DESCRIPTION
Title of Invention:

METHOD FOR PRODUCING DIARYL CARBONATE

Technical Field
[0001]
The present invention relates to a method for

producing diaryl carbonates.

Background Art
[0002]

Diaryl carbonates are useful as raw materials for
the industrial production of polycarbonates that are
engineering plastics. Therefore, techniques for stably
producing diaryl carbonates with high efficiency are
important.

[0003]

A method for subjecting a dialkyl carbonate and an
aromatic monohydroxy compound (for example, a phenol) to
a transesterification reaction given by the following
formula (A) so as to obtain an alkylaryl carbonate, and
then performing a disproportionation reaction given by
the following formula (B), using this alkylaryl carbonate,
so as to obtain a diaryl carbonate is known as a method
for producing a diaryl carbonate. The formulas (A) and

(B) are as follows:



[0004]

[Formula 1]

+ OH === OY + R—OH
° o

(A)
[0005]

[Formula 2]

) = Qﬁoﬁ—@ C Y
(B)

[0006]

wherein R represents a linear or branched aliphatic group
having 1 to 12 carbon atoms, or an alicyclic aliphatic
group having 5 to 12 carbon atoms.

[0007]

However, the transesterification reaction given by
the above formula (A), and the disproportionation
reaction given by the above formula (B) are both
equilibrium reactions and have a slow reaction rate.
Particularly, a problem of the transesterification
reaction is that the equilibrium is biased to the
original system, and therefore, the reaction efficiency
is low.

[0008]
In view of such problems, studies on catalysts for

improving the reaction rate in the transesterification



reaction given by the above formula (A), and the
disproportionation reaction given by the above formula
(B) have been made.

[0009]

As such catalysts, for example, titanium compounds
(for example, see Patent Document 1 and 2, and Non Patent
Document 1), organic tin compounds (for example, see
Patent Document 3, and Non Patent Document 2), nitrogen-
containing basic compounds (for example, see Patent
Document 4), and samarium compounds (for example, see Non
Patent Document 3) have been proposed.

[0010]

Further, methods for continuously producing diaryl
carbonates have been also proposed. Examples of the
methods include a continuous production method for
separating a product from a mixture comprising a catalyst
and the product by distillation and circulating the
distillation residue including the catalyst component
into the reaction step in order to effectively use the
catalyst component (for example, see Patent Document 5
and 6). In the continuous production method, it is
possible to remove part of the distillation residue
including the catalyst component circulated and
appropriately feed a new catalyst component, as required,
for the purpose of preventing the accumulation of the by-
product.

[0011]



It is known that in the transesterification reaction
given by the above formula (A), and the
disproportionation reaction given by the above formula
(B), a side reaction occurs, in addition to the reaction
in which the targeted diaryl carbonate is produced.
Examples of the side reaction include a Fries
rearrangement reaction as given by the following formula
{C). 1In order to separate a salicylate ester produced by
the Fries rearrangement reaction, the purification of the
final targeted product is essential. The formula (C) is
as follows:

[0012]

[Formula 3]
OH
OO — U0
T I
(C)
[0013]

The separation and purification of the by-product
and the targeted main product may be difficult, and
purification techniques for separating the by-product
have been proposed so far (for example, see Patent
Document 7).

[0014]
Further, when the separation and purification of the

by-product and the main product is performed under high

temperature conditions (for example, 200°C or more), the



catalyst function may be decreased by pyrolysis and the
like. Technical proposals for methods for suppressing
such a decrease in catalyst function are made (for
example, see Patent Document 8).

[0015]

The catalyst used in the reactions given by the
above formulas (A) and (B) 1s solid or liquid, and there
are also reports regarding methods for feeding the
catalyst.

[0016]

Examples of the feed methods include a method for
feeding a catalyst having an alkyl moiety similar to an
alkyl moiety in a dialkyl carbonate used for a raw
material (for example, titanium tetraalkoxide) (for
example, see Patent Document 9). According to the feed
method, the mixing of the by-product of an alkyl alcohol
as by-product from the catalyst can be prevented.

[0017]

Other examples include a method for continuocusly
feeding a dialkyl carbonate, an aromatic hydroxy compound,
and a catalyst to a reactor, continuously removing an
alcohol as by-product from a distillation column annexed
to the reactor, and further removing aromatic carbonates
including an alkylaryl carbonate, an diaryl carbonate, or
a mixture thereof from the reactor (for example, see
Patent Document 10), and a method for separating the feed

position of the dialkyl carbonate and the aromatic



hydroxy compound and the feed position of the catalyst
(for example, see Patent Document 11). According to
these methods, the precipitation of the catalyst due to
operation for a long time is suppressed, and clogging can
be prevented.

[0018]

The catalyst used in the reactions given by the
above formulas (A) and (B) is usually in a state
dissolved in a reaction solution under reaction
conditions. The catalyst has a higher boiling point than
that of aromatic carbonates, and therefore, in order to
obtain a high purity aromatic carbonate from a reaction
product solution, it is necessary to first remove a low
boiling component from the reaction product solution and
then separate a diaryl carbonate of a high boiling
component from the catalyst to purify the diaryl
carbonate. It is known that at this time, the catalyst
may be recovered as a high boiling component and recycled,
and part of the deactivated component may be removed (for
example, see Patent Document 8). A method for separating
a catalyst by using a catalyst having a low boiling point,
such as an alkylamine, is also known (for example, see

Patent Document 12).
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Problems to be Solved by the Invention
[0021]

However, the decrease in catalyst function is only
determined by a decrease in product concentration by
analyzing the concentration of the alkylaryl carbonate
and the diaryl carbonate that are products, with the
lapse of a fixed operation time. Therefore, due to
fluctuations in operation conditions, and the like, a
decrease in productivity may occur, though the cause is
unclear.

[0022]

The effect of the compound produced by the side
reaction on the catalyst has not been sufficiently
clarified yet.

[0023]

Further, in the industrial production of diaryl
carbonates, the clogging of the reaction apparatus with
the catalyst is a very important problem. When the
reaction apparatus is clogged with the catalyst, it may
be necessary to completely stop the production of the
diaryl carbonate, and perform the overhaul of the reactor,
the distillation column, the piping, and the like, and a
problem is that much time, effort, and cost are required.
The methods for feeding the catalyst according to
conventional art described above have not led to a

sufficient solution of such a problem.



Under such circumstances, the demand for the
development of techniques for stably producing diaryl
carbonates with high efficiency over a long time has
increased.

[0024]

Accordingly, it is an object of the present
invention to clarify the effect of a produced by-product
on a catalyst in the production of the diaryl carbonate
to provide a method for producing a diaryl carbonate
stably and efficiently in which a decrease in catalyst
function is suppressed, and a catalyst is stably fed
without a reaction apparatus being clogged with the

catalyst.

Means for Solving the Problems
[0025]

In view of the above-described problems, the present
inventors have diligently studied methods for producing
diaryl carbonates. As a result, it has been clarified
that in a state in which a particular amount of a
particular by-product coexists with a metal-containing
catalyst composition, the productivity of a diaryl
carbonate is stable, and it has been further clarified
that by using a particular composition in a particular
step, the clogging of a reaction apparatus with the
catalyst can be suppressed. It has been found that by

controlling the ratio of a particular by-product to the



metal atoms of a metal-containing catalyst composition,
and further by using a particular composition in a
particular step, a diaryl carbonate can be stably
produced with high efficiency for a long period, leading
to the completion of the present invention.

[0026]

Specifically, the present invention relates to, for
example, the following.
[0027]

[1]

A method for producing a diaryl carbonate, using a
metal-containing catalyst composition as a reaction
catalyst, comprising:

a step (1) of subjecting a dialkyl carbonate and an
aromatic monohydroxy compound to a transesterification
reaction so as to obtain an alkylaryl carbonate, and
removing an alcohol as by-product from a reaction system;

a step (2) of subjecting the alkylaryl carbonate
obtained in the step (1) to a transesterification or
disproportionation reaction so as to obtain a reaction
product including the diaryl carbonate;

a step (3) of distilling the reaction product
obtained in the step (2) to separate the reaction product
into a low boiling component including the diaryl
carbonate and a high boiling component including the

reaction catalyst; and



a step (4) of recycling the high boiling component
separated in the step (3) into the steps (1) and/or (2),
wherein:

the high boiling component separated in the step (3)
includes 70% by mass or less of a component having a
higher boiling point than that of the diaryl carbonate;

the high boiling component separated in the step (3)
includes a compound represented by the formula (1):

[Formula 4]

(1)
wherein Ar' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, X and Y-O are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula (2)
or (3), and Y represents hydrogen or a substituent given

by the formula (3), the formulas (2) and (3) being as

follows:

[Formula 5]

—0 O0—R!

T

(2)

[Formula 6]

k\wr,o——R1

O
(3)



wherein R represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, an alicyclic aliphatic
group having 5 to 12 carbon atoms, or an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms; and

the high boiling component recycled in the step (4)
includes compounds given by (i) to (iii):

(i) a compound of the formula (1) where X represents
the formula (2) or (3), and Y represents the formula (3);

(ii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents the formula
(3), and/or a compound of the formula (1) where X
represents the formula (3), and Y represents hydrogen;

(iii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents hydrogen;

the compounds of (i) to (iii) satisfying conditions
given by (iv) to (vi), respectively:

(iv) "total moles of the compounds of (i)/moles of
metal atoms" is 0.005 to 20;

(v) "total moles of the compounds of (ii)/moles of
metal atoms" is 0.005 to 4; and

(vi) "moles of the compound of (iii)/moles of metal
atoms" is less than 2.
[2]

The method for producing the diaryl carbonate
according to [1], wherein the metal-containing catalyst
composition is a titanium-containing catalyst composition.

[3]



The method for producing the diaryl carbonate
according to [2], wherein the titanium-containing
catalyst composition is a titanium-containing composition
formed of a diaryl carbonate and an aryloxytitanium
composition, and titanium constituting the
aryloxytitanium composition has a content of 0.1 to 20%
by mass based on 100% by mass of the titanium-containing
composition.

[4]

The method for producing the diaryl carbonate
according to [3], wherein the titanium constituting the
aryloxytitanium composition is tetravalent.

[5]

The method for producing the diaryl carbonate
according to [3] or [4], wherein the aryloxytitanium
composition has 1 or more and 4 or less aryloxy groups

per titanium atom.

[6]

The method for producing the diaryl carbonate
according to any of [1] to [5], wherein a reaction
solvent is used in the steps (1) and/or (2), and

the metal-containing catalyst composition is soluble
in the reaction solvent or forms a homogeneous phase with
the reaction solvent.
(7]

The method for producing the diaryl carbonate

according to any of [1] to [6], wherein the compound
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represented by the formula (1) is at least one selected

from a group of compounds represented by the following
formulas (4) to (8):

[Formula 7]

OH
/.
A2 Nar
(4)

wherein Ar? represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar’ represents
an unsubstituted or substituted aryl group having 6 to 20
carbon atoms, and two substituents on Ar? are located at
an ortho position to each other;

[Formula 8]

OH

i

¥

(5)
wherein Ar? represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, R® represents
a linear or branched aliphatic group having 1 to 12
carbon atoms, or an alicyclic aliphatic group having 5 to
12 carbon atoms, and two substituents on ar? are located
at an ortho position to each other;

[Formula 9]

OH

3
\bH

(6)



wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, and two

hydroxy groups on Ar° are located at an ortho position to
each other;

[Formula 10]

N O

(7)
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar’ and Ar®
each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position
to each other; and

[Formula 11]

(8)
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar'®

represents an unsubstituted or substituted aryl group



= 16 e

having 6 to 20 carbon atoms, R? represents a linear or
branched aliphatic group having 1 to 12 carbon atoms, or
an alicyclic aliphatic group having 5 to 12 carbon atoms,
and two substituents on Ar®’ are located at an ortho
position to each other.

[8]

The method for producing the diaryl carbonate
according to any of [1l] to [7], wherein the high boiling
component recycled in the step (4) has "total moles of
the compounds represented by the formula (1)/moles of
metal atoms" from 0.005 to 10.

[9]

The method for producing the diaryl carbonate
according to any of [l] to [8], wherein the steps (1)
and/or (2) is performed in the presence of a composition
A comprising the diaryl carbonate, an aryloxytitanium
composition, and a compound represented by the following
formulas (X) and/or (Y), and

the composition A has a ratio of total moles of the
compounds represented by the following formulas (X) and
(Y) to moles of titanium atoms (a total of the compounds
represented by the formulas (X) and (Y)/titanium atoms)
from 0.005 to 4, the formulas (X) and (Y) being:

[Formula 12]

(X)



wherein Ar?' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar??
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar®
are located at an ortho position to each other; and

[Formula 13]

Ar2S

/

0

Y=o

O

/,
23
0
(Y)

wherein Ar?3 represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar?! and Ar?
each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and

two substituents on Ar?3

are located at an ortho position
to each other.
(10]

The method for producing the diaryl carbonate
according to any of [1] to [9], further comprising

sampling the high boiling component recycled in the
step (4),

adding a monodentate or polydentate ligand capable
of coordination to the metal atoms, to the sampled high
boiling component at 1 equivalent or more with respect to

titanium atoms therein so as to prepare an analysis

sample, and
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analyzing the analysis sample to quantify the
compounds given by (i) to (iii) included in the high
boiling component.
[11]

The method for producing the diaryl carbonate
according to any of [1] to [10], further comprising

sampling the high boiling component recycled in the
step (4),

adding at least one additive to the sampled high
boiling component at 1 equivalent or more with respect to
the metal atoms therein so as to prepare an analysis
sample, the additive being selected from the group
consisting of water, polyhydroxy compounds, nitrogen-
containing heterocyclic compounds, sulfur-containing
heterocyclic compounds, fluorine-substituted alcohols,
and fluorine-substituted organic acids, and

analyzing the analysis sample by gas or liquid
chromatography so as to quantify the compounds given by
(i) to (iii) included in the high boiling component.
[12]

The method for producing the diaryl carbonate
according to [10] or [11], further comprising

performing control so that the compounds given by
(i) to (iii) included in the high boiling component
recycled in the step (4) satisfy the conditions of (iv)

to (vi), respectively,



after the step of quantifying the compounds given by
(i) to (iii) according to [10] or [11].

[13]

The method for producing the diaryl carbonate
according to any of [1l] to [12], wherein the dialkyl
carbonate used in the step (1) is a compound represented
by the formula (9):

[Formula 14]

(9)
wherein R® represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms,
the aromatic monohydroxy compound used in the step
(1) is a compound represented by the formula (10):

[Formula 15]

Ar''—OH

(10)

wherein Ar!! represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms,
the alkylaryl carbonate obtained in the step (1) is

a compound represented by the formula (11):



= 20 =

[Formula 16]

Rs.—-OTOmmﬂ

0

(11)

wherein R® represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms, and Ar'
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and

the diaryl carbonate obtained in the step (2) is a

compound represented by the formula (12):

A,13—-0\ﬂ/0---.m1a

(12)

[Formula 17]

wherein Ar®® represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms.
[14]

The method for producing the diaryl carbonate
according to [9], wherein in the steps (1) and/or (2),
production of the diaryl carbonate is started by feeding
the composition A.

[15]
The method for producing the diaryl carbonate

according to any of [1l] to [14], wherein the reactions in
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the steps (1) and (2) are performed using a reaction
apparatus comprising at least one selected from the group
consisting of an agitation tank, an agitation tank with
multistage impellers, a packed column, a distillation
column, a multistage distillation column, a continuous
multistage distillation column, a reactor comprising an
internal support, and a forced circulation reactor.

[16] The method for producing the diaryl carbonate
according to [15], wherein in the step (1), the dialkyl
carbonate and the aromatic monohydroxy compound are
continuously fed to the reaction apparatus, and

in the step (2) the reaction product obtained is
continuously removed from the reaction apparatus.

[17]

The method for producing the diaryl carbonate
according to any of [1l] to [16], wherein the metal atoms
in the metal-containing catalyst composition in the step
(1) or (2) have a content of 0.0001 to 20% by mass.

[18]

The method for producing the diaryl carbonate
according to [13], wherein R? in the formula (9) 1s an
aliphatic alkyl group having 1 to 8 carbon atoms.

[19]

The method for producing the diaryl carbonate
according to any of [1] to [18], wherein the steps (1)
and (2) have a reaction temperature of 150 to 300°C, and

a reaction time of 0.05 to 50 hr.



[20]

The method for producing the diaryl carbonate
according to any of [1] to [19], wherein the distillation
in the step (3) 1is performed by a distillation column,

the distillation column has a temperature of 150 to
300°C at the column bottom, and

the distillation column provides a residence time of
0.02 to 100 hr at the column bottom.

[21]

The method for producing the diaryl carbonate
according to [3] or [4], wherein the aryloxytitanium
composition is phenoxytitanium.

[22]

The method for producing the diaryl carbonate

according to any of [1l] to [21], wherein the diaryl

carbonate is diphenyl carbonate.

Advantages of the Invention
[0028]

With the method for producing the diaryl carbonate
according to the present invention, the diaryl carbocnate
can be produced stably for a long time with high

productivity.

Brief Description of the Drawings

[0029]



FIG. 1 shows a schematic configuration diagram of
one example of a production apparatus for carrying out
the method for producing the diaryl carbonate in the
present embodiment;

FIG. 2 shows a schematic configuration diagram of
one example of the production apparatus for carrying out
the method for producing the diaryl carbonate in the
present embodiment; and

FIG. 3 shows a schematic configuration diagram of
one example of the production apparatus for carrying out
the method for producing the diaryl carbonate in the

present embodiment.

Mode for Carrying Out the Invention
[0030]

The best mode for carrying out the present invention
(hereinafter referred to as "the present embodiment")
will be described in detail below. The present invention
is not limited to the following embodiment. Various
modifications can be made to the present invention
without departing from the spirit thereof.

In the drawings, positional relationship, such as
top, bottom, left, and right, is based on the positional
relationship shown in the drawings, unless otherwise
specified. Further, the dimensional ratio in the
drawings is not limited to the ratic shown.

[0031]



<Method for Producing Diaryl Carbonate>

A method for producing a diaryl carbonate according
to the present embodiment is a method for producing a
diaryl carbonate, using a metal-containing catalyst
composition as a reaction catalyst, comprising a step (1)
of subjecting a dialkyl carbonate and an aromatic
monohydroxy compound to a transesterification reaction so
as to obtain an alkylaryl carbonate, and removing an
alcohol as by-product from the reaction system; a step
(2) of subjecting the alkylaryl carbonate obtained in the
step (1) to a transesterification or disproportionation
reaction so as to obtain a reaction product including the
diaryl carbonate; a step (3) of distilling the reaction
product obtained in the step (2) to separate the reaction
product into a low boiling component including the diaryl
carbonate and a high boiling component including the
reaction catalyst (hereinafter also described as a "high
boiling component"); and a step (4) of recycling the high
boiling component separated in the step (3) into the
above steps (1) and/or (2), wherein the high boiling
component separated in the above step (3) includes 70% by
mass or less of a component having a higher boiling point
than that of the diaryl carbonate; the high boiling
component separated in the above step (3) includes a
compound represented by the formula (1):
[0032]

[Formula 18]



[0033]

wherein Ar' represents an unsubstituted or substituted

arylene group having 6 to 20 carbon atoms, X and Y-O are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula (2)
or (3), and Y represents hydrogen or a substituent given

by the formula (3), the formulas (2) and (3) being as

follows:
([0034]

[Formula 19]

(2)
[0035]

[Formula 20]

(3)

[0036]

wherein R' represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, an alicyclic aliphatic
group having 5 to 12 carbon atoms, or an unsubstituted or

substituted aryl group having 6 to 20 carbon atoms, and
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the high boiling component recycled in the above
step (4) includes compounds given by (i) to (iii):

(1) a compound of the formula (1) where X represents
the formula (2) or (3), and Y represents the formula (3);

(ii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents the formula
(3), and/or a compound of the formula (1) where X
represents the formula (3), and Y represents hydrogen;

(iii) a compound of the formula (1) where X
represents a hydroxy group, and Y represents hydrogen;

the compounds of (i) to (iii) satisfying conditions
given by (iv) to (vi), respectively:

(iv) "the total moles of the compounds of (i)/the
moles of metal atoms" is 0.005 to 20;

(v) "the total moles of the compounds of (ii)/the
moles of metal atoms™ is 0.005 to 4; and

(vi) "the moles of the compound of (iii)/the moles
of metal atoms”™ is less than 2.
[0037]

The above steps (1) to step (4) will be described in
detail below.
[0038]
[Step (1)]

The step (1) is the step of subjecting the dialkyl
carbonate and the aromatic monohydroxy compound to the
transesterification reaction so as to obtain an alkylaryl

carbonate, and removing the alcohol as by-product from
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the reaction system. The transesterification reaction is
usually performed in the presence of a reaction catalyst
described later.
[0039]
(Dialkyl Carbonate)

The dialkyl carbonate used in the above step (1) is
preferably a compound represented by the formula (9):
[0040]

[Formula 21]

R‘—'O\ro"‘n R4

(o)

(9)
[0041]
wherein R® represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms. The above
R? is more preferably an aliphatic alkyl group having 1
to 8 carbon atoms.
[0042]

Examples of the above dialkyl carbonate include
dimethyl carbonate, diethyl carbonate, dipropyl carbonate
(isomers), dibutenyl carbonate (isomers), dibutyl
carbonate (isomers), dipentyl carbonate (isomers),
dihexyl carbonate (isomers), diheptyl carbonate (isomers),

dioctyl carbonate (isomers), dinonyl carbonate (isomers),
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didecyl carbonate (isomers), dicyclopentyl carbonate,
dicyclohexyl carbonate, and dicycloheptyl carbonate.
[0043]

Particularly, as the above dialkyl carbonate, a
dialkyl carbonate of the above formula (9) where R?
represents a linear or branched aliphatic group having 1
to 6 carbon atoms is preferred. Specific examples of
such a dialkyl carbonate include dimethyl carbonate,
diethyl carbonate, dipropyl carbonate (isomers),
dibutenyl carbonate (isomers), dibutyl carbonate
(isomers), dipentyl carbonate (isomers), and dihexyl
carbonate (isomers).

