, together with the concentrate 28.

The reactor 32 was packed with a cationic ion
exchange resin (PK-212H, manufactured by Mitsubishi Chemical
Company) as an acid catalyst 33.

The reaction mixture 34 (3.4 parts by weight), which
was obtained by the esterification in the reactor 32,
contained 8.3% by weight of water, 25.6% by weight of acetic
acid, 50.9% by weight of isopropyl acetate and 15.3% by
weight of isopropyl alcohol. In the reactor 32, isopropyl
alcohol was converted into the isopropyl acetate at a
conversion of 2.3%.

The reaction mixture 34 thus obtained was all
supplied into the feed plate of the azeotropic distillation
column 6.

By the above-mentioned operation, purified acetic

acid 19 (41.0 parts by weight), which was substantially free

REPLACEMENT SHFET:
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32 [err]. 33 These results
show that, in Exanple 2 wherein the feedstock solution contained 21.0% by

wei ght of acetic acid,
26

from water, isopropyl acetate, or isopropyl alcchol, was
obtained from the bottom of the azeotropic distillation
column 6, while the waste water 31 was discharged from the
bottom of the recovery/distillation column 20.

Table 1 shows the composition (% by weight) of the
contents of each line shown in Fig. 1 and Ehe load (parts by
weight per 100 parts by weight of the feedstock solution 1)

of each line.
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acetic acid could be efficiently separated fromwater to thereby give
purified acetic acid having a high purity.

EXAMPLE 3 In this exanple, a m xture of acet: iAgah;TN@QEW
wei ght) and water (65.0% by wei ght) was2désed as the fég:" '15§E%+ﬁtfor 40

and purified by using the equipnent shown in Fig. 2. The,
above-menti oned feedstock solution 40 (100 parts by e gHﬁsNQHddt%e
extracting nedium 42 (104.0 parts by weight) and 65 {5{4 parts by. melght)
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into the extradtor 2 fach ap agenyerature of 30[errﬂcwawwamwn-nﬁe~#he
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the counter current liquid-liquid extraction type (corresponding to a
theoretical plate nunber of from4 to 6) was used. The feedstock sol ution
40 was introduced fromthe neighborhood of the columm top, while the
extracting nmedium was introduced from gBe nei ghbor hood of the col um

bott om . The extracted solution 43 (157.6 parts by weight) flow ng
fromthe colum top of the extractor 2 was supplied into the feed plate of

the azeotropic di ghelkatean1¢al Wiowd theid, siybj LLShd A %Ot N Oph s

distillation therein. As this azeotropic distillation colum 6, a

di still at wehddviode Bxample 1, purified acetic acid having a high
purity could be efficiently separated from water and thus
recovered from the feedstock solution 1, which contained
42.0% by weight of acetic acid, without taking out the acetic
acid as a column top distillate from a digtillation column.
It is also shown that the extracting medium could be
circulated and reused without any wasté.

EXAMPLE 2

Acetic acid was purified by using the same equipment
and the same method as those employed in Example 1 but '
varying the composition of the feedstock solution 1.

The feedstock solution 1 employed in Example 2
comprised 21.0% by weight of acetic acid and 79.0% by weight
of water.

The above-mentioned feedstock solution 1 (100 parts
by weight) was introduced into the extractor 2 from the
neighborhood of the column top thereof, while an extracting
medium (148.0 parts by weight) consisting of 2.8% by weight
of water, 96.4% by weight of isopropyl acetate and 0.8% by
welght of isopropyl alcohol was introduced thereinto from the
neighborhood of the column bottom, each at a temperature of
30°C, followed by extraction.

The extracted solution 4 (174.1 parts by weight)
flowing from the column top of the extractor 2 was supplied

into the feed plate of the azeotropic distillation column 6
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34 the O dershaw type conposed of a concentration unit having 30 plates
and a recovery unit having 30 plates was used. The columm top gas
46 fromthe azeotropic distillation columm 6 was cooled to 30[err]C by the
condenser 47. Then the condensate thus ggbtai ned was divided into the

wat er- poor phase in the conpartnent 50 and the water-rich phase in the
conpartnment 51 by the liquid-liquid separation in the decanter 48. A

portion (1Q§dOSQBEE§tQM wei a%bt%ptﬁae dMRMEIT1a RN dassias Ademd et ur ned

into the nei ghborhood of the top of the azeotropic distillation colum 6

via the |iggm&82timvhi kRet RBateS oAU ilkd-e0 Juarts. Dpavei gy +diafieef Mesm
the reactor 32 was also supplied to the same feed plate.

