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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention concerns a method of producing
carboxylic acid and alcohol. More specifically, this invention
concerns a method of producing carboxylic acid and alcohol by
hydrolysis of a liquid, which contains a carboxylic acid ester,
under the presence of an acid catalyst to obtain a reaction
product liquid, comprised essentially of carboxylic acid,
alcohol, water, and carboxylic acid ester, and distilling this

reaction product liquid in a manner that is industrially

advantageous.

Description of the Related Art

For the production of polyvinyl alcohol, a method is
generally taken wherein vinyl acetate is obtained by an
acetoxylation reaction, in which ethylene and acetic acid are
the raw materials, polymerizing this vinyl acetate to produce
vinyl polyacetate, and performing ester exchange with methanol
under the presence of a basic catalyst. The methyl acetate that
is produced as a result of the ester exchange reaction is

hydrolyzed under the presence of an acid catalyst and recovered

ohol, a

raw
et at e,
a basic
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I's produced as a result of the es?eré%xchange reaction is hydrolyzed under
the presence of an acid catal yst and recovered in the final stage as
acetic acid and nethanol, and the unreacted nmethyl acetate is circul ated
back and reused in the hydrolysis reaction. A nethod of recovering nethyl
acetate as acetic acid and nethanol is disclosed in p.109 of "Poval, "
edited by the Polymer Society of Japan (newly revised edition; April 1,
1981). This nmethod shall now be described with reference to Fig. 3. A
saponi fication mother |iquor, having methyl acetate and nmethanol as the
princi pal conponents, is supplied froma saponification nother |iquor
feeding line 17 to an A distillation tower 18 and separated into a top
distillate 19, having nmethyl acetate and net hanol as the princi pal
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unreacted methyl acetate is circulated back and reused in the
hydrolysis reaction.

A method of recovering methyl acetate as acetic acid and
methanol is disclosed inp.109 of "Poval, " edited by the Polymer
Society of Japan (newly revised edition; April 1, 1981). This
method shall now be described with reference to Fig. 3. A
saponification mother 1liquor, having methyl acetate and
methanol as the principal components, is supplied from a
saponification mother 1liquor feeding line 17 to an A
distillation tower 18 and separated into a top distillate 19,
havingmethyl acetate and methanol as the principal components,
and a bottom liquid 20, having methanol as the principal
component. The top distillate 19 is fed into an extractive
distillation tower 21 along with the return distillate from
the top distillate 27 of a B distillation tower 26 to be
described below, and water is added to the tower top of
extractive distillation tower 21 from extraction water feeding
line 22 to perform extractive distillation.

The bottom ligquid 23 of extractive distillation tower 21
has methanol as the principal component and is fed along with
the abovementioned bottom liquid of A distillation tower 18

to a C distillation tower 37 and separated into a methanol



distillation tower 21 al ong with t-he%eturn distillate fromthe top
distillate 27 of a B distillation tower 26 to be described bel ow, and water
is added to the tower top of extractive distillation tower 21 from
extraction water feeding line 22 to performextractive distillation. The
bottomliquid 23 of extractive distillation tower 21 has nethanol as the
princi pal conponent and is fed along with the abovenentioned bottomliquid
of Adistillation tower 18 to a Cdistillation tower 37 and separated into
a net hanol 2 distillate 38 and a bottomIliquid 39, which contains sodium
acetate, etc. Methanol distillate 38 is treated further as necessary and
recovered as nethanol. The top distillate of extractive distillation tower
21 is methyl acetate and water and is supplied from nethyl acetate feeding

[ hydr ol is reactor 25, filled with i on exchange resin or other
line 24 tgigti¥gatey§8 and a bottom liquid 39, which contain% sodium

acetate, etc. Methanol distillate 38 is treated further as
necessary and recovered as methanol. The top distillate of
extractive distillation tower 21 is methyl acetate and water
and is supplied from methyl acetate feeding line 24 to a
hydrolysis reactor 25, filled with ion exchange resin or other
acid catalyst, to obtain a reaction product liquid, comprised
essentially of acetic acid, methanol, water, and unreacted
methyl acetate. This reaction product liquid is fed into B
distillation tower 26 and separated into a top distillate 27,
comprised of methyl acetate and methanol, and a bottom liquid
28, comprised of acetic acid and water. The top distillate 27
is the abovementioned return distillate, and this distillate
is fed into extractive distillation tower 21. Hereinafter, the
components of the mixture shall refer mainly to the principal
components, and descriptions concerning components of a small
amount may be omitted. The Figures are conceptual diagrams,
and the reboiler, condenser, pump, and other accessory
equipment that are normally used are all unillustrated.
The bottom liquid 28, comprised of acetic acid and water,
of Bdistillation tower 26 is fed to the tower top' of extraction
tower 29 and acetic acid esters, ketones, and other solvents

are fed from the lower part of the extraction tower to extract



acid catalyst, to obtain a reaction product liquid, conprised essentially
of acetic acid, nethanol, water, and unreacted nethyl acetate. This
reaction product liquid is fed into B distillation tower 26 and separat ed
into a top distillate 27, conprised of methyl acetate and nethanol, and a
bottom|liquid 28, conprised of acetic acid and water. The top distillate 27
I's the abovenentioned return distillate, and this distillate is fed into
extractive distillation tower 21. Hereinafter, the conponents of the
m xture shall refer mainly to the principal conponents, and descriptions
concerni ng conponents of a small anobunt nmay be omitted. The Figures are _
conceptual diagrans, and the reboiler, condenser, punp, and other accessory
equi pnent that are normally used are all unillustrated. The bottom i quid
28, conprised of acetic_acid and water, of B distillation tower 26 is fed
to the t of€PLEEpaBEdexBPatti Bhet sokTemy farflingetlil@eacid@dedileds, thet ones,
and ot her solvents are fed fromthe |ower part of the extraction tower to
ext r act 3rundown line for the raffinate, which has water as the principal

component. The extracted liquid 30 from the extraction tower

top is comprised of acetic acid, solvent, and water, and this

extracted liquid is fed into azeotropic distillation tower 32,

having the abovementioned solvents as the azeotrope former,

and acetic acid is recovered from the lower part of this

distillation tower. 36 is a recovery line for acetic acid. The

top distillate of azeotropic distillation tower 32 is water

and solvent and this top distillate is separated by separator

33, and the solvents are circulated back from the

abovementioned solvent feeding line 35 for use in the

extraction tower and the water is taken out via drain line 34.

However, the above-described prior-art method has the

following problems. That is, since the equilibrium constant

of the hydrolysis reaction of methyl acetate and water is small,

being 0.14 at 50" C for example, and the temperature dependence

thereof is also small. Thus when the hydrolysis reaction is

carried out with a molar ratic of methyl acetate to water of

1, the degree of conversion of methyl acetate by hydrolysis

will only be 27 mole % at the most. Since the temperature

dépendence of the equilibrium constant is very small as has

been mentioned above, improvement of the degree of conversion



acetic acid. 35 is the sol vent feeding line, and 31 is the rundown line for
the raffinate, which has water as the principal conponent. The extracted
liquid 30 fromthe extraction tower top is conprised of acetic acid,
solvent, and water, and this extracted liquid is fed into azeotropic
distillation tower 32, having the abovenenti oned solvents as the azeotrope
former, and acetic acid is recovered fromthe | ower part of this
distillation tower. 36 is a recovery line for acetic acid. The top
distillate of azeotropic distillation tower 32 is water and sol vent and
this top distillate is separated by separator 33, and the solvents are
circul ated back fromthe abovenenti oned solvent feeding line 35 for use in
the extraction tower and the water is taken out via drain |ine 34. However,
t he above-described prior-art nethod has the follow ng problens. That is,
si nce thebggbydrdlysin camshantilpfbé lanthydpaltedi sveract ithe oéaoeibyl acetate
and water is small, being 0.14 at 50[err]C for exanple, and the tenperature
dependencéemperature is increased. Though the degree of conversion by

hydrolysis can be improved by increasing the molar ratio of

water to methyl acetate, the acetic acid concentration of the

bottom liquid of B distillation tower 26 will drop and the load

placed on extraction tower 29 for concentrating the acetic acid

will increase.

Thus with the prior-art method, an extraction tower is

required for the acetic acid concentration process and not only

is the load placed on the extraction tower increased when the

molar ratio of water to methyl acetate is increased but the

azeotropic distillation tower 32 must also be operated with

caution being taken to prevent solvents and watexr £rom becoming

mixed with acetic acid. An extremely large amount of labor was

thus required for the operation. Though the above description

concerned an example where methyl acetate is hydrolyzed, the

same applies to other carboxylic acid esters.