[0044]

Such a dialkyl carbonate is easily separated from
the diaryl carbonate by distillation and is preferred
from a practical perspective.

(Aromatic Monohydroxy Compound)
[0045]

The aromatic monohydroxy compound used in the above
step (1) is preferably a compound represented by the
formula (10):

[0046]

[Formula 22]

Ar''—oH

(10)

[0047]
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wherein Ar'' represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms.
[0048]

Examples of Ar'' in the above formula (10) include a
phenyl group and various alkylphenyl groups, such as
phenyl, tolyl (isomers), xylyl (isomers), trimethylphenyl
(isomers), tetramethylphenyl (isomers), ethylphenyl
(isomers), propylphenyl (isomers), butylphenyl (isomers),
diethylphenyl (isomers), methylethylphenyl (isomers),
pentylphenyl (isomers), hexylphenyl (isomers), and
cyclohexylphenyl (isomers); various alkoxyphenyl groups,
such as methoxyphenyl (isomers), ethoxyphenyl (isomers),
and butoxyphenyl (isomers); various halogenated phenyl
groups, such as fluorophenyl (iscmers), chlorophenyl
(isomers), bromophenyl (isomers), chloro(methyl)phenyl
(isomers), and dichlorophenyl (isomers); and various
substituted phenyl groups given by the formula (10a):
[0049]

[Formula 23]

(10a)

[0050]
wherein A represents any divalent group selected from the
group consisting of a single bond, -0-, -S-, -CO-, -SO,-,

an alkylene group and a substituted alkylene group given
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by the following formula (10a-1), and a cycloalkylene
group given by the following formula (10a-2).
[0051]

The aromatic ring in the formula (10a) may be
substituted by a substituent, such as a lower alkyl group
having 1 to 12 carbon atoms, a lower alkoxy group having
1 to 12 carbon atoms, an ester group, a hydroxy group, a
nitro group, a halogen, or a cyano group. The formulas
(10a-1) and (10a-2) are as follows:

[0052]

[Formula 24]

R® Ré RS
R? R7 R?
({10a—1)

[0053]

wherein R®, R’, R¥), and R’ are each independently any
selected from the group consisting of a hydrogen atom, a
lower alkyl group having 1 to 12 carbon atoms, a
cycloalkyl group, an aryl group, and an aralkyl group,
and may be substituted by a halogen atom or an alkoxy
group; and

[0054]

[Formula 25]
7N
C (CH2)

(10a-2)
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[0055]

wherein k is an integer of 3 to 11, and the hydrogen atom
in -CH;- may be substituted by a lower alkyl group having
1 to 12 carbon atoms, an aryl group, a halogen atom, or
the like.

[0056]

Examples of Ar'! in the above formula (10) include a
naphthyl group and various substituted naphthyl groups,
such as naphthyl (isomers), methylnaphthyl (isomers),
dimethylnaphthyl (isomers), chloronaphthyl (isomers),
methoxynaphthyl (isomers), and cyanonaphthyl (isomers);
and various substituted and unsubstituted hetero aromatic
groups, such as pyridine (isomers), coumaryl (isomers),
quinolyl (isomers), methylpyridyl (isomers),
chloropyridyl (isomers), methylcoumaryl (isomers), and
methylguinolyl (isomers).

[0057]

Examples of the aromatic monohydroxy compound given
by the above formula (10) include phenols, various
alkylphenols, such as, cresol (isomers), xylenol
(isomers), trimethylphenol (isomers), tetramethylphenol
(isomers), ethylphenol (isomers), propylphenol (isomers),
butylphenol (isomers), diethylphenol (isomers),
methylethylphenol (isomers), methylpropylphenol (isomers),
dipropylphenol (isomers), methylbutylphenol (isomers),
pentylphenol (isomers), hexylphenol (isomers), and

cyclohexylphenol (isomers); various alkoxyphenols, such
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as methoxyphenol (isomers) and ethoxyphenol (isomers);
and various substituted phenols represented by the
formula (10-1):

[0058]

[Formula 26]

[0059]

A and the aromatic ring in the above formula (10-1)
have the same meaning as in the formula (10a).
[0060]

For example, naphthol (isomers) and various
substituted naphthols; and hetero aromatic monohydroxy
compounds, such as hydroxypyridine (isomers),
hydroxycoumarin (isomers), and hydroxyquinoline (isomers)
are also used as the aromatic monohydroxy compound given
by the above formula (10).

[0061]

The above aromatic monohydroxy compound is
preferably an aromatic monohydroxy compound of the above
formula (10) where Ar'! represents an aromatic group

having 6 to 10 carbon atoms, particularly preferably a

phenol.
[0062]

(Transesterification Reaction)
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A transesterification reaction as given by the
following formula (a) is performed using the above-
described dialkyl carbonate and aromatic monohydroxy
compound, in the presence of the reaction catalyst
described later, and the alkylaryl carbonate can be
obtained. The formula (a) is as follows:

[0063]

[Formula 27]

R—0.

O—R R—0 —Ar
T + Ar—0H == TO + R—OH

(a)

[0064]
wherein R represents an alkyl group, and Ar represents an
aryl group.
[0065]
(Alkylaryl Carbonate)

The alkylaryl carbonate obtained in the above step
(1) is preferably a compound represented by the formula
(11) :
[0066]

[Formula 28]

RS .--OTO--._ Arl2

(11)

[0067]



wherein R’ represents a linear or branched aliphatic
group having 1 to 12 carbon atoms, or an alicyclic
aliphatic group having 5 to 12 carbon atoms, and Ar'?
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms.

[0068]

R®> and Ar'? correspond to R* in the above-described
dialkyl carbonate and Ar'' in the above-described
aromatic monohydroxy compound, respectively.

[0069]

Examples of the alkylaryl carbonate as described
above include methyl phenyl carbonate, ethyl phenyl
carbonate, propyl phenyl carbonate (isomers), butyl
phenyl carbonate (isomers), pentyl phenyl carbonate
(isomers), hexyl phenyl carbonate (isomers), heptyl
phenyl carbonate (isomers), octyl phenyl carbonate
(isomers), octyl tolyl carbonate (isomers), nonyl
(ethylphenyl) carbonate (isomers), decyl (butylphenyl)
carbonate (isomers), methyl tolyl carbonate (isomers),
ethyl tolyl carbonate (isomers), propyl tolyl carbonate
(isomers), butyl tolyl carbonate (isomers), allyl tolyl
carbonate (isomers), methyl xylyl carbonate (isomers),
methyl (trimethylphenyl) carbonate (isomers), methyl
(chlorophenyl) carbonate (isomers), methyl (nitrophenyl)
carbonate (isomers), methyl (methoxyphenyl) carbonate
(isomers), methyl cumyl carbonate (isomers), methyl

(naphthyl) carbonate (isomers), ethyl cumyl carbonate
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(isomers), methyl (benzoylphenyl) carbonate (isomers),
and ethyl xylyl carbonate (isomers).
[0070]

Among these alkylaryl carbonates, alkylaryl
carbonates of the above formula (11) where R® represents
an alkyl group having 1 to 6 carbon atoms, such as methyl,
ethyl, propyl (isomers), butyl (isomers), pentyl
(isomers), or hexyl (isomers), and Art? represents an
aromatic group having 6 to 10 carbon atoms are preferred.
[0071]

The metal atoms in the above metal-containing
catalyst composition in the above step (1) preferably
have a content of 0.0001 to 20% by mass, more preferably
0.001 to 15% by mass, and further preferably 0.01 to 10%
by mass. When the metal atoms in the above metal-
containing catalyst composition have a content in the
above range, the flowability of the composition tends to
be good. In the present embodiment, the content of the
metal atoms in the metal-containing catalyst composition
can be obtained by a method described in Examples
described later.

[0072]

In the above step (1), the reaction temperature is
preferably 150 to 300°C, more preferably 160 to 270°C,
and further preferably 180 to 250°C. The reaction
pressure is preferably 0.1 to 2.0 x 10’ Pa, more

preferably 0.5 to 1.0 x 10’ Pa, and further preferably 1
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to 5.0 x 10° Pa. The reaction time is preferably 0.05 to
50 hr, more preferably 0.1 to 35 hr, and further
preferably 0.2 to 25 hr.

[0073]

Such reaction conditions are preferred in terms of a
control of reaction conditions in industrial production.
[0074]

[Step (2)]

The step (2) is the step of subjecting the alkylaryl
carbonate obtained in the above-described step (1) to a
transesterification or disproportionation reaction so as
to obtain a reaction product including the diaryl
carbonate. The transesterification reaction is a
reaction as given by the following formula (a'), in which
the above alkylaryl carbonate and the aromatic
monohydroxy compound further react with each other so as
to produce the diaryl carbonate and an alcohol. The
transesterification reaction is usually performed in the
presence of the reaction catalyst described later, as in
the transesterification reaction in the above-described
step (1). The formula (a') 1s as follows:

[Formula 29]

R—O._ _O—Ar Ar—0_  _O—Ar
Y + Ar—OM ————1 T + R—OH
o o}
(a’)
The disproportionation reaction 1is a reaction as

given by the following formula (b), and is usually
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performed in the presence of the reaction catalyst
described later. The formula (b) i1s as follows:
[0075]

[Formula 30]

T

R—0_ _O—Ar Ar—0_ _O—Ar N R""’T"_R
T I

11

(b)

[0076]
wherein R represents an alkyl group, and Ar represents an
aryl group.

The alcohol as by-product by the reactions given by
the above formulas (a) and/or (a') may be recovered for
recycling and is preferably used for the synthesis of the
dialkyl carbonate. The aliphatic carbonate is obtained
by a conventional known method.

In terms of the effective use of the compounds, it
is preferred that the aliphatic carbonate produced by the
reaction given by the above formula (b) is recovered for
recycling, recirculated, and used again for the reaction
given by the above formula (a).

In other words, for example, it is preferred to add
a step of mainly performing the transesterification
reactions given by the above formulas (a) and (a') in a
first reactor, then feeding the reaction solution
comprising the alkylaryl carbonate and/or the diaryl

carbonate removed from the first reactor, to a second



reactor, as it 1is, or after removing the starting
material and the reactant, mainly performing the
disproportionation reaction given by the above formula
(b) so as to produce the useful diaryl carbonate,
removing the dialkyl carbonate produced as by-product at
the time, in a gas state, by distillation, from the upper
portion of the distillation column, and reusing the
dialkyl carbonate as the starting material in the above
formula (a) after purifying it if necessary.
[0077]
(Diaryl Carbonate)

The diaryl carbonate obtained in the step (2) is
preferably a compound represented by the formula (12):
[0078]

[Formula 31]

Ar“’o\’l/o\Arn

o]

(12)
[0079]

wherein Ar'?

represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms. Art? corresponds
to the Ar'? of the above-described alkylaryl carbonate.
[0080]

Examples of the diaryl carbonate given by the above

formula (12) include a diaryl carbonate in which R in
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the alkylaryl carbonate having the above-described R° and

12 is replaced by the above-described Ar'Z.

Ar
[0081]

Specific examples of the above diaryl carbonate
include diphenyl carbonate, ditolyl carbonate,

di (ethylphenyl) carbonate, di(butylphenyl) carbonate,
dixylyl carbonate, di(trimethylphenyl) carbonate,
di(chlorophenyl) carbonate, di(nitrophenyl) carbonate,
di (methoxyphenyl) carbonate, dicumyl carbonate,
dinaphthyl carbonate, and dibenzoylphenyl carbonate.
Bmong these diaryl carbonates, particularly, those in
which Ar'® is an aromatic group having 6 to 10 carbon
atoms are preferred, and diphenyl carbonate is more
preferred.

[0082]

The metal atoms in the above metal-containing
catalyst composition in the above step (2) preferably
have a content of 0.0001 to 20% by mass, more preferably
0.001 to 15% by mass, and further preferably 0.01 to 10%
by mass. When the metal atoms in the above metal-
containing catalyst composition have a content in the
above range, the flowability of the composition tends to
be good.

[0083]

In the above step (2), the reaction temperature 1is

preferably 150 to 300°C, more preferably 160 to 270°C,

and further preferably 180 to 250°C. The reaction



pressure is preferably 0.1 to 2.0 x 107 Pa, more
preferably 0.5 to 1.0 x 10’ Pa, and further preferably 1
to 5.0 x 10° Pa. The reaction time is preferably 0.05 to
50 hr, more preferably 0.1 to 35 hr, and further
preferably 0.2 to 25 hr.

[0084]

Such reaction conditions are preferred in terms of a
control of reaction conditions in industrial production.
[0085]

[Step (3)]

The step (3) is the step of distilling the reaction
product obtained in the above step (2) to separate the
reaction product into a low boiling component including
the diaryl carbonate and a high boiling component
including the reaction catalyst.

[0086]

The distillation in the step (3) is preferably
performed by a distillation column. The distillation
column preferably has a temperature of 150 to 300°C, more
preferably 160 to 270°C, and further preferably 180 to
250°C, at a column bottom. Further, the distillation
column preferably provides a residence time of 0.02 to
100 hr, more preferably 0.05 to 80 hr, and further
preferably 0.1 to 50 hr, at a column bottom.

[0087]
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The low boiling component separated in the above
step (3) includes, for example, the unreacted alkylaryl
carbonate, in addition to the diaryl carbonate.

[0088]

The high boiling component separated in the above
step (3) usually includes a component having a higher
boiling point than that of the diaryl carbonate, but may
include the remaining diaryl carbonate that cannot be
separated.

[0089]

When the high boiling component separated in the
above step (3) 1s 100% by mass, the high boiling
component includes 70% by mass or less, preferably 60% by
mass or less, and more preferably 50% by mass or less, of
the component having the higher boiling point than that
of the diaryl carbonate. The lower limit of the content
of the component having the higher boiling point than
that of the diaryl carbonate is not particularly limited,
but is, for example, 0.1% by mass or more.

The content of the component having the higher
boiling point than that of the diaryl carbonate can be
obtained by a method described in (Quantitative Analysis
of Compounds of Formula (1)) described later.

[0090]

The high boiling component separated in the above

step (3) includes a compound represented by the formula

(1) :



[0091]

[Formula 32]

O—Y
4
N

X (1)

[0092]

wherein Ar? represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, X and Y-O are
located at an ortho position to each other, X represents
a hydroxy group or a substituent given by the formula (2)
or (3), and Y represents hydrogen or a substituent given
by the formula (3). The formulas (2) and (3) are as
follows:

[(0093]

[Formula 33]

==

T

0—R!

(2)
[0094]

[Formula 34]

\\\I(/O——R1

o)
(3)

[0095]
wherein R' represents a linear or branched aliphatic

group having 1 to 12 carbon atoms, an alicyclic aliphatic
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group having 5 to 12 carbon atoms, or an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms.
[0096]

Examples of the above Ar! include a phenylene group
and various alkylphenylene groups, such as phenylene,
methylphenylene (isomers), dimethylphenylene (isomers),
trimethylphenylene (iscomers), tetramethylphenylene,
ethylphenylene (isomers), diethylphenylene (isomers),
methylethylphenylene (isomers), pentylphenylene (isomers),
hexylphenylene (isomers), and cyclohexylphenylene
(isomers); various alkoxyphenylene groups, such as
methoxyphenylene (isomers), ethoxyphenylene (isomers),
and butoxyphenylene (isomers); various halogenated
phenylene groups, such as fluorophenylene (isomers),
chlorophenylene (isomers), bromophenylene (isomers),
chloro (methyl)phenylene (isomers), and dichlorophenylene
(isomers); various substituted phenylene groups given by
the following formula (la); and a naphthylene group and
various substituted naphthylene groups, such as
naphthylene (isomers), methylnaphthylene (isomers),
dimethylnaphthylene (isomers), chloronaphthylene
(isomers), methoxynaphthylene (isomers), and
cyanonaphthylene (isomers).

[0097]

R! corresponds to the R®> or Ar'? of the above-

described alkylaryl carbonate. The formula (la) is as

follows:
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[0098]

[Formula 35]

-
O“—'\,\e—
P

(1a)
[0099]
wherein A represents any divalent group selected from the
group consisting of a single bond, -0-, -S-, -CO-, -SO,-,
an alkylene group or a substituted alkylene group given
by the following formula (la-1), and a cycloalkylene
group given by the following formula (la-2), and the
aromatic ring may be substituted by a substituent, such
as a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen, or a
cyano group. The formulas (la-1) and (la-2) are as
follows:
[0100]

[Formula 36]

R0 R R12
in R g1
(1a—1)

[0101]

wherein R!°, R'!, R'?, and R!® are each independently a
hydrogen atom, a lower alkyl group, a cycloalkyl group,
an aryl group, or an aralkyl group, and may be

substituted by a halogen atom or an alkoxy group; and
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[0102]

[Formula 37]
TN
P \_)Cth

(1a—2)
[0103]

wherein k is an integer of 3 to 11, and the hydrogen atom
may be substituted by a lower alkyl group, an aryl group,
a halogen atom, or the like.

[0104]

The compound represented by the above formula (1) is
preferably at least one selected from a group of
compounds represented by the following formulas (4) to
(8):

[0105]

[Formula 38]

OH

A

e

(4)

[0106]

wherein Ar? represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar® represents
an unsubstituted or substituted aryl group having 6 to 20
carbon atoms, and two substituents on Ar? are located at

an ortho position to each other;

[0107]



[Formula 39]

[0108]

wherein Ar? represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, R? represents
a linear or branched aliphatic group having 1 to 12
carbon atoms, or an alicyclic aliphatic group having 5 to
12 carbon atoms, and two substituents on Ar® are located
at an ortho position to each other;

[0109]

[Formula 40]

[0110]
wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, and two

hydroxy groups on Ar° are located at an ortho position to

each other;
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[0111]

[Formula 41]

A

£

Q

/i

A O
(0]

(7)

[0112]

wherein Ar® represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar’ and Ar®
each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar® are located at an ortho position
to each other; and

[0113]

[Formula 42]

(8)
[0114]
wherein Ar® represents an unsubstituted or substituted

arylene group having 6 to 20 carbon atoms, Ar'?



- 48 =

represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, R’ represents a linear or
branched aliphatic group having 1 to 12 carbon atoms, or
an alicyclic aliphatic group having 5 to 12 carbon atoms,
and two substituents on Ar®’ are located at an ortho
position to each other.

[0115]

There are a case where the compound given by the
above formula (1) is produced by a reaction of the raw
material with an oxidizing substance, and a case where
the compound given by the above formula (1) is produced
as by-product by an occurrence of a Fries rearrangement
reaction in the presence of the metal-containing catalyst
composition.

[0116]
(Production by Reaction of Raw Material with Oxidizing
Substance)

The case where the compound given by the above
formula (1) is produced by the reaction of the raw
material with an oxidizing substance will be described.
[0117]

For example, when the aromatic monohydroxy compound
that is the raw material in the step (1) coexists with an
oxidizing substance, such as oxygen, the aromatic
monohydroxy compound changes to an aromatic dihydroxy
compound, as given by the following formula (c). This

aromatic dihydroxy compound corresponds to the compound
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represented by the above formula (1) where X represents a
hydroxy group, and Y represents hydrogen. The formula

(c) is as follows:

[0118]

[Formula 43]

OH
+ 120, — al

OH
7
\OH

Ar

(e)

[0119]

wherein Ar represents an unsubstituted or substituted
aryl group having 6 to 20 carbon atoms, and Ar' has two
hydroxy groups at an ortho position and represents an
unsubstituted or substituted arylene group having 6 to 20
carbon atoms.

[0120]

The aromatic dihydroxy compound produced as by-
product by coexistence with the oxidizing substance, such
as oxygen, as described above, further reacts with the
dialkyl carbonate, the alkylaryl carbonate, or the diaryl
carbonate, and changes to aromatic carbonates, as given
by the following formulas (d) and (e).

[0121]

The compounds obtained by the formulas (d) and (e)
correspond to the compounds represented by the above
formula (1) where X represents a hydroxy group or a

substituent given by the formula (2), and Y represents
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hydrogen or a substituent given by the formula (3).

The

formulas (d) and (e) are as follows:

[0122]

[Formula 44]

A(Z: . R—ojoro—n- = A'{oo:ro . A(z:]: ox * ROH + ROH
o
(d)

[0123]
wherein Ar represents an arylene group having
substituents at an ortho position to each other, and R

and R' represent an alkyl group or an aryl group; and

[0124]

[Formula 45]
oM
IS SR Ouil Gup A

(e)
[0125]

wherein Ar represents an arylene group having

substituents at an ortho position to each other, and R

and R' represent an alkyl group or an aryl group.

[0126]

(Production by Fries Rearrangement Reaction)

The case where the compound given by the above

formula (1) is produced as by-product by a Fries



rearrangement reaction in the presence of the metal-
containing catalyst composition will be described.
[0127]

The metal-containing catalyst composition described
later has a function of significantly improving the
reaction rate of the transesterification reaction and the
disproportionation reaction, and an improvement in the
productivity of the diaryl carbonate is intended.

[0128]

However, a side reaction due to Fries rearrangement
given by the following formulas (f) and (g) occurs in the
presence of the metal-containing catalyst composition.
The formula (f) 1is as follows:

[0129]

[Formula 46]

H

\g/o"'“" — AI’TO—AF

(The OH group is located at an ortho position)

Ar——0.