The column top gas 7 from the azeotropic distillation
column 6 was cooled to 30°C and the condensate thus obtained
was divided into the water-poor phase in the compartment 11
and the water-rich phase in the compartment 12 by liquid-
liquid separation in the first decantér 9. A portion (44.0
parts by weight) of the water-poor phase was returned into
the azeotropic distillation column 6 via the line 13, while
the residue (148.0 parts by weight) thereof was circulated
into the extractor 2 as the extracting medium 3. The water-
rich phase in the compartment 12 was not returned into the
azeotropic distillation column 6 but all (8.6 parts by
weight) supplied into the recovery/distillation column 20 via
the line 14.

Into the recovery/distillation column 20 was supplied
the extraction residue 5 (73.9 parts by weight) from the
extractor 2 together with the above-mentioned water-rich
phase from the line 14 to thereby distill and recover the
extracting medium.

The column top gas 21 from the recovery/distillation
column 20 was cooled and the condensate thus obtained was
subjected to liquid-ligquid separation. The water-rich phase
in the compartment 26 thus obtained was all (0.3 parts by

weight) returned to the recovery/distillation column 20 as




circulated into the extractor 2 and enployed as the extracting nmedium 42.
The water-rich phase in the conpartnent 51 of the decanter 48 was not
returned into the azeotropic distillation colum 6 but all supplied into
the stripper 57 via the line 53. As the&0stripper 57, a distillation device
of the d dershaw type having 20 pl ates was used. The col umm top
gas 58 fromthe top of stripper 57 was returned to the condenser 47. The

wast e wat elhefGraEBux V21 hdranché oprhée b@ﬁapna0§>ot:h§oﬁt t4ppepa®ts by
The extraction residue 44 (51.8 parts by weight) was supplied into the
ext ract i ngretesh tum o £ ctdve rya tat upoo 6 lphakervas toeuexbdadhingthedi um was
recovered by distillation.
recovery/distillation column 20 via the line 29 while the
residue (2.9 parts by weight) thereof was supplied into the
reactor 32 as the concentrate 28.

The concentrate 28 consisted of 8.6% by weight of
water, 76.4% by weight of isopropyl acetate and 15.0% by
weight of isopropyl alcohol. |

Into the reactor 32 was supplied a portion (1.3 parts
by weight) of the purified acetic acid 17 obtained from the
bottom of the azeotropic distillation column 6 via the line
18 together with the concentrate 28.

The reaction mixture 34 (4.2 parts by weight)
obtained by the esterification in the reactor 32 contained
6.1% by weight of water, 30.6% by weight of acetic acid,
53.5% by weight of isopropyl acetate and 9.9% by weight of
isopropyl alcohol. 1In the reactor 32, isopropyl alcochol was
converted into isopropyl acetate at a conversion of 4.2%.

The reaction mixture 34 thus obtained was all
supplied into the feed plate of the azeotropic distillation
column 6.

By the above-mentioned operation, purified acetic
acid 19 (20.4 parts by weight), which was substantially free

from water, isopropyl acetate, or isopropyl alcohol, was

obtained from the bottom of the azeotropic distillation

18 HOV 1595
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As the extracting nmediumrecovery colum 61, a distillation device of the
A dershaw type conposed of a concentration unit

35 having 25 plates and a recovery unit having 25 plates was used.
The columm top gas 62 fromthe top of tBe extraction nediumrecovery
colum 61 was cooled with the condenser 63 and the condensate thus

obtai ned was introduced into the decanter 64. A portion (16.3 parts by
wei ght) ofcdN\gnn 6, while the waste water 31 was discharged from the

bottom of the recovery/distillation column 20.
Table 2 shows the composition (% by weight) of the
contents of each line shown in Fig. 1 and the load (parts by

weight per 100 parts by weight of the feedstock solution 1)

of each line.
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condensate was returned into the nei ghborhood of the top of the extracting
medi um recovery colum 61 via the line 66, while the residue (5.4 parts by
wei ght) thereof was circulated into the extractor 2iang: @npl.,@,ygd;«gg, t he
extracting nediumvia the |ine 65. 32 By the ahbietitentis ned 2t
operation, purified acetic acid 56 (3475 parts by wgi ght), which wa{
substantially free fromwater, isopropyl acetate, orf iisopBépiy “&tscohol ,
was obtained fromthe bottom of the azeotropic distiillfation colum;6,

while the waste water 69 apd 68 was discharged from it RE BOTT N 6f T he,
stripper 57 and the bottom-of the- extracting nedi umirecovery. ¢ol.um.6i.
~ Q. L O 0 % — .
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contents of each line shown in Fig. 2 and the load (parts by weight per
100 parts by weight of the feedstock solution 40) of each line.
36 J[err]