Meanwhile, a method of using a reactive distillation method

to recover methyl acetate as acetic acid and methanol is

disclosed in United States Patent PublicationNo. 5770770. With

this method, hydrolysis is performed without taking methyl

acetate out of the system and the generated components can be

separated by distillation at the same time. This method can



thereof is also small. Thus when the hydrolysis reaction is carried out
wth a nolar ratio of nethyl acetate to water of 1, the degree of
conversion of nethyl acetate by hydrolysis will only be 27 nole %at the
nost. Since the tenperature dependence of the equilibriumconstant is very
smal | as has been nentioned above, inprovenent of the degree of conversion
4 by hydrolysis can hardly be anticipated even if the reaction .
tenperature is increased. Though the degree of conversion by hydrolysis can
be inproved by increasing the nolar ratio of water to nmethyl acetate, the
acetic acid concentration of the bottomliquid of B distillation tower 26
will drop and the | oad placed on extraction tower 29 for concentrating the
acetic acid will increase. Thus with the prior-art nethod, an extraction
tower is required for the acetic acid concentration process and not only

thus be said to be a rational method. However, in order to

increase the degree of conversion by hydrolysis by this method,

the molar ratio of water must be made large with respect to

methyl acetate, and since the amount of energy required to

produce acetic acid and methanol therefore becomes

significantly large, the method cannot be said to be one that

is advantageous in terms of industrial practice. An object of

this invention is therefore to provide a method of producing

alcohol and carboxylic acid from a carboxylic acid ester in

an industrially advantageous manner by a simplified process

that does not use solvents.

SUMMARY OF THE INVENTION

The present inventors have carried out diligent
examination to achieve the above object and have come to make
the present invention. That is, this invention provides a
method of producing carboxylic acid and alcohol by obtaining
a reaction product liquid by hydrolysis of a carboxylic acid
ester under the presence of an acid catalyst and separating
the abovementioned product liquid by distillation, a method
of producing carboxylic acid and alcohol characterized in that
a liquid, which contains the carboxylic acid ester and with

which at least a part of the components thereof is a side stream



is the load placed on the extraction tower increased when the nmolar ratio
of water to nethyl acetate is increased but the azeotropic distillation
tower 32 nust al so be operated with caution being taken to prevent solvents
and water from becomi ng mxed with acetic acid. An extremely |arge anount
of labor was thus required for the operation. Though the above description
concerned an exanple where nmethyl acetate is hydrolyzed, the same applies
to other carboxylic acid esters. Meanwhile, a method of using a reactive
distillation method to recover nethyl acetate as acetic acid and methanol
Is disclosed in United States Patent Publication No. 5770770. Wth this
met hod, hydrolysis is performed without taking methyl acetate out of the
system and the generated conponents can be separated by distillation at the
sane tine. This nethod can thus be said to be a ratjional nethod.
However, FAXERR3IL FEORRcftast dinsidéatden dgloveamresaiad by thaltotgdis by
t his met hod

reflux condition, is supplied to a hydrolysis reactor filled

with acid catalyst to obtain a reaction product liquid

comprised essentially of carboxylic acid, alcohol, water, and

carboxylic acid ester, the abovementioned reaction product

liquid is supplied to the abovementioned first distillation

tower, a bottom liquid, comprised essentially of carboxylic

acid, alcohol, and water, is taken out from the bottom of the

abovementioned distillation tower, the abovementioned bottom

liquid is separated in a second distillation tower into a top

distillate, having alcohol as the principal component, and a

bottom liquid, comprised of carboxylic acid and water, the

abovementioned bottom liquid is separated in a third

distillation tower into a top distillate, comprised of

carboxylic acid and water, and a bottom liquid, comprised of

carboxylic acid, the abovementioned top distillate is

circulated back to the tower top of the abovementioned first

distillation tower, and water is added to the abovementioned

tower top.

This invention also provides a method of producing
carboxylic acid and alcohol by obtaining a reaction product

liquid by hydrolysis of a carboxylic acid ester under the

presence of an acid catalyst and separating the abovementioned



the nolar ratio of water nust be made | arge with respect to nmethyl acetate,
and since the anount of energy required to produce acetic acid and net hanol
t heref ore becones significantly |arge, the nethod cannot be said to be one
that is advantageous in terns of industrial practice. An object of this
I nvention is therefore to provide a nethod of producing al cohol and
carboxylic acid froma carboxylic acid ester in an industrially
advant ageous manner by a sinplified process that does not use solvents.
SUMVARY COF THE | NVENTI ON The present inventors have carried out diligent
exam nation to achi eve the above object and have conme to nmake the present
I nvention. That is, this invention provides a nethod of producing
carboxylic acid and al cohol by obtaining a reaction product |iquid by
hydrol ysis of a carboxylic acid ester under the presence of an acid
cat al yst BRedgehHardiguid t b abistdid@tioned pr owkidtod | @fi dpbyddesngl | ati on,
a nethod of producing carboxylic acid and al cohol characterized in that a
liquid, wAREPOXDhiai 281d handanbeslyel chedngl charrctenizgd hin that a
' liquid, which contains the carboxylic acid ester, is supplied
to a first distillation tower that is operated in the total
reflux condition, the side stream taken out from the
abovementioned distillation tower is supplied to a hydrolysis
reactor filled with acid catalyst to obtain a reaction product
liquid comprised essentially of carboxylic acid, alcohol,
water, and carboxylic acid ester, the abovementioned reaction
product 1liquid is supplied to the abovementioned £first
distillation tower, a bottom liguid, comprised essentially of
carboxylic acid, alcohol, and water, is taken out from the
bottom of the abovementioned distillation tower, the
abovementioned bottom liquid is separated in a second
distillation tower into a top distillate, having alcohol as
the principal component, and a bottom liquid, comprised of
carboxylic acid and water, the abovementioned bottom liquid
is separatedina thirddistillation tower into a topdistillate,
comprised of carboxylic acid and water, and a bottom liquid,
comprised of carboxylic acid, the abovementioned top
distillate is circulated back to the tower top of the

abovementioned first distillation tower, and water is added

to the abovementioned tower top. The production methods of this



which at | east a part of the conponents thereof is a side stream t aken
out froma first distillation tower operated in the total ref |ux
condition, is supplied to a hydrolysis reactor filled with acid catalyst to
obtain a reaction product liquid conprised essentially of carboxylic acid,
al cohol, water, and carboxylic acid ester, the abovenenti oned reaction
product liquid is supplied to the abovenentioned first distillation tower,
a bottomliquid, conprised essentially of carboxylic acid, alcohol, and
water, is taken out fromthe bottom of the abovenmentioned distillation
tower, the abovenentioned bottomliquid is separated in a second
distillation tower into a top distillate, having al cohol as the principal
conponent, and a bottom liquid, conprised of carboxylic acid and water, the
abovenenti oned bottomliquid is separated in a third distillation tower
into a tognyestippasdaldomow dwd dgsaxitiegkyln dedid vyl wayeof &hd a bottom
i quid, conprised of

drawings.

With the present invention, since the reaction product
liquid obtained by the hydrolysis reaction is fed into a first
distillation tower, this distillation tower is operated in the
total reflux condition so that the carboxylic acid ester is
not distilled outside the system but is taken out as a side
stream from the distillation tower and fed to the hydrolysis
reactor, water of the amount consumed by hydrolysis is added
to the tower top of the distillation tower to performextractive
distillation by water, and the concentration of the aqueous
solution of carboxylic acid is not performed by the azeotropic
distillation method, carboxylic acid and alcohol can be
produced in a stable manner from a carboxylic acid ester in
accordance with an extremely simplified flow. Also with the
present invention, since the amount of water used can be reduced

significantly, the amount of waste water is reduced

significantly.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic flow diagram of an embodiment of this

invention.

Fig. 2 is a schematic flow diagram of another embodiment of



carboxylic acid, the abovementioned top distillate is circulated back to
the tower top of the abovenentioned first distillation tower, and water is
added to the abovenentioned tower top. This invention also provides a

met hod of producing carboxylic acid and al cohol by obtaining a reaction
product liquid by hydrolysis of a carboxylic acid ester under the presence
of an acid catalyst and separating the abovenentioned 7 product liquid
by distillation, a method of producing carboxylic acid and al cohol being
characterized in that a liquid, which contains the carboxylic acid ester,
Is supplied to a first distillation tower that is operated in the total
reflux condition, the side streamtaken out fromthe abovenenti oned
distillation tower is supplied to a hydrolysis reactor filled with acid

catal yst to obtain a reaction product
this invention.

