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(57) ABSTRACT

A production process of acetic acid according to the present
invention inhibits concentration of hydrogen iodide and
improves a liquid-liquid separation of an overhead from a
distillation column. Acetic acid 1s produced by distilling a
mixture containing hydrogen i1odide, water, acetic acid and
methyl acetate 1n a first distillation column (3) to form an
overhead and a side cut stream or bottom stream containing
acetic acid, cooling and condensing the overhead in a
condenser (C3) to form separated upper and lower phases 1n
a decanter (4). According to this process, a zone having a
high water concentration 1s formed in the distillation column
above the feed position of the mixture by feeding a mixture
having a water concentration of not less than an effective
amount to not more than 5% by weight (e.g., 0.5 to 4.5% by
weilght) and a methyl acetate concentration of 0.5 to 9% by
weight (e.g., 0.5 to 8% by weight) as the mixture to the
distillation column and distilling the mixture. In the zone
having a high water concentration, hydrogen 1odide 1s
allowed to react with methyl acetate to produce methyl
1odide and acetic acid.

18 Claims, 2 Drawing Sheets
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1
PROCESS FOR PRODUCING ACETIC ACID

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a Reissue Application of U.S. appli-

cation Ser. No. 14/378,049 filed Aug. 11, 2014, issued as
U.S. Pat. No. 9,006,453 B2 on Apr. 14, 2015, which was filed
as PCT International Application No. PCT/JP2013/056766
on Mar. 12, 2013, which claims the benefit under 35 U.S.C.

§ 119(a) to Patent Application No. 2012-057570 filed in
Japan on Mar. 14, 2012, the entive contents of which are

incorporated by reference into the present application.

TECHNICAL FIELD

The present invention relates to a process useful for
producing high-quality acetic acid while inhibiting corro-
sion of an apparatus (e.g., a distillation column).

BACKGROUND ART

In regard to a process for producing acetic acid, an
industrially used production process comprises allowing
methanol to continuously react with carbon monoxide 1n the
presence ol a catalyst containing a group 8 metal of the
Periodic Table (such as a rhodium catalyst or an 1ridium
catalyst), an 10nic 1s 10dide (e.g., lithium 10dide), and methyl
10dide and 1n the presence of water to give acetic acid. In this
process, usually, a reaction mixture obtained by carbo-
nylation of methanol 1s subjected to a flash distillation, the
resulting volatile component from the flash distillation 1s
distilled 1n a first distillation column to form an overhead
from a top of the column and a heavy component from a
bottom thereotf, and an acetic acid stream 1s withdrawn as a
side stream (side cut stream) from the first distillation
column. Moreover, the overhead from the first distillation
column 1s cooled and condensed to form an aqueous phase
and an organic phase, which are separated from each other;
the aqueous phase mainly contains water and acetaldehyde,
and the organic phase mainly contains methyl 10dide. Fur-
ther, the acetic acid stream 1s subjected to a second distil-
lation column to remove water and other impurities for
obtaining or separating a further purified acetic acid stream
as a side stream (side cut stream) or bottom stream. The
second distillation column 1s mainly used for dehydration 1n
many cases. Since an overhead from the top of the second
distillation column has a low water content, the overhead 1s
rarely separated into two phases (an aqueous phase and an
organic phase) even after cooling and condensation. In such
a process, accumulation of hydrogen 10dide 1n the first and
second distillation columns deteriorates the quality of prod-
uct acetic acid due to contamination with hydrogen 1odide
and causes corrosion of an apparatus (such as the first and
second distillation columuns).

In order to remove hydrogen 1odide, it has been reported
that hydrogen 1odide 1s converted into methyl 10dide, having,
a lower boiling point, by a reaction of hydrogen iodide with
methanol, and the resulting methyl 10dide 1s separated as a
lower boiling point stream.
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2

Japanese Patent Application Laid-Open Publication No.
6-40999 (JP-6-40999A, Patent Document 1) discloses that

introduction of a small quantity of methanol below a feed
point, at which a feeding composition 1s fed to a distillation
zone, converts hydrogen 1odide into methyl 10odide which 1s
removed as a light end stream of a distillation column.
Japanese Patent Application Laid-Open Publication No.
52-23016 (JP-52-23016A, Patent Document 2) discloses a
process for removing and collecting 1odine-containing com-
ponents and drying acetic acid, which comprises: introduc-
ing an acetic acid stream containing water, methyl 1odide
and hydrogen 1odide into a first distillation zone intermedi-
ate; removing methyl 1odide and others as an overhead
fraction from the first distillation zone; removing hydrogen
iodide and others from the bottom of the first distillation

zone;, withdrawing a side stream (acetic acid stream) from
the middle section of the first distillation zone for itroduc-
ing the stream into the upper section of a second distillation
zone; ntroducing methanol nto the lower section of the
second distillation zone; removing an overhead stream con-
taining methyl 10dide and others from the second distillation
zone;, and withdrawing a stream of a product acetic acid
substantially free of hydrogen 1odide and methyl 10dide from
the bottom or a site near to the bottom of the second
distillation zone.

Japanese Patent No. 4489487 (JP-448948/B, Patent
Document 3) discloses a process for separating hydrogen
iodide, which comprises distilling a mixture containing
hydrogen 10dide, water, and a component having a boiling
point higher than that of water (e.g., acetic acid) to separate
hydrogen 1odide, wherein an alcohol (e.g., methanol) 1s fed
to a distillation column so that a zone having a water
concentration of 5% by weight 1n the distillation column
may be formed between feed positions of the alcohol.

In the production of acetic acid, removal of hydrogen
iodide by using the relationship between a water concentra-
tion and a hydrogen 1odide concentration 1n a distillation
column 1s also known. For example, Great Britain Patent
No. 1350726 (Patent Document 4) discloses that because of
a peak concentration of hydrogen halides occurring i a
middle portion of a distillation column, 1f a side stream 1s
withdrawn from the middle portion of the distillation col-
umn then the hydrogen halides will be removed therefrom,
in a case where a liquid composition of carboxylic acid has
a water concentration ranging from 3 to 8% by weight.
Further, this document discloses that a reaction product of
methanol and carbon monoxide i1s subjected to a flash
distillation and then a fraction separated by the flash distil-
lation 1s 1ntroduced into the distillation column to concen-
trate hydrogen 1odide 1n a side stream from the middle
portion of the distillation column, thereby removing the
hydrogen 10dide.

Japanese Patent Application Laid-Open Publication No.
2006-160645 (JP-2006-160645A, Patent Document 5) dis-
closes a process for producing acetic acid, which comprises:
distilling a mixture containing hydrogen 1odide, water,
methanol, methyl 10dide, acetic acid and methyl acetate 1n a
water content of not more than 5% by weight its a distillation
column, withdrawing a fraction containing hydrogen 1odide
from the top of the column, and withdrawing acetic acid as
a side-cut stream by side-cut or a stream from the buttons of
the column to reduce the concentration of hydrogen 10dide
to not more than 50 ppm. According to this process, distil-
lation at a water concentration of not more than 5% by
weilght 1in the distillation system allows inhibition of con-
centration of hydrogen 1odide in the distillation system.
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This document discloses that the mixture may be distilled
by introducing at least one component selected from the
group consisting of methanol, methyl acetate and an alkali
metal hydroxide at an appropriate position of the distillation
column (for example, at the bottom, or between the bottom
and the middle section) for maintaining or keeping the water
content of not more than 5% by weight 1n the distillation
column and that such a process can remove hydrogen 1odide.
Further, Patent document 5 discloses i Examples and
Comparative Examples that a liquid mixture containing 34%
by weight ol methyl 10dide, 9.8% by weight of methyl
acetate, 1.2% by weight of water, 55% by weight of acetic
acid, and 190 ppm by weight of hydrogen iodide was
distilled, and the resulting distillate from the top of the
column was separated into an upper layer and a lower layer.

Although these processes can inhibit the concentration of
hydrogen 1odide in the distillation column, the hydrogen
iodide removal etliciency i1s still msutlicient to produce a
high-quality acetic acid. Moreover, even 1f the overhead
from the distillation column 1s condensed, the overhead 1s
not efliciently separated sometimes into an aqueous phase
(upper phase or light phase) and an organic phase (lower
phase or heavy phase). In particular, when the liquid mixture
1s distilled and the overhead (fraction) from the column top
1s cooled and condensed according to Patent Document 3,
the condensate has an 1netlicient separability into upper and
lower phases. Further, even 1f the condensate 1s separated
into the lower phase and the upper phase, it 1s impossible to
stably perform or operate these processes due to an unsteady
phase boundary (liquid interface) between these phases.

Thus the continuous operation of the production apparatus
sometimes conironts obstruction or trouble.

Japanese Patent Application Laid-Open Publication No.
2009-501129 (JP-2009-501129A, Patent Document 6) dis-
closes a process for producing acetic acid, which comprises:
separating a reaction mixture obtained by carbonylation of
methanol 1to a catalyst stream and an acetic acid stream in
a catalyst-separating column; 1n a first distillation column,
separating the acetic acid stream into a first overhead
containing methyl 10dide, methyl acetate and a portion of
water, and a first higher boiling point stream containing
portions of water and propionic acid, and withdrawing a first
side stream containing the acetic acid by side cut; feeding
the first side stream to a second distillation column; and
withdrawing and collecting a second side stream containing,
the acetic acid by side cut. This document discloses a
process for reducing a concentration of a hydrogen halide
contained 1n a product acetic acid, which comprises con-
verting hydrogen 1odide in the distillation column 1nto
methyl 1odide and separating hydrogen 10odide 1n the form of
methyl 10dide from the top of the distillation column to
inhibit condensation of the hydrogen halide. The method for
converting hydrogen i1odide includes a method for feeding
the first distillation column with water or water and a first
component (A) (wherein the first component (A) 1s at least
one member selected from the group consisting of methanol
and methyl acetate) and a method for feeding the first
distillation column with the first component (A) from a
lower position relative to a first side stream port for side-cut
of a first side stream. Moreover, the document states that
because supply of water to the first distillation column
develops (forms) a zone having a high water concentration
in the distillation column and causes condensation of hydro-
gen halide 1n the zone, supply of water together with the first
component (A) allows eflicient conversion of hydrogen
halide into a low-boiling component.
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The patent document 6 discloses, 1n Examples, that
methanol (4.9 mol/h), methyl acetate (7.4 mol/h) and water
(21.1 mol/h) were fed from the 2°7th plate from the top of the
distillation column (having 30 plates) (Examples 3 and 4),
and methanol was fed from the 43th from the top of the
distillation column (having 30 plates) (Comparative
Example 2).

According to the process, unfortunately, a feeding liquid
has a high concentration of methyl acetate, and 1n addition,
the concentration of methyl acetate 1n an overhead fraction
or stream (vapor phase component) from the top of the
distillation column i1s further increased due to further con-
densation of methyl acetate 1n the distillation column and
by-product methyl acetate formed by feeding of methanol.
Thus, 11 the fraction from the top of the distillation column
1s cooled, the resulting condensate cannot be separated into
an aqueous phase (an upper phase mainly containing water
and acetaldehyde) and an organic phase (a lower phase
mainly containing methyl 1odide). Moreover, even 1if the
condensate 1s separated into the phases, these phases are
mixed to form a mixed phase due to a small difference 1n
specific gravity between the light phase and the heavy phase,
so that the distillation column cannot be operated stably. In
particular, 1n an industrial process, the boundary (interface)
between the aqueous phase and the organic phase varies
depending on the rapid expansion of carbon monoxide 1n the
reaction system, the flow rate and pressure fluctuations in the
flash distillation step and others. Therefore, the aqueous
phase and the organic phase cannot be separated clearly, so
that the process apparatus cannot be operated continuously.
Further, feeding of methanol or methyl acetate mto the
column from a position lower than a plate for feeding the
mixture meamnglessly increases the diameter of the distil-
lation column, resulting 1n low economic efliciency.

RELATED ART DOCUMENTS

Patent Documents

Patent Document 1: JP-6-40999A (Paragraph No. [0043])

Patent Document 2: JP-52-23016A (Claims, page 3, the
lower right column, page 7, the lower left column to the
lower right column)

Patent Document 3: JP-4489487B (Claims)

Patent Document 4: GB Patent No. 1350726 specification
(page 2, lines 66 to 76)

Patent Document 5: JP-2006-1606435A (Claims, Paragraph
No. [0036])

Patent Document 6: JP-2009-3501129A (Claims, Paragraph
Nos. [0043] [0085], Examples 3 and 4, Comparative

Example 2)

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

It 1s therefore an object of the present invention to provide
a process for producing acetic acid, the process improving
liquid-liquid separation of a low-boiling stream (overhead)
from a distillation column while inhibiting condensation of
hydrogen 10dide, and a method for improving the liquid-
liquid separation of the low-boiling stream (overhead).

Another object of the present mvention 1s to provide a
process for producing high-quality acetic acid by effectively
inhibiting contamination with an impunty (e.g., hydrogen
iodide), and a method for improving the quality of acetic
acid.
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It 1s still another object of the present invention to provide
a process for producing acetic acid, useful for efliciently
separating a low-boiling stream (overhead) into an aqueous
phase and an organic phase by cooling and condensing the
stream from a distillation column, and operating a produc-
tion apparatus stably and continuously.