33

———r——

These results show that, in Example 2 wherein the
feedstock solution contained 21.0% by weight of acetic acid,
acetic acid could be efficiently separated from water to
thereby give purified acetic acid having a high purity.

EXAMPLE 3

In this example, a mixture of acetic acid (35.0% by
weight) and water (65.0% by weight) was used as the feedstock
solution 40 and purified by using the equipment shown in
Fig. 2.

The above-mentioned feedstock solution 40 (100 parts
by weight) and the extracting medium 42 (104.0 parts by
weight) and 65 (5.4 parts by weight) each comprising
isopropyl acetate as the main component were iﬂtroduced into
the extractor 2 each at a temperature of 30°C.

As the extractor 2, a vertical vibration column of
the counter current liquid-liquid extraction type
(corresponding to a theoretical plate number of from 4 to 6)
was used. The feedstock solution 40 was introduced from the
neighborhood of the column top, while the extracting medium
was introduced from the neighborhood of the column bottom.

The extracted solution 43 (157.6 parts by weight)
flowing from the column top of the extractor 2 was supplied
into the feed plate of the azeotropic distillation column 6
and subjected to azeotropic distillation therein. As this

azeotropic distillation column 6, a distillation device of




37 These results show that, in accordance with the nethod of
Exanple 3, purified acetic acid having a high purity could be efficiently
separated fromwater and thus recovered fromthe feedstock sol ution 40,
whi ch contai ned 35.0% by wei ght of acetsiac acid, w thout taking out the

acetic acid as a colum top distillate froma distillation colum. It is
al so shown that the extracting mediumcould be circulated and reused
wi t hout any waste. The process for purifying acetic acid of the

Egﬁfgpast! X§P169?E SO%ngﬁhéﬁﬁéégé acetlc a§?%9£§t§ﬁhuﬁhggx?%ggﬁpnao
nmedi um Wl £ QHRI NSrd SRS OPYn BE R B End N3@MNplates was used.

The column top gas 46 from the azeotropic
distillation column 6 was cooled to 30°C by the condenser 47.
Then the condensate thus obtained was divided into the water-
poor phase in the compartment 50‘and the water-rich phase in
the compartment 51 by the liquid-liquid separation in the
decanter 48. A portion (108.0 parts by weight) of the water-
poor phase was then returned into the neighborhood of the top
of the azeotropic distillation column 6 wvia the line 52,
while the residue (104.0 parts by weight) thereof was
circulated into the extractor 2 and employed as the
extracting medium 42.

The water-rich phase in the compartment 51 of the
decanter 48 was not returned into the azeotropic distillation
column 6 but all supplied into the stripper 57 via the line
53. As the stripper 57, a distillation device of the
Oldershaw type having 20 plates was used.

The column top gas 58 from the top of stripper 57 was
returned to the condenser 47. The waste water 60 was
withdrawn from the bottom of the stripper 57.

The extraction residue 44 (51.8 parts by weight) was
supplied into the extracting medium recovery column 61
wherein the extracting medium was recovered by distillation.
As the extracting medium recovery column 61, a distillation

device of the Oldershaw type composed of a concentration unit
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anount of fromO0.6 to 3.0 tinmes by weight the anount of the feedstock

sol ution; subjecting the extracted solution thus obtained to azeotropic
distillation; returning at least a portion of the water-poor phase, which
has been separated fromthe columm topzdistillate, into the
above-nentioned extractor as the extractirng nedium and recovering the
dehydrated and purified acetic acid fromthe bottomof the azeotropic
distillation colum. In accordance with this process, therefore, the

stillation o nce i th this proc
ur 110 SRLETH 3% A5 ha Copt Sy < AR MR BTN 1R cnergy

consunpti QBed. The extraction residue fromthe extractor is conbi ned
with the water-rich phase fromthe azeotropic distillation

The column top gas 62 from the top of the extraction
medium recovery column 61 was cooled with the condenser 63
and the condensate thus obtained was introduced into the
decanter 64. A portion (16.3 parts by weiéht) of the
condensate was returned into the neighborhood of the top of
the extracting medium recovery column 61 via the line 66,
while the residue (5.4 parts by weight) thereof was
circulated into the extractor 2 and employed as the
extracting medium via the line 65.