Fig. 3 is a schematic flow diagram of an embodiment of a prior

art method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1is a flowchart that illustrates a method of producing
alcohol and carboxylic acid from a liquid which contains a
carboxylic acid ester. The carboxylic-acid-ester-containing
liquid, which is the raw material, is fed from carboxylic acid
ester feeding line 1 to a hydrolysis reactor 2, filled with
an acid catalyst, and is hydrolyzed in the liquid phase to
obtain a reaction product liquid comprised essentially of
carboxylicacid,alcohol,water,andunreactedcarboxylicacid
ester. The abovementioned liquid that contains the carboxylic
acid ester also contains the side stream from a first
distillation tower, to be described below, as at least part
of the components thereof. The carboxylic-acid-ester-
containing liquid that is fed into the hydrolysis reactor is
thus comprised of a carboxylic-acid-ester-containing liquid
that is supplied from outside the system and a carboxylic-
acid-ester-containing liquid that is the side stream from the
first distillation tower. Though the ratio of the amounts of

the carboxylic-acid-ester-containing liquid that is supplied

10



liquid conprised essentially of carboxylic acid, alcohol,

wat er, and

carboxylic acid ester, the abovenentioned reaction product liquid is

supplied to the abovenentioned first distillation tower,

a bottomliquid,

conprised essentially of carboxylic acid, alcohol, and water, is taken out

fromthe bottom of the abovenentioned distillation tower,

t he

abovenentioned bottomliquid is separated in a second distillation tower
into a top distillate, having al cohol as the principal conponent, and a
bottom | iquid, conprised of carboxylic acid and water, the abovenentioned

bottomliquid is separated in a third distillation tower

into a top

distillate, conprised of carboxylic acid and water, and a bottom |iquid,
conprised of carboxylic acid, the abovenentioned top distillate is

circulated back to the tower tqgeof t he abovenentioned fi
tower, andTREt ePUFSLidRIddBet 0SYH

met hods of this 8

rst distillation

Bb@Pehehhe orrarhasidd cragidTasetproeduct i on

containing liquid that is the side stream from the first
distillation tower will depend on the number of stages of the
first distillation tower that is used and cannot be set
unconditionally, the ratio is normally set in the range, 1 :
5 to 10 (weight ratio). Though examples of the écid catalyst
include mineral acids, such as sulfuric acid, and solid acid
catalysts, the use of a solid acid catalyst is preferable in
that the trouble of separating and recovering a mineral acid
in the liquid condition can be avoided. An ion exchange resin
is an example of a solid acid catalygt. If acetic acid or other
acid is contained in the liquid, that acid may also function
as the acid catalyst.

The abovementioned reaction product liquid is supplied
to the first distillation tower 3, which uses an aqueous
solution of carboxylic acid as the solvent and is an extractive
distillation tower that is operated in the total reflux
condition, and is separated into a top distillate, comprised
of carboxylic acid ester, alcohol, and water, énd a bottom
liquid, comprised of carboxylic acid, alcohol and water. A
plate tower, having 25 to 60 stages and preferably 30 to 40
stages, is used as the first distillation tower, and if the

tower top is counted as the first stage, the abovementioned

11



i nvention shall now be described in detail by way of the drawings. Wth the
present invention, since the reaction product |iquid obtained by the
hydrol ysis reaction is fed into a first distillation tower, this
distillation tower is operated in the total reflux condition so that the
carboxylic acid ester is not distilled outside the systembut is taken out
as a side streamfromthe distillation tower and fed to the hydrolysis
reactor, water of the anmount consunmed by hydrolysis is added to the tower
top of the distillation tower to performextractive distillation by water,
and the concentration of the aqueous solution of carboxylic acid is not
performed by the azeotropic distillation nethod, carboxylic acid and
al cohol can be produced in a stable nmanner froma carboxylic acid ester in
accordance with an extremely sinplified flow Also with the present
i nvent i onregchédentoroduedukiqwid e peefaesebly fiedo thdireensi ymitenthnt |y, the
anmount of waste water is reduced significantly.

stage from the tower top of the first distillation tower. Since

the ratio of water to carboxylic acid of the bottom liquid of

the first distillation tower, which is comprised of carboxylic

acid, alcohol, and water, will be disadvantageous thermally

if it is too large and will be disadvantageous in terms of the

hydrolysis reaction if it is too small, the ratio of water to

carboxylic acid, as a weight ratio, is preferably in the range,

1:1 to 1:4.

The abovementioned bottom liquid is separated into a top
distillate, comprised of alcohol, and a bottom liquid,
comprised of carboxylic acid and water, in a second
distillation tower 5, which is operated at a reflux ratio of
0.5 to 3. The alcohol, which is the top distillate, is recovered
from alcohol recovery line 6. A plate tower of 50 to 80 stages
is used as the second distillation tower, and the bottom liquid
of the first distillation tower is preferably fed near the
middle stage of the second distillation tower. Though
carboxylic acid and alcohol exist in the bottom liquid of the
first distillation tower and the carboxylic acid may exhibit
the functions of a catalyst as mentioned above so that a

carboxylic acid ester is produced, since the carboxylic acid

ester is distilled and separated in the first distillation

12



BRIEF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic flow di agram of an
enbodi nent of this invention. Fig. 2 is a schematic flow di agram of anot her

enbodi ment of 9 this invention. Fig. 3 is a schematic flow di agram of an
enbodi mrent of a prior art nethod. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Fig. 1 is a flowhart that illustrates a nmethod of producing

al cohol and carboxylic acid froma |liquid which contains a carboxylic acid
ester. The carboxylic-acid-ester-containing liquid, which is the raw
material, is fed fromcarboxylic acid ester feeding line 1 to a hydrolysis
reactor 2, filled with an acid catalyst, and is hydrolyzed in the liquid
phase to obtain a reaction product liquid conprised essentially of

tower and supplied to the hydrolysis reactor, it will be

recovered in the final stage as carboxylic acid and alcohol

and will not present any problems in particular.

The bottom liquid of second distillation tower 5 is an
aqueous solution of carboxylic acid of a concentration of
approximately 20 to 50wt%. This aqueous solution is fed into
a third distillation tower 7 and is separated into a top
distillate, comprised of an agqueous solution of carboxylic acid,
and a bottom liquid, comprised of carboxylic acid, at a reflux
ratio of 1 to 3. The top distillate is circulated back to the
tower top of the abovementioned first distillation tower 3 and
is used along with the extraction water fed from extraction
water feeding line 4 as the solvent of first distillation tower
3, ’which is an extractive distillation tower. The carboxylic
acid is recovered from carboxylic acid recovery line 8. A plate
tower of approximately 60 to 70 stages is used as the third
distillation tower, and the bottom liquid of the second
distiliation tower is pre.ferably fed to the 20th to 25th stage
from the tower top. With regard to the carboxylic aéid
concentration of the agueous solution of carboxylic acid, which
is the distillate from tower top, a concentration that is too
high will be disadvantageous for the hydrolysis reaction of

the carboxylic acid ester and a concentration that is too low

13



carboxylic acid, alcohol, water, and unreacted carboxylic acid ester. The
abovenentioned liquid that contains the carboxylic acid ester also contains
the side streamfroma first distillation tower, to be described bel ow, as
at | east part of the conponents thereof. The carboxylic-acid-ester-
containing liquid that is fed into the hydrolysis reactor is thus conprised
of a carboxylic-acid-ester-containing liquid that is supplied from outside
the system and a carboxylic- acid-ester-containing liquid that is the side
streamfromthe first distillation tower. Though the ratio of the anobunts

of the carboxylic-acid-ester-containing liquid that is supplied 10 from
outside the system and the carboxylic-acid-ester- containing liquid that is
the side streamfromthe first distillation tower will depend on the nunber

of stages of the first distillation tower that is used and cannot be set
will be disadvantageous thermally. The carboxylic acid

concentration is thus preferably 6 to 15wt% . Though the bottom
liquid of third distillation tower 7 may be used as it is as
product acetic acid, it may be used upon being refined further
as necessary or may be used upon being taken out as a side stream
from the lower part of the distillation tower.

This invention is characterized in that the solvent in the
first distillation tower 3 is used in the hydrolysis reaction.
In the first aspect of this invention, the reaction product
1iquidobtainedbythehydrolysisreactionisfedintothefi:st
distillation tower, this distillation tower is operated in the
total reflux condition so that the carboxylic acid ester is
not distilled out of the systexfx but is taken out as a side stream
and fed to the hydrolysis reactor and water of the amount
consumed by hydrolysis is added to the tower top of the
distillation tower to performextractive distillation by water.
The stage at which the side stream is taken out £from the first
distillation tower is preferably the same as the stage at which
the hydrolysis reaction product liquid is fed or is a stage,
which is below the tower top and is one to three stages above
the abovementioned feeding stage. By this method, not only can
carboxylic acid and alcohol be produced in a thermally

advantageous manner from a carboxylic acid ester but since the

14



unconditionally, the ratiois normally set in the range, 1 5 to 10 (weight
rati o). Though exanples of the acid catalyst include mneral acids, such as
sul furic acid, and solid acid catal ysts, the use of a solid acid catal yst
is preferable in that the trouble of separating and recovering a m neral
acid in the liquid condition can be avoided. An ion exchange resin is an
exanple of a solid acid catalyst. If acetic acid or other acid is contained
in the liquid, that acid may al so function as the acid catalyst. The
abovenenti oned reaction product liquid is supplied to the first
distillation tower 3, which uses an aqueous sol ution of carboxylic acid as
the solvent and is an extractive distillation tower that is operated in the
total reflux condition, and is separated into a top distillate, conprised
of carbox¥!| aC|€ ester er a bottomliquid,

conpri sed &S EalPoxy PR B%I Cdoué"leéioﬁbgnéﬁat%?]é?r' Regi‘eatirboigﬁf 1d8%vi ng 25
40 t t
to 60 sta%%§aﬁgwggge£§rgg*ﬁf3o t st n& E%aﬁgzg é S e firs

distillat he to the first stage, the
abovementionegdg pas peen described above, with the present invention,

the top distillate of third distillation tower 7, which is
comprised of an aqueous solution of carboxylic acid, is
circulated back and used as the solvent for the abovementioned
extractive distillation. The hydrolysis reaction of the
carboxylic acid ester is thus performed under the presence of
the carboxylic acid. Examinations by the present inventors have
shown that though the presence of carboxylic acid, which is
part of the product system, in the hydrolysis reaction of the
carboxylic acid ester will be somewhat disadvantageous for the
hydrolysis reaction of the carboxylic acid ester, the influence
is not wvery large, and in view that the distillation for
obtaining the abovementioned agqueous solution of carbokylic
acid may be of the level of crude distillation and will thus
be easy in operation and in view of the thermal effects, the
presence of carboxylic acid in the hydrolysis reaction of the
carboxylic acid ester is not disadvantageous at all as a whole.