(f)

[0130]
wherein Ar and Ar' represent an aryl group, and Axr"
represents an arylene group.
[0131]

The salicylate ester produced by the above formula
(f) is generally the compound represented by the above-

described formula (4). The formula (g) is as follows:
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[0132]
[Formula 47]

al
\W/O_R —_— Ar' 0—R
(o)

Ar—Q

(o]
(The OH group is located at an ortho position)

(g)

[0133]

wherein R represents an alkyl group, Ar represents an
aryl group, and Ar' represents an arylene group.
[0134]

The salicylate ester produced by the reaction of the
formula (g) is generally the compound represented by the
above-described formula (5).

[0135]

The production of the salicylate ester by the side
reaction described above increases as the temperature of
the environment increases. Further, the salicylate ester
has a high boiling point, and therefore is not separated
by distillation from the metal-containing catalyst
composition similarly having a high boiling point. As a
result, the salicylate ester easily coexists with the
metal-containing catalyst composition.

[0136]
The above-described salicylate ester corresponds to

the compound represented by the above formula (1) where X



represents the above formula (3), and Y represents
hydrogen.
[0137]

Such a salicylate ester reacts with the dialkyl
carbonate, the alkylaryl carbonate, or the diaryl
carbonate so as to produce a salicylate ester carbonate,
as given by the following formula (h).

[0138]

The salicylate ester carbonate produced in this
manner corresponds to the compound represented by the
above formula (1) where X represents the above formula
(3), and Y represents the above formula (3). The formula
(h) is as follows:

[0139]

[Formula 48]

O i T

e

(h)

+ ROH + R'OH

[0140]

wherein Ar represents an arylene group having
substituents at an ortho position to each other, R and R'
represent an alkyl group or an aryl group, and Ar'

represents an aryl group.

[0141]



If a large amount of the aromatic dihydroxy
compounds produced as described above and the aromatic
carbonates derived from the aromatic dihydroxy compounds
coexist with the metal-containing catalyst composition,
generally, the productivity of the originally targeted
diaryl carbonate decreases significantly.

[0142]

Further, the salicylate esters produced by the
above-described Fries rearrangement reaction also
generally cause a significant decrease in the
productivity of the originally targeted diaryl carbonate.
[0143]

However, in the method for producing the diaryl
carbonate according to the present embodiment, the diaryl
carbonate that is the target product can be stably
produced, while maintaining high productivity, by
performing control so that the compounds given by (i) to
(iii) described later, such as aromatic dihydroxy
compounds, aromatic carbonates derived from the arcomatic
dihydroxy compounds, and salicylate esters, satisfy the
conditions of (iv) to (vi) described later, respectively.
[0144]

In other words, the present inventors consider that
the ratio of a particular compound produced as by-product
by the reaction of the raw material with the oxidizing

substance or the Fries rearrangement reaction during the



step to the metal-containing catalyst composition affects
the productivity of the diaryl carbonate.

[0145]

[Step (4)]

The step (4) is the step of recycling the high
boiling component separated in the above step (3) into
the above steps (1) and/or (2).

[0146]

The high boiling component recycled in the above
step (4) includes compounds given by (i) to (iii):
[0147]

(1) a compound of the above formula (1) where X
represents the above formula (2) or (3), and Y represents
the above formula (3);

[0148]

(ii) a compound of the above formula (1) where X
represents a hydroxy group, and Y represents the above
formula (3), and/or a compound of the above formula (1)
where X represents the above formula (3), and Y
represents hydrogen; and
[0149]

(iii) a compound of the above formula (1) where X
represents a hydroxy group, and Y represents hydrogen.

The compounds of (i) to (iii) satisfy conditions
given by (iv) to (vi), respectively:

[150]
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(iv) "the total moles of the compounds of (i) /the
moles of metal atoms" is 0.005 to 20;

[0151]

(v) "the total moles of the compounds of (ii)/the
moles of metal atoms™ is 0.005 to 4; and
[0152]

(vi) "the moles of the compound of (iii)/the moles
of metal atoms™ is less than 2.

[0153]

A preferred condition of (iv) will be described.
[0154]

"The total moles of the compounds of (i)/the moles
of metal atoms" is preferably 0.005 to 10, more
preferably 0.005 to 5.

[0155]

A preferred condition of (v) will be described.
[0156]

"The total moles of the compounds of (ii)/the moles

of metal atoms" is preferably 0.005 to 3, more preferably
0.005 to 2.5.

[0157]

A preferred condition of (vi) will be described.
[0158]

"The moles of the compound of (iii)/the moles of
metal atoms" is preferably less than 1.7, more preferably

less than 1.5. The lower limit of "the moles of the
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compound of (iii)/the moles of metal atoms" is not
particularly limited, but is, for example, 0.001 or more.
[0159]

The high boiling component recycled in the above
step (4) preferably has "total moles of the compounds
represented by the above formula (1)/moles of metal
atoms” from 0.005 to 10, more preferably from 0.005 to 5,
and further preferably from 0.005 to 4.

[0160]

In the step of continuously producing the diaryl
carbonate, the compounds represented by the formula (1)
are produced as by-products and accumulated, and thus,
the productivity of the diaryl carbonate decreases.
Therefore, while the metal-containing catalyst
composition and the compounds represented by the formula
(1) included in the distillation residue are circulated,
part of them are removed, and the metal-containing
catalyst composition or a composition A described later
is fed to the production step, so that production is
performed in an environment adapted to satisfy the above-
described conditions (iv) to (vi), in order to stably
ensure the productivity of the diaryl carbonate. In the
continuous production of the diaryl carbonate, the amount
of the accumulated compounds represented by the formula
(1) may be small at the initial stage, but it is also
possible to previously add the compounds represented by

the formula (1) to the metal-containing catalyst
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composition included in the distillation residue and
circulate them into the step of producing the diaryl
carbonate so as to satisfy the above-described conditions
(iv) to (vi).

[0161]

At the time of the start of the continuous
production, the by-products are not accumulated yet, and
therefore, the above-described conditions (iv) to (vi)
are satisfied. However, 1in order to stably produce the
diaryl carbonate in the continuous production step over a
long time, it is necessary to continuously satisfy the
above-described conditions (iv) to (vi).

[0162]

As a specific example of the method for controlling
the conditions (iv) to (vi), a case where the compound
represented by the above formula (1) is a salicylate
ester will be described below.

[0163]

In the present embodiment, when the targeted diaryl
carbonate and the alkylaryl carbonate produced in an
intermediate step (hereinafter also simply described as
"products") coexist with a high concentration of the
metal-containing catalyst composition, or are placed at
high temperature for a long time in the coexistence of
the metal-containing catalyst composition, a large amount
of a salicylate ester is produced.

[0164]



For the case where the products coexist with a high
concentration of the metal-containing catalyst
composition, for example, a case as described below is
considered.

[0165]

In a step of producing a diaryl carbonate, using a
metal-containing catalyst composition, generally, a
mixture of products and the metal-containing catalyst
composition 1s separated by distillation or the like, and
the metal-containing catalyst composition included in the
distillation residue is circulated and reused. At that
time, part of the products coexist with a high
concentration of the metal-containing catalyst
composition in a recovery portion of a distillation
column.

[0166]

When the alkylaryl carbonate and the diaryl
carbonate coexist with a high concentration of the metal-
containing catalyst composition in this manner, an
environment in which a large amount of a salicylate ester
is easily produced is provided. Therefore, in order to
suppress the production of the salicylate ester and
satisfy the above conditions (iv) to (vi), it is
necessary to control the metal-containing catalyst
composition concentration, the reaction temperature, and
the residence time in each step.

[0167]



Specifically, in the step of separating the products
and concentrating the metal-containing catalyst
composition included in the distillation residue, the
concentration of the metal-containing catalyst
composition is adjusted to be preferably 20% by mass or
less, more preferably 10% by mass or less, in the
distillation residue liquid. The lower limit of the
concentration of the metal-containing catalyst
composition is preferably 0.05% by mass.

[0168]

As another specific example of the method for
controlling the above conditions (iv) to (vi), a case
where the compound represented by the above formula (1)
is an aromatic dihydroxy compound will be described.
[0169]

It is considered that the aromatic dihydroxy
compound is produced particularly by a mixing of oxygen
into the raw material from air. Therefore, for example,
when the raw material is previously purified by
distillation and then stored in a nitrogen atmosphere in
order to prevent the mixing of oxygen, the production of
the aromatic dihydroxy compound can be suppressed. An
amount of oxygen contained in all raw materials applied
in the production step is preferably 500 ppm or less,
more preferably 50 ppm or less.

[0170]

(Quantitative Analysis of Compounds of Formula (1))



In the method for producing the diaryl carbonate
according to the present embodiment, the compounds
represented by the above formula (1) produced as by-
products may form stable complexes with a metal component
contained in the reaction catalyst. Then, the
quantitative analysis of the compounds represented by the
above formula (1) is inaccurate, and as a result, a
problem is that the molar ratio of the compounds
represented by the above formula (1) to metal atoms (the
compounds represented by the formula (1)/metal atoms) is
not accurately obtained.

[0171]

As described above, it is important to perform
accurate quantitative analysis of the mixture comprising
the compounds represented by the above formula (1) and
the metal-containing catalyst composition and accurately
obtain the molar ratio of the compounds represented by
the above formula (1) to metal atoms (the compounds
represented by the formula (1)/metal atoms).

[0172]

Specific examples of the method for performing
accurate quantitative analysis of the molar ratio of the
compounds represented by the above formula (1) to metal
atoms (the compounds represented by the formula (1)/metal
atoms) include a method for adding an additive for
dissociating the above complexes (the compounds

represented by the above formula (1)) to the mixture



comprising the compounds represented by the above formula
(1) produced and the metal-containing catalyst
composition, performing treatment, such as filtration, as
required, and performing quantitative analysis by gas
chromatography, high performance ligquid chromatography,
or the like which uses a general analysis apparatus, in
the method for producing the diaryl carbonate.

[0173]

The above additive is selected according to the type
of the reaction catalyst. Examples of the above additive
include a monodentate or polydentate ligand capable of
coordination to the metal atoms, specifically, water,
polyhydroxy compounds, nitrogen-containing heterocyclic
compounds, sulfur-containing heterocyclic compounds,
fluorine-substituted alcohols, and fluorine-substituted
organic acids, and preferably, water, catechol,
phenanthroline, hexafluoroisopropanocl, and
trifluoroacetic acid.

[0174]

The method for producing the diaryl carbonate
according to the present embodiment preferably further
comprises the step of sampling the high boiling component
recycled in the above step (4), adding a monodentate or
polydentate ligand capable of coordination to the metal
atoms, to the above sampled high boiling component at 1
equivalent or more, preferably 3 equivalents or more,

with respect to the metal atoms therein so as to prepare



an analysis sample, and analyzing the analysis sample to
quantify the compounds given by (i) to (iii) included in
the above high boiling component. Specifically, the
method for producing the diaryl carbonate according to
the present embodiment preferably further comprises the
step of sampling the high boiling component recycled in
the above step (4), adding at least one additive to the
above sampled high boiling component at 1 equivalent or
more, preferably 3 equivalents or more, with respect to
the metal atoms therein so as to prepare an analysis
sample, the additive being selected from the group
consisting of water, polyhydroxy compounds, nitrogen-
containing heterocyclic compounds, sulfur-containing
heterocyclic compounds, fluorine-substituted alcohols,
and fluorine-substituted organic acids, and analyzing the
analysis sample by gas or liquid chromatography to
quantify the compounds given by (i) to (iii) included in
the above high boiling component.

The method for producing the diaryl carbonate in the
present embodiment preferably further comprises the step
of performing control so that the compounds given by (i)
to (iii) included in the high boiling component recycled
in the above step (4) satisfy the conditions of (iv) to
(vi), respectively, after the step of quantifying the
compounds given by (i) to (iii).

Examples of the step of performing control so that

the conditions of (iv) to (vi) are satisfied include the



step of controlling the metal-containing catalyst
composition concentration, the reaction temperature, and
the residence time, and include the step of preventing

the mixing of oxygen into the raw material from air
particularly when the compound represented by the formula
(1) is an aromatic dihydroxy compound, as described above.
[0175]

[Reaction Catalyst]

The reaction catalyst used in the present embodiment
is a metal-containing catalyst composition. The metal-
containing catalyst composition is preferably a metal-
containing catalyst composition that is dissolved in the
reaction solution or present in a liquid state, and is
preferably a metal-containing catalyst composition having
at least one metal-oxygen-carbon linkage.

In the metal-containing catalyst composition used in
the present embodiment, the metal portion is preferably a
Group 4, 5, 8, 13, or 14 metal of the periodic table,
more preferably at least one metal selected from the
group consisting of Ti, V, Zr, Fe, Al, and Sn. These
have high catalytic activity and are preferred from a
practical perspective.

[0176]

The metal-containing catalyst composition is
preferably an alkyloxy metal composition having an alkoxy
group or an aryloxy metal composition having an aryl

group. The metal-containing catalyst composition is
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preferably a titanium-containing catalyst composition.
The titanium-containing catalyst composition will be
described in detail later.

The metal-containing catalyst composition used in
the present embodiment preferably comprises at least one

selected from compounds represented by the following
formulas (D1), (D2), and (D3):
[0177]

[Formula 49]

M™*Qn

(D1)
wherein M represents zirconium, iron, or aluminum, Q
represents an alkoxy group or an aryloxy group, n
represents the valence of the metal M, m and n are each

an integer of 1 or more, and m = n;

[0178]
[Formula 50]
Z4Sn0xT;
(D2)
wherein Sn represents tin, Z represents an alkyl group, O
represents an oxygen atom, T represents an alkoxy group
or an aryloxy group, k is an integer of 0 or 1, j and 1

are each an integer of 1 to 4, and j + 2k + 1 = 4;

[0179]

and

[Formula 51]
VOsLt

(D3)



wherein V represents vanadium, O represents oxygen, L
represents an alkoxy group or an aryloxy group, s 1s an
integer of 0 or 1, t is an integer of 3 to 5, and 2s + t
= b,

The alkoxy group and the aryloxy group in the above
formulas (Dl1) to (D3) are the same as the alkoxy group
and the aryloxy group of the titanium-containing catalyst
composition described later.

[0180]

Specific examples of the zirconium-containing
catalyst composition include tetramethoxyzirconium,
tetraethoxyzirconium, tetrapropoxyzirconium (isomers),
tetrabutoxyzirconium (isomers), and tetraphenoxyzirconium.

Specific examples of the iron-containing catalyst
composition include trimethoxyiron, triethoxyiron,
tripropoxyiron (isomers), tributoxyiron (isomers), and
triphenoxyiron.

Specific examples of the aluminum-containing
catalyst composition include trimethoxyaluminum,
triethoxyaluminum, tripropoxyaluminum (isomers),
tributoxyaluminum (isomers), and triphenoxyaluminum.
[0181]

Specific examples of the tin-containing catalyst
composition include tin tetramethoxide, tin tetrabutoxide,
tin tetraphenoxide, monobutyltin oxide methoxide,
monobutyltin oxide ethoxide, monobutyltin oxide propoxide

(isomers), monobutyltin butoxide (isomers), monobutyltin



pentoxide (isomers), monobutyltin phenoxide, monooctyltin
oxide methoxide, monooctyltin oxide ethoxide,
monooctyltin oxide propoxide (isomers), monooctyltin
butoxide (isomers), monooctyltin pentoxide (isomers),
monooctyltin phenoxide, dibutyltin dimethoxide,
dibutyltin diethoxide, dibutyltin dipropoxide (isomers),
dibutyltin dibutoxide (isomers), dibutyltin dipentoxide
(isomers), dibutyltin diphenoxide (isomers), dioctyltin
dimethoxide, dioctyltin diethoxide, dioctyltin
dipropoxide (isomers), dioctyltin dibutoxide (isomers),
dioctyltin dipentoxide (isomers), and dioctyltin
diphenoxide (isomers).

[0182]

Specific examples of the vanadium-containing
catalyst composition include vanadium pentamethoxide,
vanadium pentaethoxide, vanadium pentapropoxide (isomers),
vanadium pentabutoxide (isomers), vanadium oxide
trimethoxide, vanadium oxide triethoxide, vanadium oxide
tripropoxide (isomers), and vanadium oxide tributoxide
(isomers) .

For the above-described metal-containing catalyst,
those containing two or more types of metals can also be
applied.

[0183]
The titanium-containing catalyst composition, among

the metal-containing catalyst compositions used in the



present embodiment, will be described in detail as an
example below.

The titanium-containing catalyst composition is
preferably an organic oxytitanium composition having at
least one R-0-Ti linkage, wherein R represents an organic
group containing 1 to 20 carbon atoms. The titanium-
containing catalyst composition is preferably dissolved
in the reaction solution or present in a liquid state.
The titanium-containing catalyst composition is
preferably an alkyloxytitanium composition and/or an
aryloxytitanium composition described later. Further,
the titanium-containing catalyst composition used in the
present embodiment is more preferably a titanium-
containing composition formed of a diaryl carbonate and
an aryloxytitanium composition. As described above, the
above steps (1) and/or (2) 1is usually performed in the
presence of the reaction catalyst.

[0184]

An amount of the titanium-containing catalyst
composition used to carry out the method for producing
the diaryl carbonate in the present embodiment varies
depending on various conditions, such as a type of the
reaction catalyst, raw materials and an amount ratio of
the raw materials, reaction temperature, and reaction
pressure, but is preferably 0.0001 to 50% by mass, more
preferably 0.001 to 30% by mass based on the total mass

of the raw materials.



[0185]

The titanium-containing catalyst composition will be
described in detail below.
(Titanium-Containing Catalyst Composition)

The titanium-containing catalyst composition usually
promotes the transesterification reaction in the step (1)
and the transesterification or disproportionation
reaction in the step (2). The titanium-containing
catalyst composition used in the present embodiment is
preferably an organic oxytitanium composition having at
least one R-0-Ti linkage.

[0186]
(Organic Oxytitanium Composition Having R-0O-Ti Linkage)

The organic oxytitanium composition having the R-0-
Ti linkage is an organic oxytitanium composed of a
tetravalent Ti atom, in which the Ti atom is substituted
by an R-0O- group, wherein R represents an organic group.

Here, the "organic oxytitanium composition having
the R-0-Ti linkage" means that not only one "organic
oxytitanium having an R-0-Ti linkage" is present, but
also a plurality of "organic oxytitaniums having an R-0-
Ti linkage" may be mixed. This is due to the fact that
it is difficult to exactly identify the structure.

The organic oxytitanium composition may be a monomer
or may be a polymer (organic polytitanoxane).

[0187]
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The "polytitanoxane" herein refers to an organic-
inorganic hybrid compound comprising a Ti-O-Ti repeating
structure and an R-0O-Ti linkage, wherein R represents an
organic group. The Ti atom constituting the
polytitanoxane is preferably tetravalent.

[0188]

For the structure of the polytitanoxane, there are
reports in which the structure is presumed (for example,
Kogyo Kagaku Zasshi (Journal of the Chemical Society of
Japan, Industrial Chemistry Section), vol. 64, p. 885-888
(1961), and Nature, p. 273-274 (1961)), and reports in
which a particular linkage (for example, Ti-0-Ti) is
allegedly detected (for example, Japanese Patent Laid-
Open No. 2004-256719).

[0189]

The polytitanoxane used in the present embodiment is
preferably a polytitanoxane comprising at least one
polytitanoxane comprising a structural unit selected from
the group consisting of the following general formulas
(lb), (2b), (3b), and (4b). In other words, the
polytitanoxane used in the present embodiment may have a
structure in which the structural units given by the
following formulas are combined to form a linear,
branched, or cyclic structure via a Ti-0O-Ti linkage
between each other, or a structure comprising a
combination thereof. The general formulas (lb), (2b),

(3b), and (4b) are as follows:
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[0190]

[Formula 52]

OR R R 0
R0—1ll—-0—-— —O0—TI—0— —o—I—«a— —0—41—0—-
clm' R 0
I |
(1b) (2b) (3b) (4b)
[0191]

In the above formulas (1lb) to (4b), R represents an
organic group.

The R group 1s an organic group described in
Nomenclature (IUPAC Nomenclature of Organic Chemistry)
prescribed by IUPAC (The International Union of Pure and
Applied Chemistry).

A plurality of R groups are contained in the above
organic polytitanoxane. They may be the same or
different.

For the structure forming a branched or cyclic
structure, for example, those shown in the following
formulas (lc) and (2c) are considered.

[0192]

[Formula 53]
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OR OR OR OR OR
RO-—-]li-—O—- —O0—Ti—OR RO—T"—O'_ —OR
0
R S OR 11
RO—Ti—O0—Ti—OR
RO—Ti—OR | |
OR OR
OR
(1¢) (2c)

When the IUPAC Rules, and the Nomenclature Rules
prescribed by IUPAC also shown hereinafter (except for
cases where other years' IUPAC Recommendations and the
like are specially cited) herein are cited below,
"Yukikagaku-Seikagaku Meimeiho (Organic Chemical and
Biochemical Nomenclature)" (revised second edition
published in 1992, Nankodo Co., Ltd., Japan) is cited,
which is based on the edition including all the rules of
organic chemistry and biochemistry, and Japanese
transliteration rules, published as a separate volume of
"Kagaku no Ryoiki (The Area of Chemistry)" in 1980, based
on Recommendations 1979, and in which all subsequent
revisions and recommendations are added.

"Organic" refers to generally a group of compounds
that are subjects of the nomenclature disclosed in the
book.

The subjects ("organic") may be subjects described
in Recommendations issued in 1993 (when it is difficult
to obtain the above-described book published in Japan,
Recommendations 1979 and Recommendations 1993 may be

referred to).



[0193]

However, the above-described "organic" compounds
that are subjects of the Nomenclature also include
organometallic compounds and metal complexes.

"Organic" and/or "organic groups" and/or
"substituents”" and the like, and the compounds used in
the present embodiment will be described herein below.
They are composed of an atom not including a metal atom
and/or a semimetal, unless otherwise specified.