By the above-mentioned operation, purified acetic
acid 56 (34.5 parts by weight),'which was substantially free
from water, isopropyl acetate, or isopropyl alcohol, was
obtained from the bottom of the azeotropic distillation
column 6, while the waste water 60 and 68 was discharged from
the bottom of the stripper 57 and the bottom of the
extracting medium recovery column 61.

Table 3 shows the composition (% by weight) of the
contents of each line shown in Fig. 2 and the load (parts by
weight per 100 parts by weight of the feedstock solution 40)

of each line.
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colum and supplied into the recovery/distillation colum
38 where the extracting nedi um conponent contained in the mxture is

distilled by azeotropic distillation. Thus the extractlng ned|un1can be
concentrated and separated fromthe wa&er with Ret ,ﬂ@qg qutlon

whi ch makes it possible to reduce thé’EYfractin QA@ﬁNiéjgiﬁwﬂ*%

Mor eover, the extracting nmedi um concentrate obtaln "“T?Bﬁfthe ﬁ \

recovery/dlst|llat|on colum is esterified by add 18 NOV P58 § %
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acetic acid. Thus the isopropyl alcohol, which has been fornmed by the
hydrol ysis of the isopropyl acetate during the process, can be converted
into isopropyl acetate and recovered. As a result, the loss of the

| sopropyl acetate can be further reducé@d and, at the sane tine, the

| sopropyl al cohol concentration in the extracting nedium can be
continuously regulated to a low | evel, which makes it possible to maintain

a high acetic aci drigsssages@Dtef Eh@helﬂﬁhit | Ant BRc@HdadORith the  Wile
the invention has been described in detail and with reference to specific

exanpl es thetleod, oft Evahplbe3, appai€ibdt acend slddilehdvidda arigh hat

various changes and nodifications can be made therein w thout departing

fromthe purity could be efficiently separated from water and thus
recovered from the feedstock solution 40, which contained
35.0% by weight of acetic acid, without taking out the acetic
acid as a column top distillate from a digtillation column.
It is also shown that the extracting medium could be
circulated and reused without any waste.

The process for purifying acetic acid of the present
invention comprises extracting a feedstock solution, which
contains from 10 to 50% by weight of acetic acid, with an
extracting medium, which contains isopropyl acetate in an
amount of from 0.6 to 3.0 times by weight the amount of the
feedstock solution; subjecting the extracted solution thus
obtained to azeotropic distillation; returning at least a
portion of the water-poor phase, which has been separated
from the column top distillate, into the above-mentioned
extractor as the extracting medium; and recovering the
dehydrated and purified acetic acid from the bottom of the
azeotropic distillation column. In accordance with this
process, therefore, the extraction medium can be effectively
circulated and reused and thus purified acetic acid can be
obtained at a high efficiency with less energy consumption.

The extraction residue from the extractor is combined
with the water-rich phase from the azeotropic distillation

column and supplied into the recovery/distillation column

.“.-...m
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spirit and scope thereof. 39

WHAT IS CLAIMED | S: 1. A process for purifying acetic acid which
conpri ses: i ntroduci ng a feedstock aqueous solution of acetic acid
havi ng an acetic acid congantration of from10 to 50% by
wei ght into an extractor; suppl yrng an extracting medi um cont ai ni ng
| sopropyl acetate in an anount from0.6 to 3.0 tines by

wei ght  t heyRBERPENEhef e%@dct88dS iR um component contained in the
mixture is distilled by azeotropic distillation. Thus the
extracting medium can be concentrated and separated from the
water with less energy consumption, which makes it possible
to reduce the extracting medium loss.