Means to Solve the Problems

The inventors of the present invention made intensive
studies to achieve the above objects and finally found that
distillation of a mixture under feeding of a decreasing agent
(an agent for decreasing hydrogen 1odide) to a distillation
column achieves the followings (1) and (2), wherein the
decreasing agent contains an effective amount of water 1n a
concentration of not more than 5% by weight and an
cllective amount of methyl acetate 1n a concentration of not
more than 9% by weight: (1) a zone having a high water
concentration 1s formed 1n the distillation column above a
charging site (feed site or part) of a volatile component to the
distillation column, and methyl acetate 1s allowed to eflec-
tively react with hydrogen 1odide in the high-concentration
zone to produce methyl 1odide (a lower boiling point com-
ponent) and acetic acid, where methyl 10dide has a high
miscibility with an organic phase, contrarily acetic acid has
a high miscibility with an aqueous phase and 1s largely
different 1n boiling point from methyl 1odide (largely dii-
ferent 1n boiling point from water formed by a reaction of
methanol with hydrogen 10dide); and (2) since a low-boiling
stream (overhead) contains methyl acetate 1n a predeter-
mined proportion, the low-boiling stream (overhead) from
the distillation column 1s cooled and condensed to clearly
and ethiciently separate the resulting condensate into an
organic phase containing methyl 1odide and an aqueous
phase containing acetic acid, and thus the liqumd-liquid
separation of the low-boiling stream (overhead) from the
distillation column can significantly be improved. The pres-
ent mvention was accomplished based on the above find-
ngs.

That 1s, a process for producing acetic acid according to
the present mvention comprises: distilling a mixture con-
taining hydrogen 1odide, water, methyl 1odide, acetic acid,
and methyl acetate to form an overhead containing a lower
boiling point component; and condensing the overhead to
form separated liquid phases. In the process, acetic acid 1s
produced by distilling a mixture containing an eflective
amount of water 1n a concentration of not more than 5% by
weight and an eflective amount of methyl acetate 1 a
concentration of not more than 9% by weight (methyl
acetate 1n a concentration of 0.5 to 9% by weight) to separate
the mixture into an overhead (fraction) containing methyl
iodide and a side cut stream or bottom stream containing
acetic acid.

The mixture may has a methyl acetate concentration of
0.07 to 1.2 mol/LL and a water concentration of 0.28 to 2.8
mol/L, and may be distilled continuously. The water content
of the mixture may be about 0.5 to 4.5% by weight (e.g.,
about 1 to 4.3% by weight). The methyl acetate content of
the mixture may be about 0.5 to 8% by weight (e.g., about
0.5 to 7.5% by weight or about 0.8 to 7.5% by weight). The
mixture may further contain dimethyl ether. The concentra-
tion of dimethyl ether may be about 0.15 to 3% by weight.

The mixture may be fed to a distillation column from an
intermediate or lower position of the distillation column 1n
height. Moreover, a zone having a high water concentration
may be formed inside a distillation column at a position
upper than a feed position at which the mixture 1s fed to the
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distillation column; in the high water concentration zone,
hydrogen 1odide may be allowed to react with methyl acetate
to produce methyl 10dide and acetic acid; and the distillation
may provide the overhead containing the resulting methyl
1odide.

The present invention includes the process for producing
acetic acid., 1n which methanol 1s allowed to continuously
react with carbon monoxide by using a catalyst containing a
group 8 metal of the Periodic Table (such as a rhodium
catalyst or an 1ridium catalyst), an 10nic 10dide (e.g., lithium
iodide), and methyl 10dide 1n the presence of water; the
reaction product 1s separated into a low-volatile phase
component and a volatile phase component by a flash
distillation; the volatile phase component as the mixture 1s
distilled to form the overhead containing methyl 10dide and
the side cut stream or bottom stream (or the side cut stream
and the bottom stream) contaiming acetic acid; and the
overhead 1s condensed to form an aqueous phase and an
organic phase. In the process for producing acetic acid, the
volatile phase component 1s distilled while being adjusted to
a water concentration of an eflective amount and not more
than 5% by weight and a methyl acetate concentration of 0.5
to 9% by weight 1n a distillation atmosphere of the volatile
phase component 1n terms of a condensate or liquid form.

At least one member selected from the group consisting of
methyl acetate, methanol and dimethyl ether, and 11 neces-
sary water, may be added (or supplied) to the mixture
(volatile phase component) or a distillation atmosphere of
the mixture (volatile phase component) to adjust the con-
centrations of water and methyl acetate, and the resulting
volatile phase component may be distilled. Moreover, a
distillation atmosphere of a volatile phase component may
be formed in the distillation column at a height equal to or
upper than a feed site of the volatile phase component.

Further, the mixture may have a hydrogen 10odide concen-
tration of about 100 to 10000 ppm. Such a mixture may be
subjected to a distillation to form (or separate) a side cut
stream containing acetic acid. The concentration of hydro-
gen 10dide 1n the side cut stream may be about 1 to 350 ppm.

Furthermore, 1n order to efliciently separate the overhead
into an aqueous phase and an organic phase by condensation
ol the overhead, the separated lower phase (organic phase or
heavy phase) may have a methyl acetate concentration of
about 1 to 15% by weight, and the upper phase (aqueous
phase or light phase) may have a lower methyl acetate
concentration of about 0.4 to 8% by weight than the lower
phase has.

The present invention also includes a method for liquid-
liquid separating a condensate, comprising: distilling a mix-
ture containing hydrogen 1iodide, water, methyl 1odide, acetic
acid, and methyl acetate to form an overhead containing a
lower boiling point component, and condensing the over-
head. In this method, the mixture containing an effective
amount of water 1n a concentration of not more than 5% by
weight and methyl acetate 1n a concentration o1 0.5 to 9% by
weight 1s distilled to reduce a concentration of hydrogen
10dide 1n the overhead and a side cut stream, and the
condensation of the overhead improves the liquid-liquid
separation of the condensate. In the method, the concentra-
tion of hydrogen iodide in the overhead and the side cut
stream may be reduced by adjusting a concentration of
methyl acetate 1n the mixture to 0.5 to 8% by weight (or by
increasing a concentration of methyl acetate in the mixture
within the range of 0.4 to 8% by weight). Further, the
liquid-liquid separation of the condensate may be improved
by adjusting (or controlling) concentrations of methyl 10dide
and methyl acetate in the lower phase (organic phase or
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heavy phase) to 76 to 98% by weight and 1 to 15% by
weight, respectively (with the proviso that the total of
components in the lower phase (organic phase or heavy
phase) 1s 100% by weight), and adjusting (or controlling)
concentrations of water and methyl acetate 1n the upper
phase (aqueous phase or light phase) are adjusted to 50 to
90% by weight and 0.4 to 8% by weight, respectively (with
the proviso that the total of components 1n the upper phase
(aqueous phase or light phase) 1s 100% by weight).

The present invention also includes an apparatus for
producing acetic acid by distilling a mixture containing
hydrogen 1odide, water, methyl 1odide, acetic acid, and
methyl acetate. The apparatus comprises a controller for
adjusting (or setting to or controlling) a water concentration
in the mixture to not less than an effective amount to not
more than 5% by weight and a methyl acetate concentration
therein to 0.5 to 9% by weight by feeding water and/or
methyl acetate, and further comprises a distillation column
for distilling the mixture having adjusted water concentra-
tion and methyl acetate concentration to form (or provide)
an overhead containing methyl 10dide and a side cut stream
or bottom stream containing acetic acid, a cooling unit (a
condenser) for cooling the overhead from the distillation
column, and a liquid-liquid-separating unit (a decanter) for
separating the resulting condensate of the cooled overhead
into two phases.

As used herein, the term “mixture” 1s sometimes the same
meaning as a volatile phase component obtained by tlash
distillation. Moreover, an amount of a component 1n the
mixture means not an amount of the component 1n a vapor
phase but an amount of the component in the form of the
condensate or liquid.

Eftects of the Invention

According to the present invention, since a mixture con-
taining a specific concentration of water and a specific
concentration of methyl acetate 1s distilled to form separated
phases, the concentration of hydrogen 1odide (or corrosion
of an apparatus) can be inhibited and the liquid-liquid
separation of a low-boiling stream (overhead) from a dis-
tillation column can be improved. Moreover, due to the
conversion ol hydrogen 1odide mto methyl 10dide and the
separation of the overhead into an aqueous phase and an
organic phase, the present invention eflectively prevents
contamination with an impurity (such as hydrogen 1odide) to
produce high-quality acetic acid. Further, cooling and con-
densing the low-boiling stream (overhead) from the distil-
lation column allows eflicient separation of the stream into
the aqueous phase and the organic phase, so that a produc-
tion apparatus can be stably and continuously operated.
Thus, the present invention i1s useful as a process for
industrially producing acetic acid.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram for explaining a production process of

acetic acid 1n accordance with an embodiment of the present
invention.

FI1G. 2 1s a diagram for explaining a production process of
acetic acid 1n accordance with another embodiment of the

present mvention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present mvention will be explained in
detail with reference to the drawings 1f necessary. FIG. 1 1s
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a diagram (a flow sheet, a schematic process drawing, or a
schematic plant layout drawing) for explaining a production
process (or production apparatus) ol acetic acid 1 accor-
dance with an embodiment of the present invention.

The process (or production apparatus) shown in FIG. 1
comprises a reactor (reaction system) 1 for allowing metha-
nol to continuously react with carbon monoxide (carrying
out the carbonylation reaction of methanol) 1n the presence
of a catalyst or a catalyst system and water; a flasher or
evaporator (tlash evaporator) 2 for separating the reaction
mixture (liquid reaction medium) into a volatile phase
component and a low-volatile phase component; a first
distillation column (splitter column) 3 for distilling the
volatile phase component to form (or provide) a first over-
head from a top of the column, a bottom stream from a
bottom thereof, and a side cut stream (crude acetic acid
stream); a decanter 4 for cooling and condensing the first
overhead 1 a condenser C3 and for separating the first
overhead into an aqueous phase (upper phase or light phase)
and an organic phase (lower phase or heavy phase); a second
distillation column (dehydration column or purification col-
umn) 5 for distilling the side cut stream (crude acetic acid
stream) from the first distillation column 3 to form a second
overhead from a top of the second distillation column, a
bottom stream from a bottom thereof, and a side cut stream
(purified acetic acid stream) from a side thereof; and an
impurity-removing system [a third distillation column 6, a
water extraction column (water extractor) 7, and a fourth
distillation column 8] for removing an impurity from a
condensate (an aqueous phase and an organic phase) 1n a
condenser C4.

Methanol (a liquid reactant) and carbon monoxide (a
gaseous reactant) are continuously fed to the reactor 1 at
predetermined rates in the presence of a catalyst system
(carbonylation catalyst system) containing a metal catalyst
(such as a rhodium catalyst or an indium catalyst) and a
co-catalyst [lithium 10dide as an 10nic 10dide (or 10dide salt)
and methyl 10dide] and a definite amount of water, and the
carbonylation reaction of methanol 1s continuously con-
ducted. The reaction system usually contains acetic acid,
which 1s a reaction product and also functions as a reaction

solvent, and methyl acetate, which 1s by-produced from a
reaction of acetic acid with methanol. Inside the reactor 1, a
liquid-phase reaction system contaiming the metal catalyst
component (such as a rhodium catalyst), the 1onic 10dide
(such as lithium 10dide), methanol, acetic acid, and others 1s
in equilibrium with a vapor-phase system containing unre-
acted carbon monoxide and gaseous by-products derived
from the reaction (hydrogen, methane, carbon dioxide), a
vaporized low-boiling component (e.g., methyl 10odide, ace-
tic acid as a product, methyl acetate, acetaldehyde, and
hydrogen 1odide), and others.

In order to keep the 1nner pressure of the reactor 1 (e.g.,
reaction pressure, carbon monoxide partial pressure, and
hydrogen partial pressure) constant, a vapor stream 1s with-
drawn from the top through a discharge line 12 and cooled
in a condenser C1. A condensed liquid component (contain-
ing acetic acid, methyl acetate, methyl 1odide, acetaldehyde,
water, and others) 1n the condenser 1s recycled (or refluxed)
to the reactor 1 through a recycle line (or reflux line) 13, and
an uncondensed gaseous component (containing carbon
monoxide, hydrogen, and others) 1n the condenser 1s dis-
charged as ofligas. In particular, the reaction system 1s an
exothermic reaction system accompanying heat generation,
and part of the quantity of heat generated in the reactor 1 1s
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removed by cooling the vapor component from the reactor
1 1n the condenser C1 and recycling the condensed compo-
nent to the reactor 1.

Components contained in the reaction mixture (crude
reaction liquid) may include acetic acid, a volatile compo-
nent having a boiling point lower than that of acetic acid
[e.g., a low-boiling component (e.g., methyl 10dide as a
co-catalyst, methyl acetate as a reaction product of acetic
acid with methanol, methanol, water, and dimethyl ether) or
a low-boiling impurity (hydrogen 10dide, acetaldehyde, cro-
tonaldehyde)], and a low-volatile component having a boil-
ing point higher than that of acetic acid [e.g., a metal catalyst
component (a rhodium catalyst, and lithium 10dide as a
co-catalyst) or a high-boiling impurity (for example, a
by-product, e.g., propionic acid, an aldehyde condensation
product such as 2-ethylcrotonaldehyde, and a C__,,alkyl
10odide such as hexyl 1odide or decyl 10dide)].