Fig. 2 is a flowchart that shows another aspect of this
invention for producing alcohol and carboxylic acid from a
liquid, which contains a carboxylic acid ester. The

carboxylic-acid-ester-containing liquid, which is the raw

1s



reaction product liquid is preferably fed to the second to tenth stage from
the tower top of the first distillation tower. Since the ratio of water to
carboxylic acid of the bottomliquid of the first distillation tower, which
i's conprised of carboxylic acid, alcohol, and water, will be

di sadvant ageous thermally if it is too large and will be di sadvantageous in
ternms of the hydrolysis reaction if it is too snall, the ratio of water to
carboxylic acid, as a weight ratio, is preferably in the range, 1:1 to 1:4.
The abovenentioned bottomliquid is separated into a top distillate,
conprised of alcohol, and a bottomliquid, conprised of carboxylic acid and
water, in a second distillation tower 5, which is operated at a ref | ux
ratio of 0.5 to 3. The al cohol, which is the top distillate, is recovered
from al cohol recovery_ line 6. plate tower of 50 to 80 stages is used as

the secon@@bpEtdti &6ifHf fS%rca%ﬁlﬁé’ td 6ALEF fiRafiing 1ine 9 into

a first distillation tower 10, which uses an aqueous solution
of carboxylic acid as the solvent and is operated in the total
reflux condition, and is separated into a top distillate,
comprised of carboxylic acid ester and alcohol, and a bottom
ligquid, comprised of carboxylic acid, alcohol and water. A
plate tower of approximately 30 to 70 stages is used as first
distillation tower 10 and the carboxylic-acid-ester-
containing liquid is preferably fed near the middle stage of
the first distillation tower. The bottom liquid of the first
distillation tower is separated into a top distillate,
comprised of alcohol, and a bottom liquid, comprised of
carboxylic acid and water, in a second distillation tower 13,
and the alcohol, which is the top distillate, is recovered from
alcohol recovery line 14. Second distillation tower 13 is the
same as second distillation tower 5 described with reference
to Fig. 1 and the operation conditions are the same as well.
The bottom liquid of second distillation tower 13 is an
aqueous solution of carboxylic acid of a concentration of
approximately 20 to 50wt%. This aqueous solution is fed into
a third distillation tower 15 and is separated into a top
distillate, comprised of an agqueous solution of carboxylic acid,

and a bottom liquid, comprised of carboxylic acid, and the top

16



of the first distillation tower is preferably fed near the m ddl e stage of
the second distillation tower. Though carboxylic acid and al cohol
the bottomliquid of the first distillation tower and the carboxylic acid
may exhibit the functions of a catalyst as nentioned above so that a

car boxyl i

distilled and separated in the first distillation 12

c acid ester is produced, since the carboxylic acid ester

to the hydrolysis reactor, it will be recovered in the final stage

car boxyl i

particul ar.

c acid and al cohol and will not present any problens in

exi st

S

as

sol ution of carboxylic acid of a concentration of approximately 20 to

S0wt % This aqueous solution is fed into a third distillation tower 7 and

S separaéje_:d info _a top djstillate, conprised of an aqueous sol uti
aktutat

car boxyl i

e 1s cilrculated back to the tower top of the
abovementioned first distillation tower 10 and is used as the
solvent of first distillation tower 10. The carboxylic acid
is recovered from carboxylic acid recovery line 16. Third
distillation tower 15 is the same as third distillation tower
7 described with reference to Fig. 1 and the operation
conditions are the same as well. With regard to the carboxylic
acid concentration of the agqueous solution of carboxylic acid,
which is the distillate from tower top, a concentration that
is too high will be disadvantageous for the hydrolysis reaction
of the carboxylic acid ester and a concentration that is too
low will be disadvantageous thermally. The carboxylic acid
concentration is thus preferably 6 to 15wt% . The top distillate
of third distillation tower 15, which is comprised of an aqueous
solution of carboxylic acid, is circulated back to the
abovementioned first distillation tower 10 and used along with
the extraction water supplied from extraction water feeding
line 11 as the solvent of first distillation tower 10, which
is an extractive distillation tower.

As has been mentioned above, this dinvention is
characterized in that the solvent in the first distillation
tower is used for the hydrolysis reaction. With the method of

this invention illustrated in Fig. 2, the side stream taken
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on of

in

tower and supplied

The bottom liquid of second distillation tower 5 is an aqueous



and a bottomliquid, conprised of carboxylic acid, at a ref lux ratio of 1
to 3. The top distillate is circulated back to the tower top of the
abovenentioned first distillation tower 3 and is used along with the
extraction water fed fromextraction water feeding line 4 as the solvent of
first distillation tower 3, which is an extractive distillation tower. The
carboxylic acid is recovered fromcarboxylic acid recovery line 8. A plate
tower of approximately 60 to 70 stages is used as the third distillation
tower, and the bottomliquid of the second distillation tower is preferably
fed to the 20th to 25th stage fromthe tower top. Wth regard to the
carboxylic acid concentration of the aqueous sol ution of carboxylic acid,
which is the distillate fromtower top, a concentration that is too high

wi Il be di sadvant ageous for  the hydrolysis reaction of the carboxylic acid
est er andog%coﬁﬁﬁﬂtr€%ﬁ§§n gﬁﬁfl%%g#%RPl(iﬁWP§ 10 1s fed into the

abovementioned hydrolysis reactor 12, which is filled with an
acid catalyst, and the reaction product liquid obtained by
hydrolysis is fed into first distillation tower 10. The stage
at which the side stream is to be taken out from the first
distillation tower is preferably the same stage as that into
which the hydrolysis reaction product liquid is fed or a stage
that is below the tower top and one to three stages above the
aforementioned feeding stage. Since the amount of extraction
water used in first distillation tower 10 can be reduced
significantly with this method as well, the amount of waste
water can be lessened. As in the description given with
reference to Fig. 1, the ratio of water to carboxylic acid of
the bottom liquid of the abovementioned distillation tower,
which is comprised of carboxylic acid, alcohol, and water, is
preferably set to a weight ratio of 1:1 to 1l:4.

Examples of the carboxylic acid include propionic acid,
acetic acid, butyric acid, valeric acid, caproic acid, capric
acid, lactic acid, etc., and examples of the alcohol include
methanol, ethanol, propanol, butanol, etc. A lower alcohol is
preferable in terms of dissolution properties, boiling point,
azeotropic properties, etc. Examples of carboxylic acid esters

include carboxylic acid esters of the above compounds. From
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wi || be di sadvantageous thermally. The carboxylic acid concentration is
thus preferably 6 to 15wt % Though the bottomliquid of third distillation
tower 7 nmay be used as it is as product acetic acid, it nmay be used upon
being refined further as necessary or nay be used upon being taken out as a
side streamfromthe |lower part of the distillation tower. This invention
I's characterized in that the solvent in the first distillation tower 3 is
used in the hydrolysis reaction. In the first aspect of this invention, the
reaction product liquid obtained by the hydrolysis reaction is fed into the
first distillation tower, this distillation tower is operated in the total
reflux condition so that the carboxylic acid ester is not distilled out of
the systembut is taken out as a side streamand fed to the hydrolysis
reactor and water of the amount consumed by hydrolysis is added to the
tower topthe tst@ndipednt| Rf ohnfegeriab pepraineek:r acetie Askd | Lation by
water. The stage at which the side streamis taken out fromthe fjrst
distillat PBﬁfPEGB?‘elass bRer RERARY ite asaReARE MEfBYL: 3gRREe W eRhThe

hydrol ysis reaction product liquid is fed or is a
y y acetate is preferable gs the carboxylic ac:ch es%er. Specific

examples of methyl acetate and ethyl acetate include methyl
acetate, which has been produced by the ester exchange reaction
of polyvinyl acetate and methanol under the presence of a basic
catalyst, methyl acetate or ethyl acetate, which has been
produced by the reaction ¢ -acetoxy- or propionioxy-propionic
acid and methanol or ethanol under the presence of an acid
catalyst, etc.