Moreover, the extracting medium concentrate obtained
from the recovery/distillation column is esterified by adding
acetic acid. Thus the isopropyl alcohél, which has been
formed by the hydrolysis of the isopropyl acetate during the
process, can be converted into isopropyl acetate and
recovered. As a result, the loss of the isopropyl acetate
can be further reduced and, at the same time, the isopropyl
alcohol concentration in the extracting medium can be
continuously requlated to a low level, which makes it
possible to maintain a high acetic acid extraction efficiency
in the extractor.

| While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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solution thereinto in such a manner that said extracting nedi um
contacts said extracting acetic acid into said
extracting ne*lﬂ ﬂ W " ﬂ K Nratlng said extracting medi um contai ni ng

acetic acid from an extracti on 39 residue; supplying said
extraction nmedi um contai ning acetic acrd~™mto an azeotropic '
distillation columm; distilling off said isopropyl acetate contained
in said e&hbggtigncﬂgghgg1ls. froma top of said azeotropic
distillation colum via azeotropic distillation with water;
condensing a distij|atg procesai fok0puph roaheg a8¢eelioRicE ddigtiidn ati on

col um, to divide said distillate into a water-poor phase

bei ng rlchcémprises: i sopropyl acetate and a water-rich phase being

rich in water;
introducing a feedstock aqueous solution of acetic

acid having an acetic acid concentration of from 10 to 50% by
weight into an extractor;

supplying an extracting medium containing isopropyl
acetate in an amount from 0.6 to 3.0 times by weight the
amount of said feedstock solution thereinto in such a manner
that said extracting medium is made in contact with said
feedstock solution;

extracting acetic acid into said extracting medium;

separating said extracting medium containing acetic
acid from an extraction residue;

supplying said extréction medium containing acetic
acid into an azeotropic distillation column;

distilling off said isopropyl acetate contained in
said extraction medium from a top of said azeotropic
distillation column via azeotropic distillation with water;

condensing a distillate from said top of said
azeotropic distillation column, to divide said distillate
into a water-poor phase being rich in isopropyl acetate and a
water-rich phase being rich in water;

returning at least a portion of said water-poor phase

into said extractor as said extracting medium; and

heet Has Been Replaced

IR

[ i b r\'.} Y x(\l:}

B e

i e

A————————_—ELR L S



returning at |east a portion of said water-poor phase into said extractor

as | medi um and recovering said acetic
aci d, whi ch has m@v llmw% at eq and purified, froma
ze

bottonlof sald a rapl | ati on aa um.
40 : A process for purifyindg atetic acid as clained in claiml,
wher ei n sald process conpri ses supplying said extraction residue

and at |east a poridedoveirisRj Gasd &cdtith acid, which has been thus
dehydrated and purified, from a bottom of said azeotropic

distillation column.

2. A process for purifying acetic acid as claimed in
claim 1, wherein

said extraction residue and at least a portion of
said water-rich phase are supplied info a
recovery/distillation column;

isopropyl acetate contained in said extraction
residue and said water-rich phase is subjected to azeotropic
distillation with water:;

a distillate distilled off from a top of said
recovery/distillation column is condensed to divide into a
water-poor phase being rich in isopropyl acetate and a water-
rich phase being rich in water;

at least a portion of said water-poor phase is
discharged from a system; and

a waste water is discharged from a bottom qf said

recovery/distillation column.

3. A process for purifying acetic acid as claimed in
claim 2, wherein

said water-poor phase, which has been discharged from
the system, is introduced into an esterification reactor

together with acetic acid; and
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phase into a recovery/distillation col umn; azeotropically distilling

| sopropyl acet ' \ aid extraction resi due and
said water-ric mlmglmnmmm\/#mr condensing a distillate distilled

off froma top df $aid recovery/distillatl on columm to divide
I nto a water-poor phase being rich in isopropyl ' acetate and a
wat er-rich phase being rich in water; di scharging at |east a portion
of said water-poor;pBasERlI 0N RoRbil €W i¥Md has beediFRAHHY@st € wat er
froma bottom of séidﬁreggyeryﬁgﬁspflIafion as _ee _ cplu@ﬁ? _

3. A prpgess1iekispeki fxoRGopRAl ettt as £lidRd-idd Cliddn Zsophssel n
sai d process conprises I Nt roduci ng sai d wat er- poor phase, which has

been di schacgedter gontib&ed by recovery.

4. A process for purifying acetic acid as claimed in
claim 3, wherein said acetic acid introduesed into said
esterification reactor together with said water-poor phase is
a portion of acetic acid recovered from said bottom of said

azeotropic distillation column.