Accordingly, the reaction mixture (a portion of the reac-
tion mixture) 1s continuously fed from the reactor 1 to the
flasher or evaporator (flash evaporator, flash distillation
column) 2 through a feed line 11 for a flash distillation, and
separated 1nto a volatile phase component from the column
top or upper part (or section) of the flash evaporator 2 (a
lower boiling point fraction mainly containing acetic acid as
a product, methanol, methyl acetate, methyl 10dide, water,
propionic acid, acetaldehyde, and hydrogen 1odide as a
by-product) and a low-volatile phase component (a higher
boiling point fraction mainly containing a metal catalyst
component (high-boiling component) such as a rhodium
catalyst and a lithitum 10dide).

The low-volatile phase component (liquid catalyst mix-
ture or bottom traction) may be recycled to the reactor 1
through a recycle line 21. In this embodiment, the low-
volatile phase component (liquid catalyst mixture or bottom
fraction) 1s continuously withdrawn through a recycle line
21 from the bottom of the evaporator 2 and heat-removed
and cooled 1n a heat exchanger (a condenser C6), and the
cooled low-volatile phase component (liquid catalyst mix-
ture) 1s recycled to the reactor 1. Thus, the temperature of the
reactor 1 1s easily controlled. The low-volatile phase com-
ponent (liquid catalyst mixture) usually contains the metal
catalyst component, and 1n addition, components remaining
without evaporation (e.g., acetic acid, methyl 1odide, water,
and methyl acetate).

A portion of the volatile phase component (or volatile
phase) from the evaporator 2 is mtroduced into a condenser
(heat exchanger) C2 through a feed line 23, and cooled and
separated into a condensed component contaiming acetic
acid (a liquid component containing acetic acid, methanol,
methyl acetate, methyl 10odide, water, propionic acid, acet-
aldehyde, hydrogen 10dide, and others) and a noncondensed
component (a gas component such as carbon monoxide or
hydrogen). A portion of the condensed component (liquid
component) 1s retained in a builer tank 9 and recycled to the
reactor 1 through a recycle line 25, the other portion
(remainder) of the condensed component (liquid compo-
nent) 1s fed to the decanter 4 through a line 26, and the
noncondensed component (gas component) 1s discharged as
a vent gas. In this manner, since a portion of the volatile
phase component from the flash evaporator 2 1s cooled and
clliciently heat-removed 1n the condenser (heat exchanger)
C2 and then recycled to the reactor 1, the temperature of the
reactor 1 1s easily controlled. Accordingly, since the suc-
ceeding distillation column(s) or condenser(s) can be down-
sized (or mimaturized) even for a large-sized plant, acetic
acid can be produced with a high purity 1n a resource-saving
and energy-saving equipment. In particular, according to the
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process shown 1n FIG. 1, the low-volatile phase component
(liquid catalyst mixture or bottom fraction) and a portion of
the volatile phase component (or volatile phase) are cooled
and recycled to the reactor 1. Thus even when the reactor 1s
not necessarily equipped with a heat-removable (or heat-
removing) or cooling unit (e.g., an external circulation
cooling unit such as a jacket), the heat removal can be
achieved.

The volatile phase component (or volatile phase) 1s fed to
a lower-middle part, imn a height direction, of the {irst
distillation column (splitter column) 3 (e.g., a plate column)
through a feed line 22. That 1s, a portion of the volatile phase
component (or volatile phase) fed through the feed line 22
1s distilled 1n the first distillation column (splitter column) 3
and separated 1nto a first overhead (a first lower boiling point
component containing methyl 10dide, methyl acetate, acet-
aldehyde, water, and others) withdrawn from the column top
or upper part (or site) of the column, a bottom stream [a
stream mainly containing a higher boiling point component,
¢.g., a high-boiling impurity such as water, acetic acid, an
entrained catalyst (such as lithium 10dide), propionic acid, a
Ce_;-alkyl 10dide (such as hexyl 1odide), or an aldehyde
condensation product] withdrawn from the column bottom,
and a side cut stream [a first liquid stream (crude acetic acid
stream) mainly containing acetic acid] from the side (a site
upper than the feed site (or feed section) of the feed line 22).
In this embodiment, the side cut stream (crude acetic acid
stream) 1s fed to the second distillation column 5 through a
feed line 36, and the bottom stream from the column bottom
1s Ted to the reactor 1 through a recycle line 31. A portion or
all of the bottom stream from the column bottom may be
recycled to the evaporator 2 through a line (not shown).

The first overhead 1s introduced into the condenser C3
through an 1ntroduction line 32 and cooled and condensed.
The resulting condensed component (a condensate contain-
ing methyl 10dide, methyl acetate, acetic acid, acetaldehyde,
and others) 1s fed to the decanter 4 through an introduction
line 33, and the resulting noncondensed component (a gas
component mainly containing carbon monoxide, hydrogen,
and others) 1s discharged as a vent gas.

In order to 1nhibit the corrosion of the distillation column
3 and improve the liquid-liquid separation of the condensate
in the decanter 4, the volatile component fed to the distil-
lation column 3 through the feed line 22 contains not more
than 5% by weight (e.g., 1 to 3% by weight) of water and 0.5
to 9% by weight (e.g., 3 to 5% by weight) of methyl acetate,
in terms of condensate or liquid. In this embodiment, a water
supply line 34a and a methyl acetate supply line 35a are
connected to the feed line 22 for adjusting (or controlling)
the water concentration of and methyl acetate concentration
in the distillation column 3 (the concentrations in the volatile
component).

More specifically, due to a low water concentration in the
volatile component, a zone having a high water concentra-
tion appears above the feed site of the volatile component in
the first distillation column 3. In this zone, although highly
water-soluble hydrogen i1odide 1s concentrated, feeding of
methyl acetate predominantly proceeds with a reaction of
methyl acetate with hydrogen 1odide to shift the following
equilibrium reaction (1) rightward. Thus useful methyl
iodide and acetic acid can be obtained. Further, feeding of
water and/or methyl acetate can shiit the following equilib-
rium reaction (2) rightward to form methanol and acetic
acid. The following reaction (3) of the resulting methanol
with hydrogen 1odide can produce useful methyl 1odide and
water. That 1s, finally, while production of hydrogen 10dide
as a by-product (shift reaction of the equilibrium reaction (3)
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leftward) 1s inhibited, methyl 1odide (which has a high
ailinity with an organic phase and a low boiling point), acetic
acid (which has a high athnity with water and has a high
boiling point) and water are produced. Thus, methyl 1odide,
acetic acid and water can be separated eflectively by distil-
lation. In addition, as described below, 1n the decanter 4
these components can be separated efliciently into an

organic phase mainly contaimng methyl i1odide and an
aqueous phase mainly containing water and acetic acid.

CH,COOCH+HI<>CH,I+CH,COOH (1)

CH,COOCH+H,0<*CH,OH+CH,COOH (2)

CH,OH+HI<>CH,[+1,0 (3)

Further, usually, since a reflux site of the condensate
(liguid reflux mixture) 1n the first distillation column 3 1s
located 1n an upper part (or site) of the first distillation
column 3 and a distribution of the water concentration
(distribution of the water concentration containing a water
concentration of about 5%) 1s formed 1nside the first distil-
lation column 3, the feed site of the condensate (liquid reflux
mixture) fed from the decanter 4 to the first distillation
column 3 through a retlux line 42 1s located or positioned
above a zone having a high water concentration and a high
hydrogen 10dide concentration. Specifically, the zone having,
high water and hydrogen i1odide concentrations 1s formed
between the feed site of the volatile component and the feed
site of the liquid reflux mixture. Moreover, when the water
concentration 1s less than 5% by weight 1n the head of the
distillation column 3, a zone having a high hydrogen 1odide
concentration 1s not formed 1n the column 3. Thus, water or
methyl 1odide 1n the condensate (liquid reflux mixture) can
cllectively disturb the production of hydrogen 1odide as a
by-product in the zone having high water and hydrogen
i0odide concentrations.

Furthermore, even 1f the low-boiling stream (overhead)
from the distillation column 3 i1s contaminated with unre-
acted hydrogen i1odide, having a low boiling point, the
unreacted hydrogen 1odide can be condensed 1n an aqueous
phase 1 the decanter 4 by condensing the low-boiling
stream (overhead) in the condenser C3, so that the crude
acetic acid stream as a side cut stream can be prevented from
contamination with hydrogen i1odide.

The feed amounts (supplies) of water and/or methyl
acetate through the water supply line 34a and the methyl
acetate supply line 35a can be calculated based on an
analysis of the condensate condensed 1n the condenser C2 or
the volatile phase component (or volatile phase) 1n the line
22 or 23, in particular, the water and methyl acetate con-
centration, and a tlow rate of the volatile phase component
(or volatile phase). The calculated feed amount (flow rate) of
water and that of methyl acetate are fed to the line 34a and
the line 33a, respectively, and thus the water and methyl
acetate concentrations in the column can be adjusted to
predetermined concentrations.

A portion of the condensate condensed 1n the condenser
C3 1s recycled to the reactor 1 through a recycle line 41, and
another portion of the condensate 1s recycled to the first
distillation column 3 through a reflux line 42 for reflux.
More specifically, in the decanter 4, the condensate of the
first overhead cooled and condensed 1n the condenser C3 1s
separated 1into an aqueous phase (upper phase or light phase)
and an organic phase (lower phase or heavy phase); wherein
the aqueous phase contains water, acetic acid, methyl
acetate, hydrogen 10dide, acetaldehyde, and others, and the
organic phase contains methyl 10dide, methyl acetate, and
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others. The aqueous phase (upper phase) 1s fed to the first
distillation column 3 through the reflux line 42 for reflux.
The organic phase (lower phase) 1s recycled to the reactor 1
through the recycle line 41.

The methyl acetate concentration 1s greatly involved 1n or
engaged with the liquid-liquid separation of the condensate.
In other words, since methyl acetate 1s miscible with both
aqueous phase and organic phase, a high concentration of
methyl acetate sometimes produces the uniform (or homog-
enous) condensate without liquid-liquid separation. The
formation of the uniform or homogenous condensate fails to
reuse useful methyl 10dide as a catalyst system, and requires
a further purification means in order to separate and collect
acetic acid. In contrast, according to the present invention,
as described above, since the volatile phase component
(distillation system) contaiming a predetermined concentra-
tion of water and that of methyl acetate 1s distilled 1n the first
distillation column 3 and the overhead 1s condensed, the
aqueous phase and the organic phase can be separated
clearly. Thus the present invention advantageously allows
collection or reuse of a usetul component and separation and
removal of an impurity component.

The side cut stream (crude acetic acid stream) from the
first distillation column 3 1s fed to the second distillation
column (dehydration column or purification column) 5
through the feed line 36 and distilled for separating into or
providing a second overhead (a second lower boiling point
component containing a low-boiling component such as
water) withdrawn from the column top through a line 52, a
bottom stream [a high-boiling component (a high-boiling
impurity) containing water, a carboxylic acid having a high
boiling point (such as propionic acid), a C,_,,alkyl 10dide
(such as hexyl 10dide), an aldehyde condensation product,
and others] withdrawn from the column bottom through a
line 51, and a side cut stream [a second liqud stream
containing acetic acid (purified acetic acid stream with a

high purity)] withdrawn from the side (between the column
bottom and the feed site of the feed line 36) through a line

55.

The second overhead (lower boiling point fraction) 1s sent
to the condenser C4 through a discharge line 52 and cooled
and condensed. A portion of the condensate (the condensate
mainly containing water) 1s fed to the second distillation
column 5 through a reflux line 53 for reflux, and another
portion thereot 1s recycled to the reactor 1 through a recycle
line 54. The uncondensed gaseous component (gas) 1s dis-
charged as an oflgas.

Further, 1n the process shown 1n FIG. 1, an impurity (e.g.,
hydrogen 1odide and acetaldehyde) 1s separated and
removed. Specifically, the condensate (a portion of the
aqueous phase and organic phase) condensed 1n the decanter
4 15 fed to the third distillation column 6 through a line 43
and/or a line 44 and separated into a third overhead (a
low-boiling stream containing hydrogen 1odide, acetalde-
hyde, methyl 10dide, water, and others) from the column top
and a bottom stream (a high-boiling stream containing
water, acetic acid, and others) from the column bottom. The
third overhead 1s fed to a condenser C5 through a discharge
line 62 and cooled and condensed. The resulting condensate
mainly containing acetaldehyde 1s returned to the third
distillation column 6 through a reflux line 63 for reflux. The
resulting noncondensed component (gas component) 1s dis-
charged as an oflgas. Moreover, the bottom fraction 1is
recycled to the reactor through recycle lines 61, 90.

Further, the condensate in the condenser C5 1s fed to an
extractor 7 through a line 64. In the extractor, a water-
soluble component (e.g., acetaldehyde) 1s extracted with
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water fed through a water feed line 82, and thus the
condensate 1s separated into a water-extracted phase (an
aqueous phase or upper phase mainly containing acetalde-
hyde) and an organic phase (a lower phase or raflinate
mainly containing methyl 1odide). The extracted phase
(aqueous phase) 1s fed to a fourth distillation column 8
through a line 74 and separated into a low-boiling stream (a
fraction mainly containing acetaldehyde and others) from
the column top and a bottom stream (a fraction mainly
contaiming water) ifrom the column bottom. Moreover, a
portion of the organic phase (raflinate) 1n the extractor 7 1s
ted to the third distillation column 6 through lines 71, 72,
and another portion thereof 1s recycled to the reactor 1
through recycle lines 73, 90. The bottom stream from the
fourth distillation column 8 1s joined to (or combined to)
water of the water feed line 82 through a line 81, and used
for water extraction in the extractor 7. The low-boiling
stream (a fraction mainly containing acetaldehyde) from the
column top of the fourth distillation column 8 i1s discharged
as an ollgas.