The carboxylic acid ester, which is the raw material, may
contain an alcohol or carboxylic acid, which is higher in
boiling point than the carboxylic acid ester and, if the alcohol
or carboxylic acid forms an azeotrope with the carboxylic acid
ester, can be extracted with water. A method illustrated in
Fig. 1 or Fig. 2 can be selected suitably according to the
content of such an alcohol or carboxylic acid. Normally, -it
is preferable in terms of putting this invention into practice
in an industrially advantageous manner to employ the method
of Fig. 1 when the content of such components is less than 20wt%,
and to employ the method of Fig. 2 when the content is equal
to or greater than 20wt%. The present invention shall now be

described more specifically by way of examples.
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which is below the tower top and is one to three stages above the _
abovenenti oned feeding stage. By this nethod, not only can carboxylic acid
and al cohol be produced in a thermally advantageous manner from a

carboxylic acid ester but since the 14 wast e water can be reduced
significantly, the nmethod provides advantages in terns of the environnent
as well. As has been described above, with the present invention, the top

distillate of third distillation tower 7, which is conprised of an agueous
solution of carboxylic acid, is circulated back and used as the.solvent for
t he abovenentioned extractive distillation. The hydrolysis reaction of the
carboxylic acid ester is thus perfornmed under the presence of the
carboxylic acid. Exam nations by the present inventors have shown that

t hough the presence of carboxylic acid, which is part of the product
system i BX@RBle§drol ysis reaction of the

First example

Acetic acid and methanol were produced from methyl acetate
in accordance with the flow illustrated in Fig. 1. The side
stream taken out from the fourth stage from the tower top of
the first distillation tower was added to a methyl-
acetate-containing liquid, with a methyl acetate content of
94.4wt% and a water content of 5.6wt%, from the methyl acetate
feeding line to provide a methyl-acetate-containing mixed
liquid, comprised of 17.3wt.% water, 74.lwt%® methyl acetate,
7.6wt% methanol, and 1.0wt% acetic acid, and this mixed liquid
was fed into a stainless-steel hydrolysis reactor with an
2800mm inner diameter and a 3600mm length, which was filled
with a porous acidic ion exchange resin (PK 228LH, made by
Mitsubishi Chemical Co. Ltd.), and a reaction product liquid,
comprised of 13.8wt$% water, 59.8wt% methyl acetate, 13.8wt%
methanol, and 12.6wt%$ acetic acid, was obtained. This reaction
product liquid was fed into the fourth stage from the tower
top of the stainless-steel first distillation tower, which is
comprised of 35 stages of perforated plates and has an inner
diameter of 3000mm, and was subject to extractive distillation.
Upon performing atmospheric distillation in the total reflux

condition, a bottom liquid, comprised of 41.3wt% acetic acid,

20



carboxylic acid ester will be sonewhat di sadvantageous for the hydrolysis

reaction of the carboxylic acid ester,

the influence is not very |arge,

in viewthat the distillation for obtaining the abovenenti oned aqueous

solution of carboxylic acid may be of the |evel
thus be easy in operation and in view of the thernmal effects,

wi |

t he

and

of crude distillation and

presence of carboxylic acid in the hydrolysis reaction of the carboxylic

acid ester is not disadvantageous at all as a whole. Fig. 2 is a flowhart
that shows another aspect of this invention for producing al cohol
carboxylic acid froma |iquid, which contains a carboxylic acid ester.

carboxylic-acid-ester-containing liquid, which is the raw 15

and

The

mat eri al ,

is fed fromcarboxylic acid ester feeding line 9 into a first distillation

t oner

and is opélal¥d¥ mehanqlot apd 37.5wt% water, was obtained. As has been

mentioned above, the side stream was taken out from the fourth
stage from the tower top of the first distillation tower, mixed
with the mixed liguid of methyl acetate and water fed from the
methyl acetate feeding line, and fed to the hydrolysis reactor.
The bottom liquid of the first distillation tower was fed to
the 45th stage of the second distillation tower, which is
comprised of 65 stages of perforated plaes and has an inner
diameter of 1500mm, and was separated at a reflux ratio of 1.45
into a top distillate, comprised of 99.95wt% methanol, and a
bottom liquid, comprised of acetic acid and water. The top
distillate was used as product methanol.

The bottom liquid of the second distillation tower was an
aqueous solution with an acetic acid concentration of 43.1wt%,
and this was fed into the 24th stage from the tower top of the
stainless-steel third distillation tower, which is comprised
of 35 stages of perforated plates and has an inner diameter
of 3600mm. Upon performing atmospheric distillation with the
reflux ratio maintained at 1.44, a 7.4wt% agueous acetic acid
solution was obtained from the tower top, and a 99.95wt% acetic
acid was obtained from the bottom. The acetic acid was taken
out from near the bottom as a side stream and used as product.

The top distillate was circulated back along with added water

21
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reflux condition, and is separated into a top distillate, conprised of
carboxylic acid ester and al cohol, and a bottom|liquid, conprised of
carboxylic acid, alcohol and water. A plate tower of approxinmately 30 to 70
stages is used as first distillation tower 10 and the
carboxylic-acid-ester- containing liquid is preferably fed near the mddle
stage of the first distillation tower. The bottomliquid of the first
distillation tower is separated into a top distillate, conprised of

al cohol, and a bottomliquid, conprised of carboxylic acid and water, in a
second distillation tower 13, and the alcohol, which is the top distillate,
Is recovered fromal cohol recovery line 14. Second distillation tower 13 is
the sane as second distillation tower 5 described with reference to Fig. 1
and the operation conditions are the sane as well. The bottom|iquid of
second di §d raed F sekEentdn sherehaneeviesardbed bhreot diathdtpkionaci d of a
concentration of approximately 20 to 50wt % This aqueous solution is fed
into a thitP¥edi-stTHY aFrtohert 1 Beakd Teawassr afex] Faparatiop, dastill ate,

conpri sed of an_aqueous iolutgon of carboxylic acid,
converted into 4kg/cm’G steam, was 4kg per 1kg of raw material

methyl acetate. With regard to the number of distillation
towers used, this example was carried out in accordance with
a flow that is simpler than the comparative example described
below, and the operation of third distillation. tower 20 was
extremely easy.
Second example

Acetic acid and methanol were produced from methyl acetate
in accordance with the flow shown in Fig. 2. A liquid, comprised
of 1.9wt% water, 31.4wt% methyl acetate, and 66.7wt% methanol,
was fed into the 19th stage from the tower top of the
stainless-steel first distillation tower, which is comprised
of 45 stages of perforated plates and has an inner diameter
of 3200mm, and was subject to extractive distillation. Upon
performing atmospheric distillation in the total reflux
condition, a bottom liquid, comprised of 20.5wt% acetic acid,
58.0wt% methanol, and 21.5wt% water, was obtained. The bottom
liquid of the first distillation tower was fed to the 50th stage
of the second distillation tower, which is comprised of 65
stages of perforated plates and has an inner diameter of 2800mm,

and was separated at arefluxratioof 1.15 into a top distillate,
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and a bottomliquid, conprised of carboxylic acid, and the top 16 _
distillate is circulated back to the tower top of the abovenentioned first
distillation tower 10 and is used as the solvent of first distillation
tower 10. The carboxylic acid is recovered from carboxylic acid recovery
line 16. Third distillation tower 15 is the sane as third distillation
tower 7 described with reference to Fig. 1 and the operation conditions are
the sane as well. Wth regard to the carboxylic acid concentration of the
aqueous sol ution of carboxylic acid, which is the distillate fromtower
top, a concentration that is too high will be disadvantageous for the
hydrol ysis reaction of the carboxylic acid ester and a concentration that
is too low will be disadvantageous thernmally. The carboxylic acid _
concentration is thus preferably 6 to 15wt % . The top Q|stlllape of third
di stil | at iCO¥PEGREA af I 9ABWES ime thamodi, sanfl ef bartamyléagusd, comprised

of acetic acid and water. The top distillate was used as product

methanol.

The bottom liquid of the second distillation tower was an

aqueous solution with an acetic acid concentration of 41.4wt%,

and this was fed into the 28th stage from the tower top of the

stainless-steel third distillation tower, which is comprised

of 70 stages of perforated trays and has an inner diameter of

3600mm. Upon performing atmospheric distillation with the

reflux ratio maintained at 1.44, a 7.1lwt% aqueous acetic acid

solution was obtained from the tower top, and a 99.95wt% acetic

acid was obtained from the bottom. The acetic acid was taken

out from near the bottom as a side stream and used as product.

The top distillate was circulated back along with added water

and used as solvent in the above-described first distillation

tower.

A side stream was taken out from the 4th stage from the

tower top of the first distillation tower, supplied to the same

hydrolysis reactor as the first example to obtain a reaction

product liquid, comprised of 17.5wt% water, 71.3wt% acetic acid,

9.8wt%¥ methanol, and 1l.4wt% acetic acid, and this reaction

product liquid was fed into the 5th stage from the tower top

of the first distillation tower 23. The quantity of heat

\
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sol ution of carboxylic écid, is circulated back to the abovenentioned first
distillation tower 10 and used along with the extraction water supplied
fromextraction water feeding line 11 as the solvent of first distillation
tower 10, which is an extractive distillation tower. As has been nentioned
above, this invention is characterized in that the solvent in the first
distillation tower is used for the hydrolysis reaction. Wth the nethod of
this invention illustrated in Fig. 2, the side streamtaken 17 out from
first distillation tower 10 is fed into the abovenentioned hydrolysis
reactor 12, which is filled with an acid catalyst, and the reaction product
l'iquid obtained by hydrolysis is fed into first distillation tower 10. The
stage at which the side streamis to be taken out fromthe first
distillation tower is preferably the sane stage as that into

required for separation, as converted into 4kg/cm’G steam, was

5kg per 1lkg of raw material methyl acetate. The number of

distillation towers used was the same as that of the first

example and acetic acid and methanol were obtained in

accordance with a simple flow. Also, the operation of third

distillation tower 28 was extremely easy.