Further preferably, "organic compounds,”™ "organic
groups, " and "substituents" composed of an atom selected
from H (hydrogen atom), C (carbon atom), N (nitrogen
atom), O (oxygen atom), and S (sulfur atom) are used in
the present embodiment.

[0194]

The limitations "aliphatic" and "aromatic" are
frequently used herein. According to the IUPAC Rules, it
is described that organic compounds are classified into
aliphatic compounds and aromatic compounds, and the
definition of aliphatic compounds is groups according to
the aliphatic compounds based on IUPAC Recommendations
1995.

In the Recommendations, aliphatic compounds are
defined as "Acyclic or cyclic, saturated or unsaturated
carbon compounds, excluding aromatic compounds."”

An aliphatic group often used herein is a group

comprising the above aliphatic compound.
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For a group, for example, the R portion obtained by
removing a hydrogen atom from the aliphatic compound RH
is defined as a monovalent aliphatic group.

Aliphatic and aliphatic groups include all of
saturated and unsaturated, and acyclic and cyclic, and
refer to the above "organic compounds," "organic groups,"
and "substituents" composed of an atom selected from H
(hydrogen atom); C (carbon atom); N (nitrogen atom); O
(oxygen atom); S (sulfur atom); Si (silicon atom); and a
halogen atom selected from Cl (chlorine atom), Br
(bromine atom), and I (iodine atom).

A case where an aromatic group is bonded to an
aliphatic group, such as an aralkyl group, is often
described as "an aliphatic group substituted by an
aromatic group" or "a group comprising an aliphatic group
to which an aromatic group is bonded" in such a manner.

This is based on reactivity in the present
embodiment, and the nature regarding the reaction of
groups, such as aralkyl groups, is extremely similar to
the reactivity of aliphatic groups, rather than
aromaticity.

Non-aromatic reactive groups including aralkyl
groups and alkyl groups are often described as "aliphatic
groups which may be aromatically substituted,"
"aromatically substituted aliphatic groups," "aliphatic
groups to which aromatic groups are bonded," or the like.

[0195]



When the general formulas of the compounds used
herein are described, definitions according to the above-
described Nomenclature Rules prescribed by IUPAC are used.
However, in the description of the compounds used in the
present embodiment, in order to clarify the feature of
the structure, coined words, such as an "organic

polytitanoxane" and an "aryloxytitanium,"

are used, and
for the names of particular groups and illustrated
compound names, trivial names are often used.

The number of atoms and the number of substituents
are often described herein. They all represent zero or a
positive integer (zero is often a positive integer).
However, when a composition ratio formula is represented,
positive numbers are used.

This is notation often used for the notation of
inorganic compounds and organic-inorganic hybrid
compounds.

[0196]

The above R group 1is preferably a group composed of
a carbon atom, a hydrogen atom, and/or an oxygen atom,
and it is any of an aliphatic group, an aromatic group,
and a group in which an aliphatic group and an aromatic
group are bonded to each other, and it represents an
acyclic hydrocarbon group, a cyclic hydrocarbon group (a
group such as, for example, a monocyclic hydrocarbon
group, a condensed polycyclic hydrocarbon group, a

bridged cyclic hydrocarbon group, a spiro hydrocarbon
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group, a ring assembly hydrocarbon group, a cyclic
hydrocarbon group with a side chain, a heterocyclic group,
a heterocyclic spiro group, or a bridged heterocyclic
group), a group in which one or more groups selected from
the above acyclic hydrocarbon group and the above cyclic
hydrocarbon group are bonded, and a group in which these
groups are linked via covalent bonds to a particular
nonmetal atom (carbon or oxygen).

The above covalent bond to the particular nonmetal
atom (carbon or oxygen) refers to, for example, a state
in which a group represented by the following formulas
(1d) to (4d) and the above-described group are covalently
bonded to each other.

[0197]

[Formula 54]

—“('3—— —C— —C= =0
(14d) (2d) (34) (44)

[0198]

Among the R groups as described above, the R group
preferably used in the present embodiment is selected
from the group consisting of an aliphatic group, an
aromatic group, and a group in which an aliphatic group
and an aromatic group are bonded to each other,

considering that a side reaction is less likely to occur,
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and is preferably a group selected from the group
consisting of an acyclic hydrocarbon group and a cyclic
hydrocarbon group (a monocyclic hydrocarbon group, a
condensed polycyclic hydrocarbon group, a bridged cyclic
hydrocarbon group, a spiro hydrocarbon group, a ring
assembly hydrocarbon group, and a cyclic hydrocarbon
group with a side chain), and a group in which at least
one group selected from the group is bonded (groups
substituted by each other), which contain 1 to 20 carbon
atoms.

Considering the flowability of the above organic
oxytitanium composition having the R-0-Ti linkage, and
the like, the R group is preferably a group containing 1
to 10 carbon atoms, more preferably a group containing 1
to 7 carbon atoms.

[0199]

A more preferred R group 1s a group selected from a
group in which at least one or more selected from the
group consisting of an alkyl group, a cyclcalkyl group,
and an aryl group are bonded to each other, and a group
in which at least one or more selected from the group
consisting of an alkyl group, a cycloalkyl group, and an
aryl group are formed via a linkage selected from the
above formulas (1d) to (4d).

Examples of such an R group include a methyl group,
an ethyl group, a propyl group (isomers), a butyl group

(isomers), a pentyl group (isomers), a hexyl group
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(isomers), a heptyl group (isomers), a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopropylmethyl group, a
cyclobutylmethyl group, a cyclopentylmethyl group, a
cyclohexylmethyl group, a phenyl group, a phenylmethyl
group, a cresyl group (isomers), a phenylethyl group, a
furfuryl group, and a pyrazyl group.

[0200]

A monomer structure having an (R-0-),Ti structure,
as well as the above-described various polytitanoxanes
having the R-0-Ti linkage can be preferably used as the
organic oxytitanium composition having the R-0-Ti linkage
used in the present embodiment. It is extremely
difficult to isclate the polytitanoxane for determining
the structure. Therefore, in the present embodiment, a
composition containing at least one or more types of
polytitanoxane having the R-0-Ti linkage is intended for
a polytitanoxane composition having the R-0-Ti linkage.
[0201]

The above polytitanoxane composition having the R-0-
Ti linkage is preferably a composition such that a mole
average degree of polymerization is 1.1 or more and 12 or
less. The mole average degree of polymerization is
determined by the following mathematical expression (1),
using the number of Ti atoms contained in an individual

polytitanoxane having an R-0-Ti linkage, which



constitutes the polytitanoxane composition, and the
following "molar ratio".
[0202]

The polytitanoxane composition comprises one or more
polytitanoxanes having a different degree of
polymerization (the number of Ti atoms in the molecule).
[0203]

The above "molar ratio" refers to the moles of a
polytitanoxane having an individual degree of
polymerization with respect to the total moles of
polytitanoxanes in the polytitanoxane composition.
[0204]

By the above "mole average degree of
polymerization," it is meant that the product of the
molar ratio of a polytitanoxane having an individual
degree of polymerization and the degree of polymerization
is determined, and the product is integrated for all
degrees of polymerization to obtain an integrated value.
In other words, the question of how many Ti atoms are
contained in one polytitanoxane molecule is answered as
average value.

[0205]

[Expression 1]

Pn:;(pw'mw) (1)

[0206]
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In the above mathematical expression (1), Pn is a
positive number representing the mole average degree of
polymerization.

[0207]

z represents the number of types of polytitanoxane
having an R-0O-Ti linkage having a different degree of
polymerization contained in the polytitanoxane
composition having the R-0-Ti linkage, and represents an
integer of 1 or more.

[0208]

Pw 1S a positive natural number representing the
number of Ti atoms contained in a polytitanoxane
molecular structure w having an R-0O-Ti linkage contained
in the above composition.

[0209]

m, is the mole fraction of the molecular structure w
to the composition and satisfies the mathematical
expression (2):

[0210]

[Expression 2]

! (2)

[0211]
wherein z has the same meaning as z described in the
above mathematical expression (1), and represents the

number of types of polytitanoxane having an R-0-Ti
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linkage having a different degree of polymerization
contained in the polytitanoxane composition having the R-
O-Ti linkage, and represents an integer of 1 or more.
[0212]

For example, in the case of a composition comprising
1 mole of a tetraalkyloxytitanium represented by the
following formula (le), and 1 mole of a polytitanoxane
represented by the following formula (2e), the mole
average degree of polymerization is 1.5. The formulas
(le) and (2e) are as follows:
[0213]

[Formula 55]

OR OR OR
RO—Ti—OR RO—Ti—O—Ti—OR
OR OR R
(le) (2e)

[0214]

When the above-described polytitanoxane is used as a
catalyst for producing a diaryl carbonate, the above-
described polytitanoxane is preferably a polytitanoxane
having an R-0-Ti linkage comprising small molecules as
little as possible, and having a high mole average degree
of polymerization. When flowability is considered, the
mole average degree of polymerization is preferably not
very high. Therefore, the above-described mole average

degree of polymerization is preferably in the range of



1.1 or more and 12 or less, most preferably in the range
of 2 or more and 8 or less.

[0215]

<Alkyloxytitanium Composition>

One example of the organic oxytitanium composition
having the R-0-Ti linkage used as the titanium-containing
catalyst composition in the present embodiment includes
an alkyloxytitanium composition. Particularly, a
polytitanoxane composition having an alkoxy group is
preferred.

An alkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxytitanium
compositions having the R-0-Ti linkage, an organic
oxytitanium in which the R group is an alkyl group, and
the -0- forming the R-0-Ti linkage is oxygen bonded to
the alkyl group.

Therefore, the alkyloxytitanium compositions are,
among the above-described organic oxytitanium
compositions having the R-0-Ti linkage, only those in
which R is limited to an alkyl group, and only those
excluding part of the illustrations of the R group
(illustrations in which R is not an alkyl group).

Examples of such an R group include a methyl group,
an ethyl group, a propyl group (isomers), a butyl group
(isomers), a pentyl group (isomers), a hexyl group
(isomers), a heptyl group (isomers), an octyl group

(isomers), a nonyl group (isomers), and a decyl group
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(isomers). Examples of a preferred R group are a methyl
group, an ethyl group, a propyl group (isomers), a butyl
group (isomers), and a pentyl group (isomers).

[0216]

<Cycloalkyloxytitanium Composition>

One example of the organic oxytitanium composition
having an R-0-Ti linkage used as the titanium-containing
catalyst composition in the present embodiment includes a
cycloalkyloxytitanium composition. Particularly, a
polytitanoxane composition having a cycloalkoxy group 1is
preferred.

A cycloalkyloxytitanium represents, among organic
oxytitaniums constituting the above organic oxytitanium
compositions having the R-O-Ti linkage, an organic
oxytitanium in which the R group is a cycloalkyl group,
and the -0- forming the R-0-Ti linkage is oxygen bonded
to the cycloalkyl group.

Therefore, the cycloalkyloxytitanium compositions
are, among the above-described organic oxytitaniums
having the R-0-Ti linkage, only those in which R 1is
limited to a cycloalkyl group, and only those excluding
part of the illustrations of the R group (illustrations
in which R is not a cycloalkyl group).

Examples of such an R group include a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a

cyclooctyl group, a cyclononyl group, and a cyclodecyl



group. Examples of a preferred R group are a cyclopentyl
group and a cyclohexyl group.
[0217]

The organic oxytitanium compositions having the R-0-
Ti linkage used in the present embodiment in which the R
group 1s an alkyl group and in which the R group is a
cycloalkyl group exhibit similar behavior in the above
steps (1) and (2), and therefore, the above-described
cycloalkyloxytitanium composition will be described below
as having the same meaning as the alkyloxytitanium
composition. (Exactly, the alkyl group is branched
and/or linear, and the cycloalkyl group is cyclic, but
there is no difference in reactivity and the like, and
therefore, they have the same meaning herein. Similarly,
a group in which a cycloalkyl group and an alkyl group
are bonded to each other has the same meaning.)
[0218]
<Aryloxytitanium Composition>

The aryloxytitanium composition used as the
titanium-containing catalyst composition in the present
embodiment represents, among the above organic
oxytitanium compositions having the R-0-Ti linkage, an
organic oxytitanium composition in which the R group is a
group having an aromatic ring, and the -0- forming the R-
O-Ti linkage 1s oxygen bonded to the group having an
aromatic ring. Particularly, a polytitanoxane

composition having an aryloxy group is preferred.



[0219]

When the above group having the aromatic ring is
represented as an Ar group (that is, a polytitanoxane
having an aryloxy group is defined as a polytitanoxane
having an Ar-0~Ti linkage), a polytitanoxane having an
aryloxy group can be represented by the following formula
according to the definition of the above polytitanoxane
composition having the R-0-Ti linkage.

The structure of the polytitanoxane is diverse by
the combination of the above formulas (1lb) to (4b) (in
the polytitanoxane having an aryloxy group, the R group
in the above formulas (1lb) to (4b) is an Ar group), that
is, the following formulas (1f) to (4f), as described for
the above polytitanoxane having the R-0-Ti linkage. It
is difficult to identify the structure by the current
analysis method, and the structure is presumed to be a
mixture of various structures. The formulas (1f) to (4f)
are as follows:

[0220]

[Formula 56]

clw OAr Ar ::')
AO—Ti—0— —0—1'1—0—— —0—f—0— —o0—t—o0—

o S + +

(1f) (2 f) (3 1) (4f)

[0221]
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In the above formulas (1f) to (4f), Ar is a group
having an aromatic ring, the Ar group forms an Ar-0-Ti
linkage, and the oxygen atom of the ArO group in the
linkage represents a group bonded to the aromatic ring in
the Ar group.

[0222]

The above aryloxy group constituting the
aryloxytitanium is preferably represented by the
following formula (ArO).

[0223]

[Formula 57]

++ (AT 0)

[0224]

In the formula (Ar0O), the ring A represents an
organic group having 6 to 20 carbon atoms, containing an
aromatic group to which an oxygen atom bonded to Ti is
bonded at any position keeping aromaticity, and may be a
single ring or a plurality of rings, or a heterocyclic
ring, and/or may be substituted by another substituent.

The ring A is often described as an Ar group herein.
[0225]

The Ar group is not particularly limited as long as
it is a group having an aromatic ring. Examples of the

Ar group include groups composed of a carbon atom, a



hydrogen atom, and/or an oxygen atom, such as an aromatic
group and a group in which an aliphatic group and an
aromatic group are bonded to each other. More specific
examples include groups having an aromatic ring, which
are an acyclic hydrocarbon group, a cyclic hydrocarbon
group (a group such as, for example, a monocyclic
hydrocarbon group, a condensed polycyclic hydrocarbon
group, a bridged cyclic hydrocarbon group, a spiro
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic group, a heterocyclic spiro group, or a
bridged heterocyclic group), a group in which one or more
groups selected from the above acyclic hydrocarbon group
and the above cyclic hydrocarbon group are bonded, and a
group in which the above groups are linked via covalent
bonds to a particular nonmetal atom (carbon or oxygen).
The above covalent bond to the particular nonmetal
atom (carbon or oxygen) 1is, for example, a state in which
a group represented by the following formulas (1d) to
(4d) and the above-described group are covalently bonded
to each other.
[0226]

[Formula 58]
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2 S i
(1d) (2d) (3d) (4d)

[0227]

Among such Ar groups, the Ar group that can be
preferably used in the present embodiment is selected
from an aromatic group and a group in which an aliphatic
group and an aromatic group are bonded to each other,
considering that a side reaction is less likely to occur.
Examples of the Ar group that can be preferably used in
the present embodiment include a group selected from the
group consisting of an acyclic hydrocarbon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, and a cyclic hydrocarbon
group with a side chain), and a group in which at least
one group selected from the group of these groups is
bonded (groups substituted by each other), which are
organic groups having 6 to 20 carbon atoms, preferably
groups having 6 to 10 carbon atoms.

[0228]

A more preferred Ar group is a group having an

aromatic ring, which is a group selected from a group in

which at least one or more selected from the group
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consisting of a cycloalkyl group and an aryl group are
bonded to each other, and a group in which at least one
or more selected from the group consisting of an alkyl
group, a cycloalkyl group, and an aryl group are formed
via a linkage selected from the above-described formulas
(1d) to (4d).

A group having 6 or 7 carbon atoms is further
preferred.

Examples of such Ar groups include a phenyl group, a
cresyl group (isomers), a xylyl group (isomers), and a
naphthyl group.

Examples of preferred Ar groups are a phenyl group
and a cresyl group (isomers).

[0229]

When the aryloxytitanium composition is used as the
reaction catalyst in the production of the diaryl
carbonate in the present embodiment, it is preferred that
the aryl group constituting the diaryl carbonate, and the
above-described aryl group constituting the
aryloxytitanium composition are the same type of aryl
group (that 1is, the aryloxy group constituting the
aryloxytitanium composition is the same aryloxy group as
the aryloxy group constituting the diaryl carbonate).
[0230]

A monomer structure having an (Ar-0-),Ti structure,
as well as the above polytitanoxane having the Ar-0-Ti

linkage can be preferably used as the aryloxytitanium



composition used in the present embodiment. As
previously described, it is extremely difficult to
isolate the polytitanoxane for determining the structure.
The polytitanoxane having the Ar-0-Ti linkage used in the
present embodiment is a polytitanoxane composition having
an Ar-0-Ti linkage, containing at least one or more types
of polytitanoxane having an Ar-0O-Ti linkage.

[0231]

Preferably, the above polytitanoxane composition
having the Ar-0-Ti linkage is a composition such that a
mole average degree of polymerization is 1.1 or more and
12 or less. The mole average degree of polymerization is
determined by the following mathematical expression (1),
using the number of Ti atoms contained in an individual
polytitanoxane having an Ar-0-Ti linkage, which
constitutes the polytitanoxane composition, and the
following "molar ratio".

The polytitanoxane composition comprises one or more
polytitanoxanes having a different degree of
polymerization (the number of Ti atoms in the molecule).

The above "molar ratio" refers to the moles of a
polytitanoxane having an individual degree of
polymerization with respect to the total moles of
polytitanoxanes in the polytitanoxane composition.

By the above "mole average degree of
polymerization," it is meant that the product of the

molar ratio of a polytitanoxane having an individual



degree of polymerization and the degree of polymerization
is determined, and the product is integrated for all
degrees of polymerization to obtain an integrated value.
In other words, the question of how many Ti atoms are
contained in one polytitanoxane molecule is answered as
average value.

[0232]

[Expression 3]

Pn=il(pw'mw) e (1)

[0233]

In the above mathematical expression (1), Pn is a
positive number representing the mole average degree of
polymerization.

z represents the number of types of polytitanoxane
having an Ar-0-Ti linkage having a different degree of
polymerization contained in the polytitanoxane
composition having the Ar-0-Ti linkage, and represents an
integer of 1 or more.

Pw 15 a positive natural number representing the
number of Ti atoms contained in a polytitanoxane
molecular structure w having an Ar-0-Ti linkage contained
in the composition.

m, is the mole fraction of the above molecular
structure w to the composition and satisfies the
following mathematical expression (2).

The total of mole fractions is 1 (the left side).



[0234]

[Expression 4]

1 e v e (2)

[0235]

In the above mathematical expression (2), z has the
same meaning as z described in the above mathematical
expression (1), and represents the number of types of
polytitanoxane having an Ar-0-Ti linkage having a
different degree of polymerization contained in the
polytitanoxane composition having the Ar-0-Ti linkage,
and represents an integer of 1 or more.

[0236]

For example, in the case of a composition comprising
1 mole of a tetraaryloxytitanium represented by the
following formula (lg), and 1 mole of a polytitanoxane
represented by the following formula (2g), the mole
average degree of polymerization is 1.5.

[0237]

[Formula 59]

OAr OAr OAr
ArO—Ti—OAr ArO—Ti—O—Ti—OAr
Ar OAr OAr
(1g) (2g)

[0238]



When the aryloxytitanium composition is used as a
reaction catalyst for the production method of a diaryl
carbonate in the present embodiment, a polytitanoxane
having an Ar-0-Ti linkage comprising small molecules as
little as possible and having a high mole average degree
of polymerization is preferred. When flowability is
considered, the degree of polymerization is preferably
not very high.

Therefore, the above-described mole average degree
of polymerization is preferably in the range of 1.1 or
more and 12 or less, more preferably in the range of 2 or
more and 8 or less.

[0239]

The titanium-containing catalyst composition used in
the present embodiment is more preferably a titanium-
containing composition comprising the above-described
aryloxytitanium composition and diaryl carbonate. The
above titanium-containing composition can be obtained by
mixing the aryloxytitanium composition and the diaryl
carbonate and by a method described later. The above
aryloxytitanium composition can be obtained, for example,
by reacting the above-described alkyloxytitanium
composition with an aromatic monohydroxy compound
described later.

[0240]
The diaryl carbonate that is the raw material in

obtaining the above titanium-containing catalyst



composition is similar to the one described in the
paragraphs of the above step (2).
[0241]

The titanium constituting the above aryloxytitanium
composition is preferably tetravalent.
[0242]

The above aryloxytitanium composition preferably has
1 or more and 4 or less aryloxy groups per titanium atom.
[0243]

(Method for Producing Titanium-Containing Catalyst
Composition)

The titanium-containing catalyst composition used in
the present embodiment can be produced, for example, by
the following method. First, the above-described
alkyloxytitanium composition is reacted with the aromatic
monohydroxy compound described later so as to obtain an
aryloxytitanium composition. At that time, ROH
corresponding to the alkyloxy group is produced, and
therefore, the boiling point of the ROH and the aromatic
monohydroxy compound is compared to select an
alkyloxytitanium composition and an aromatic monohydroxy
compound used which are suitable for use.

[0244]
<Aromatic Monohydroxy Compound>
The aromatic monohydroxy compound used will be

described.