According to the process (or production apparatus), the
water concentration and the methyl acetate concentration in
the distillation system of the first distillation column 3 are
adjusted to not more than 5% by weight (for example, 1 to
3% by weight) and 0.5 to 9% by weight (for example, 3 to
5% by weight), respectively, by feeding water and/or methyl
acetate through the water feed line 34a and the methyl
acetate feed line 35a. Thus, the zone having a high hydrogen
10dide concentration can be formed 1n a predetermined zone
in the first distillation column 3; and hydrogen 1odide is
allowed to contact with an ascending stream of methyl
acetate (and methanol) having a low boiling point in the
volatile phase component, so that the reaction can convert
hydrogen 1odide into methyl 10dide to produce acetic acid
and water as by-products. Further, in the decanter 4, since
the methyl acetate content can be reduced, the aqueous
phase (mainly containing acetic acid, methyl acetate and
hydrogen 10dide) and an organic phase (mainly containing,
methyl 10dide and methyl acetate) can be separated with a
high liqud-liquid, separation efliciency. Thus, the side cut
stream (crude acetic acid stream) from the first distillation
column 3 can be prevented from contamination with hydro-
gen 10dide, a load on the second distillation column 5 can be
decreased and the corrosion of the first and second distilla-
tion columns 3, 5 can be inhibited.

FIG. 2 1s a flow diagram for explaining a process (or
apparatus) producing for acetic acid 1 accordance with
another embodiment of the present invention. For explana-
tion, the same reference numeral as that 1n FIG. 1 1s given
to the substantially same element as that in FIG. 1.

In this embodiment, acetic acid 1s produced by basically
the same process as that shown 1 FIG. 1 except that (1) a
condensate obtained by condensing a volatile phase com-
ponent from a flash evaporator 2 1s not fed to a decanter 4,
(1) separation processes (a third distillation column, a water
extractor, a fourth distillation column) for further separating
or removing an impurity from the condensate in the decanter
4 are not shown, (111) an ofigas from each condenser C1 to
C4 1s treated by a scrubber system, and (iv) in a second
distillation column 5, hydrogen 10dide 1s further removed by
addition of an alkali component.

More specifically, a vapor phase 1s withdrawn from a
reactor 1 through a discharge line 12 and cooled 1n a
condenser C1; the resulting condensed liquid component 1s
returned to the reactor 1 through a reflux line 13 for retlux,
and the resulting noncondensed component (gaseous com-
ponent) 1s sent to a scrubber system 92 through a discharge
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line 14. Moreover, a reaction mixture in the reactor 1 1s fed
to a flash evaporator 2 through a feed line 11 and subjected
to a flash distillation; a portion of the resulting volatile phase
component 1s fed to a first distillation column 3 through a
feed line 22, and another portion of the volatile phase
component passes through a feed line 23 and cooled and
condensed 1n a condenser C2 to produce a condensate and a
noncondensed component. The condensate 1s recycled to the
reactor 1 through a recycle line 25, and the noncondensed
component (gaseous component) 1s fed to the scrubber
system 92 through a discharge line 27. In this embodiment,
the position (feed port) of a feed line 22 connected to the first
distillation column 3 is located between the bottom and the
intermediate of the first distillation column 3.

Moreover, 1n the first distillation column 3, the volatile
phase component from the flash evaporator 2 1s distilled to
give a first overhead withdrawn from the column top, a
bottom stream withdrawn from the column bottom, and a
side cut stream (crude acetic acid stream) from the side. The

side cut stream 1s withdrawn from a site above the position
(feed port) of the feed line 22 connected to the first distil-
lation column 3. The first overhead i1s introduced into a
condenser C3 through an introduction line 32 and 1s cooled
and condensed to give a condensed component and a non-
condensed component; the condensed component (a con-
densate containing methyl, 1odide, methyl acetate, acetic
acid, acetaldehyde, and others) 1s fed to a decanter 4 through
an introduction line 33, and the noncondensed component (a
gas component mainly containing carbon monoxide, hydro-
gen, and others) 1s fed to the scrubber system 92 through a
discharge line 38. A portion of the bottom stream 1s returned
to a tlash evaporator 2 through a line 37, and another portion
of the bottom stream 1s recycled to the reactor 1 through a
recycle line 31. All of the bottom stream may be returned to
the flash evaporator 2 through the line 37. A condensate in
the decanter 4 (in this embodiment, an aqueous phase) 1s
returned to the first distillation column 3 through a reflux
line 42 for reflux. A condensate in the decanter 4 (1n this
embodiment, an organic phase) 1s recycled to the reactor 1
through a recycle line 41.

Further, the side cut stream from the first distillation
column 3 1s fed to a second distillation column (dehydration
column or purification column) 3 through a feed line 36 and
1s separated, by distillation 1n the second distillation column
5, into a second overhead withdrawn from the column top
through a line 52, a bottom stream withdrawn from the
column bottom through a line 51, and a side cut stream (high
purity acetic acid stream) withdrawn from the side through
a line 55. The second overhead (lower boiling point fraction)
passes through a discharge line 52 and 1s cooled and
condensed 1n a condenser C4 to give a condensate and a
noncondensed component. A portion of the condensate (a
condensate mainly containing water) 1s returned to the
second distillation column 5 through a reflux line 53 for
reflux, and another portion of the condensate 1s recycled to
the reactor 1 through a recycle line 91. Moreover, the
noncondensed component (gaseous component) 1s fed to the
scrubber system 92 through a discharge line 56.

In the scrubber system 92, a useful component (e.g.,
methyl 10dide, acetic acid) 1s collected and recycled to the
reactor 1, and carbon monoxide 1s purified by PSA (pressure
swing adsorption) or other methods and recycled to the
reactor 1.

To the feed line 22 for feeding the volatile phase com-
ponent to the first distillation column 3, a supply line 34b for
teeding water and/or methyl acetate 1s connected. A high
water concentration zone 1s formed by supplying water
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and/or methyl acetate through the supply line 34b and by
maintaining the water concentration and methyl acetate
concentration of a feeding liquid to be fed into the first
distillation column 3 to predetermined ranges (for example,
1 to 3% by weight of water and 3 to 3% by weight of methyl
acetate). In the zone, hydrogen 1odide 1s concentrated and
allowed to react with methyl acetate to convert into methyl
10dide. Thus the first distillation column 3 can be prevented
from corrosion. Since hydrogen 1odide 1s concentrated
around a water concentration of 5% by weight, hydrogen
10odide cannot be concentrated 11 a zone having such a water
concentration 1s not formed 1n the distillation column (for
example, 1n the case where the water concentration at the top
of the distillation column 1s less than 5% by weight due to
insuthicient supply of water). However, hydrogen 1odide still
existing 1n the distillation column depending on the equi-
librium reaction can be converted mto methyl 1odide by
methyl acetate. Thus, even if a zone having a water con-
centration of about 3% by weight 1s not formed, the corro-
sion can be mnhibited. Moreover, the reaction of hydrogen
iodide with methyl acetate produces methyl 10dide, acetic
acid and water to improve the liquid-liquid separation into
an aqueous phase (light phase) and an organic phase (heavy
phase) in the decanter 4.

As shown 1n FIG. 2, a supply line 35b, for feeding at least
one member selected from the group consisting of methyl
acetate, methanol and dimethyl ether, and 1f necessary water,
may be connected to the first distillation column 3 instead of
the feed line 22, and at least one member selected from the
group consisting of methyl acetate, methanol and dimethyl
cther, and if necessary water may be supplied to the column
using the supply line 35b to maintain the water and methyl
acetate concentrations 1n the first distillation column 3 to
predetermined concentrations (concentrations correspond-
ing to predetermined concentrations of water and methyl
acetate 1 a mixture fed to the first distillation column 3). In
this embodiment, the supply line 35b connected to the first
distillation column 3 is located at substantially the same
height as or above the feed site of the volatile phase
component.

Further, an addition line 57a and/or 57b for adding an
alkali component 1s connected to a feed line 36, connected
to the second distillation column 5, and/or the second
distillation column 5. The addition of the alkali component
(an aqueous solution of an alkali such as sodium hydroxide,
potassium hydroxide, or lithium hydroxide) through the
addition line(s) converts hydrogen i1odide into an alkali
1odide, resulting 1n removal of hydrogen 1odide.

According to such a process (or production apparatus),
since not only hydrogen 1odide can be converted into methyl
10dide and removed 1n the first distillation column 3 but also
hydrogen 10dide can also be removed by the alkali compo-
nent 1n the second distillation column 5, acetic acid with a
high purity can be produced.

Hereinatter, steps and apparatus for producing acetic acid
by carbonylation of methanol will be explained 1n detail.

[Carbonylation Reaction of Methanol]

In the reaction step (carbonylation reaction step), metha-
nol 1s allowed to continuously react with carbon monoxide
using a catalyst system (a catalyst containing a group 8 metal
of the Periodic Table, a co-catalyst, and an accelerator) in the
presence ol water, thereby being carbonylated continuously.

The catalyst containing a group 8 metal of the Periodic
Table may include, for example, a rhodium catalyst and an
iridium catalyst (in particular, a rhodium catalyst). The
catalyst may be used 1n the form of a halide (e.g., an 10dide),
a carboxylate (e.g., an acetate), a salt of an mmorganic acid,
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or a complex (in particular, a form soluble 1n a liquid
reaction medium, e.g., a complex). As the rhodium catalyst,
there may be mentioned a rhodium iodide complex (for
example, Rhl;, [RhI,(CO),], and [Rh(CO),I,]), a rhodium
carbonyl complex; and others. These metal catalysts may be
used singly or in combination. The concentration of the
metal catalyst 1s, for example, about 10 to 3000 ppm (on the
basis of weight, the same applies hereinafter) and particu-
larly about 200 to 3000 ppm (e.g., about 500 to 1500 ppm)

in the whole liquid phase 1n the reactor.

As the co-catalyst or the accelerator, an 1onic 1odide or a
metal 10dide 1s employed which 1s usetul for stabilization of
the rhodium catalyst and inhibition of side reactions 1n a low
water content. It 1s suflicient that the ionic 10dide (or metal
i0odide) can produce an 1odide 1on 1n the liquid reaction
medium. The 1onic 10dide (or metal 10dide) may include, for
example, an alkali metal 10dide (e.g., lithtum 10dide, sodium
1odide, and potasstum 1odide). The alkali metal 10dide (e.g.,
lithium 10dide) also functions as a stabilizer for the carbo-
nylation catalyst (e.g., a rhodium catalyst). These co-cata-
lysts may be used alone or in combination. Among these
co-catalysts, lithtum 10dide 1s preferred. In the liquid phase
system (liquid reaction medium) 1n the reactor, the concen-
tration ol the co-catalyst (e.g., a metal 1odide) 1s, for
example, about 1 to 25% by weight, preferably about 2 to
22% by weight, and more preferably about 3 to 20% by
weight 1n the whole liquid phase.

As the accelerator, methyl 10dide 1s utilized. In the liquid
phase system (liquid reaction medium) in the reactor, the
concentration ol methyl 10dide 1s, for example, about 1 to
20% by weight, preferably about 5 to 20% by weight, and
more preferably about 6 to 16% by weight (e.g., about 8 to
14% by weight) in the whole liquid phase.

The reaction mixture usually contains methyl acetate,
which 1s produced by a reaction of acetic acid with metha-
nol. The proportion of methyl acetate may be about 0.1 to
30% by weight, preferably about 0.3 to 20% by weight, and
more preferably about 0.5 to 10% by weight (e.g., about 0.5
to 6% by weight) in whole reaction mixture.

The reaction may be carried out, in the absence of a
solvent or may usually be carried out 1n the presence of a
solvent. As the reaction solvent, acetic acid, which 1s a
product, 1s usually employed.

The water content of the reaction system may be a low
concentration. The water content of the reaction system may
for example be not more than 15% by weight (e.g., about 0.1
to 12% by weight), preferably not more than 10% by weight
(e.g., about 0.1 to 8% by weight), more preferably about 0.1
to 5% by weight (e.g., about 0.5 to 3% by weight), and
usually about 1 to 15% by weight (e.g., about 2 to 10% by
weight) 1n the whole liquid phase 1n the reaction system.

The carbon monoxide partial pressure in the reactor may
for example be about 2 to 30 atmospheres and preferably
about 4 to 15 atmospheres. In the carbonylation reaction,
hydrogen 1s formed (or generated) by a shift reaction
between carbon monoxide and water. In order to increase the
catalyst activity, hydrogen may be fed to the reactor 1, if
necessary. The hydrogen partial pressure in the reaction
system may for example be about 0.5 to 250 kPa, preferably
about 1 to 200 kPa, and more preferably about 5 to 150 kPa
(e.g., about 10 to 100 kPa) 1n terms of absolute pressure.

The reaction temperature may be, for example, about 1350
to 250° C., preferably about 160 to 230° C., and more
preferably about 180 to 220° C. Moreover, the reaction
pressure (total reactor pressure) may be, for example, about
15 to 40 atmospheres.
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The space time yield of acetic acid 1n the reaction system
may be, for example, about 5 mol/Lh to 50 mol/Lh, prei-
erably about 8 mol/Lh to 40 mol/Lh, and more preferably
about 10 mol/Lh to 30 mol/Lh.