Comparative example

Acetic acid and methanol were produced from methyl acetate

in accordance with the flow shown in Fig. 3. A saponification

mother liquor, comprised of 36wt% methyl acetate and 64wt%

methanol, was fed into the 6th stage from the top of the A

distillation tower, comprised of 36 stages, and was separated

at a reflux ratio of 1.0 into a top distillate, comprised of

78wt?% methyl acetate and 22wt% methanol, and a bottom liquid,

comprised of methanol. The top distillate was fed along with

the top distillate, comprised of 67wt% methyl acetate, 30wt%

methanol, and 3wt% water, from the B distillation tower into

the extractive distillation tower. The extractive

distillation tower is a distillation tower of 30 stages, and

the distillate from the A distillation tower was fed to the

16th stage and the distillate from the B distillation tower

was fed to the 19th stage. Water was added from the tower top

of the extractive distillation tower and extractive

_—
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whi ch the hydrolysis reaction product liquid is fed or a stage that is
bel ow the tower top and one to three stages above the aforenentioned
feeding stage. Since the anmpbunt of extraction water used in first
distillation tower 10 can be reduced significantly with this nmethod as
wel |, the anount of waste water can be | essened. As in the description
given with reference to Fig. 1, the ratio of water to carboxylic acid of
the bottomliquid of the abovenentioned distillation tower, which is
conprised of carboxylic acid, alcohol, and water, is preferably set to a
weight ratio of 1:1 to 1:4. Exanples of the carboxylic acid include
propionic acid, acetic acid, butyric acid, valeric acid, caproic acid,
capric acid, lactic acid, etc., and exanples of the al cohol include
nmet hanol , et hanol, propanol, butanol, etc. A lower alcohol is preferable in
terms of distibllation prampeerifegmedorti agrpblux , razbotedd.C%roperties, etc.
Exanpl es of carboxylic acid esters include carboxylic acid esters of the
above conpourBse bptemilgiquid of the extractive distillation tower was

an aqueous solution of approximately 25wt% methanol, and this,

along with the abovementioned bottom ligquid of the A

distillation tower, was fed into the 36th stage of the 56-

stage C distillation tower and separated into a methanol

distillate and abottom liquid, containing sodiumacetate, etc.,

at a reflux ratio of 1.4. The top distillate of the extractive

distillation tower was a liquid having 41wt% methyl acetate

and 59wt% water as the main components, and this liquid was

fed into a stainless-steel hydrolysis reactor, with an inner

diameter of 2400mm and length of 3600mm and £illed with the

same ion exchange resin as the first example, and a reaction

product liquid, which was comprised of 17wt% acetic acid, 9wt%

methanol, 54wt% water, and 20wt% methyl acetate, was obtained.

This reaction product liquid was supplied to the B distillation

tower and separated into a top distillate, comprised of 67wt%

methyl acetate, 30wt% methanol, and 3wt? water, and a bottom

liquid, comprised of a 24wi% aqueous solution of acetic acid.

The top distillate was the abovementioned return distillate

and this distillate was fed to the extractive distillation

tower.

The bottom liquid, comprised of acetic acid and water, of
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the standpoint of industrial usefulness, acetic acid is preferable as the
carboxylic acid and nethyl acetate or ethyl acetate is preferable as the
carboxylic acid ester. Specific exanples of nmethyl acetate and et hyl
acetate include nethyl acetate, which has been produced by the ester
exchange reaction of polyvinyl acetate and nmet hanol under the presence of a
basic catalyst, nethyl acetate or ethyl acetate, which has been produced by
the reaction [err] -acetoxy- or propionioxy-propionic acid and nmethanol or
et hanol under the presence of an acid catalyst, etc. The carboxylic acid
ester, which is the raw material, may contain an al cohol or carboxylic
acid, which is higher in boiling point than the carboxylic acid ester and,
if the al cohol or carboxylic acid forns an azeotrope with the carboxylic
acid ester, can_be extracted with water. A nethod illustrated in Fig. 1 or
Fig. 2 catbBeBséietiklrtinn memuasr fedgtoothectammieriheott5ssthgan al cohol
or carboxylic acid. Normally, -it

extraction tower, and butyl acetate of an amount that was 1.6

times the amount of the bottom liquid fed was fed from the lower

part of the extraction tower to extract acetic acid. The extract

1liquid from the tower top of the extraction tower was comprised

of 13wt% acetic acid, 79wt% butyl acetate, and 8wt% water, and

this extract liquid was fed into the 20th stage of a 65-stage

azeotropic distillation tower using butyl acetate as the

entrainer, and acetic acid was recovered at a reflux ratio of

0.35 from the lower part of the distillation tower. The top

distillate of the azeotropic distillation tower was comprised

of water and solvent, this top distillate was separated using

a liquid separator, and the solvent was circulated back and

used in the extraction tower. With this production method, the

reguired quantitj} of heat, as converted into 4kg/cm2G steam,

was 6kg per 1kg of raw material methyl acetate, the number of

‘distillation towers used was large, and the operation flow was

complex. Also, the azeotropic distillation tower had to be

operated so that water and butyl acetate will not become mixed

in the bottom liquid of this distillation tower, and a large

amount of labor was required for this procedure. Also, the

amount of water used as extraction water was approximately

twice that of the examples described above and amount of waste
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is preferable in terns of putting this invention into practice in an
i'ndustrially advant ageous manner to enploy the nmethod of Fig. 1 when the
content of such conmponents is |less than 20m % and to enpl oy the nethod of
Fig. 2 when the content is equal to or greater than 20m % The present
invention shall now be described nore specifically by way of exanples. 19
Exanpl es First exanple Acetic acid and net hanol were produced from nethyl
acetate in accordance with the flowillustrated in Fig. 1. The side stream
taken out fromthe fourth stage fromthe tower top of the first
distillation tower was added to a nethyl- acetate-containing liquid, with a
nmet hyl acetate content of 94. 4wt % and a water content of 5. 6w % fromthe
nmet hyl acetate feeding line to provide a nethyl -acetate-containing mxed

water was approximately 100 times that of the examples

described above.
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liquid, conprised of 17.3wm.% water, 74.1w % nethyl acetate, 7.6wt %

net hanol, and 1.0wm % acetic acid, and this mxed liquid was fed into a

stai nl ess-steel hydrolysis reactor with an 2800nm i nner di aneter and a
3600mm | engt h, which was filled with a porous acidic ion exchange resin (PK
228LH, nmade by M tsubishi Chemical Co. Ltd.), and a reaction product

i quidy, conprised of 13.8w % water, SWG, 13. 8wt %

met hanol , and 12. 6wt % acetic acid, wa Thi,s reaction product
liquid was fed into the fourth stage fr \‘\lﬂﬂ‘f t he
stainless-steel first distillation tower} sed of 35 stages
of perforated plates and has an inner di ametter Lof"‘30f)0n’m and was subj ect
to extractive distillation. Upon perform ng atnospheric distillation in the
total ref lux condition, a bottomliquid, conprised of 41.3wt % acetic acid,
20 21. WHAT, h@t GahMED aifk 37. 5wt % wat er, was obt ai ned. As has been

1. A method of producing carboxylic acid and alcohol by
obtaining a reaction product liquid by hydrolysis of a
carboxylic acid ester under the presence of an acid catalyst
and separating said product liquid by distillation, said method
of producing carboxylic acid and alcohol being characterized
in that a liquid, which contains the carboxylic acid ester and
with which at least a part of the components thereof is a side
stream taken out from a first distillation tower operated in
the total reflux condition, is-supplied to a hydrolysis reactor
filled with acid catalyst to obtain a reaction product liquid
comprisged essentially of carboxylic acid, alcohol, water, and
carboxylic acid ester, said reaction product liquid is supplied
to said first distillation tower, a bottom liquid, comprised
essentially of carboxylic acid, alcohol, and water, is taken
out from the bottom of said distillation tower, said bottom
liquid is separated in a second distillation tower into a top
distillate, having alcohol as the principal component, and a
bottom liquid, comprised of carboxylic acid and water, said
bottom liquid is separated in a third distillation tower into
a top distillate, comprised of carboxylic acid and water, and
a bottom liquid, comprised of carboxylic acid, said top

distillate is circulated back to the tower top of said first
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ment i oned above, the side streamwas taken out fromthe fourth stage from
the tower top of the first distillation tower, mxed with the mxed liquid

of methyl acetate and water fed fromthe WW i ne, and
fed to the hydrolysis reactor. The bottom liquid of tThe istillation
tower was fed to the 45th stage of the secondu w’rﬂ" which is
conprised of 65 stages of perforated plaes an H fmvgmeter of
1500nm and was separated at a reflux ratio of 1. 45t nto & t=op distillate,
conprised of 99. 95w % net hanol, and a bottom|iquid, conprised of acetic
acid and water. The top distil I ate was used as product met hanol . The bottom
liquid of the second distillation tower was an aqueous solution with an
acetic acid concentration of 43.1w% and this was fed into the 24th stage
fromthe tower top of the stainless-steel third distillation tower, which
is conpri dedtblil8bish aheenf el fwateredspledded Sndshdd heweénneep di anet er of