The aromatic monohydroxy compound is an aromatic
monohydroxy compound represented by the formula (1lh):
[0245]

[Formula 60]

[0246]
wherein the Ar group is a ring A given by the formula
(2h) :
[0247]

[Formula 61]

(2h)

[0248]

In the above formula (2h), the ring A represents an
organic group having 6 to 20 carbon atoms, comprising an
aromatic group to which an oxygen atom forming an OH
group 1s bonded at any position keeping aromaticity, and
may be a single ring or a plurality of rings, or a
heterocyclic ring, and/or may be substituted by another
substituent.

[0249]
The Ar group is not particularly limited as long as

it is a group having an aromatic ring. Examples of the



Ar group include groups composed of a carbon atom, a
hydrogen atom, and/or an oxygen atom, such as an aromatic
group and a group in which an aliphatic group and an
aromatic group are bonded to each other. More specific
examples include groups having an aromatic ring, which
are a group comprising an acyclic hydrocarbon group or a
cyclic hydrocarbon group (for example, a monocyclic
hydrocarbon group, a condensed polycyclic hydrocarbon
group, a bridged cyclic hydrocarbon group, a spiro
hydrocarbon group, a ring assembly hydrocarbon group, a
cyclic hydrocarbon group with a side chain, a
heterocyclic group, a heterocyclic spiro group, and a
bridged heterocyclic group), a group in which one or more
groups selected from the above acyclic hydrocarbon group
and the above cyclic hydrocarbon group are bonded, and a
group 1in which the above groups are linked via covalent
bonds to a particular nonmetal atom (carbon or oxygen).
The above covalent bond to the particular nonmetal
atom (carbon or oxygen) 1s, for example, a state in which
a group represented by the following formulas (1d) to
(4d) and the above-described group are covalently bonded
to each other.
[0250]

[Formula 62]
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(14d) (2d) (3d) (4d)

[0251]

Among such Ar groups, the Ar group that can be
preferably used in the present embodiment is selected
from an aromatic group and a group in which an aliphatic
group and an aromatic group are bonded to each other,
considering that a side reaction is less likely to occur.
Examples of the Ar group that can be preferably used in
the present embodiment include a group selected from the
group consisting of an acyclic hydrocarbon group and a
cyclic hydrocarbon group (a monocyclic hydrocarbon group,
a condensed polycyclic hydrocarbon group, a bridged
cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, and a cyclic hydrocarbon
group with a side chain), and a group in which at least
one group selected from the group is bonded (groups
substituted by each other), which are organic groups
having 6 to 20 carbon atoms, preferably groups having 6
to 10 carbon atoms. A further preferred Ar group is a
group having an aromatic ring, which is a group selected
from a group in which at least one or more selected from
the group consisting of a cycloalkyl group and an aryl

group are bonded to each other, and a group in which at



least one or more selected from the group consisting of
an alkyl group, a cycloalkyl group, and an aryl group are
formed via a linkage selected from the above (1d) to (4d).
[0252]

Examples of such Ar groups include a phenyl group, a
cresyl group (isomers), a xylyl group (isomers), and a
naphthyl group.

Examples of preferred Ar groups are a phenyl group
and a cresyl group (isomers), more preferably a group
having 6 or 7 carbon atoms.

[0253]

When ROH has a lower boiling point than that of ArOH,
ROH is easily removed by distillation, and therefore, an
organic oxytitanium having an alkoxy group (R-O- group)
and an aromatic hydroxy compound ({(ArOH) such that ROH has
a lower boiling point than that of ArOH are selected.

In this case, the preferred R group is preferably a
group having a small number of carbon atoms because of
easy removal.

The R group preferably is a group having 1 to 6
carbon atoms, more preferably an alkyl group having 3 to
6 carbon atoms, considering the flowability of the
organic oxytitanium having the R-0O- group, and even more
preferably a propyl group (isomers), a butyl group
(isomers), a pentyl group (isomers), or a hexyl group
(isomers).

[0254]



For the aromatic hydroxy compound, phenols and
cresol (isomers) can be preferably used, considering the
industrial utility value.

The most preferred combination of the R group and
the Ar group 1s a case where the R group is an R group
selected from an n-propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, an n-pentyl group, and
an isopentyl group, and the Ar group is a phenyl group.
[0255]

Next, an amount of the alkyloxytitanium composition
and the aromatic monohydroxy compound used will be
described.

The amount of the aromatic monohydroxy compound used
is preferably 1 to 50 molar equivalents, more preferably
5 to 30 molar equivalents, with respect to the total
moles of alkoxy groups contained in the alkyloxytitanium
composition and is determined by the size of the reactor,
and the like.

If a large amount of polyhydroxy compounds (for
example, catechol, trihydroxyphenol, and salicylic acid)
are included in the aromatic monohydroxy compound, these
polyhydroxy compounds react with the alkyloxytitanium,
and the amount of the targeted aryloxytitanium produced
decreases. Therefore, the content of these polyhydroxy
compounds is preferably 0.01 or less, more preferably
0.001 or less, in terms of the molar ratioc of the

polyhydroxy compounds to titanium atoms.
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[0256]

As the method for obtaining the aryloxytitanium
composition, for example, first, the above-described
alkyloxytitanium composition is fed to a reactor in a
nitrogen atmosphere, and then, the aromatic monohydroxy
compound is fed. Next, the mixture in the above reactor
is heated and reacted at ordinary pressure so as to
obtain the aryloxytitanium composition. The heating
temperature is preferably 0 to 300°C, more preferably 20

to 250°C, and further preferably 50 to 200°C. The heating

time is preferably 0.01 to 500 hr, more preferably 0.1 to
300 hr, and further preferably 0.5 to 200 hr. The

alcohol produced by the reaction is recovered as required.
[0257]

The titanium-containing catalyst composition used in
the present embodiment can be obtained, for example, by a
method as described below.

First, a diaryl carbonate is fed to the
aryloxytitanium composition obtained by the above method
or the above-described aryloxytitanium composition, and
the mixture in the reactor is heated. The heating
temperature is preferably 100 to 300°C, more preferably
120 to 270°C, and further preferably 150 to 250°C. The
heating time is preferably 0.1 to 500 hr, more preferably
0.2 to 300 hr, and further preferably 0.5 to 200 hr.

[0258]
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Next, the pressure of the above reactor is reduced,
and the diaryl carbonate including a low boiling
component is evaporated, and thus, the titanium-
containing catalyst composition can be obtained. The
titanium atoms constituting the above aryloxytitanium
composition preferably have a content of 0.1 to 20% by
mass, more preferably 1 to 15% by mass, further
preferably 1 to 12% by mass, and particularly preferably
1 to 10% by mass, based on 100% by mass of the above
titanium-containing catalyst composition. By
appropriately adding the diaryl carbonate, the titanium
concentration in the titanium-containing catalyst
composition can be adjusted to be in the above range.
[0259]

Specific examples of the alkyloxytitanium
composition that is the raw material in obtaining the
above aryloxytitanium composition include titanium
tetramethoxide, titanium tetraisopropoxide, and titanium
tetrabutoxide. These titanium-containing compounds can
also be preferably used in the form of the polytitanoxane
as described above, by being partially hydrolyzed.

[0260]
[Composition A]

The composition A used in the present embodiment is
a composition comprising the above-described diaryl
carbonate and aryloxytitanium composition, and a compound

represented by formulas (X) and/or (Y) described later.
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[0261]

The above composition A is preferably formed using
the diaryl carbonate and the aryloxytitanium composition.
Specifically, for example, the above composition A can be
obtained by heating the above-described titanium-
containing catalyst composition.

[0262]

When the above-described titanium-containing
catalyst composition is heated, a product having a higher
boiling point than that of the above diaryl carbonate
(hereinafter also described as a "high boiling product")
is produced, and the composition A comprising the high
boiling product is obtained. Examples of the high
boiling product include a compound represented by the
formula (X) described later. The present inventors
presume that the stability of the above-described
titanium-containing catalyst composition is increased by
the production of such a high boiling product.

[0263]

The above steps (1) and/or (2) is preferably
performed in the presence of the above composition A. By
using the composition A formed in this manner, in the
above steps (1) and/or (2), the diaryl carbonate can be
produced stably and efficiently for a long period without
clogging.

[0264]
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In the method for producing the diaryl carbonate
according to the present embodiment, in the above steps
(1) and/or (2), the production of the diaryl carbonate is
preferably started by feeding the above composition A.
[0265]

The above composition A has a ratio of the total
moles of the compounds represented by the formulas (X)
and (Y) described later to the moles of titanium atoms
(the total of the compounds represented by the formulas
(X) and (Y)/titanium atoms) from 0.005 to 4, preferably
from 0.005 to 3, and more preferably from 0.005 to 2.
[0266]

The ratio of the total moles of the compounds
represented by the formulas (X) and (Y) to the moles of
titanium atoms (the total of the compounds represented by
the formulas (X) and (Y)/titanium atoms) can be
controlled by appropriately setting the type and
concentration of the titanium-containing catalyst
composition, conditions in heating the titanium-
containing catalyst composition, and the like.
Specifically, the ratio can be controlled by producing
the high boiling product in the range of heating
temperature and heating time described later, using the
above-described titanium-containing catalyst composition.
[0267]

By controlling the ratio of the total moles of the

compounds represented by the formulas (X) and (Y) to the
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moles of titanium atoms in this manner, the clogging of
the reaction apparatus with the catalyst is suppressed,
and the diaryl carbonate can be stably produced with high
efficiency.

[0268]

The titanium constituting the above aryloxytitanium
composition preferably has a content of 0.1 to 20% by
mass, more preferably 1 to 15% by mass, further
preferably 1 to 12% by mass, and particularly preferably
1 to 10% by mass, based on 100% by mass of the above
composition A. By appropriately adding the diaryl
carbonate, the content of the titanium in the above
composition can be adjusted to be in the above range.
[0269]

The titanium constituting the above aryloxytitanium
composition is preferably tetravalent titanium.

[0270]

The above aryloxytitanium composition preferably has
1 or more and 4 or less aryloxy groups per titanium atom.
[0271]

(Compounds Represented by Formulas (X) and (Y))

The composition A used in the present embodiment
contains the compound represented by the following
formulas (X) and/or (Y).

[0272]
Any of the compounds represented by the following

formulas (X) and (Y) is a type of product having a higher
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boiling point than that of the diaryl carbonate
(hereinafter also described as "high boiling product")
that is produced by heating the above-described titanium-
containing catalyst composition. The formulas (X) and

(Y) are as follows:

[0273]

[Formula 63]

H
Ké: O

\g/ A2

[0274]

(X)

wherein Ar®!' represents an unsubstituted or substituted
arylene group having 6 to 20 carbon atoms, Ar??
represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar?!
are located at an ortho position to each other; and
[0275]

[Formula 64]

ArS

o}

()I:O

A’rfza o

r TSAr4

[0276]

(Y)

wherein Ar?® represents an unsubstituted or substituted

arylene group having 6 to 20 carbon atoms, Ar** and Ar?®
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each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar?® are located at an ortho position
to each other.

[0277]

Examples of the above Ar?' and Ar? include a
phenylene group and various alkylphenylene groups, such
as phenylene, methylphenylene (isomers),
dimethylphenylene (isomers), trimethylphenylene (isomers),
tetramethylphenylene, ethylphenylene (isomers),
diethylphenylene (isomers), methylethylphenylene
(isomers), pentylphenylene (isomers), hexylphenylene
(isomers), and cyclohexylphenylene (isomers); various
alkoxyphenylene groups, such as methoxyphenylene
(isomers), ethoxyphenylene (isomers), and butoxyphenylene
(isomers); various halogenated phenylene groups, such as
fluorophenylene (isomers), chlorophenylene (isomers),
bromophenylene (isomers), chloro(methyl)phenylene
(isomers), and dichlorophenylene (isomers); various
substituted phenylene groups given by the following
formula (Za); and a naphthylene group and various
substituted naphthylene groups, such as naphthylene
(isomers), methylnaphthylene (isomers),
dimethylnaphthylene (isomers), chloronaphthylene
(isomers), methoxynaphthylene (isomers), and
cyanonaphthylene (isomers).

[0278]
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Ar??, Ar?!, and Ar?® correspond to the Ar'® of the
above-described diaryl carbonate. The formula (Za) is as
follows:

[0279]

[Formula 65]

(Z a)
[0280]

wherein A represents any divalent group selected from the
group consisting of a single bond, -0-, -S-, -CO-, -S0,-,
an alkylene group or a substituted alkylene group given
by the following formula (Za-1), and a cycloalkylene
group given by the following formula (Za-2), and the
aromatic ring may be substituted by a substituent, such
as a lower alkyl group, a lower alkoxy group, an ester
group, a hydroxy group, a nitro group, a halogen, or a
cyano group. The formulas (Za-1) and (Za-2) are as
follows:

[0281]

[Formula 66]

R? R’ R?
Ra Rs R‘m
(Za—1)

[0282]
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wherein R’, R®, R?, and R!° are each independently a
hydrogen atom, a lower alkyl group, a cycloalkyl group,
an aryl group, or an aralkyl group, and may be

substituted by a halogen atom or an alkoxy group; and
[0283]

[Formula 67]
C/'—\(‘Cﬂz)
k
N

(Za—2)
[0284]
wherein k is an integer of 3 to 11, and the hydrogen atom
may be substituted by a lower alkyl group, an aryl group,
or a halogen atom.
[0285]

In the method for producing the diaryl carbonate
according to the present embodiment, the compound given
by the above formula (X) is produced as by-product by the
occurrence of a Fries rearrangement reaction in the
presence of the titanium-containing catalyst composition.
The compounds given by the above formulas (X) and (Y) may
be previously prepared and contained.

[0286]

The case where the compound given by the above
formula (X) is produced as by-product by the Fries
rearrangement reaction in the presence of the titanium-

containing catalyst composition will be described below.
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[0287]

The above titanium-containing catalyst composition
has the function of significantly improving the reaction
rates of the transesterification and disproportiocnation
reactions, and a higher productivity of the diaryl
carbonate can be thus achieved.

[0288]

However, a side reaction due to Fries rearrangement
given by the following formula (c) occurs in the presence
of the titanium-containing catalyst composition. The
fermula (¢) 1s as follows:

[0289]

[Formula 68]

OH
Ar—0 o—Ar

/ ;
T — AH'\II/O-AI

0 0

(The OH group is located at an ortho position)

(c)

[0290]
wherein Ar and Ar' represent an aryl group, and Ar"
represents an arylene group.
[0291]

The salicylate ester produced by the above formula
(c) 1s generally the compound represented by the above
formula (X).

[0292]
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The production of the salicylate ester by the side
reaction described above increases as the temperature of
the environment increases. Further, the salicylate ester
has a high boiling point, and therefore is not separated
by distillation from the titanium-containing catalyst
composition similarly having a high boiling point. As a
result, the salicylate ester easily coexists with the
titanium-containing catalyst composition.

[0293]

Such a salicylate ester reacts with a carbonate so
as to produce a salicylate ester carbonate corresponding
to the formula (Y), as given by the formula (d):

[0294]

[Formula 69]

R—-
/° R—0.__O-R' :
N _o-ar * \ﬂ,o — A " + ROH + ROH
o

\[ \ro—Ar To—ar

o

(d)

[0295]
wherein Ar represents an arylene group having
substituents at an ortho position to each other, R and R’
represent an alkyl group or an aryl group, and Ar'
represents an aryl group.
[0296]

The compound represented by the above formula (X)

can be obtained, for example, by the reaction of the
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corresponding diaryl carbonate and aryloxytitanium
composition.
[0297]

The conditions of the reaction in obtaining the
compounds given by the above formulas (X) and (Y) will be
described in detail below.

[0298]

The reaction temperature varies depending on the
type and concentration of the titanium-containing
catalyst composition, but is preferably 100°C or more and
300°C or less, more preferably 150°C or more and 250°C or
less, and further preferably 180°C or more and 250°C or
less. The reaction pressure is preferably 0.1 or more
and 2.0 x 10’ Pa or less, more preferably 0.2 or more and
1.0 x 107 Pa or less, and further preferably 0.5 or more
and 5.0 x 10° Pa or less.

[0299]

Further, the reaction time varies depending on the
reaction temperature and the type of the titanium-
containing catalyst composition, but is preferably 0.1
hours or more and 500 hours or less, more preferably 0.2
hours or more and 300 hours or less, and further
preferably 0.5 hours or more and 250 hours or less.
[0300]

By producing the compounds given by the above
formulas (X) and (Y) under the above reaction conditions,

the composition A can be adjusted to have the ratio of
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the total moles of the compounds represented by the above
formulas (X) and (Y) to the moles of titanium atoms (the
total of the compounds represented by the formulas (X)
and (Y)/titanium atoms) from 0.005 to 4. As a result,
the stability of the above-described titanium-containing
catalyst composition increases.

[0301]

When the titanium-containing catalyst composition
adjusted in this manner is used as the reaction catalyst
in the method for producing the diaryl carbonate
according to the present embodiment, the reaction
catalyst 1is not either insolubilized or attached to the
piping wall surface in feeding, leading to no problem,
such as clogging.

[0302]

In the method for producing the diaryl carbonate
according to the present embodiment, the compounds
represented by the above formulas (X) and (Y) produced as
by-products may form stable complexes with the metal
component contained in the catalyst. Then, the
quantitative analysis of the compounds represented by the
above formulas (X) and (Y) in the composition is
inaccurate, and as a result, a problem arises that the
ratio of the total moles of the compounds represented by
the above formulas (X) and (Y) to the moles of titanium

atoms (the total of the compounds represented by the
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formulas (X) and (Y)/titanium atoms) is not accurately
obtained.
[0303]

As described above, it 1s important to perform
accurate quantitative analysis of the mixture comprising
the compounds represented by the above formulas (X) and
(Y) and the titanium-containing catalyst composition and
accurately obtain the ratio of the total moles of the
compounds represented by the above formulas (X) and (Y)
to the moles of titanium atoms (the total of the
compounds represented by the formulas (X) and
(Y)/titanium atoms).

[0304]

Specific examples of the method for performing
accurate quantitative analysis of the mixture comprising
the compounds represented by the above formulas (X) and
(Y) and the titanium-containing catalyst composition
include a method for adding an additive for dissociating
the above complexes to the mixture comprising the
compounds represented by the above formulas (X) and (Y)
produced and the titanium-containing catalyst composition,
performing treatment, such as filtration, as required,
and performing quantitative analysis by gas
chromatography or high performance liquid chromatography
which uses a general analysis apparatus, in the method
for producing the diaryl carbonate.

[0305]
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The above additive 1s selected according to the type
of the aryloxytitanium composition constituting the
catalyst. Examples of the above additive include water,
polyhydroxy compounds, nitrogen-containing heterocyclic
compounds, sulfur-containing heterocyclic compounds,
fluorine-substituted alcohols, and fluorine-substituted
organic acids, and preferably, water, catechol,
phenanthroline, hexafluoroisopropanol, and
trifluorocacetic acid. An amount of the additive with
respect to the compounds represented by the above
formulas (X) and (Y) varies depending on the metal
constituting the catalyst, but is usually 1 or more
equivalents, preferably 3 equivalents or more.

[0306]
[Reaction Apparatus and the Like]

A reaction apparatus for carrying out the method for
producing the diaryl carbonate in the present embodiment
is not particularly limited, and reaction apparatuses of
known various types, for example, an agitation tank, an
agitation tank with multistage impellers, a multistage
distillation column, and a combination thereof are used.
[0307]

In the method for producing the diaryl carbonate
according to the present embodiment, the reactions in the
above steps (1) and (2) are preferably performed using a
reaction apparatus comprising at least one selected from

the group consisting of an agitation tank, an agitation
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tank with multistage impellers, a packed column, a
distillation column, a multistage distillation column, a
continuous multistage distillation column, a reactor
comprising an internal support, and a forced circulation
reactor.

[0308]

These reaction apparatuses may be either a batch
type or a continuous type. In terms of efficiently
shifting the equilibrium toward the products, a method
using a multistage distillation column is preferred, and
a continuous process using a multistage distillation
column is particularly preferred. The multistage
distillation column is a distillation column having
multiple stages in which the theoretical plate number of
distillation is 2 or more, and may be any one as long as
continuous distillation is possible.

[0309]

Such a multistage distillation column may be any one
that is usually used as a multistage distillation column,
for example, an Oldershaw type distillation column, a
plate column type using trays, such as a bubble cap tray,
a perforated plate tray, a valve tray, a chimney tray,
and a countercurrent tray, and a packed column type
packed with various packings, such as a Raschig ring, a
Lessing ring, a Pall ring, a Berl saddle, an Intalox
saddle, a Dixon packing, a Mcmahon packing, a Heli pack,

a Sulzer packing, and Mellapak. Further, a plate-packed
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column type having both a plate portion and a portion
packed with a packing is also preferably used.
[0310]

In the method for producing the diaryl carbonate
according to the present embodiment, it is preferred that
in the above step (1), the dialkyl carbonate and the
aromatic monohydroxy compound are continuously fed to the
above reaction apparatus, and in the above step (2), the
reaction product obtained is continuously removed from
the above reaction apparatus.

[0311]

For example, when the continuous process is carried
out using the multistage distillation column, it is
preferred to continuously feed the dialkyl carbonate and
the aromatic monohydroxy compound into a continuous
multistage distillation column and carry out the reaction
between both of the substances in a liquid phase or a
gas-liquid phase in the presence of the above-described
reaction catalyst in the distillation column. It is
preferred to remove a high boiling product including a
diaryl carbonate or a diaryl carbonate mixture produced,
in a liquid state, from the lower portion of the
distillation column, simultaneously with the reaction.

On the other hand, by continuously removing a low boiling
product including an alcohol as by-product or the dialkyl

carbonate, in a gas state, by distillation from the upper
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portion of the distillation column, the diaryl carbonate
is obtained.
[0312]

In the step of producing the diaryl carbonate
described above, when the reaction occurs in the
multistage distillation column in which the catalyst is
present, an amount of the reaction product produced
usually depends on the holdup in the distillation column.
In other words, when a distillation column having the
same column height and the same column diameter is used,
a distillation column having a large holdup is preferred
in a sense that the residence time, that is, reaction
time, of the reaction solution can be relatively long.
[0313]

However, if the holdup is too large, the residence
time is long, and therefore, a side reaction proceeds,
and flooding is likely to occur.