The catalyst mixture (liquid catalyst mixture) containing
the catalyst system and water may be continuously fed to the
reactor 1. Moreover, in order to adjust the pressure of the
reactor, a vapor component (vent gas) may be withdrawn
from the reactor. As described above, the vent gas may be
fed to the scrubber system, 1f necessary, and then a useful
component (e.g., methyl 10dide, acetic acid) may be col-
lected and separated by adsorption treatment and recycled to
the reactor 1, and/or a useful gas component (e.g., carbon
monoxide) may be separated and recycled to the reactor 1.
Moreover, 1 order to remove part of the reaction heat, the
vapor component (vent gas) from the reactor may be con-
densation-treated by cooling with a condenser, a heat
exchanger or other means. The vapor component may be
separated 1nto a condensed component (a condensate con-
taining acetic acid, methyl acetate, methyl 1odide, acetalde-
hyde, water, and others) and a noncondensed component (a
gaseous component containing carbon monoxide, hydrogen,
and others), and the condensed component may be recycled
to the reactor to control the reaction temperature of the
reaction system, which 1s an exothermic reaction system.
Moreover, the reactor 1 may be equipped with a heat-
removable (or heat-removing) unit or a cooling unit (e.g., a
jacket) for controlling the temperature of the reaction. The
reactor 1s not necessarily equipped with a heat-removable or
cooling apparatus. The noncondensed component may be
recycled to the reactor 1, 1f necessary.

[Flash Evaporation]

In the flash evaporation step (flasher), the reaction mix-
ture continuously fed from the reactor to the tlasher (evapo-
rator or flash distillation column) i1s separated into a volatile
phase component (lower boiling point component, vapor
component) and a low-volatile phase component (higher
boiling point component, liquid component); wherein the
volatile phase component contains acetic acid and methyl
iodide, and the low-volatile phase component contains a
higher boiling point catalyst component (a metal catalyst
component, e.g., a metal catalyst and a metal 10odide). The
volatile phase component (lower boiling point component,
vapor component) corresponds to the above-mentioned mix-
ture.

The flash distillation may usually be carried out with the
use of a flash distillation column. The flash evaporation step
may be composed of a single step or may be composed of
a plurality steps in combination. In the flash evaporation
step, the reaction mixture may be separated into a vapor
component and a liquid component with heating (thermo-
static flash) or without heating (adiabatic flash), or the
reaction mixture may be separated by combination of these
flash conditions. The flash distillation may be carried out, for
example, at a temperature of the reaction mixture of about
80 to 200° C. under a pressure (absolute pressure) of about

50 to 1,000 kPa (e.g., about 100 to 1,000 kPa), preferably
about 100 to 500 kPa, and more preferably about 100 to 300
kPa. The formation of by-product(s) or the decrease 1n the
catalyst activity may further be inhibited by lowering the
internal temperature and/or pressure of the flash evaporator
compared with those of the reactor 1.

Moreover, a portion of the volatile phase component may
be recycled to the reactor (for example, as described above,
a portion of the volatile phase component 1s heat-removed
and condensed 1n a condenser or a heat exchanger and then
recycled to the reactor).
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The volatile phase component contains product acetic
acid, 1n addition, hydrogen 1odide, a co-catalyst (such as
methyl 10dide), methyl acetate, water, by-product(s) (e.g., an
aldehyde compound such as acetaldehyde or an aldehyde
condensation product, a C,_, ,alkanecarboxylic acid such as
propionic acid, and a C_, ,alkyl 1odide such as hexyl 10dide),
and 1s fed to a distillation column (splitter column) for
collecting acetic acid. The separated higher boiling point
catalyst component (low-volatile phase component or metal
catalyst component) i1s usually recycled to the reaction
system.

|First Distillation]

The following embodiment explains distillation of the
mixture and removal of hydrogen 1odide 1n the first distil-
lation column (distillation 1n the first distillation column). As
far as the distillation 1s carried out by adjusting the water
concentration and methyl acetate concentration in the mix-
ture to predetermined concentrations, this embodiment 1s
also applicable to other distillations (the succeeding distil-
lation 1n second or third distillation column).

The volatile phase component (mixture) contains hydro-
gen 10dide, water, methyl 10dide, acetic acid, and methyl
acetate. The water content of the mixture may be not less
than an eflective amount for forming a high water concen-
tration zone 1n the distillation column and not more than 5%
by weight. When the water content exceeds 5% by weight,
a condensed zone of hydrogen 10odide 1s shifted downwardly
to a position for feeding the mixture (volatile phase com-
ponent) to the distillation column, and thus hydrogen 1odide
cannot be removed effectively. The zone having a high water
concentration in the distillation column 1s shifted upwardly
to the column top direction, and hydrogen 10odide cannot be
removed effectively. According to the present invention, the
condensed zone of hydrogen 10dide can be formed above the
teed position by adjusting the water concentration 1n the fed
mixture to not more than 5% by weight, and hydrogen 10dide
can be eflectively removed due to methyl acetate (which 1s
concentrated above the feed position) 1n the mixture, so that
the corrosion can be inhibited. Moreover, even 1f the con-
densed zone of hydrogen 1odide 1s not formed 1n the distil-
lation column, hydrogen 1odide existing in the distillation
column according to the equilibrium reaction i1s converted
by methyl acetate, so that the corrosion can be inhibited.

The water content of the mixture may usually be about 0.5
to 4.5% by weight (e.g., about 1 to 4.3% by weight) and
preferably about 1.2 to 4% by weight (e.g., about 1.5 to 3.5%
by weight). According to the present invention, a high water
concentration zone inside the distillation column can be
formed above a position for feeding the mixture (volatile
phase component) to the distillation column. Thus, hydrogen
iodide 1s allowed to react with methyl acetate (and also
methanol 1 the mixture and by-product methanol) at the
high water concentration zone to produce methyl 10dide and
acetic acid.

The methyl acetate concentration 1in the mixture can be
selected within the range from not less than an effective
amount for converting hydrogen 1odide into methyl 10dide 1n
the distillation column to not more than 9% by weight (0.5
to 9% by weight). When the methyl acetate concentration
exceeds 9% by weight, the condensate of the overhead
shows a low liquid-liquid separation. The methyl acetate
concentration 1n the mixture may usually be about 0.5 to 8%
by weight (e.g., about 0.5 to 7.5% by weight), preferably
about 0.7 to 6.5% by weight (e.g., about 1 to 5.5% by
weight), and more preferably 1.5 to 3% by weight (e.g.,
about 2 to 4.5% by weight), or may be about 0.5 to 7.2% by

weight. The mixture representatively contains about 1 to
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4.3% by weight (e.g., about 1.3 to 3.7% by weight) of water;
and about 0.5 to 7.5% by weight (e.g., about 0.8 to 7.5% by
weight), preferably about 1.2 to 5% by weight (e.g., about
1.7 to 4.5% by weight) of methyl acetate.

The methyl 1odide content of the mixture may for
example be about 25 to 50% by weight (e.g., about 27 to
48% by weight), preferably about 30 to 45% by weight (e.g.,
about 32 to 43% by weight), and more preferably about 35
to 40% by weight (e.g., about 36 to 39% by weight).

When the distillation 1s carried out continuously, the
methyl acetate concentration 1n the mixture may usually be
about 0.07 to 1.2 mol/LL (about 0.5 to 9% by weight),
preferably about 0.1 to 1.0 mol/L, and more preferably about
0.3 to 0.8 mol/L. Moreover, the water concentration in the
mixture may be about 0.28 to 2.8 mol/LL (about 0.5 to 5% by
weight), preferably about 0.56 to 2.5 mol/L (about 1 to 4.5%
by weight), and more preferably about 0.83 to 2.2 mol/L
(about 1.5 to 4% by weight).

According to the present invention, since hydrogen 1odide
can be removed ethciently, the hydrogen 10dide content of
the mixture 1s not particularly limited to a specific one. For
example, the hydrogen 10odide content may be about 10 to
30000 ppm. The hydrogen i1odide content of the mixture
(volatile phase component) produced by the methanol car-
bonylation reaction may be about 100 to 10000 ppm, prei-
erably about 200 to 7500 ppm, and more preferably about
300 to 6000 ppm (e.g., about 500 to 5000 ppm) on the basis
of weight. Moreover, the acetic acid content of the mixture
1s not particularly limited to a specific one, and may for
example be about 30 to 70% by weight (e.g., about 35 to
75% by weight), preferably about 40 to 65% by weight (e.g.,
about 45 to 62% by weight), and more preferably about 50
to 60% by weight (e.g., about 54 to 38% by weight).

The muxture (volatile phase component) may further
contain dimethyl ether. The concentration of dimethyl ether
can for example be selected from the range of 0.15 to 3% by
welght, and may usually be about 0.15 to 2.5% by weight
(e.g., about 0.17 to 2.3% by weight), preferably about 0.2 to
2% by weight (e.g., about 0.3 to 1.7% by weight), and more
preferably about 0.5 to 1.5% by weight. Most of the remain-
der (residual component) of the mixture 1s often methanol.
As described above, the mixture (volatile phase component)
produced by the methanol carbonylation reaction practically
contains a trace of an impurity (e.g., acetaldehyde, an
aldehyde condensation product, a higher boiling point car-
boxylic acid such as propionic acid, and a C_, ,alkyl 10dide).

The total amount of each component in the mixture
(volatile phase component) 1s 100% by weight. Moreover,
although the mixture (volatile phase component) may form
a vapor phase (or distillation atmosphere), the amount and
concentration of the above-mentioned each component indi-
cate those of the mixture (volatile phase component) 1n the
form of a liquid, for example, a condensate (for example, a
liquefied condensate formed by cooling at 20 to 25° C.)
obtained by cooling and condensing a vapor phase mixture
(a volatile phase component forming a vapor phase).

The water concentration and the methyl acetate concen-
tration i1n the mixture may be adjusted by feeding (or
supplying) water and/or methyl acetate. The mixture con-
taining a predetermined concentration of water and that of
methyl acetate may be directly distilled without adjusting
the water concentration and the methyl acetate concentra-
tion. Moreover, water and/or methyl acetate may be fed (or
supplied or added) to the mixture (volatile phase compo-
nent) or 1n the distillation atmosphere (the distillation atmo-
sphere 1n the distillation column) of the volatile phase
component (mixture) to adjust a water concentration to not
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more than 5% by weight and a methyl acetate concentration
to 0.5 to 9% by weight for distilling the volatile phase
component. The water and/or methyl acetate can be fed (or
supplied) to the feed line 22 or the first distillation column
by using various lines connected to the first distillation
column or a new line.

The adjustment (or control) of the water concentration
and the methyl acetate concentration can be conducted by
analyzing or detecting water and methyl acetate concentra-
tions 1n the mixture (volatile phase component) introduced
into the distillation column, and based on the results, and
adjusting the ratio of the components of the mixture in the
distillation column, or a unit or line (which 1s for supplying
a fluud to the distillation column) by using a controller
(control unit); or can also be conducted by supplying or
adding water and/or methyl acetate. The unit for supplying
the fluid to the distillation column may include the reactor or
flasher which 1s located upstream of the distillation column,
a decanter for feeding a condensate to the distillation col-
umn, and others.

The distillation atmosphere (the distillation atmosphere 1n
the distillation column) of the mixture (volatile phase com-
ponent) can be formed 1 an appropriate place inside the
distillation column. In order to convert hydrogen 1odide
ellectively, 1t 1s preferred to form the distillation atmosphere
at the same height as or above the feed site of the volatile
phase component.

Further, to the volatile phase component as the mixture, or
to the distillation atmosphere of the volatile phase compo-
nent as the mixture, at least one member selected from the
group consisting of methyl acetate, methanol and dimethyl
cther (a methanol source) and 1f necessary water may be
added to form a volatile phase component (mixture) having
adjusted water and methyl acetate concentrations for distill-
ing the volatile phase component (mixture). The amounts of
methyl acetate and water to be added are as described above.
Moreover, the amount of methanol to be added may for
example be about 0.01 to 3.8 parts by weight (e.g., about 0.1
to 3 parts by weight), preferably about 0.1 to 2.5 parts by
weight (e.g., about 0.2 to 2 parts by weight), and more
preferably about 0.2 to 1.5 parts by Weight (e.g., about 0.5
to 1.5 parts by weight) relative to 100 parts by weight of the
mixture (volatile phase component). The amount of dim-
cthyl ether to be added 1s an amount to form the dimethyl
ether concentration 1n the mixture as described above. The
amount ol dimethyl ether to be added may for example be
about 0.01 to 2.7 parts by weight (e.g., about 0.03 to 2 parts
by weight), preferably about 0.05 to 1.5 parts by weight
(e.g., about 0.07 to 1.3 parts by weight), and more prefer-
ably, about 0.1 to 1 parts by weight (e.g., about 0.2 to 0.8
parts by weight) relative to 100 parts by weight of the
mixture (volatile phase component).

In the splitter column (first distillation column), the mix-
ture (volatile phase component) 1s distilled (in particular,
continuously distilled) and separated into an overhead con-
taining a lower boiling point component such as methyl
1odide (including methyl 10dide produced by a reaction of
methyl acetate with methanol), and a side cut stream or
bottom stream containing acetic acid, and acetic acid 1s
collected. In the distillation column, usually, a volatile phase
component 1s separated as a vapor overhead (usually con-
taining methyl 1odide, methyl acetate, acetaldehyde, water,
and others); a side cut stream (side stream) containing acetic
acid 1s separated as a liquid form by side-cut; and a bottom
stream (bottom liquid stream or higher boiling point com-
ponent, containing acetic acid, water, propionic acid,
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entrained metal catalyst component, a metal halide, and
others) 1s separated as a liquid form.