3600mm Upon perform ng atnospheric distillation with the ref lux ratio

mai nt ai ne@.at Alméthod PAARMMedpiesuscadmxyd igciarishl and oal@gBObbPHEi ned from
the tower top, and a 99. 95wt % aceti c
obtaining a reaction- - product liquid by hydrolysis of a

carboxylic acid ester under the presence of an acid catalyst
and separating said product liquid by distillation, said method
of producing carboxylic acid and alcohol being characterized
in that a liquid, which contains the carboxylic acid ester,
is supplied to a first distillation tower that is operated in
the total reflux condition, the side stream taken out from said
distillation tower is supplied to a hydrolysis reactor filled
with acid catalyst to obtain a reaction product liquid
comprised essentially of carboxylic acid, alcohol, water, and
carboxylic acid ester, said reaction productl liquid is supplied
to said first distillation tower, a bottom liguid, comprised
essentially of carboxylic acid, alcohol, and water, is taken
out from the bottom of said distillation tower, said bottom
liquid is separated in a second distillation tower into a top
distillate, having alcohol as the principal component, and a
bottom liquid, comprised of carboxylic acid and water, said
bottom liquid is separated in a third distillation tower into
a top distillate, comprised of carboxylic acid and water, and
a bottom liquid, comprised of carboxylic acid, said top

distillate is circulated back to the tower top of said first
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acid was obtained fromthe bottom The acetic acid was taken out from near
the bottomas a side stream and used as product. The top distillate was
circul ated back along with added water 21 and used as solvent in the
above-described first distillation tower. The quantity of heat required for
separation, as converted into 4kg/cnferr] G steam was 4kg per 1kg of raw
material nethyl acetate. Wth regard to the nunber of distillation towers
used, this exanple was carried out in accordance with a flow that is
sinpl er than the conparative exanple descri bed bel ow, and the operation of
third distillation tower 7 was extrenely easy. Second exanple Acetic acid
and net hanol were produced from nethyl acetate in accordance with the fl ow
shown in Fig. 2. Aliquid, conprised of 1. 9w % water, 31. 4w % net hyl
acetate, and 66. 7wt % net hanol ,

distillation tower, and water is added to said tower top.

3. Amethod of producing carboxylic acid and water as set forth
in Claim 1 or 2, wherein the acetic acid ester is methyl acetate.
4. Amethod of producing carboxylic acid and water as set forth

in Claim 1 or 2, wherein the acetic acid ester is ethyl acetate.
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was fed into the 19th stage fromthe tower top of the stainless-steel first
distillation tower, which is conprised of 45 stages of perforated plates
and has an inner dianmeter of 3200mm and was subject to extractive
distillation. Upon perfornng. atnospheric distillation in the total reflux
condition, a bottomliquid, conprised of 20.5wt % acetic acid, 58.0wm %
met hanol, and 21. 5wt % water, was obtained. The bottomliquid of the first
distillation tower was fed to the 50th stage of the second distillation
tower, which is conprised of 65 stages of perforated plates and has an
i nner dianeter of 2800nm and was separated at a ref lux ratio of 1.15 into
a top distillate, 22 conpri sed of 99. 95wt % net hanol, and a bottom
| iquid, conprised of acetic acid and water. The top distillate was used as
product nethanol. The bottom|liquid of the second distillation tower was an
ABSTRACT OF THE DISCLOSURE

A method of obtaining carboxylic acid and alcohol from a

carboxylic acid ester by a simple process and without the use

of an entrainer is provided, wherein a liquid, which contains

a carboxylic acid ester and in which at least a part of the

components thereof is comprised of a side stream taken out from

a first distillation tower operated in the total reflux

condition, is fed into a hydrolysis reactor filled with an acid

catalyst to obtain a reaction product 1liquid, comprised

essentially of carboxylic acid, alcohol, water and carboxylic

acid ester, this reaction product liquid is fed into the

abovementioned first distillation tower, a bottom liquid,

comprised essentially of carboxylic acid, alcohol, and water,

is taken out from the bottom of this distillation tower, this

bottom liquid is separated in a second distillation tower into

a top distillate, having alcohol as the principal component,

and a bottom liquid, comprised of carboxylic acid and water,

this bottom liquid is separated in a third distillation tower

into a top distillate, comprised of carboxylic acid and water,

and a bottom liquid, comprised of carboxylic acid, and this

top distillate is circulated back to the tower top of the first

distillation tower and water is added to this tower top. Or,

a liquid, which contains a carboxylic acid ester is fed into

\
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aqueous solution with an acetic acid concentration of 41.4w% and this was
fed into the 28th stage fromthe tower top of the stainless-steel third
distillation tower, which is conprised of 70 stages of perforated trays and
has an inner dianmeter of 3600nm Upon perform ng atnospheric distillation
with the reflux ratio maintained at 1.44, a 7.1wt % aqueous acetic acid
sol ution was obtained fromthe tower top, and a 99. 95wt % acetic. acid was
obtained fromthe bottom The acetic acid was taken out from near the
bottom as a side stream and used as product. The top distillate was
circul ated back along wth added water and used as solvent in the
above-described first distillation tower. A side streamwas taken out from
the 4th stage fromthe tower top of the first distillation tower, supplied
to the sane hydrolysis reactor as the first exanple to obtain a reaction
product |iguifdrsgoddisitdiddasion7 towed woperated. 3 obheet lgtakcrefilex 9. 8wt %
met hanol, and _1.4w % acetic acid, and this reaction product |liquid was fed
into the SeAnihenf roRilins st foap Bhre dHast distilkatiomtioyert 6er 10.
The quantity _of heat . . . .

fed into a hydrolysis reactor filled with acid catalyst, the

reaction product liquid, comprised essentially of carboxylic
acid, alcohol, water, and carboxylic acid ester, is fed into
the abovementioned first distillation tower, and thereaftex
distillation is performed in the same manner as described

above.
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23 required for separation, as converted into 4kg/cnferr] G steam was
5kg per 1kg of raw material nmethyl acetate. The nunber of distillation
towers used was the sanme as that of the first exanple and acetic acid and
met hanol were obtained in accordance with a sinple flow Al so, the
operation of thirdididtillation tower 15 was extremely easy. Conparative
exanpl e Acetic acid and net hanol were produced from nethyl acetate in
accordance with the flow shown in Fig. 3. A saponification nother |iquor,
conpri sed of 36wt % net hyl [acetate and 64w % net hanol, was fed into the 6th
stage fromthe top of thejA distillation tower, conprised_ off 36 stages, and
was separated at a_ref Juy rati 1.0 into top distillatje, conprised of
78w % et hyl acet ate ang 22wt % jret hanol , an\(/wa;b@tct omliquid, conprised of
met hanol . The top 9i sti(?l 1t e p@Cfed al ong w

P N

. N

= T, . | L,

T 1 7] T

Fig. 2

a—d
N
LN

3

\/10 /'\_/13 /\-/15

12~

9-—_——_‘ L L ? .

AN
e

Been. Replaced

i



the top distillate, conprised of 67wt % net hyl acetate, 30wt % net hanol, and
3w % water, fromthe B distillation tower into the extractive
distillation t owner . The extractive distillation tower is a
distillation tower of 30 stages, and the distillate fromthe A distillation
tower was fed to the 16th stage and the distillate fromthe B distillation
tower was fed to the 19th stage. Water was added fromthe tower top of the
extractive distiHigatd on tower and extractive 24 distillation was
performed at a reflux ratio of 0.35. The bottomliquid of the extractive
distillation tower was an aqueous solution of approxi mately 25w % net hanol ,
and this, along with the abovenentioned bottomliquid of the A distillation
tower, was fed into the 36th stage of the 56- stage C distillation tower

and separated, into a nethhol _dist] llate and abottomliquid. containing
sodi um acet atlen_etxg, ~ 29 24 r\, 27
17 / /J\ N
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at aref lux ratio of 1.4. The top distillate of the extractive
dirstzillation tower was a |liquid having 41wt % net hyl acetate and 59wt % wat er
as the main conponents, and this quui was_fed into a_stainless-steel
hydrolysis reactor, with an inner diangfiey ; ;@E‘ﬁ} d | ength of 3600nm
and filled with the same ion exchange { 657 F a5~ 1-fre -t exanple, and a
reaction product |iquid, which was conprlis Of % 0Aja"etic acid, 9w %
nmet hanol , 54wt % wat er, and 20wt % net hyll g G s obtained. This
reacti on product I|qU|d was supplied tio the B d| still ft}on tower and
separated into a top distillate, conprijised of 67wt % nethyl acetate, 30w %
nmet hanol , and 3wt % water, and a bottom/l i-gui-d—comprised of a 24wt % aqueous
solution of acetic acid. The top distillate was the abovenentioned return

distillate an th| dist IIa fdto he extractive dlstlllatlon
tower. The BBELGHR F’ﬁu?ﬂ 1?7‘31”1 g ‘?sé’r&@ieél heietildatign