5. A process for purifying acetic acid as claimed in
claim 1, wherein said extraction residue is supplied into an
extracting medium recovery column; and

a distillate distilled off from a top of said
extracting medium recovery column is returned to said

extractor.

6. A process for purifying acetic acid as claimed in
claim 5, wherein said water-rich phase devided from said
condensed distillate from said top of said azeotropic
distillation column is supplied to a stripper;

a distillate distilled off from a top of said
stripper is returned to said azeotropic distillation column;
and |

water is withdrawn from a bottom of said stripper.
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system into an esterification reactor together with acetic acid; and
converting isopropyl alcohol, which has been produced by hydrol ysis of
i sopropyl acetate, into isopropyl acetate followed by recovery.

41 4, A process for purifying acetic acid as clained-in claim a3,
wherein said acetic acid introduced into said esterification reactor
together with said wat er - poor phasg Es a portion of acetic acid
recovered from said bottom of said—éieotropic distillation colum.
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5. A process for purifying acetic acid as clained in claim1, wherein
the process conprises supplying said extraction residue into an extracting

medi um recovery colum; and returning a distillate distilled off
froma top of said extracting nedi um recovery colum to said
extractor. 6 A process for purifying acetic acid as clained in

claimb5, wherein thé process conprises 3 plying said water-rich phase
divided from said condensed distillat m said top of said azeotropic

distillation colum to a stripper; returning a distillate distilled
off froma top of said stripper to said azeotropic
distillation colum; and w t hdrawi ng water froma bottomof said
stripper. h
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WHAT IS CLAIMED IS :

1. A process for purifying acetic acid which comprises:

introducing a feedstock aqueous solution of acetic acid having an acetic
acid concentration of from 10 to 50% by weight into an extractor;

supplying an extracting medium containing isopropyl acetate in an amount
from 0.6 to 3.0 times by weight the amount of said feedstock
solution thereinto in such a manner that said extracting medium
contacts said feedstock solution;

extracting acetic acid into said extracting medium;

separating said extracting medium containing acetic acid from an extraction
residue;

supplying said extraction medium containing acetic acid into an azeotropic
distillation column,;

distilling off said isopropyl acetate contained in said extraction medium
from a top of said azeotropic distillation column via azeotropic

distillation with water;

condensing a distillate from said top of said azeotropic distillation column,
to divide said distillate into a water-poor phase being rich in
isopropyl acetate and a water-rich phase being rich in water;

returning at least a portion of said water-poor phase into said extractor as
said extracting medium; and

recovering said acetic acid, which has been thus dehydrated and purified,

from a bottom of said azeotropic distillation column.
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2. A process for purifying acetic acid as claimed in claim 1, wherein
said process comprises

supplying said extraction residue and at least a portion of said water-rich
phase into a recovery/distillation column;

azeotropically distilling isopropyl acetate contained in said extraction
residue and said water-rich phase with water;

condensing a distillate distilled off from a top of said recovery/distillation
column to divide into a water-poor phase being rich in isopropyl
acetate and a water-rich phase being rich in water;

discharging at least a portion of said water-poor phase from a system; and

discharging waste water from a bottom of said recovery/distillation

column.

3. A process for purifying acetic acid as claimed in claim 2, wherein

said process comprises

introducing said water-poor phase, which has been discharged from the
system, into an esterification reactor together with acetic acid; and

converting isopropyl alcohol, which has been produced by hydrolysis of

isopropyl acetate, into isopropyl acetate followed by recovery.
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4, A process for purifying acetic acid as claimed in claim 3, wherein
said acetic acid introduced into said esterification reactor together with said
water-poor phase is a portion of acetic acid recovered from said bottom

of said azeotropic distillation column.

5. A process for purifying acetic acid as claimed in claim 1, wherein
the process comprises supplying said extraction residue into an extracting medium
recovery column; and

returning a distillate distilled off from a top of said extracting medium

recovery column to said extractor.

6. A process for purifying acetic acid as claimed in claim 5, wherein
the process comprises supplying said water-rich phase divided from said
condensed distillate from said top of said azeotropic distillation column to a
stripper;

returning a distillate distilled off from a top of said strippt'er to said

azeotropic distillation column; and

withdrawing water from a bottom of said stripper.
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