This distillation can significantly reduce the concentration
ol hydrogen 10dide 1n the second overhead and the side cut
stream. In particular, the side cut stream (crude acetic acid
stream) having a significantly decreased concentration of
hydrogen 10odide can be obtained. The hydrogen 1odide con
centration in the side cut stream may for example be about
1 to 350 ppm, preferably about 2 to 300 ppm, and more
preferably about 3 to 250 ppm.

The position of the feed line 22 connected (or joined) to
the first distillation column 3 (the feed site of the volatile
phase component) 1s not particularly limited to a specific
one. For example, the position of the feed line may be 1n an
upper part, a middle part, or a lower part of the distillation
column. The mixture 1s practically fed to the distillation
column from an intermediate or lower position of the
distillation column 1n height. Specifically, the connecting (or
joimmng) position of the feed line 22 (the feed site of the
volatile phase component) 1s practically located at an inter-
mediate or lower position of the first distillation column 3.
Since feeding of the mixture 1 such a manner can form a
high water concentration zone between at or above an
intermediate position of the distillation column and below
thew reflux line 42, thus the eflicient contact of hydrogen
10dide with methyl acetate (and methanol) can be increased,
which can improve the hydrogen 1odide removal efliciency.
Moreover, the side cut stream (crude acetic acid stream)
from the first distillation column 3 may be withdrawn from
any ol an upper part, a middle part, and a lower part of the
distillation column, for example, the side cut stream may be
withdrawn from the same height as the position (feed site)
of the feed line 22 joined to the first distillation column 3 or
from above or below the position (feed site) thereof. The
side cut stream 1s usually withdrawn from a middle part or
a lower part (lower part to middle part) of the distillation
column, for example, a site below the connecting position of
the feed line 22 (the feed site of the volatile phase compo-
nent) (e.g., a site between above the column bottom and
below the connecting position (feed site) of the feed line 22).

Moreover, as shown in FIG. 2, the supply line 35b
connected to the first distillation column 3 may be located at
the same height position as the feed site of the volatile phase
component from the feed line 22, or may be located below
or above the feed site of the volatile phase component. The
supply line 35b 1s usually located at the same height position
as the feed site of the volatile phase component or above the
teed site of the volatile phase component.

The bottom stream may be removed (discharged) from the
bottom or lower part of the distillation column. Since the
bottom stream contains a useful component such as a metal
catalyst component or acetic acid, the bottom stream may be
recycled to the reactor (or reaction step) or the tlash evapo-
ration step, as described above. Moreover, the bottom stream
may be recycled to the reaction system or others through a
storage vessel having a buflering function. The bottom
stream may be fed to the second distillation column 5 for
removing a high boiling point impurity such as propionic
acid.

As the splitter column (distillation column), there may be
used a conventional distillation column, for example, a plate
column, a packed column, and a flash distillation column. A
distillation column such as a plate column or a packed
column may be usually employed. The material of (or for
forming) the distillation column 1s not limited to a specific
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one, and a glass, a metal, a ceramic, or others can be used.
In usual, a distillation column made of a metal 1s used
practically.

For the plate column, the theoretical number of plates 1s
not particularly limited to a specific one, and, depending on
the species ol the component to be separated, 1s about 3 to
50, preferably about 7 to 35, and more preferably about 8 to
30. Further, 1n order to separate acetaldehyde 1n the distil-
lation column, the theoretical number of plates may be about
10 to 80, preferably about 20 to 60, and more preferably
about 25 to 50. Further, in the distillation column, the reflux
ratio may be selected from, for example, about 0.5 to 3,000,
and preferably about 0.8 to 2,000 depending on the above-
mentioned theoretical number of plates, or may be reduced
by increasing the theoretical number of plates.

The distillation temperature and pressure in the splitter
column (distillation column) may suitably be selected. For
example, 1n the distillation column, the inner temperature of
the column (usually, the temperature of the column top) may
be adjusted by adjusting the inner pressure of the column,
and may be, for example, about 20 to 180° C., preferably
about 50 to 150° C., and more preferably about 100 to 140°
C. The temperature of the column top can be set to a
temperature lower than the boiling poimnt of acetic acid
depending on the inner pressure of the column (for example,
lower than 118° C., preferably not higher than 117° C.). The
temperature of the column bottom can be set to a tempera-
ture hlgher than the boiling point of acetic acid depending on
the mnner pressure of the column (for example, not lower
than 130° C., preferably not lower than 133° C.).

The overhead from the first distillation column contains
methyl 10dide, acetaldehyde, and 1n addition, methyl acetate,
water, methanol, acetic acid, an aldehyde or a carbonyl
impurity (such as crotonaldehyde or butyraldehyde), a
C,_,,alkyl 1odide, a C,_, ,alkanecarboxylic acid, and others.

|Condensation and Liquid-Liquid Separation]

The overhead from the first distillation column 1s cooled
and condensed 1n a cooling unit (condenser), and the result-
ing condensate of the overhead can clearly be separated into
an aqueous phase (light phase, upper phase) and an organic
phase (heavy phase, lower phase) i a liquid-separating unit
(decanter). In this manner, the separability of the overhead
into the aqueous phase (light phase) and the organic phase
(heavy phase) can be improved.

As described above, methyl acetate has a miscibility with
both aqueous phase (light phase) and organic phase (heavy
phase). The liquid-liquid separation decreases at a higher
concentration of methyl acetate. Thus, the concentration of
methyl acetate 1 the separated organic phase (heavy phase,
lower phase) may be about 0.5 to 15% by weight (e.g., about
1 to 15% by weight), preferably about 1.5 to 14% by weight
(e.g., about 2 to 10% by weight), and more preferably about
2 to 8% by weight (e.g., about 2.5 to 7% by weight); and the
concentration of methyl acetate in the aqueous phase (ligdt
phase, upper phase) may be about 0.2 to 8.5% by weight
(about 0.4 to 8% by weight), preferably about 0.5 to 7.5% by
weight (e.g., about 0.6 to 6% by weight), and more prefer-
ably about 0.7 to 5% by weight (e.g., about 0.8 to 4.5% by
weight) or may be about 0.4 to 8% by weight (e.g., about 1
to 5% by weight).

Moreover, the liqmd-liquid separation into the aqueous
phase and the organic phase 1s sometimes influenced by
other components. In the separated organic phase (heavy
phase), the concentration of methyl 10dide may for example
be about 75 to 98% by weight (e.g., about 76 to 98% by
weight) and preferably about 78 to 97% by weight (e.g.,
about 80 to 96% by weight), and the concentration of acetic
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acid may be about 1 to 10% by weight (e.g., about 2 to 8%
by weight) and preferably about 2.5 to 7.5% by weight (e.g.,
about 3 to 7.5% by weight). The concentration of water 1n
the organic phase (heavy phase) 1s usually not more than 1%
by weight. Moreover, in the aqueous phase (light phase), the
concentration of water may be about 350 to 90% by weight
(e.g., about 55 to 90% by weight) and preferably about 60
to 85% by weight (e.g., about 65 to 80% by weight), and the
concentration of acetic acid may be about 10 to 40% by
weight (e.g., 12 to 35% by weight) and preferably about 13
to 30% by weight. The sum of the percentage of all com-
ponents 1n the organic phase (heavy phase) 1s 100% by
weight, and that 1n the aqueous phase (light phase) 1s 100%
by weight.

The concentration of hydrogen 1odide in the aqueous
phase (light phase) 1s higher than that in the organic phase
(heavy phase). For example, the concentration of hydrogen
10odide 1n the organic phase (heavy phase) 1s about not more
than 70 ppm (for example, trace to 60 ppm), while the
concentration of hydrogen 1odide 1n the aqueous phase (light
phase) 1s about 10 to 1000 ppm (e.g., about 50 to 800 ppm).
For that reason, feeding of the aqueous phase (light phase)
to the third distillation column can improve the hydrogen
iodide removal efliciency. Moreover, feeding of both of the
aqueous phase (light phase) and the organic phase (heavy
phase) to the third distillation column can further improve
the hydrogen 10dide removal efliciency.

In an example shown in the figure, the organic phase
(heavy phase) 1s recycled to the reactor 1, and the aqueous
phase (light phase) 1s recycled to the first distillation column
3 for reflux. The organic phase (heavy phase) and/or the
aqueous phase (light phase) may be recycled to the reactor
1 or may be recycled to the first distillation column 3.

[Second Daistillation]

The first side cut stream (liquid crude acetic acid) usually
contains acetic acid, and other components (e.g., methyl
10odide, methyl acetate, water, and hydrogen 1odide) which
remain without separation in the first distillation column.
The side cut stream (liquid crude acetic acid) from the {first
distillation column 1s usually further distilled (or dehy-
drated) 1n the second distillation column, and separated into
an overhead (low-boiling content) from the column top, a
bottom stream (high-boiling component such as a C,_,,al-
kanecarboxylic acid including propiomic acid) from the

column bottom, and a side cut stream (purified acetic acid)
from the side, and product acetic acid may be obtained as the
side cut stream.

In the second distillation column, removal of hydrogen
iodide by an alkali component i1s not necessarily needed. As
described above, water and hydrogen 10dide usually remain
in the first side cut stream (liquid crude acetic acid). The
distillation of the first side cut stream (liquid crude acetic
acid) condenses hydrogen 1odide 1n the second distillation
column. Moreover, hydrogen 1odide 1s also produced by a
reaction of methyl i1odide with water as shown in the
above-mentioned equation (3). Thus, not only hydrogen
10dide together with water 1s concentrated 1n the upper part
of the second distillation column, but also hydrogen 10dide
1s liable to be produced by a reaction of methyl 10dide with
water 1n the upper part of the second distillation column.
Accordingly, 1t 1s preferable to add an alkali component for
removing hydrogen 1odide and for obtaining acetic acid with
a Turther high purity. Specifically, 1n the second distillation
column, the first side cut stream may be distilled 1n the
presence of an alkali component (for example, an alkali
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metal hydroxide such as potassium hydroxide), or a mixture
containing the first side cut stream and the alkali component
may be distilled.

The alkali component (alkaline aqueous solution) can be
added to the side cut stream or the distillation column by
using various routes connected to the distillation column or
a new route. In the example shown 1n the figure, the alkali
component may be added through at least one line of
addition lines 57a and 57b. Moreover, the position of the
teed line 36 (or addition part) and that of an addition line 57b
to the second distillation column 5 are not particularly
limited. Each position may be located at the middle part of
the second distillation column 5 or below or above the
middle part thereof. In usual, the position of addition by the
teed line 36 1s practically located at or below the middle part
ol the second distillation column 5; the position of addition
by the addition line 57b 1s practically located at or above the
middle part of the second distillation column 5. The addition
of the alkali component according to such an embodiment
allows hydrogen 10dide to be efliciently neutralized prior to
movement or migration of hydrogen 1odide to the column
top of the second distillation column, even if the alkali
component (non-volatile alkali component) 1s easily moved
to the lower part of the distillation column. Thus, the
concentration of hydrogen iodide at all over the distillation
column including not only the lower part of the distillation
column but also the upper part of the distillation column can
be efliciently 1nhibited.

In the second distillation column, the first side cut stream
may be distilled 1n the presence of a reactive component
having a boiling point lower than that of acetic acid and
converting hydrogen 10dide into methyl 10dide (at least one
methanol or a derivative thereot, selected from the group
consisting of methanol, dimethyl ether and methyl acetate,
particularly, methyl acetate) in addition to the alkali com-
ponent. The methanol or the dertvative thereof (particularly,
methyl acetate) may be contained 1n the first side cut stream,
and 1s preferably added via (through) the addition lines 57a,
57b, and other routes. As described above, the reaction of
methyl 10dide with water easily occurs 1n the upper part of
the distillation column, while the alkali component 1s easily
moved to the lower part of the distillation column. Thus, the
amount of the alkali component existing 1n the upper part of
the distillation column sometimes decreases. The addition of
the methanol or the derivative thereof which has a low
boiling point, 1n combination of the alkali component can
inhibit concentration of hydrogen iodide 1n the upper part of
the distillation column with more certainty, and can remove
hydrogen 10dide by converting hydrogen 1odide into a metal
iodide or methyl 10dide.

The water content of the first side cut stream (liquid crude
acetic acid) 1s usually about 0.3 to 5% by weight (e.g., about
0.5 to 4% by weight, preferably about 0.7 to 3.5% by weight,
and more preferably about 1 to 3% by weight), and the
methyl acetate content thereot 1s about 0.1 to 3% by weight
(e.g., about 0.2 to 2.5% by weight, preferably about 0.5 to
2% by weight, and more preferably about 0.7 to 1.5% by
weight). The water concentration and methyl acetate con-
centration of the first side cut stream (liquid crude acetic
acid) can also be used for removing hydrogen iodide.
Specifically, water and/or acetic acid may be supplied to the
side cut stream or the second distillation column, together
with the addition of the alkali component or instead of the
addition of the alkali component, to adjust the water con-
centration and the methyl acetate concentration, for convert-
ing hydrogen i1odide into methyl iodide and for removing
hydrogen 1odide 1n the same manner as the first distillation.
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In this case, 1n order to increase the dehydration efliciency,
supply of methyl acetate without addition of water 1s advan-
tageous.