Therefore, the holdup of the distillation column is
preferably 0.005 to 0.75 as expressed by the ratio of the
volume of the holdup to the empty column volume of the
multistage distillation column, though it can also change
depending on the distillation conditions and the type of
the distillation column.

[0314]

In the step of producing the diaryl carbonate

described above, when the reflux ratio is increased, an

effect of distilling the alcohol as by-product in the
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transesterification reaction, into a vapor phase
increases, and therefore, a concentration of the alcohol
in the removed vapor can be increased. However, if the
reflux ratio is increased too much, the required thermal
energy is excessive, which is unpreferred. The alcohol
should be concentrated after it is removed from the
distillation column, and therefore, refluxing is not
always necessary.

[0315]

Therefore, the reflux ratio is preferably 0 to 20,
more preferably 0 to 10.

In other words, when the transesterification
reaction typically given by the above-described reaction
formula (a) is carried out, it is preferred to feed the
dialkyl carbonate, the aromatic monohydroxy compound, and
the catalyst to the multistage distillation column, as a
mixture or through separate places, continuously remove
the alkylaryl carbonate and/or the diaryl carbonate that
is a product, in a liquid state, from a bottom of the
distillation column, and continuously remove the low
boiling component, such as the alcohol as by-product, in
a gas state, by distillation from the upper portion of
the distillation column.

[0316]

At that time, the reaction catalyst may be fed

through any place of the multistage distillation column,

but is preferably fed to a position above a column bottom
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of the distillation column, and is further preferably fed
to a position above a middle portion of the distillation
column. In this case, the raw materials or the reaction
solution in which the reaction catalyst is dissolved may
be fed to the distillation column, or the reaction
catalyst and the raw materials or the reaction solution
may be separately fed to the distillation column.

When the disproportionation reaction typically given
by the above formula (b) is carried out, it is preferred
to feed the alkylaryl carbonate and the catalyst to the
multistage distillation column, continuously remove the
diaryl carbonate that is a product, in a liquid state,
from the bottom of the distillation column, and
continuously remove the low boiling component, such as
the dialkyl carbonate as by-product, in a gas state, by
distillation from the upper portion of the distillation
column.

[0317]

Instrumentation devices, such as a flowmeter and a
thermometer, valves, piping joints, pumps, heat sources,
and the like attached to the reaction apparatus can be
used in a known range, and heat may be recovered, and the
raw material, such as the dialkyl carbonate, may be
recycled.

[0318]
A reaction sclvent is not essential to carry out the

production method in the present embodiment. However,
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for the purpose of improving the flowability of the
reaction raw materials and the products to make the
transfer and reaction operations easy, an inert solvent
may be applied.

[0319]

Examples of such an inert solvent include acyclic or
cyclic hydrocarbons having 5 to 16 carbon atoms, and
ethers comprising acyclic or cyclic hydrocarbons having 4
to 16 carbon atoms.

[0320]

Specific examples thereof include acyclic or cyclic
hydrocarbons having 6 to 16 carbon atoms selected from
pentane (isomers), hexane (isomers), heptane (isomers),
octane (isomers), nonane (isomers), decane (isomers),
tetradecane (isomers), hexadecane (isomers), cyclohexane,
cycloheptane, cyclooctane, benzene, toluene, xylene
(isomers), ethylbenzene, and the like; and ethers
selected from diethyl ether, dipropyl ether (isomers),
dibutyl ether (isomers), dihexyl ether (isomers), dioctyl

ether (isomers), diphenyl ether, and the like.

Examples
[0321]

The present invention will be specifically described
by way of the following examples and comparative examples,
although the present invention is not limited to the

examples in any way.
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[0322]

First, an analysis method applied to the examples
and the comparative examples will be described below.
[0323]

[Analysis Method of Concentration of Metal in Metal-
Containing Catalyst Composition]

A sample solution was collected, and the collected
sample solution was subjected to a pretreatment using
aqua regalis. ICP analysis was then carried out by the
following apparatus, thereby obtaining the concentration
of a metal in a metal-containing catalyst composition.
[0324]

Analyzer: JY-138ULTRACE high frequency inductively-
coupled plasma emission analyzer (ICP) system,
manufactured by RIGAKU Corporation
[Analysis Method of Compounds shown in the above Items
(i) to (iii) Other Than Salicylate Ester and Formula (Y)]
[1] Production of Analysis Sample

1 g of a sample solution was weighed, and was
dissolved in 5 mL of a trifluorocacetic acid/acetonitrile
(20 g/1 L) solution. The resulting solution was then
filtered using a propylsulfonic acid filter. The
filtrate was used as an analysis sample.

[0325]
[2] Analysis Conditions
Analyzer: High-performance liquid chromatography LC10-AT

system, manufactured by Shimadzu Corporation
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Column: ODS-3V (GL Science Inertsil)
Column oven: 25°C
Eluting solution: acetonitrile/water
Eluting solution gradient: Acetonitrile 15 %v/v (11 min)
— 20% (31 min) — 100% (20 min)
Flow rate: 1 mL/min
Injection rate: 10 pL
Detection part: UV (254 nm)
[3] Quantitative Analysis Method

Analysis was carried out for a reference sample of
each reference material under the above-mentioned
analysis conditions, and a calibration curve was prepared.
Quantitative analysis of an analysis sample was then
carried out based on the calibration curve, and compounds
shown in the above items (i) to (iii) other than
salicylate ester and the formula (Y) were quantified.
[0326]
[Analysis Method of Compound Represented by Formula (X)
or Salicylate Ester]
[1] Production of Analysis Sample Solution

0.06 g of a sample solution was weighed, and about
1.4 g of phenyl methyl ether was added thereto.
Furthermore, about 0.04 g of toluene or diphenyl ether as
an internal reference and about 0.05 g of catechol as a
treatment for a titanium-containing composition were
added to the obtained solution, and were sufficiently

mixed. The mixture was then filtered with a membrane
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filter of 0.45 pm, and the filtrate was used as a gas
chromatography analysis sample solution.
[0327]
(2] Gas Chromatography Analysis Conditions
Analyzer: GC-2010 system, manufactured by Shimadzu
Corporation
Column: DB-1 (manufactured by J & W Scientific, USA)
Liquid phase: 100% dimethylpolysiloxane
Length: 30 m
Inner diameter: 0.25 mm
Film thickness: 1 pm
Column temperature: 50°C (held for 5 min) — 200°C (raised
at 10°C/min; held at 200°C for 5 min) — 300°C (held for
15 min)
Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
[3] Quantitative Analysis Method

Analysis was carried out for a reference sample of
each reference material under the above-mentioned
analysis conditions, and a calibration curve was prepared.
Quantitative analysis of an analysis sample solution was
then carried out based on the calibration curve, and a
compound represented by the formula (X) or salicylate
ester was quantified.

[0328]
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[Analysis Method of Components Other Than Compound
Represented by Formula (1) and Components Other Than
Compounds Represented by Formulas (X) and (Y)]
[1] Production of Analysis Sample Solution

0.15 g of a sample solution was weighed, and about 2
g of dry acetone was added thereto. Furthermore, about
0.04 g of toluene or diphenyl ether as an internal
reference was added thereto. The resulting solution was
used as a gas chromatography analysis sample solution.
[0329]
[2] Gas Chromatography Analysis Conditions
Analyzer: GC-2010 system, manufactured by Shimadzu
Corporation
Column: DB-1 (manufactured by J & W Scientific, USA)
Liguid phase: 100% dimethylpolysiloxane
Length: 30 m
Inner diameter: 0.25 mm
Film thickness: 1 pum
Column temperature: 50°C (held for 5 min) — 200°C (raised
at 10°C/min; held at 200°C for 5 min) — 300°C (held for 5
min)
Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
[3] Quantitative Analysis Method

Analysis was carried out for a reference sample of

each reference material under the above-mentioned
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analysis conditions, and a calibration curve was prepared.
Quantitative analysis of an analysis sample solution was
then carried out based on the calibration curve, and
components other than a compound represented by the
formula (1) and components other than compounds
represented by the formulae (X) and (Y) were quantified.
[0330]

[Analysis Method of Average Degree of Polymerization]

A titanium concentration of a titanium-containing
compound was quantified by ICP analysis in the same
manner as in the above-mentioned analysis method of the
concentration of the metal in the titanium-containing
composition, and furthermore, an alkoxy group (for
example, butoxy) was quantitatively analyzed by a gas
chromatography method to obtain an average degree of
polymerization.

[0331]
[Example 1]
(Preparation of Titanium-Containing Composition)

7 kg of tetrabutoxytitanium (manufactured by E.I.
DuPont de Nemours & Company Inc., product name: Tyzor
TnBT) was charged to a batch type reactor equipped with
an agitator, a heater, and a distillation column and
having a volume of 60L in a nitrogen atmosphere. 14 kg
of phenol previously distilled/purified was then charged
thereto.

[0332]
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Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater, to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0333]

The batch type reactor was then returned to a normal
pressure, and about 18 kg of diphenyl carbonate was
charged thereto. The mixture in the reactor was heated
to about 190°C. Next, the batch type reactor was
depressurized to about 1.3 kPa, and the diphenyl
carbonate containing a low boiling component was
evaporated, thereby obtaining a titanium-containing
composition. Diphenyl carbonate was added so that the
titanium concentration of the obtained titanium-
containing composition was 5% by mass. After the
titanium-containing composition was heated at 200°C for
about 48 hours, the heated titanium-containing
composition were used as a reaction catalyst for the
following production of a diaryl carbonate.

[0334]
(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 1 is shown in FIG. 1.

[0335]
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The producing apparatus is equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification column 140.

[0336]

These are connected via predetermined lines.
[0337]

Specifically, lines 1 and 12 are feed lines for
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines for recovering a product compound and other
materials. Lines 2, 4, 5, o6, 7, 8, and 10 are transfer
lines. A line 11 is a removal line.

[0338]

Reference numerals 111, 121, 131, and 141 designate
reboilers, and reference numerals 112, 122, 132, and 142
designate condensers. Reference numeral 113 designate a
preheater for setting a feed material to a predetermined
temperature.

[0339]
(Production of Diaryl Carbonate)
(1) Start-Up Operation

The distillation column 110 had a continuous
multistage structure, and was equipped with a
concentration part and a recovery part. The
concentration part was filled with sieve trays of 25

stages, and had an inner diameter of 150 mm and a length
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of 4.8 m. The recovery part was filled with Melapak CY
(manufactured by Sulzer Chemtech Ltd., Switzerland), and
had an inner diameter of 150 mm and a length of 2.3 m.
[0340]

In the distillation column 110, bis(3-methylbutyl)
carbonate, phenol, and the reaction catalyst prepared
above were continuously fed at about 1830 g/hr from the
feed line 1 through the preheater 113 from the sieve tray
of the 25th stage to perform a transesterification
reaction. The feed rate of each material mixed liquid
was adjusted so that the mass ratio of bis(3-methylbutyl)
carbonate to phenol in the mixed liquid was about 1.08,
and a titanium atom concentration was about 500 ppm.
[0341]

The concentration part was provided below the stage
continuously feeding the mixed liquid, and the recovery
part was provided above the stage.

[0342]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler 111. The method controlled a
temperature of the column bottom of the multistage
distillation column 110 to about 230°C, and a pressure of
the column top thereof to about 140 kPa.

[0343]
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A reaction solution was continuously removed at
about 1700 g/hr through the transfer line 2 from the
column bottom of the continuous multistage distillation
column 110.

[0344]

A low boiling component containing 3-methyl-1-
butanol as by-product was removed from the column top.
The low boiling component was then condensed by the
condenser 112, and was recovered by a reflux ratio of 2
from the recovery line 3.

[0345]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0346]

The continuous multistage distillation column 120 is
equipped with the reboiler 121, the concentration part of
the distillation column (the inner diameter: 150 mm, the
length: about 6 m) filled with chimney trays of 5 stages,
and the recovery part filled with Melapak CY and having
an inner diameter of 150 mm and a length of 3.8 m. The
feeding position of the reaction solution was set at the
upper portion of the concentration part, and the feed
rate of the reaction solution was set at about 1700 g/hr.
[0347]

A temperature of the column bottom of the

distillation column 120 was controlled to 200°C, and the
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pressure of the column top thereof was controlled to
about 3 kPa. A disproportionation reaction was performed
under these conditions.

[0348]

A low boiling component containing phenol and bis(3-
methylbutyl) carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillation column 120.

[0349]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to the distillation column 130 through the
transfer line 4 to perform distillation separation.
[0350]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

[0351]

A temperature of the column bottom of the
distillation column 130 was controlled to about 180°C,
and a pressure of the column top thereof was controlled
to about 0.5 kPa.

[0352]
The low boiling component containing diphenyl

carbonate was removed from the column top, and was fed to
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the distillation purification column 140 through the
condenser 132 and the transfer line 7.
[0353]

On the other hand, a high boiling component
containing a reaction catalyst was circulated to the
distillation column 110 through the transfer line 6 and
the feed line 1.

[0354]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142.
[0355]

The reaction solution containing diphenyl carbonate,
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
BAbout 100% by mass of diphenyl carbonate (diaryl
carbonate) was obtained from the recovery line 9 by the
purification. The position of the recovery line 9 was
set at the lower portion of the distillation column
located above the column bottom.

[0356]

The low boiling component containing 3-methylbutyl

phenyl carbonate was removed from the column top of the

distillation purification column 140, and was circulated
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to the distillation column 120 through the recovery line
10 and the transfer line 2.

[0357]

(2) Control Operation

A rate of a titanium-containing high boiling
component removed from the removal line 11 was adjusted
to about 11 g/hr (the titanium atom concentration: about
1% by mass), and a rate of the reaction catalyst fed from
the feed line 12 was adjusted to about 2.3 g/hr (the
titanium atom concentration: about 5% by mass). The feed
of the reaction catalyst from the feed line 1 was stopped.
[0358]

Simultaneously, an amount of a liquid circulated to
each distillation column was gradually increased so that
a rate of the diphenyl carbonate recovered from the
recovery line 9 was about 1000 g/hr.

[0359]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0360]

At that time, in the transfer line 2, the
composition of the liquid contained about 15% by mass of
phenol, about 67% by mass of bis(3-methylbutyl) carbonate,
about 17% by mass of 3-methy butyl phenyl carbonate,

about 0.3% by mass of diphenyl carbonate, and about 0.2%
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by mass of 3-methyl-l-butanocl. The flow rate thereof was
about 11402 g/hr.
[0361]

A residence times of the reaction solution in the
steady state in the distillation columns 110 and 120 were
respectively about 1 hr and about 2.5 hr.

[0362]

The composition of the liquid in the recovery line 3
contained about 100% by mass of 3-methyl-l-butanol. The
flow rate thereof was about 823 g/hr.

[0363]

In the transfer line 4, the composition of the
liquid contained about 0.2% by mass of bis(3-methylbutyl)
carbonate, about 18% by mass of 3-methylbutyl phenyl
carbonate, and about 80% by mass of diphenyl carbonate.
The flow rate thereof was about 1238 g/hr.

[0364]

In the transfer line 5, the composition of the
liquid contained about 0.2% by mass of 3-methyl-l-butanol,
about 17% by mass of phenol, and about 82% by mass of
bis(3-methylbutyl) carbonate. The flow rate thereof was
about 10300 g/hr.

[0365]

In the transfer line 7, the composition of the

liguid contained about 88% by mass of diphenyl carbonate,

about 12% by mass of 3-methy butyl phenyl carbonate, and
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about 0.2% by mass of bis(3-methylbutyl) carbonate. The
flow rate thereof was about 1140 g/hr.
[0366]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 0.7.
[0367]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 1000 g/hr.

[0368]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 9 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted
to about 1.8 g/hr (the titanium atom concentration: about
5% by mass). Similarly, the continuous operation was
performed for about 200 hr.

[0369]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus 3-methylbutyl salicylate ester to moles of titanium

atoms was about 1.1. The ratio of moles of phenyl
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salicylate carbonate to moles of titanium atoms was about
0.2. Furthermore, the ratio of moles of catechol to
moles of titanium atoms was about 0.01.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 8% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate.

[0370]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 1200 g/hr.

[0371]
[Examples 2 to 6]

Start-up operation was performed in the same manner
as in the example 1 except that dialkyl carbonates of
types shown in the following Table 1 were used in place
of bis(3-methylbutyl) carbonate, so as to produce
diphenyl carbonate (diaryl carbonate). A flow rate and a
pressure were controlled depending on the type of each
dialkyl carbonate in control operation.

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 7% by mass, about 10% by mass,
about 8% by mass, about 9% by mass, and about 8% by mass
of a component having a higher boiling point than that of

the diphenyl carbonate, in order of examples 2 to 6.
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The results of analyzing a titanium-containing high
boiling component obtained from a removal line 11 are
shown in Table 1. All the examples satisfied the
conditions of the above-mentioned items (iv) to (vi), and

could stably produce the diaryl carbonates.
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[0373]
[Example 7]
(Preparation of Titanium-Containing Composition)

7 kg of polytitanoxane butoxide (manufactured by E.T.
DuPont de Nemours & Company Inc., product name: Tyzor
BTP) was charged to a batch type reactor equipped with an
agitator, a heater, and a distillation column and having
a volume of 60 L under a nitrogen atmosphere, and 14 kg
of previously distilled/purified phenol was then charged
thereto.

[0374]

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0375]

The batch type reactor was then returned to a normal
pressure. About 18 kg of diphenyl carbonate was charged
thereto. The mixture in the reactor was heated to about
190°C. Next, the batch type reactor was depressurized to
about 1.3 kPa, and the diphenyl carbonate containing a
low boiling component was evaporated to obtain a

titanium-containing composition. Diphenyl carbonate was
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added so that the titanium concentration of the obtained
titanium-containing composition was 5% by mass.

[0376]

(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 7 is shown in FIG. 2.

[0377]

The producing apparatus is equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification column 140.

[0378]

These are connected via predetermined lines.
[0379]

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines. A
line 11 is a removal line.

[0380]

Reference numerals designate 111, 121, 131, and 141
designate reboilers, and reference numerals 112, 122, 132,
and 142 designate condensers. Reference numeral 113
designate a preheater for setting a feed material to a
predetermined temperature.

[0381]
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(Preparation of Reaction Catalyst)

In the distillation column 130, as described below,
a product having a higher boiling point than that of
diphenyl carbonate was produced to prepare a reaction
catalyst.

[0382]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

[0383]

About 10 kg of the prepared titanium-containing
composition (the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
column 130. A temperature of the titanium-containing
composition was controlled to about 200°C. This state
was held for about 72 hr. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate having a higher boiling point than that
of the diphenyl carbonate was detected. The molar ratio
of phenyl salicylate and titanium atoms (phenyl
salicylate/titanium atoms) was about 0.5. The mixture
(hereinafter, also described as "composition A") of the
high boiling product material generated in the
distillation column 130 and the titanium-containing
composition was used as a reaction catalyst for the next

production of a diaryl carbonate.
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[0384]
(Production of Diaryl Carbonate)

The distillation column 110 had a continuous
multistage structure. The distillation column 110 was
filled with sieve trays of 50 stages and had an inner
diameter of 150 mm and a length of 12 m. 1In the
distillation column 110, a mixed liquid (a) containing
about 30% by mass of dimethyl carbonate and about 70% by
mass of phenol was continuously fed at about 41 kg/hr to
the sieve tray of the 50th stage from the feed line 1
through the preheater 113. On the other hand, a mixed
liquid (b) containing about 70% by mass of dimethyl
carbonate and about 30% by mass of phenol was
continuously fed at about 41 kg/hr to the lower portion
of the distillation column 110 from the feed line 1°'.
[0385]

A concentration part was provided below the stage
continuously feeding the mixed liquids (a) and (b), and a
recovery part was provided above the stage.

[0386]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler. The method controlled a
temperature of the column bottom of the multistage
distillation column 110 to about 230°C, and controlled a

pressure of the column top thereof to about 0.55 MPa-G.
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[0387]

Next, the prepared reaction catalyst (composition A)
was gradually fed to the 45th stage of the distillation
column 110 from the lower portion of the distillation
column 130 using the transfer line 6, and a titanium atom
concentration in a reaction solution of the distillation
column 110 was adjusted to about 300 ppm. The reaction
solution was continuously removed at about 21 kg/hr
through the transfer line 2 from the column bottom of the
continuous multistage distillation column 110.

[0388]

A low boiling component containing methanol as by-
product was removed from the column top of the
distillation column 110. The low boiling component was
then condensed by the condenser 112, and was recovered
from the recovery line 3.

[0389]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0390]

The continuous multistage distillation column 120
was equipped with the reboiler 121, the concentration
part of a sieve tray type distillation column (the inner
diameter: 150 mm, the length: about 4 m) of 16 stages,
and the recovery part filled with Melapak CY and having

an inner diameter of 150 mm and a length of about 4 m.
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The feeding position of the reaction solution was set at
the upper portion of the concentration part, and the feed
rate of the reaction solution was set at about 21 kg/hr.
[0391]

A temperature of the column bottom of the
distillation column 120 was controlled to 210°C, and a
pressure of the column top thereof was controlled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.

[0392]

A low boiling component containing phenol and
dimethyl carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillation column 120.

[0393]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to the distillation column 130 through the
transfer line 4 to perform distillation separation.
[0394]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

[0395]
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A temperature of the column bottom of the
distillation column 130 was controlled to about 190°C,
and a pressure of the column top thereof was controlled
to about 1.7 kPa.

[039¢6]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0397]

On the other hand, a high boiling component
containing the reaction catalyst (composition A) was
circulated to the distillation column 110 through the
transfer line 6 and the feed line 1.