tower. The quantity of heat required for separation, as

converted into 4kg/ cm’G steam, was -4kg per 1lkg of raw material
methyl acetate. With regard to the number of distillation
.towers used, this exampie was carried out in accordance with
o a flow that is simpler than the comparative exampl_e described
below, and the operation of third distillation tower 7 was
extremely easy.
Second example
Acetic acid and methanol were produced from methyl acetate
in accordance with the flow shown in Fig. 2. A 1iquid, comprised
"of 1.9wt% water, 31.4wt% methyl acetate, and 66.7wt?® methanol,
was fed into the 19th stage from the tower top of the
stainless-steel first c.'iisti}.la.tion tower, which is comprised
of 45 stages of perforated platee and has an inner diameter
of 3200mm, and was subject to extractive distillation. Upon
performing atmospheric distillation in the total reflux
condition, a bottom ligquid, comprised of 20.5wt% acetic acid,
58.0wt¥ methanol, and 21.5wt% water, was obtained. The bottom
liquid of the first distillation tower was fed to the 50th stage’
of the second distillation tower, which is comprised of 65
stages of perforated plates and has an inner diameter of 2800mm,

and was separated at a refluxratioof 1.15 into a top distillate,
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the B distillation tower was fed to the top of the 45-stage extraction
tower, and butyl acetate of an anpbunt that was 1.6 tines the anount of the
bottomliquid fed was fed fromthe | ower part.of--the extraction tower to
extract acetic acid. The extract Irquud‘ﬁmgﬁﬂfﬁﬁfﬁnMer top of the
extraction tower was conprised of %SWEQ&aéefle'acldg 79t % butyl acet at e,
and 8wt % water, and this extract li:quid was i@ﬁﬁlnto the 20th stage of a
65- st age azeotroplc distillation tomﬁr mnggJ acetate as the
entrainer, and acetic acid was recovered at_a. Lei K ratio of 0.35 from
the lower part of the distillation tower The top d|§tillate of the
azeotropic distillation tower was conprised-ef—wat€i and solvent, this top
distillate was separated using a |iquid separator, and the solvent was
circul ated back and used in the extraction tower. Wth this production-

met hod, tr@mte&ﬁqdeef cﬁ.?ar?cﬁ‘ft)% methangl, andekestendigisl sremprised] G

steam was 6kg e raw material nethyl acetate, the nunber of
di still atihaee en@vaetpar Jihe top dlisd 1ddaiawasm uFrSRSBECRRABI ex.
Al so, the maezt?aoatr{o()pl c distillation tower had. to be

The bottom liquid of the second distillation tower was an
aqueous solﬁtion with an acetic acid concentration of 41.4wt%,
7 and this was fed into the 28th stage from the tower top of the
stainless~steel third distillation tower, which is comprised
of 70 stages of perforated trays and has an.inner diameter of
3600mm. Upoﬁ performing atmospheric distillation with the
reflux ratio maintained at 1.44, a 7.1wt%® aqueous acetic acid
solution was obtained from the tower top, and a 99.95wt% acetic.
acid was obtained from the bottom. The acetic acid was taken
out from near the bottom as a side stream and used as product.
The top distillate was circulated back along with added water
and used as solvent in the above-described first distillation
tower.
A side stream was taken out from the 4th stage from the
tower top of the first distillation tower, supplied to the same
hydrolysis reactor as the first example to obtain a reaction

product liquid, comprised of 17.5wt% water, 71.3wt% methyl acetate,

9.8wt% methanol, and 1.4wt% acetic acid, and this reaction
product liquid was fed into the 5th stage from the tower top

of the first distillation tower 10. The quantity of heat
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operated so that water and butyl acetate will not ‘beconme mixed in the
bett-omliquid of this distillation tower, . and a | arge anmount of |abor was
required for this procedure. Al so, the anpunt of ~Wat érw psed as extraction

water was approximately twice that of the: exahpies* dedtri bed above and
anount of waste 26 wat er was approxi mat'ely’ 100 tines:that of the
exanpl es descri bed above. 27 VWHAT | S CtAIWEDLLSQNm. A met hod of
produci ng carboxylic acid and al cohol by.obtaining a rechion pr oduct
liquid by hydrolysis of "a carboxylic acid ester-unhder fhe presence of an
acid catal yst ‘ : L et

required for separation, as converted into 4kg/cm’G Steam, was
5kg per lkg of raw material methyl acetate. The number of
distillation towers used was the same as that of the first
example and acetic acid and methanol were obtained in
accordance with a simple flow. Also, the operation of third
S distillation tower 15 was extremely easy.

Comparative example

Acetic aéid and methanol were produced from methyl acetate
in accordance with the flow shown in Fig. 3. A saponification
mother liquor, comprised of 36wt% methyl acetate and 64wt$
methanol, was fed into the 6th stage from the top of the A
distillation tower, comprised of 36 stages, and was separated
at a reflux ratio of 1.0 into a top distillate, comprised of
78wt% methyl acetate and 22wt$% methanol, and a bottom liquid,
comprised of methanol. The top distillate was fed along with
the top distillate, comprised of 67wt% methyl acetate, 30wt%
methanol, and 3wt$ water, from the B distillation tower into
the extractive distillation tower. The extractive
distillation tower is a distillation tower of 30 stages, and
the distillate from the A distillation tower was fed to the
16th stage and the distillate from the B distillation tower
was fed to the 19th stage. Water was added from the tower top

of the extractivg distillation tower and extractive
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and separating said product liquid by distillation, said nethod of
produci ng carboxylic acid and alcohol;bepqgﬂghdéggwérized in that a liquid,
whi ch contains the carboxylic acidwg§ﬂﬂﬁjaﬁﬂ\mﬁiﬁ AMy ch at |least a part of
the conponents thereof is a side streamtaken out froma first distillation
tower operated in the total ref |ux COnﬁytLphﬂMﬁs supplied to a hydrol ysis
reactor filled with acid catalyst to.obtain a reag;Lpn product liquid
conprised essentially of carboxylic aci.d=-atcohol’, water, and carboxylic
acid ester, said reaction product liquid is suppliedito said first
distillation tower, a bottomliquid, corprised essentially of carboxylic
acid, alcohol, and water, is taken out fromthe bottomof said distillation
tower, said bottomliquid is separated in a second distillation tower into
a top distigsl N oh ined pal, cqr a bottom
Yaud, codtrtidgetidhifpber Bha el £ JHISE oo A BhlvenR0rG 'C
separated i;n a | LSt L j distillate conmpgl of
carboxylic 3eici étrggn{(}% v?gé %P?Bgﬁﬁigab%%ﬁﬁ&ﬁ?ﬁ%& ggc%pg—%%ﬁf a%asr%%xél?]?%g
acid, sai dyhpy 43l ide 21 GnbReth 1 20661 HACY aldbldIF1 § ReRhyL Wodifatidti d Ti T st

4, Amethod of producing carboxylic acid and alcohol az set forth

in Claim 1 or 2, wherein the acetic acid ester is ethyl acetate.
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28 distillation tower, and water is added to said tower top. 2. A nethod
of producing carboxylic acid and al cohol by obtaining a reaction product
liquid by hydrolysis of a carboxylic acid ester under the presence of an
acid catal yst and separating said product liquid by distillation, said

met hod of producing carboxylic acid and al cohol being characterized in that
a liquid, which contains the carboxylic acid ester, is supplied to a first
distillation tower that is operated in the total ref lux condition, the
side streamtaken out fromsaid distillation tower is supplied to a

hydrol ysi s rﬁggigr fi Heg sﬁgg ag mtg g?Mroduct
i quid conpri | - - d
carboxylic acid ester, said reaction product liquid is supplied to said
first distillation tower, oABSTRXCT IOFTHE DISOLOSYRE essentially of

carboxylic acid, alcohol, and water, is taken
A carboxylic acid ester-containing liquid is hydrolyzed to

obtain a reaction product liquid essentially consisting of
carboxylic acid, alcohol, water, and carboxylic acid ester,
gald reaction product 1liquid 4is supplied to a first
distillation column, and the bottom liquid of said distillation
column is supplied to a second distillation column, and then
separated in a third distillation column into a top distillate,
consisting of carboxylic acid and water, and a bottom liguid,
consisting of carboxylic acid, the top distillate is circulated
back to the top of the first distillation column, and water
is added to the first distillation column. Or, a carboxylic
acid ester-containing liquid is supplied to a first
distillation column which 1s operated in the total reflux
condition, a side stream from the first distillation column
1s hydrolyzed to obtain a reaction product liguid essentially
conslsting of carboxylic acid, alcohol, water, and carboxylic
acid ester, and said reaction product liquid is supplied to
the first distillation column, and thereafter distillation is

performed in the same manner as described above.
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out fromthe bottomof said distillation tower, said bottomliquid is
separated i-n a second distillation tower into a top distillate, having
al cohol. as the principal conponent, and a bottom|liquid, conprised of
carboxylic acid and water, said bottomliquid is separated in a third
distillation tower into a top distillate, conprised of carboxylic acid and
water, and a bottom|liquid, conprised of carboxylic acid, said top
distillate is circulated back to the tower top of said first 29
distillation tower, and water is added to said tower top. 3. A nethod of
produci ng carboxylic acid and al cohol as set forth in daim1l or 2, wherein
the acetic acid ester is nethyl acetate. 4. Anethod of producing carboxylic
acid and al cohol as set forth in Caiml or 2, wherein the acetic acid
ester is ethyl acegate, 30
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Fig. 3
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