The overhead from the column top or upper part of the
second distillation column 5 1s usually condensed in con- >
denser C4, and the resulting condensate may be returned to
the reactor 1 and/or the second distillation column 5. When
the condensate has a predetermined amount of water and can
form separated liquid phases, the condensate may be sepa-
rated into an aqueous phase and an organic phase in the same 19
manner as described above and recycled to the reactor 1, the
first distillation column 3 and/or the second distillation
column 5. The water may be separated as a low-boiling
component 1 the second distillation column 5, and the
separated water may be fed to the reactor 1 or a water 15
extractor 7. The higher boiling point fraction (second higher
boiling point component) such as a high-boiling component
(¢.g., propionic acid) may be withdrawn from the column
bottom or the lower part of the column, and 1f necessary may
be returned to the reactor 1 or discharged out of the system. 2Y
Moreover, 11 necessary, the second side cut stream (purified
acetic acid stream) may further be subjected to a purification
step such as distillation.

[Separation and Removal of Impurity]

The embodiment of FIG. 1 shows a process provided with 25
a separation and removal system for removing an impurity
(a third distillation column 6, a water extraction column
(water extractor) 7 and a fourth distillation column 8). These
separation and removal systems are not necessarily needed.
Moreover, for the separation and removal of the impurity, it 3Y
1s suflicient that the condensate in the decanter 4 1s subjected
to the separation and removal system. In the case where the
condensate 1s separated into two liquid layers (two liquid
phases), the aqueous phase (light phase) and/or the organic
phase (heavy phase) may be subjected to the separation and 3>
removal system. Further, the separation and removal system
may adopt various separation and removal processes without
limitation to the above-mentioned process.

| Vent Gas|

The noncondensed component (vent gas component) Y
from the condenser may be released out of the system. If
necessary, the noncondensed component may be recycled to
the reactor 1 directly, or may be fed to the scrubber system
to separate and collect a useful component (such as methyl
iodide or acetic acid) from the noncondensed component, 4>
and the useful component may optionally be recycled to the
reactor 1. For the scrubber system, various separation and
purification processes, such as PSA (pressure swing adsorp-
tion, pressure swing adsorption) method, may be used.

50
EXAMPLES

The following examples are intended to describe this
invention i further detail and should by no means be
interpreted as defining the scope of the invention. 55

Comparative Example 1

In a continuous production process for acetic acid shown
in FIG. 2, methanol was allowed to react with carbon 60
monoxide in a carbonylation reactor, the reaction mixture
obtained from the reactor was continuously fed to a flasher
and separated 1nto a low-volatile phase component (a bottom
component at least contaiming a rhodium catalyst, lithium
1odide, acetic acid, methyl acetate, methyl 10dide, water and 65
hydrogen 10dide) and a volatile phase component (a lique-
fied gas component, liquid temperature: 135° C.) by a flash
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distillation. The volatile phase component was fed to a first
distillation column. Supply lines 34b and 35b were not used.
Moreover, the volatile phase component included 38.2% by
weight of methyl 10dide (Mel), 0.3% by weight of methyl
acetate (MA), 6.5% by weight of water (H,O), 5000 ppm
(on the basis of weight) of hydrogen 1odide (HI), and 54.5%
by weight of acetic acid (wherein the acetic acid content was
calculated by subtracting the sum total of components other
than acetic acid from 100% by weight, the same applies
hereinafter).

To the first distillation column (number of plates: 20,
charging plate: 2nd plate from bottom), 100 parts by weight
of the volatile phase component was fed, distilled at a gauge
pressure of 150 KPA, a column bottom temperature of 140°
C., a column top temperature of 115° C. and a retlux ratio of
a light phase of 3, and liquid-liquid separated by cooling and
decantation to form an aqueous phase and an organic phase.
The aqueous phase (light phase, 5 parts by weight) and the
organic phase (heavy phase, 38 parts by weight) were
recycled to the reactor. The composition (formulation) of the
column top of the first distillation column (the composition

of the overhead) was as follows: 63.8% by weight of methyl
iodide (Mel), 0.6% by weight of methyl acetate (MA),

23.3% by weight of water (H,O), 440 ppm of hydrogen
iodide (HI), and 12.3% by weight of acetic acid. The
composition of the aqueous phase (light phase) was as
follows: 2.6% by weight of methyl 1odide (Mel), 0.3% by
weight of methyl acetate (MA), 67.0% by weight of water
(H,O), 900 ppm of hydrogen i1odide (HI), and 30.0% by
weilght of acetic acid. The composition of the organic phase
(heavy phase) was as follows: 96% by weight of methyl
1odide (Mel), 0.7% by weight of methyl acetate (MA), 0.3%
by weight of water (H,O), 200 ppm of hydrogen 1odide (HI),
and 3.0% by weight of acetic acid.

From the side-cut of first distillation column (side-cut
plate: 4th from bottom) and the column bottom, a side cut
stream containing acetic acid and a bottom stream contain-
ing an entrained catalyst were withdrawn 1n a proportion of
54 parts by weight and a proportion of 3 parts by weight,
respectively. The bottom stream was recycled to the reaction
system. The side cut stream was fed to a second distillation
column for dehydration and purification. The composition of
the side cut stream was as follows: 2.9% by weight of Mel,
0.03% by weight of MA, 5.3% by weight of H,O, 970 ppm
of HI, and 90.8% by weight of acetic acid.

The term “parts by weight” of a fluid (e.g., a volatile phase
component, an aqueous phase (light phase) and an organic
phase (heavy phase), a side cut stream and a bottom stream)
indicates a tflow rate per hour (the same applies hereinatter).

In the continuous reaction process, the following test
pieces were placed on 3nd plate from bottom (which was the
first plate above the charging plate of the first distillation
column) undermost plate of the column (which was the first
plate below the charging plate), and 19th plate from bottom
(which was the column top). After leaving for 100 hours,
cach test piece was examined for a corrosion test. The
weight of each test piece before and after the corrosion test
was measured to determine a corrosion amount. Based on
the measured corrosion amount (decrease 1n weight) and the
area of the test piece, the corrosion rate (decrease 1n thick-
ness) ol the test piece per year was converted into a

thickness (mm) and shown 1n the unit “mm/Y”.

| Test Piece]

HB2: manufactured by Oda Kaki Co., Ltd, HASTELLOY
B2 (nickel-based alloy)

HC: manufactured by Oda Koki Co., Ltd, HASTELLOY
C (nickel-based alloy)
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SUS316L: manufactured by Umetoku Inc., SUS 316 Low
Carbon (stainless steel)

Comparative Example 2

The corrosion test was carried out 1n the same manner as
in Comparative Example 1 except that the charging mixture
(volatile phase component) was adjusted to a water concen-
tration of 4% by weight and then fed to the first distillation
column and that the reflux ratio in the first distillation
column and the amounts of the light phase and the heavy
phase recycled to the reaction system were changed depend-
ing on the water concentration.

The composition of the volatile phase component was as
follows: 38.5% by weight of Mel, 0.3% by weight of MA.
4.0% by weight of H,O, 5000 ppm of HI, and 56.7% by
weight of acetic acid. Moreover, the distillation was carried
out at a light phase reflux ratio of 3, and the light phase (3.3
parts by weight) and the heavy phase (38.5 parts by weight)
were recycled to the reaction system. The composition of the
column top of the first distillation column (the composition
of the overhead) was as follows: 64.3% by weight of Mel,
0.6% by weight of MA, 23.3% by weight of H,O, 470 ppm
of HI, and 11.8% by weight of acetic acid. The composition
of the aqueous phase (light phase) was as follows: 2.6% by
weight of Mel, 0.3% by weight of MA, 68.0% by weight of
H,O, 1200 ppm of HI, and 29.0% by weight ot acetic acid.
The composition of the organic phase (heavy phase) was as
follows: 96% by weight of Mel, 0.7% by weight of MA,
0.3% by weight of H,O, 90 ppm of HI, and 3.0% by weight
of acetic acid. From the first distillation column, a side cut
stream containing acetic acid and a bottom stream were
withdrawn 1n a proportion of 55.2 parts by weight and a
proportion of 3 parts by weight, respectively. The compo-

sition of the side cut stream was as follows: 2.6% by weight
of Mel, 0.04% by weight of MA, 2.8% by weight of H,O,
820 ppm of HI, and 93.6% by weight of acetic acid. The

composition of the bottom stream was as follows: 0% by

10

15

20

25

30

35

28

weight of Mel, 0.03% by weight of MA, 2.6% by weight of
H,O, 800 ppm of HI, and 97.1% by weight ot acetic acid.
The column top temperature of the first distillation column
was 115° C., and the column bottom temperature thereof
was the same as that in Comparative Example 1.

Comparative Example 3

The corrosion test was carried out 1n the same manner as
in Comparative Example 2 except that the charging mixture
(volatile phase component) was adjusted to a methyl acetate
concentration of 10% by weight and then fed to the first
distillation column and that the reflux ratio in the first
distillation column and the amounts of the light phase and
the heavy phase recycled to the reaction system were
changed depending on the methyl acetate concentration.
However, the charging mixture (volatile phase component)
had a poor liquid-liquid separation into the light phase and
the heavy phase. These phases formed a mixed phase or one
phase, and the results made the operation unstable after
several hours. Thus 1t was 1impossible to operate the process
operation for a long period of time.

Examples 1 to 4

The corrosion test was carried out 1n the same manner as
in Comparative Example 1 except that the charging mixture
(volatile phase component) having appropriate methyl
acetate and water concentrations in each Example 1s fed to
the first distillation column and that the reflux ratio 1n the
first distillation column and the amounts of the light phase
and the heavy phase recycled to the reaction system were
changed depending on the methyl acetate and water con-
centrations.

Operation conditions in each of Examples and Compara-
tive Examples are shown in Table 1. The results of the
corrosion test are shown in Table 2. The unit of numerical
values 1n Table 2 1s the corrosion rate “mm/Y”.

TABLE 1
Parts by
welght Comparative Examples Examples
(ppm for HI) 1 2 3 1 2 3 4
Feed Flow rate 100 100 100 100 100 100 100
Mel 3R.2 38.5 38 38 38.5 37 36
MA 0.3 0.3 10 0.5 1 4.2 7.2
Water 6.5 4 4 4 4 1.2 2
HI 5000 5000 200 4000 2000 600 300
AC 54.5 56.7 47.6 57.1 56.3 574 54.7
Side- Flow rate 54 55.2 43.5 55.2 55.2 54.2 51.6
cut Mel 2.9 2.6 2.3 1.7 4.0 3.1 2.3
MA 0.03 0.04 2.6 0.06 0.21 1.26 1.6
Water 5.3 2.8 2.8 2.8 2.7 0.7 1.2
HI 970 820 trace 290 90 20 5
AC 90.8 93.6 91.5 04.7 92.7 94.5 04.%
Column Flow rate 58 58.3 6&.5 58.3 58.3 492 62.2
top Mel 63.%8 64.3 54.9 64.3 63.3 72.2 57.4
MA 0.56 0.56 14.79 0.93 1.76 7.63 12.36
Water 23.3 23.3 22.6 23.3 234 11.9 20.9
HI 440 470 trace 240 70 70 7
AC 12.3 11.%8 7.8 11.5 11.5 8.2 9.4
Column Flow rate 3 3 3 3 3 3 3
bottom Mel 0.0 0.0 0.0 0.0 0.2 0.1 0.0
MA 0.03 0.03 0.17 0.17 0.17 1.20 1.18
Water 5.3 2.6 2.6 2.6 2.6 0.6 1.14
HI 440 470 300 290 90 20 5
AC 94.6 97.3 96.3 97.2 97.0 0%.1 Q7.7
Reflux Flow rate 15 16.5 15 16.5 16.5 6.4 16.%8
Mel 2.6 2.6 4 2.6 3.5 3.5 5.1
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Parts by
welght Comparative Examples Examples
(ppm for HI) 1 2 3 1 2 3 4
MA 0.3 0.3 8.3 0.5 0.9 4.3 7.9
Water 67 6% 85 68 6R.2 79 69.1
HI 900 1200 trace 710 250 70 20
AC 30.01 28.9% 2.7 28.83 27.4 13.18 17.9
Upper  Flow rate 5 3.3 3.0 3.3 3.3 0.80 1.40
phase Mel 2.6 2.6 4 2.6 3.5 3.5 5.1
(light MA 0.3 0.3 8.3 0.5 0.9 4.3 7.9
phase) Water 67 68 85 6% 68.2 79 69.1
HI 900 1200 trace 710 250 70 20
AC 30.0 29.0 2.7 28.8 27.4 13.2 17.9
Lower  Flow rate 38 38.5 50.5 38.5 38.5 472 44
phase Mel 96 96 73 96 04 84 79
(heavy MA 0.7 0.7 17.1 1.15 2.2 8.2 14.2
phase) Water 0.3 0.3 0.3 0.3 0.4 0.4 0.9
HI 110 90 trace 50 40 trace trace
AC 3.0 3.0 9.6 2.5 34 7.4 5.9
TARIE 2 methyl acetate 1n the charging mixture (volatile phase com-
ponent), each of the test pieces “HB2”, “HC” and
P?Sitiﬂﬂ Cﬂmpﬂl‘ﬂlti% 1 “SUS316L” showed a complete corrosion resistance inde-
ol test fest Lxamples Lxamples 25 pendent of the change of the water concentration.
piece plece 1 2 3 1 2 3 4
INDUSTRIAL APPLICABILITY
Column top Zr 0.00 0.00 —  0.00 0.00 0.00 0.00
(19th HB? 0.1 0.09 —  0.06 0.05 0.02 0.01 . . . .
olate) He 09 018 — 012 009 005 00 Accgrdmg to the present invention, since ‘Fhe Water con
SUS 054 03  — 023 018 006 003 30 cenfration and the methyl acetate concentration in the dis-
316L tillation column are adjusted or controlled, the overhead
Charging  Zr 0.00 000 — 000 000 000 0.00 from the distillation column can be condensed to form an
plate + 1 HB? 0.23 0.18 —  0.07 0.05 0.01 0.01 h d . h hil .
e 051 04> — 018 009 004 000 aqueous phase and an organic phase while preventing cor-
SUS  Not  Not — 051 027 006 004 rosion ol the distillation column due to hydrogen iodide.
3161 test  test 35 Thus, the present invention advantageously allows industrial
Bottom - 0.000.00 — 0.000.00 - 0.000.00 continuous production of acetic acid.
(Charging HB? 0.27 0.09 —  0.06 0.06 0.04 0,02
late — 1 HC 0.6 0.21 —  0.11 0.1 0.05 0.03 T T T —
P ) SUS  Not 06  — 04 094 008 005 DESCRIPTION OF REFERENCE NUMERALS
316L test
A0 . Reactor
L . . Flash evaporator
Comparative Example 3 failed to operate the apparatus P

stably, and the corrosion could not be evaluated.