[0398]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142.
[0399]

The reaction solution containing diphenyl carbonate
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
99.8% by mass of diphenyl carbonate (diaryl carbonate)
was obtained from the recovery line 9 by the purification.

The position of the recovery line 9 was set at the lower



- 145 -

portion of the distillation column located above the
column bottom.
[0400]

The low boiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line 2.

[0401]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0402]

At that time, in the transfer line 2, the
composition of the liquid contained about 55% by mass of
phenol, about 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 40 kg/hr.
[0403]

In the transfer line 4, the composition of the
liqguid contained about 0.1% by mass of dimethyl carbonate,
about 17% by mass of methyl phenyl carbonate, about 3% by
mass of phenol, and about 80% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.

[0404]
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In the transfer line 7, the composition of the
liquid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phenol. The flow rate thereof was about 5
kg/hr.

[0405]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 4 kg/hr.

[0406]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and methyl salicylate
ester to moles of titanium atoms was about 1.2.

[0407]

After the continuous operation described above was
further continued for about 500 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 4 kg/hr.

[0408]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 10 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted

to about 2.0 g/hr (the titanium atom concentration: about
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5% by mass). Similarly, the continuous operation was
performed for about 500 hr.
[0409]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.9. The ratio of moles of phenyl salicylate
carbonate to moles of titanium atoms was about 0.5.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.02.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 15% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate.

[0410]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 4 kg/hr.
[0411]
[Production Example 1]
(Production of Polytitanoxane Composition Having Alkoxy
Group (Hereinafter, Often Described as "Polytitanoxane
Alkoxide™))

20 kg of tetrabutoxytitanium (manufactured by E.I.

DuPont de Nemours & Company Inc., Tyzor TnBT) was
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introduced to a reactor with an agitator. The reactor
was equipped with a cooling coil, a heating jacket, and a
distillation column. 8 kg of n-butanol was then
introduced thereto, and an internal liquid temperature
was adjusted to 0°C.

Hydrous n-butanol having a water concentration set
at 2% by mass (% by weight) was adjusted to 0°C in
another reactor with an agitator. The reactor was
equipped with a cooling coil, a heating jacket, and a
distillation column.

The hydrous n-butanol was added into the reactor
under agitation through a line.

The addition time was set at 1 hour, and the added
amount of water was set at 0.5 molar equivalents (with
respect to moles of Ti atoms in the reactor).

[0412]

A trace moisture meter analyzed a reaction solution
with time, and confirmed that the added water was
consumed in a hydrolysis reaction and the analyzed value
became constant.

The obtained reaction solution was heated under
agitation, and n-butanol was evaporated using the
distillation column after the reaction solution reached
150°cC.

The composition of the evaporated liquid was

analyzed by gas chromatography, and it was confirmed that
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the evaporated amount was mostly lost. The distillation
was then completed.
[0413]

When a transparent and colorless liquid left in the
reactor was analyzed and a Ti content and an alkoxy group
content were measured, it was found that polytitanoxane
having a butoxy group having an average degree of
polymerization of 2 (hereinafter often described as
"polytitanoxane butoxide") was obtained.

[0414]
[Production Examples 2 to 4]

Polytitanoxane alkoxide was produced in the same
manner as in the above [production example 1] except that
the added amount of water was changed as shown in Table 2.
After the addition of water was completed, the reaction
solution obtained as in the production example 1 was
heated under agitation, and n-butanol was evaporated
using the distillation column after the reaction solution
reached 150°C. The composition of the evaporated liquid
was analyzed by gas chromatography, and it was confirmed
that the evaporated amount was mostly lost. The
distillation was then completed. When a transparent and
colorless liquid left in the reactor was analyzed and a
Ti content and an alkoxy group content were measured, it
was found that polytitanoxane butoxides having different
average degrees of polymerization as shown in Table 2

were obtained.
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[0415]
[Table 2]
added amount of water with respect
X ! average degree of
to moles of titanium [molar . .
. polymerization
equivalent]

Production Example 2 0.67 4
Production Example 3 0.81 7
Production Example 4 0.91 10

[0416]
[Examples 8 to 12]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytitanoxane
butoxide (manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP) in preparation of
a titanium-containing composition.

[0417]

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 16% by mass, about 15% by mass,
about 17% by mass, about 16% by mass, and about 18% by
mass of a component having a higher boiling point than
that of the diphenyl carbonate, in order of examples 8 to
12.

When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the

examples satisfied the above-mentioned items (iv) to (vi),
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and could stably produce the diaryl carbonates. The

results are shown in Table 3.
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[0419]
[Comparative Example 1]
(1) Start-Up Operation

Operation until start-up operation was performed in
the same manner as in the example 1.

[0420]
{2) Control Operation

A rate of a titanium-containing high boiling
component removed from a removal line 11 was adjusted to
about 12 g/hr (the titanium atom concentration: about 1%
by mass), and a rate of a reaction catalyst fed from a
feed line 12 was adjusted to about 2.4 g/hr (the titanium
atom concentration: about 5% by mass). Simultaneously,
an amount of a liquid circulated to each distillation
column was gradually increased so that a rate of diphenyl
carbonate recovered from a recovery line 9 was about 1000
g/hr. After continuous operation was performed for about
12 hours, the operation entered into a steady state.
[0421]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
gradually adjusted to about 2 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
reaction catalyst fed from a feed line 12 was gradually
adjusted to about 0.4 g/hr (the titanium atom
concentration: about 5% by mass). The continuous

operation was performed in the same circulated amount of
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a liquid as that of the example 1. However, since the
diphenyl carbonate recovered from the recovery line 9 was
gradually decreased, a material liquid fed from a feed
line 1 was adjusted corresponding thereto. After the
continuous operation was performed for about 100 hr, the
rate of the diphenyl carbonate recovered from the
recovery line 9 was about 150 g/hr in the steady state.
[0422]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.0.
[0423]

Furthermore, the rate of the titanium-containing
high boiling component removed from the removal line 11
was adjusted to about 1.5 g/hr (the titanium atom
concentration: about 1% by mass), and a rate of a
titanium tetraphenoxide-containing phenol liquid fed from
the feed line 12 was adjusted to about 0.3 g/hr (the
titanium atom concentration: about 5% by mass).
Similarly, the continuous operation was performed.

[0424]

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 80 g/hr in
the steady state.

[0425]
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When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.2.
Therefore, the condition of the above item (v) was not
satisfied.

[0426]
[Comparative Example 2]
(1) Start-Up Operation

Operation until start-up operation was performed in
the same manner as in the example 1.

[0427]
(2) Control Operation

A rate of a titanium-containing high boiling
component removed from a removal line 11 was adjusted to
about 8 g/hr (the titanium atom concentration: about 1.5%
by mass), and a rate of a reaction catalyst fed from a
feed line 12 was adjusted to about 2.4 g/hr (the titanium
atom concentration: about 5% by mass). Simultaneously,
an amount of a liquid circulated to each distillation
column was gradually increased so that the rate of
diphenyl carbonate recovered from a recovery line 9 was
about 1000 g/hr. After continuous operation was
performed for about 12 hours, the operation entered into
a steady state.

[0428]
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A temperature of the column bottom of a distillation
column 130 was then controlled to 250°C, and a pressure
of the column top thereof was controlled to about 20 kPa.
The rate of the titanium-containing high boiling
component removed from the removal line 11 was gradually
adjusted to about 4.7 g/hr (the titanium atom
concentration: about 1.5% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was gradually
adjusted to about 1.4 g/hr (the titanium atom
concentration: about 5% by mass). The continuous
operation was performed in the same circulated amount of
a liquid as that of the example 1. However, since the
diphenyl carbonate recovered from the recovery line 9 was
gradually decreased, a material liquid fed from the feed
line 1 was adjusted corresponding thereto.

[0429]

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 350 g/hr in
the steady state.

[0430]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 2.8.

[0431]
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Furthermore, the rate of the titanium-containing
high boiling component removed from the removal line 11
was adjusted to about 2.0 g/hr (the titanium atom
concentration: about 1.5% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted
to about 0.6 g/hr (the titanium atom concentration: about
5% by mass). Similarly, the continuous operation was
performed.

[0432]

After the continuocus operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 100 g/hr in
the steady state.

[0433]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.2.
Therefore, the condition of the above item (v) was not
satisfied.

[0434]
[Comparative Example 3]
(1) Start-Up Operation

Operation until start-up operation was performed in
the same manner as in the example 1 except that bis(3-
methylbutyl) carbonate and phenol (the dissolved oxygen

concentrations were about 60 ppm and about 80 ppm in
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order) stored under a compressed air atmosphere were used
as materials.

[0435]

(2) Control Operation

The rate of the titanium-containing high boiling
component removed from a removal line 11 was adjusted to
about 12 g/hr (the titanium atom concentration: about 1%
by mass), and a rate of a titanium tetraphenoxide-
containing phenol liquid fed from a feed line 12 was
adjusted to about 2.4 g/hr (the titanium atom
concentration: about 5% by mass). Simultaneously, an
amount of a liquid circulated to each distillation column
was gradually increased so that the rate of diphenyl
carbonate recovered from a recovery line 9 was about 1000
g/hr. After continuous operation was performed for about
12 hours, the operation entered into a steady state.
[0436]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
gradually adjusted to about 5 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
titanium tetraphenoxide-containing phenol liquid fed from
the feed line 12 was gradually adjusted to about 1 g/hr
(the titanium atom concentration: about 5% by mass,
containing no salicylate ester). The continuous
operation was performed in the same circulated amount of

a liquid as that of the example 1. However, since the
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diphenyl carbonate recovered from the recovery line 9 was
gradually decreased, a material liquid fed from a feed
line 1 was adjusted corresponding thereto.

[0437]

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 250 g/hr in
the steady state.

[0438]

When the titanium-containing high-boiling substance
obtained from the removal line 11 was analyzed, the
titanium-containing high boiling component contained
catechol, phenyl salicylate and 3-methylbutyl salicylate
ester. The ratio of total moles thereof to moles of
titanium atoms was about 2.2.

[0439]

Furthermore, the rate of the titanium-containing
high boiling component removed from the removal line 11
was adjusted to about 4 g/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
titanium tetraphenoxide-containing phenol liquid fed from
the feed line 12 was adjusted to about 0.8 g/hr (the
titanium atom concentration: about 5% by mass, containing
no salicylate ester). Similarly, the continuous
operation was performed.

[0440]
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After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 was about 90 g/hr in
the steady state.

[0441]

When the titanium-containing high-boiling substance
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 4.1.
The ratio was four times larger than moles of the
titanium-containing composition. The ratio of total
moles of catechol to moles of titanium atoms was about
2.1. The ratio was two times larger than the titanium
atoms of the titanium-containing composition. Therefore,
the requirements of the above items (v) and (vi) were not
satisfied in all the cases.

[0442]
[Comparative Examples 4 to 8]
(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in
the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytitanoxane

butoxide (manufactured by E.I. DuPont de Nemours &



- 161 -

Company Inc., product name: Tyzor BTP) in preparation of
the titanium-containing compositions.

[0443]

(Production of Diaryl Carbonate)

The titanium-containing composition prepared above
was used as a reaction catalyst for a diaryl carbonate as
it is without preparing a composition A from the
titanium-containing composition. 95% by mass of a high
boiling component in a distillation column 130 was
recovered from a removal line 11. Diphenyl carbonate
(diaryl carbonate) was produced in the same manner as in
the example 7 except that the reaction catalyst was fed
from a feed line 13. The results are shown in Table 4.
When the reaction catalyst was fed for several hours (3
to 5 hr) in all the comparative examples 4 to 8, the feed

line 13 was blocked, and the operation became impossible.
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[0445]
[Comparative Examples 9 to 13]
(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in
the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytitanoxane
butoxide (manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP) in preparation of
the titanium-containing compositions.

[0446]
(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that a
temperature as a heating condition in preparing a
composition A was changed to 230°C from 200°C, and the
heating time was changed to 200 hr from 72 hr. The
results are shown in Table 5. Since an amount of
production of the diphenyl carbonate (diaryl carbonate)
was unstable, the continuous operation time was about 8

to 30 hours.
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[0448]
[Comparative Examples 14 to 18]
(Preparation of Reaction Catalyst)

Titanium~containing compositions were prepared in
the same manner as in the example 7 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 1 to 4 were used in place of polytitanoxane
butoxide {(manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP) in preparation of
the titanium-containing compositions. Diphenyl carbonate
was added so that the titanium content of the obtained
titanium-containing composition was changed from 5% by
mass to about 0.6% by mass.

[0449]
(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 7 except that a
temperature as a heating condition in preparing a
composition A was changed to 250°C from 200°C, and the
heating time was changed to 300 hr from 72 hr. The
results are shown in Table 6. Since the amount of
production of the diphenyl carbonate (diaryl carbonate)
was unstable, the continuous operation time was about 9
to 20 hours. 1In distillation separation in a

distillation column 130, a high boiling component removed



= 166 =

from a column bottom contained about 72% by mass, about
70% by mass, about 71% by mass, about 72% by mass, and
about 74% by mass of a component having a higher boiling
point than that of the diphenyl carbonate, in order of

the comparative examples 14 to 18.
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[0451]
[Example 13]
(Preparation of Titanium-Containing Composition)

7 kg of polytitanoxane butoxide (manufactured by E.I.
DuPont de Nemours & Company Inc., product name: Tyzor
BTP) was charged to a batch type reactor equipped with an
agitator, a heater, and a distillation column and having
a volume of 60 L under a nitrogen atmosphere, and 14 kg
of previously distilled/purified phenol was then charged
thereto.

[0452]

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0453]

The batch type reactor was then returned to a normal
pressure. About 18 kg of diphenyl carbonate was charged
thereto. The mixture in the reactor was heated to about
190°C. Next, the batch type reactor was depressurized to
about 1.3 kPa, and the diphenyl carbonate containing a
low boiling component was evaporated to obtain a

titanium-containing composition. Diphenyl carbonate was
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added so that the titanium concentration of the obtained
titanium-containing composition was 5% by mass.

[0454]

(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 13 is shown in FIG. 2.

[0455]

The producing apparatus is equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification column 140.

[0456]

These are connected via predetermined lines.
[0457]

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines. A
line 11 is a removal line.

[0458]

Reference numerals designate 111, 121, 131, and 141
designate reboilers, and reference numerals 112, 122, 132,
and 142 designate condensers. Reference numeral 113
designate a preheater for setting a feed material to a
predetermined temperature.

[0459]
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(Preparation of Composition A)
[0460]

In the distillation column 130, as described below,
a product having a higher boiling point than that of the
diphenyl carbonate was produced to prepare a composition
A,

[0461]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

About 10 kg of the prepared titanium-containing
composition (the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
column 130. A temperature of the titanium-containing
composition was controlled to about 200°C. This state
was held for about 72 hr. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate and phenyl salicylate carbonate having
a higher boiling point than that of the diphenyl
carbonate were detected. The molar ratio of total of
phenyl salicylate and phenyl salicylate carbonate, and
titanium atoms (total of phenyl salicylate and phenyl
salicylate carbonate/titanium atoms) was about 0.5. The
mixture (hereinafter, also described as "composition A")
of the high boiling product material generated in the

distillation column 130 and the titanium-containing
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composition was used as a reaction catalyst for the next
production of a diaryl carbonate.

[0462]

(Production of Diaryl Carbonate)

The distillation column 110 had a continuous
multistage structure. The distillation column 110 was
filled with sieve trays of 50 stages and had an inner
diameter of 150 mm and a length of 12 m. In the
distillation column 110, a mixed liquid (a) containing
about 30% by mass of dimethyl carbonate and about 70% by
mass of phenol was continuously fed at about 41 kg/hr to
the sieve tray of the 50th stage from the feed line 1
through the preheater 113. On the other hand, a mixed
liquid (b) containing about 70% by mass of dimethyl
carbonate and about 30% by mass of phenol was
continuously fed at about 41 kg/hr to the lower portion
of the distillation column 110 from the feed line 1'.
[0463]

A concentration part was provided below the stage
continuously feeding the mixed liquids (a) and (b), and a
recovery part was provided above the stage.

[0464]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler. The method controlled a

temperature of the column bottom of the multistage
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distillation column 110 to about 230°C, and controlled a
pressure of the column top thereof to about 0.55 MPa-G.
[0465]

Next, the prepared composition A was gradually fed
to the 45th stage of the distillation column 110 from the
lower portion of the distillation column 130 using the
transfer line 6, and the titanium atom concentration in
the column bottom of the distillation column 110 was
adjusted to about 300 ppm. A reaction solution was
continuously removed at about 21 kg/hr through the
transfer line 2 from the column bottom of the continuous
multistage distillation column 110.

[0466]

A low boiling component containing methanol as by-
product was removed from the column top of the
distillation column 110. The low boiling component was
then condensed by the condenser 112, and was recovered
from the recovery line 3.

[0467]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0468]

The continuous multistage distillation column 120
was equipped with the reboiler 121, the concentration
part of a sieve tray type distillation column (the inner

diameter: 150 mm, the length: about 4 m) of 16 stages,
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and the recovery part filled with Melapak CY and having
an inner diameter of 150 mm and a length of about 4 m.
The feeding position of the reaction solution was set at
the upper portion of the concentration part, and the feed
rate of the reaction solution was set at about 21 kg/hr.
[0469]

A temperature of the column bottom of the
distillation column 120 was controlled to 210°C, and a
pressure of the column top thereof was controlled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.

[0470]

A low boiling component containing phenol and
dimethyl carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillation column 120.

[0471]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to the distillation column 130 through the
transfer line 4 to perform distillation separation.
[0472]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided

with the reboiler 131 and the condenser 132.
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[0473]

The temperature of the column bottom of the
distillation column 130 was controlled to about 190°C,
and the pressure of the column top thereof was controlled
to about 1.7 kPa.

[0474]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0475]

On the other hand, the high boiling component
containing the composition A was circulated to the
distillation column 110 through the transfer line 6 and
the feed line 1.

[0476]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142.
[0477]

The reaction solution containing diphenyl carbonate
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
99.8% by mass of the diphenyl carbonate (diaryl

carbonate) was obtained from the recovery line 9 by the



= 175 =

purification. The position of the recovery line 9 was
set at the lower portion of the distillation column
located above the column bottom.

[0478]

The low boiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line 2.

[0479]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0480]

At that time, in the transfer line 2, the
composition of the liquid contained about 55% by mass of
phenol, about 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 40 kg/hr.
[0481]

In the transfer line 4, the composition of the
liquid contained about 0.1% by mass of dimethyl carbonate,
about 17% by mass of methyl phenyl carbonate, about 3% by
mass of phenol, and about 80% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.

[0482]
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In the transfer line 7, the composition of the
liquid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phenol. The flow rate thereof was about 5
kg/hr.

[0483]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate recovered from the recovery line 9 could be
stably produced at about 4 kg/hr.

[0484]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.3. The ratio of moles of phenyl salicylate
carbonate to moles of titanium atoms was about 0.08.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.008.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 11% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate.

[0485]

[Example 14]
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Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) was used in place of
polytitanoxane butoxide (manufactured by E.I. DuPont de
Nemours & Company Inc., product name: Tyzor BTP) in
preparation of a titanium-containing composition, and the
molar ratio of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atoms (total of phenyl
salicylate and phenyl salicylate carbonate/titanium
atoms) in a composition A was changed to about 1.1 from
about 0.5 in preparation of the composition A.

[0486]

99.8% by mass of diphenyl carbonate (diaryl
carbonate) was obtained from a recovery line 9.

[0487]

A low boiling component containing methyl phenyl
carbonate was removed from the column top of a
distillation purification column 140, and was circulated
to the distillation column 120 through a recovery line 10
and a transfer line 2.

[0488]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0489]
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At that time, in the transfer line 2, the
composition of the liquid contained about 53% by mass of
phenol, about 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 40 kg/hr.
[0490]

In the transfer line 4, the composition of the
liquid contained about 0.1% by mass of dimethyl carbonate,
about 17% by mass of methyl phenyl carbonate, about 3% by
mass of phenol, and about 80% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.
[0491]

In the transfer line 7, the composition of the
liquid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phenol. The flow rate thereof was about 5
kg/hr.

[0492]

After the continuocus operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 4 kg/hr.

[0493]

When a titanium-containing high boiling component

obtained from a removal line 11 was analyzed, the ratio

of total moles of salicylate esters of phenyl salicylate
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plus methyl salicylate ester to moles of titanium atoms
was about 1.6. The ratio of moles of phenyl salicylate
carbonate to moles of titanium atoms was about 0.4.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.01.

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 12% by mass of a component having
a higher boiling point than that of the diphenyl
carbonate.

[0494]
[Examples 15 to 30]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that
polytitanoxane butoxides having different average degrees
of polymerization, obtained from the production examples
1 to 4 as shown in the following Table 7 were used in
preparation of a titanium-containing composition, and the
molar ratio of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atoms (total of phenyl
salicylate and phenyl salicylate carbonate/titanium
atoms) in a composition A was changed as shown in the
following Table 7 in preparation of the composition A.
The results are shown in Table 7. The results showed
that continuous operation was possible for 150 to 200
hours without blocking the distillation column when the

compositions A prepared in the examples 15 to 30 were fed,
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and the diphenyl carbonate (diaryl carbonate) could be
stably produced.
[0495]

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 9% by mass, about 9% by mass,
about 8% by mass, about 8% by mass, about 18% by mass,
about 36% by mass, about 32% by mass, about 13% by mass,
about 12% by mass, about 22% by mass, about 38% by mass,
about 33% by mass, about 23% by mass, about 27% by mass,
about 31% by mass, and about 39% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate, in order of examples 15 to 30.