As apparent from Table 1 and Table 2, in Comparative
Example 1, corrosion developed in the whole distillation
column. In Comparative Example 2, since a concentrated
zone ol hydrogen 1odide was transterred above the charging
plate due to a lower concentration of water in the charging
mixture (volatile phase component), the corrosiveness of the
bottom was decreased; while due to a low concentration of
methyl acetate 1n the charging mixture (volatile phase com-
ponent), corrosion developed above the charging plate. In
Comparative Example 3, although the corrosiveness of the
whole column was mmproved, the condensate (withdrawn
liquid) of the overhead from the column top had a markedly
low liquid-liquid separation, so that the distillation column
could not be operated stably over a long period of time. In
Example 1, due to a high concentration of methyl acetate 1n
the charging mixture (volatile phase component), methyl
acetate allowed to effectively react with hydrogen 10dide. In
particular, the test piece “HB2” showed a relatively excel-
lent corrosion resistance in the whole column. In Example 2,
due to a higher concentration of methyl acetate 1in the
charging mixture (volatile phase component), the test piece
“HB2” showed a substantially complete corrosion-resisting
level (corrosion rate: not more than 0.05 mm/Y). In
Examples 3 and 4, due to a further higher concentration of
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. First distillation column (splitter column)
. Decanter
Second distillation column

da, 34b, 35a, 35b . . . Supply line

W U = Wb -

The mvention claimed 1s:

[1. A process for producing acetic acid, comprising:

distilling a mixture containing hydrogen 1odide, water,

methyl 10dide, acetic acid, and methyl acetate to form
an overhead containing a lower boiling point compo-
nent, and

condensing the overhead to form separated liquid phases,

wherein the mixture contains an effective amount of water

in a concentration of not more than 5% by weight and
methyl acetate 1n a concentration of 0.5 to 9% by
weight, and 1s separated, 1n the distillation step, into the
overhead containing methyl 1odide and a side cut
stream or bottom stream containing acetic acid.}

[2. The process according to claim 1, wherein the mixture
has a methyl acetate concentration of 0.07 to 1.2 mol/L and
a water concentration of 0.28 to 2.8 mol/L, and 1s distilled
continuously.]

[3. The process according to claim 1, wherein the mixture
contains 0.5 to 4.5% by weight of water and 0.5 to 8% by
weilght of methyl acetate, and 1s subjected to the distillation

step. ]
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[4. The process according to claim 1, wherein the mixture
further contains dimethyl ether.]

[S. The process according to claim 1, wherein the mixture
1s fed to a distillation column from an intermediate or lower
position of the distillation column in height.}

[6. The process according to claim 1, wherein a zone
having a high water concentration 1s formed inside a distil-
lation column at a position upper than a position at which the
mixture 1s fed to the distillation column,

in the zone having the high water concentration, hydrogen

iodide 1s allowed to react with methyl acetate for
producing methyl 1odide and acetic acid, and

the distillation provides the overhead containing the

resulting methyl iodide.}

[7. The process for producing acetic acid according to
claim 1, wherein

methanol 1s allowed to continuously react with carbon

monoxide by using a catalyst containing a group 8
metal of the Periodic Table, an 1onic 10dide, and methyl
iodide 1n the presence of water,

the reaction product 1s separated into a low-volatile phase

component and a volatile phase component by a flash
distillation,

the volatile phase component as the mixture 1s distilled to

form the overhead containing methyl 10dide and the
side cut stream or bottom stream containing acetic acid,
and

the overhead 1s condensed to form an aqueous phase and

an organic phase,

and wherein the volatile phase component 1s distilled

while being adjusted to a water concentration of an
cllective amount and not more than 5% by weight and
a methyl acetate concentration of 0.5 to 9% by weight
in a distillation atmosphere of the volatile phase com-
ponent in terms of a condensate or liquid form.]

[8. The process according to claim 1, wherein at least one
member selected from the group consisting of methyl
acetate, methanol and dimethyl ether, and 1f necessary water,
1s added to the volatile phase component as the mixture or
a distillation atmosphere thereof as the mixture to adjust the
concentrations of water and methyl acetate, and the resulting
volatile phase component is distilled.]

[9. The process according to claim 1, wherein a distilla-
tion atmosphere of a volatile phase component 1s formed 1n
the distillation column at a height equal to or upper than a
feed site of the volatile phase component.]

[10. The process according to claim 1, wherein the
mixture contains 1 to 4.3% by weight of water and 0.8 to
7.5% by weight of methyl acetate, and 1s subjected to the
distillation step.]

[11. The process according to claim 1, wherein the mix-
ture has a hydrogen 10dide concentration of 100 to 10000
ppm, and 1s subjected to a distillation to form the side cut
stream having a hydrogen 1odide concentration of 1 to 350
ppm.]

[12. The process according to claim 1, wherein the
separated liquid phases are a lower phase and an upper
phase, the lower phase has a methyl acetate concentration of
1 to 15% by weight, and the upper phase has a methyl
acetate concentration of 0.4 to 8% by weight.]

[13. A method for improving a liquid-liquid separation of
a condensate while reducing a concentration of hydrogen
iodide 1n an overhead and a side cut stream, comprising:

distilling a mixture containing hydrogen i1odide, water,

methyl 1odide, acetic acid, and methyl acetate to form
an overhead containing a lower boiling point compo-
nent, and
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condensing the overhead to give a condensate containing,

separated liquid phases,

wherein the mixture contains an eflective amount of water

in a concentration of not more than 5% by weight and
methyl acetate 1n a concentration of 0.5 to 9% by
weight.]
[14. The method according to claim 13, wherein the
concentration of hydrogen 1odide in the overhead and the
side cut stream 1s reduced by adjusting a concentration of
methyl acetate in the mixture to 0.5 to 8% by weight.]
[15. The method according to claim 13, wherein said
method improves the liquid-liquid separation of the conden-
sate, wherein concentrations of methyl 10dide and methyl
acetate 1 the lower phase are adjusted to 76 to 98% by
weight and 1 to 15% by weight, respectively (with the
proviso that the total of components 1n the lower phase 1s
100% by weight), and concentrations of water and methyl
acetate 1 the upper phase are adjusted to 30 to 90% by
weight and 0.4 to 8% by weight, respectively (with the
proviso that the total of components in the upper phase 1s
100% by weight).}
16. A process for producing acetic acid and for improving
a liguid-liquid separation of a condensate while reducing a
concentration of hydrogen iodide in an overhead and a side
cut stream, comprising.:
flash evaporation or flash distillation of a reaction mix-
ture in a flasher, wherein the rveaction mixture is sepa-
rated in the flasher into a volatile phase component and
a low-volatile phase component;

distilling a mixture containing hydrogen iodide, water,
methyl iodide, acetic acid, and methyl acetate in a first
distillation column to form the overhead containing a
lower boiling point component, the mixture that is
distilled in the first distillation column comprises said
volatile phase component;
condensing the overhead from the first distillation column
to form the condensate containing separvated liquid
phases of an agueous phase and an organic phase;

recycling at least one selected from the agueous phase
and the organic phase to the first distillation column for
veflux; and

distilling the side cut stream in a second distillation

column;

wherein the mixture comprising the volatile phase com-

ponent contains an effective amount of water in a
concentration of not more than 3% by weight and
methyl acetate in a concentration of 0.5 to 9% by
weight, and is separated, in the distillation step in the
first distillation column, into the overhead containing
methyl iodide, the side cut stream, and a bottom stream
containing acetic acid;

wherein the overhead is withdrawn from a top of the first
distillation column, the bottom stream is withdrawn
from a bottom of the first distillation column, and the
side cut stream is withdrawn from a side of the first
distillation column and is fed to the second distillation
column;

wherein the overhead from the first distillation column has
a concentration of hvdrogen iodide of 7 ppm to 240
ppm;

wherein the side cut stream has a concentration of hydro-
gen iodide of 1-350 ppm, water of 0.3 to 5% by weight,
and methyl acetate of 0.1 to 3% by weight,

wherein the aqueous phase of said condensate comprises:
a concentration of water of 50-85% by weight; a
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concentration of acetic acid of 10-40% by weight; and
a concentration of hvdrogen iodide of 10-1000 ppm;
and

wherein the organic phase of said condensate comprises:
a concentration of methvl iodide of 75-98% by weight;
a concentration of acetic acid of 1-10% by weight; a
concentration of water of not more than 1% by weight;
and a concentration of hydrogen iodide of not more
than 70 ppm.

17. The process according to claim 16, wherein the
mixture has a methy! acetate concentration of 0.07 to 1.2
mol/L and a water concentration of 0.28 to 2.8 mol/L, and
is distilled continuously.

18. The process according to claim 16, wherein the
mixture contains 0.5 to 4.5% by weight of water and 0.5 to
8% by weight of methy! acetate, and is subjected to the
distillation step.

19. The process according to claim 16, wherein the
mixture further contains dimethyl ether.

20. The process according to claim 16, wherein the
mixture is fed to a distillation column from an intermediate
or lower position of the distillation column in height.

21. The process according to claim 16, wherein a zone
having a high water concentration is formed inside the first
distillation column at a position upper than a position at
which the mixture containing the volatile phase component
is fed to the first distillation column, wherein

in the zone having the high water concentration, hydrogen

iodide is allowed to react with methy! acetate for
producing methy!l iodide and acetic acid,

the distillation provides the overhead containing the

vesulting methyl iodide, and

the material of the first distillation column comprises a

nickel-based alloy.

22. The process for producing acetic acid according to
claim 16, wherein

methanol is allowed to continuously react with carbon

monoxide by using a catalyst containing a group §
metal of the Periodic Iable, an ionic iodide, and methyl
iodide in the presence of water,

the veaction product is separated into a low-volatile phase

component and a volatile phase component by a flask
distillation,

the volatile phase component as the mixture is distilled to

form the overhead containing methy! iodide and the
side cut stream or bottom stream containing acetic
acid, and

the overhead is condensed to form an aqueous phase and

an organic phase,

and wherein the volatile phase component is distilled

while being adjusted to a water concentration of an
effective amount and not movre than 5% by weight and
a methyl acetate concentration of 0.5 to 9% by weight
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in a distillation atmosphere of the volatile phase com-
ponent in terms of a condensate or liquid form.
23. The process according to claim 16, wherein at least
one member selected from the group consisting of methyl
5 acetate, methanol and dimethyl ether, and if necessary

water, is added to the volatile phase component as the
mixture ov a distillation atmosphere theveof as the mixture to
adjust the concentrations of water and methyl acetate, and
the resulting volatile phase component is distilled.

o 24. The process according to claim 16, whervein a distil-
lation atmosphere of a volatile phase component is formed
in the distillation column at a height equal to or upper than
a feed site of the volatile phase component.

25. The process according to claim 16, wherein the

15 mixture contains 1 to 4.3% by weight of water and 0.8 to
7.5% by weight of methy! acetate, and is subjected to the
distillation step.

26. The process according to claim 16, wherein the
mixture has a hvdrogen iodide concentration of 100 to

»q 10000 ppm, and is subjected to a distillation to form the side
cut stream having a hvdrogen iodide concentration of 1 to
350 ppm.

27. The process according to claim 16, wherein the
organic phase has a methyl acetate concentration of 1 to

~s 15% by weight, and the aqueous phase has a methyl acetate
concentration of 0.4 to §% by weight.

28. The process according to claim 16, wherein the side
cut stream is withdvawn from a site above the position of the
feed line connected to the first distillation column.

30 29. The process according to claim 16, wherein at least
one portion of the agqueous phase and/or the organic phase
is fed to the impurity-removing system to remove the impu-
rity.

30. The process according to claim 16, wherein the reflux

35 Site of the condensate in the first distillation column is
located or positioned above a zone having a high hydrogen
iodide concentration.

31. The process according to claim 16, wherein a non-
condensed component obtained when the overhead from the

a0 first distillation column is condensed is fed to a scrubber
system to collect a useful component.

32. The process according to claim 16, wherein the
mixturve comprising the volatile phase component contains
an effective amount of water in a concentration of not more

a5 than 5% by weight, methy! acetate in a concentration of 0.5
to 9% by weight and acetic acid in a concentration of 35 to
75% by weight.

33. The process according to claim 16, wherein the
aqueous phase of the condensate comprises a concentration

50 of hydrogen iodide of 20 to 710 ppm, and wherein the
organic phase of the condensate comprises a concentration
of hvdrogen iodide of not more than 50 ppm.
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