When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 8.
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[0497]
[Table 8]
molar ratio of each compound to titanium atoms
OH i
A&T/OKR sa??i?%ite Sai;iiifte sa??igiite catechol

0 carbonate | carbonate
Téample 0. 1.0 0.07 0.1 0.01
?zample 0. 0.9 0.08 0.2 0.03
ﬁiample 0. 0.9 0.10 0.4 0.02
?Zample 0. 1.0 0.08 0.3 0.03
?gample 0. 2.5 0.10 0.6 0.04
ggample 0. 3.8 0.10 0.8 0.04
giample 0. 3.6 0.08 0.7 0.02
g;ample 0. 1.9 0.09 0.5 0.03
g;ample 0. 1.6 0.06 0.4 0.02
giample 0. 2.6 0.09 0.6 0.03
gzample 0. 3.8 0.10 0.9 0.02
gzample 0. 3.7 0.09 0.8 0.03
giample 0. 2.6 0.07 0.6 0.04
gzample 0. 3.0 0.09 0.7 0.05
g;ample 0. 3.6 0.10 0.9 0.04
Egample 0. 3.9 0.09 0.8 0.05
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[0498]
[Example 31]
(Preparation of Titanium-Containing Composition)

7 kg of polytitanoxane butoxide (manufactured by E.I.
DuPont de Nemours & Company Inc., product name: Tyzor
BTP) was charged to a batch type reactor equipped with an
agitator, a heater, and a distillation column and having
a volume of 60 L under a nitrogen atmosphere, and 14 kg
of previously distilled/purified phenol was then charged
thereto.

[0499]

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0500]

The batch type reactor was then returned to a normal
pressure. About 18 kg of diphenyl carbonate was charged
thereto. The mixture in the reactor was heated to about
190°C. Next, the batch type reactor was depressurized to
about 1.3 kPa, and the diphenyl carbonate containing a
low boiling component was evaporated to obtain a

titanium-containing composition. Diphenyl carbonate was
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added so that the titanium concentration of the obtained
titanium-containing composition was 5% by mass.

[0501]

(Preparation of Composition A)

The titanium-containing composition was then heated
to 200°C, and was held for about 120 hr so as to obtain a
composition A. When part of the composition A was then
sampled and analyzed, phenyl salicylate and phenyl
salicylate carbonate having a higher boiling point than
that of the diphenyl carbonate were detected. The molar
ratio of total of phenyl salicylate and phenyl salicylate
carbonate, and titanium atoms (total of phenyl salicylate
and phenyl salicylate carbonate/titanium atoms) was about
2.3. The composition A generated herein was used as a
reaction catalyst for the next production of a diaryl
carbonate.

[0502]
(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 31 is shown in FIG. 1.

[0503]

The producing apparatus is equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification column 140.

[0504]

These are connected via predetermined lines.
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[0505]

Specifically, lines 1 and 12 are feed lines feeding
raw compounds and a titanium-containing composition, or
the like. Lines 3 and 9 are recovery lines recovering a
product compound and other materials. Lines 2, 4, 5, 6,
7, 8, and 10 are transfer lines. A line 11 is a removal
line.

[0506]

Reference numerals 111, 121, 131, and 141 designate
reboilers, and reference numerals 112, 122, 132, and 142
designate condensers. Reference numeral 113 designate a
preheater for setting a feed material to a predetermined
temperature.

[0507]
(Production of Diaryl Carbonate)

The distillation column 110 had a continuous
multistage structure, and was equipped with a
concentration part and a recovery part. The
concentration part was filled with sieve trays of 25
stages, and had an inner diameter of 150 mm and a length
of 4.8 m. The recovery part was filled with Melapak CY
(manufactured by Sulzer Chemtech Ltd., Switzerland), and
had an inner diameter of 150 mm and a length of 2.3 m.
[0508]

In the distillation column 110, bis(3-methylbutyl)
carbonate, phenol, and the composition A prepared above

were continuously fed at about 1830 g/hr from the feed



= 186 =

line 1 through the preheater 113 from the sieve tray of
the 25th stage to perform a transesterification reaction.
The feed rate of each material mixed liquid was adjusted
so that the mass ratio of bis(3-methylbutyl) carbonate to
phenol in the mixed liquid was about 1.08, and a titanium
atom concentration was about 500 ppm.

[0509]

The concentration part was provided below the stage
continuously feeding the mixed liquid, and the recovery
part was provided above the stage.

[0510]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler 111. The method controlled the
temperature of the column bottom of the multistage
distillation column 110 to about 230°C, and the pressure
of the column top thereof to about 140 kPa.

[0511]

A reaction solution was continuously removed at
about 1700 g/hr through the transfer line 2 from the
column bottom of the continuous multistage distillation
column 110.

[0512]

A low boiling component containing 3-methyl-1-

butanol as by-product was removed from the column top.

The low boiling component was then condensed by the
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condenser 112, and was recovered by a reflux ratio of 2
from the recovery line 3.
[0513]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0514]

The continuous multistage distillation column 120 is
equipped with the reboiler 121, the concentration part of
a chimney type distillation column (the inner diameter:
150 mm, the length: about 6 m) of 5 stages, and the
recovery part filled with Melapak CY and having an inner
diameter of 150 mm and a length of 3.8 m. The feeding
position of the reaction solution was set at the upper
portion of the concentration part, and the feed rate of
the reaction solution was set at about 1700 g/hr.

[0515]

A temperature of the column bottom of the
distillation column 120 was controlled to 200°C, and a
pressure of the column top thereof was controlled to
about 3 kPa. A disproportionation reaction was performed
under these conditions.

[0516]

A low boiling component containing phenol and bis(3-

methylbutyl) carbonate was circulated to the distillation

column 110 through the condenser 122, the transfer line 5,
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and the feed line 1 from the column top of the
distillation column 120.
[0517]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to the distillation column 130 through the
transfer line 4 to perform distillation separation.
[0518]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 131 and the condenser 132.

[0519]

A temperature of the column bottom of the
distillation column 130 was controlled to about 180°C,
and a pressure of the column top thereof was controlled
to about 0.5 kPa.

[0520]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0521]

On the other hand, a high boiling component
containing a composition A was circulated to the
distillation column 110 through the transfer line 6 and

the feed line 1.
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[0522]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with the reboiler 141 and the condenser 142.
[0523]

The reaction solution containing diphenyl carbonate,
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
About 100% by mass of the diphenyl carbonate (diaryl
carbonate) was obtained from the recovery line 9 by the
purification. The position of the recovery line 9 was
set at the lower portion of the distillation column
located above the column bottom.

[0524]

The low boiling component containing 3-methylbutyl
phenyl carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line 2.

[0525]

A rate of a titanium-containing high boiling
component removed from the removal line 11 was adjusted
to about 7.7 g/hr (the titanium atom concentration: about
1.5% by mass), and the rate of the composition A fed from

the feed line 12 was adjusted to about 2.3 g/hr (the
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titanium atom concentration: about 5% by mass). The feed
of the composition A from the feed line 1 was stopped.
[0526]

Simultaneously, an amount of a liquid circulated to
each distillation column was gradually increased so that
the rate of diphenyl carbonate recovered from the
recovery line 9 was about 1000 g/hr.

[0527]

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0528]

At that time, in the transfer line 2, the
composition of the liquid contained about 15% by mass of
phenol, about 67% by mass of bis(3-methylbutyl) carbonate,
about 17% by mass of 3-methy butyl phenyl carbonate,
about 0.3% by mass of diphenyl carbonate, and about 0.2%
by mass of 3-methyl-l-butanol. The flow rate thereof was
about 11402 g/hr.

[0529]

The residence times of the reaction solution in the
steady state in the distillation columns 110 and 120 were
respectively about 1 hr and about 2.5 hr.

[0530]

The composition of the liquid in the recovery line 3

contained about 100% by mass of 3-methyl-l-butanol. The

flow rate thereof was about 823 g/hr.
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[0531]

In the transfer line 4, the composition of the
liquid contained about 0.2% by mass of bis(3-methylbutyl)
carbonate, about 11% by mass of 3-methylbutyl phenyl
carbonate, and about 84% by mass of diphenyl carbonate.
The flow rate thereof was about 1238 g/hr.

[0532]

In the transfer line 5, the composition of the
liquid contained about 0.2% by mass of 3-methyl-1l-butanol,
about 17% by mass of phenol, and about 83% by mass of
bis (3-methylbutyl) carbonate. The flow rate thereof was
about 10300 g/hr.

[0533]

In the transfer line 7, the composition of the
liquid contained about 88% by mass of diphenyl carbonate,
about 12% by mass of 3-methy butyl phenyl carbonate, and
about 0.2% by mass of bis(3-methylbutyl) carbonate. The
flow rate thereof was about 1140 g/hr.

[0534]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and 3-methylbutyl
salicylate ester to moles of titanium atoms was about 2.6.
[0535]

After the continuous operation described above was

further continued for about 300 hr, the diphenyl
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carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 1000 g/hr.
[0536]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 6 g/hr (the titanium atom
concentration: about 1.5% by mass), and the rate of the
composition A fed from the feed line 12 was adjusted to
about 1.8 g/hr (the titanium atom concentration: about 5%
by mass). Similarly, the continuous operation was
performed for abocut 300 hr.

[0537]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 1000 g/hr.

[0538]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus 3-methylbutyl salicylate ester to moles of titanium
atoms was about 3.0. The ratio of moles of phenyl
salicylate carbonate to moles of titanium atoms was about
1.1. Furthermore, the ratio of moles of catechol to
moles of titanium atoms was about 0.04.

In the distillation separation in the distillation
column 130, the high boiling component removed from the

column bottom contained about 62% by mass of a component
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having a higher boiling point than that of the diphenyl
carbonate.

[0539]

[Examples 32 to 35]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 31 except that
dialkyl carbonates of types shown in the following Table
9 were used in place of bis(3-methylbutyl) carbonate, and
the molar ratio of total of phenyl salicylate and phenyl
salicylate carbonate, and titanium atoms (total of phenyl
salicylate and phenyl salicylate carbonate/titanium
atoms) in a composition A was changed as shown in the
following Table 9 in preparation of the composition A. A
flow rate in each transfer line and a pressure in a
distillation column were adjusted according to the kind
of dialkyl carbonate. The results are shown in Table 9.
The results showed that continuous operation could be
stably performed for a long time without blocking the
distillation column in all examples 31 to 35.

[0540]

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 28% by mass, about 30% by mass,
about 32% by mass, and about 38% by mass of a component
having a higher boiling point than that of the diphenyl

carbonate, in order of the examples 32 to 35.
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When the titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 10.
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[0542]
[Table 10]
molar ratio of each compound to titanium atoms
OH i
/ She Bl salicylate pbenyl
ARW/ORR salicvlate ester salicylate|catechol
o) y carbonate | carbonate
e 0.1 .1 0.06 0.2 0.02
32
Example 0.2 1.2 0.06 0.3 0.02
33
gjample 0.3 1.6 0.08 0.5 0.03
SRemphe 0.4 2.1 0.10 0.7 0.03
35
[0543]

[Comparative Examples 19 to 22]

(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in

the same manner as in the example 13 except that

polytitanoxane butoxides having different average degrees

of polymerization,

1 to 4 were used in place of polytitanoxane butoxide

(manufactured by E.I.

product name:

Tyzor BTP)

containing compositions.

[0544]

DuPont de Nemours & Company Inc.,

obtained from the production examples

in preparation of the titanium-

(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that the
titanium-containing composition prepared above was used

as a reaction catalyst for a diaryl carbonate as it is
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without preparing a composition A from the titanium-

containing composition. The results are shown in Tables
11 and 12. When the titanium-containing composition was
fed for several hours (3 to 6 hr) in all the comparative
examples 19 to 22, the feed line 13 was blocked, and the

operation became impossible.
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[0547]
[Comparative Examples 23 to 26]
(Preparation of Reaction Catalyst)

Titanium-containing compositions were prepared in
the same manner as in the example 13 except that
polytitanoxane butoxides having different average degrees
of polymerization, obtained from the production examples
1 to 4 were used in place of polytitanoxane butoxide
(manufactured by E.I. DuPont de Nemours & Company Inc.,
product name: Tyzor BTP) in preparation of the titanium-
containing composition.

[0548]
(Production of Diaryl Carbonate)

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that a
temperature as a heating condition in preparing a
composition A was changed to 230°C from 200°C, and the
heating time was changed to 200 hr from 72 hr. The
results are shown in Tables 13 and 14. A problem of
clogging was not caused in feeding the composition A.
However, since the amount of production of diphenyl
carbonate (diaryl carbonate) was unstable, the continuous

operation time was about 8 to 30 hours.
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[Example 36]
(Preparation of Titanium-Containing Composition)

200 kg of polytitanoxane butoxide (manufactured by
E.I. DuPont de Nemours & Company Inc., product name:
Tyzor BTP) was charged to a batch type reactor equipped
with an agitator, a heater, and a distillation column and
having a volume of 1800 L under a nitrogen atmosphere,
and 485 kg of previously distilled/purified phenol was
then charged thereto.

[0551]

Next, the mixture in the batch type reactor was
heated to 180°C under a normal pressure by the heater to
react the mixture. n-Butanol generated by the reaction
was recovered from the column top of the distillation
column. Furthermore, the batch type reactor was
depressurized to about 53 kPa, and n-butanol was
recovered.

[0552]

The batch type reactor was then returned to a normal
pressure. About 450 kg of diphenyl carbonate was charged
thereto. The mixture in the reactor was heated to about
190°C. Next, the batch type reactor was depressurized to
about 1.3 kPa, and the diphenyl carbonate containing a
low boiling component was evaporated to obtain a
titanium-containing composition. Diphenyl carbonate was
added so that the titanium concentration of the obtained

titanium-containing composition was 5% by mass.
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[0553]
(Producing Apparatus of Diaryl Carbonate)

A schematic configuration view of a producing
apparatus used in example 36 is shown in FIG. 2.
[0554]

The producing apparatus i1s equipped with
distillation columns 110 and 120 which have a continuous
multistage structure, a distillation column 130, and a
distillation purification column 140.

[0555]

These are connected via predetermined lines.
[0556]

Specifically, lines 1, 1', 12, and 13 are feed lines
feeding raw compounds and a titanium-containing
composition, or the like. Lines 3 and 9 are recovery
lines recovering a product compound and other materials.
Lines 2, 4, 5, 6, 7, 8, and 10 are transfer lines. A
line 11 is a removal line.

[0557]

Reference numerals designate 111, 121, 131, and 141
designate reboilers, and reference numerals 112, 122, 132,
and 142 designate condensers. Reference numeral 113
designate a preheater for setting a feed material to a
predetermined temperature.

[0558]

(Preparation of Reaction Catalyst)
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In the distillation column 130, as described below,
a product having a higher boiling point than that of
diphenyl carbonate was produced to prepare a reaction
catalyst.

[0559]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 3.4 m and a length of 17 m, and was provided
with the reboiler 131 and the condenser 132.

[0560]

About 5200 kg of the prepared titanium-containing
composition (the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
column 130. A temperature of the titanium-containing
composition was controlled to about 200°C. This state
was held for about 60 hr. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate having a higher boiling point than that
of the diphenyl carbonate was detected. The molar ratio
of phenyl salicylate and titanium atoms (phenyl
salicylate/titanium atoms) was about 0.4. The mixture
(hereinafter, also described as "composition A") of the
high boiling product material generated in the
distillation column 130 and the titanium-containing
composition was used as a reaction catalyst for the next
production of a diaryl carbonate.

[0561]
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(Production of Diaryl Carbonate)

The distillation column 110 had a continuous
multistage structure. The distillation column 110 was
filled with sieve trays of 80 stages and had an inner
diameter of 5 m and a length of 33 m. 1In the
distillation column 110, a mixed liquid (a) containing
about 30% by mass of dimethyl carbonate and about 70% by
mass of phenol was continuously fed at about 57 ton/hr to
the upper portion of the distillation column 110 from the
feed line 1 through the preheater 113. On the other hand,
a mixed liquid (b) containing about 70% by mass of
dimethyl carbonate and about 30% by mass of phenol was
continuously fed at about 57 ton/hr to the lower portion
of the distillation column 110 from the feed line 1'.
[0562]

A concentration part was provided below the stage
continuously feeding the mixed liquids (a) and (b), and a
recovery part was provided above the stage.

[0563]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating a liquid in a lower column part
through the reboiler. The method controlled a
temperature of the column bottom of the multistage
distillation column 110 to about 230°C, and controlled a
pressure of the column top thereof to about 0.55 MPa-G.

[0564]
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Next, the prepared reaction catalyst (composition A)
was gradually fed to the upper portion of the
distillation column 110 from the lower portion of the
distillation column 130 using the transfer line 6, and a
titanium atom concentration in a reaction solution of the
distillation column 110 was adjusted to about 300 ppm.
The reaction solution was continuously removed at about
60 ton/hr through the transfer line 2 from the column
bottom of the continuous multistage distillation column
110.

[0565]

A low boiling component containing methanol as by-
product was continuously removed from the column top of
the distillation column 110.

[0566]

The reaction solution removed from the transfer line
2 as described above was fed to the continuous multistage
distillation column 120.

[0567]

The continucus multistage distillation column 120
was equipped with the sieve tray type concentration part
of 30 stages, the recovery part, the condenser 122, and
the reboiler 121. The concentration part had an inner
diameter of 5 m and a length of 31 m. The recovery part
was filled with Melapak CY. The feeding position of the

reaction solution was set at the upper portion of the
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concentration part, and the feed rate of the reaction
solution was set at about 60 ton/hr.
[0568]

The temperature of the column bottom of the
distillation column 120 was controlled to 210°C, and the
pressure of the column top thereof was controlled to
about 13.3 kPa. A disproportionation reaction was
performed under these conditions.

[0569]

A low boiling component containing phenol and
dimethyl carbonate was circulated to the distillation
column 110 through the condenser 122, the transfer line 5,
and the feed line 1 from the column top of the
distillation column 120.

[0570]

From the column bottom of the distillation column
120, 14 ton/hr of the reaction solution containing
diphenyl carbonate was fed to the distillation column 130
through the transfer line 4 to perform distillation
separation.

[0571]

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 3.4 m and a length of 17 m, and was provided
with the reboiler 131 and the condenser 132.

[0572]
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A temperature of the column bottom of the
distillation column 130 was controlled to about 190°C,
and a pressure of the column top thereof was controlled
to about 1.7 kPa.

[0573]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 140 through the
condenser 132 and the transfer line 7.

[0574]

On the other hand, a high boiling component
containing the reaction catalyst (composition A) was
circulated to the distillation column 110 through the
transfer line 6 and the feed line 1.

[0575]

The distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 2.8 m and a length of 22 m, and was
equipped with the reboiler 141 and the condenser 142.
[0576]

The reaction solution containing diphenyl carbonate
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
99.8% by mass of diphenyl carbonate (diaryl carbonate)
was obtained from the recovery line 9 by the purification.

The position of the recovery line 9 was set at the lower



- 210 -

portion of the distillation column located above the
column bottom.
[0577]

The low boiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 140, and was circulated
to the distillation column 120 through the recovery line
10 and the transfer line 2.

[0578]

After the continuous operation described above was
performed for about 24 hours, the operation entered into
a steady state.

[0579]

At that time, in the transfer line 2, the
composition of the liquid contained about 55% by mass of
phenol, about 26% by mass of dimethyl carbonate, about
17% by mass of methyl phenyl carbonate, about 2% by mass
of diphenyl carbonate, and about 0.09% by mass of
methanol. The flow rate thereof was about 60 ton/hr.
[0580]

In the transfer line 4, the composition of the
liquid contained about 0.1% by mass of dimethyl carbonate,
about 27% by mass of methyl phenyl carbonate, about 3% by
mass of phenol, and about 70% by mass of diphenyl
carbonate. The flow rate thereof was about 14 ton/hr.

[0581]
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In the transfer line 7, the composition of the
liquid contained about 65% by mass of diphenyl carbonate,
about 33% by mass of methyl phenyl carbonate, and about
2% by mass of phenol. The flow rate thereof was about 13
ton/hr.

[0582]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 7.5 ton/hr.
[0583]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and methyl salicylate
ester to moles of titanium atoms was about 1.3.

[0584]

After the continuous operation described above was
further continued for about 500 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 7.6 ton/hr.
[0585]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 2.0 kg/hr (the titanium atom
concentration: about 1% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted

to about 4.0 kg/hr (the titanium atom concentration:
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about 5% by mass). Similarly, the continuous operation
was performed for about 500 hr.
[0586]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.9. The ratio of moles of phenyl salicylate
carbonate to moles of titanium atoms was about 0.8.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.03.

In the distillation separation in the distillation
column 130, the high boiling component removed from the
column bottom contained about 40% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate.

[0587]

Similarly, the diphenyl carbonate (diaryl carbonate)
recovered from the recovery line 9 could be stably
produced at about 7.6 ton/hr.

[0588]
[Example 37]
(Preparation of Titanium-Containing Composition)

A titanium-containing composition was prepared in
the same manner as in the example 7.

(Producing Apparatus of Diaryl Carbonate)
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A schematic configuration view of a producing
apparatus used in example 37 is shown in FIG. 3.

[0589]

The producing apparatus is equipped with vessel type
reactors 210 and 220, a distillation column 330, and a
distillation purification column 340.

[0590]

These are connected via predetermined lines.
[0591]

Specifically, lines 1 and 12 are feed lines feeding
raw compounds and a titanium-containing composition, or
the like. Lines 3 and 9 are recovery lines recovering a
product compound and other materials. Lines 2, 4, 5, 6,
7, 8, and 10 are transfer lines. A line 11 is a removal
line.

[0592]

Reference numerals 331, and 341 designate reboilers,
and reference numerals 312, 322, 332, and 342 designate
condensers. Reference numeral 211 designate a preheater
for setting a feed material to a predetermined
temperature.

[0593]
(Preparation of Reaction Catalyst)

In the distillation column 330, as described below,
a product having a higher boiling point than that of
diphenyl carbonate was produced to prepare a reaction

catalyst.
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[0594]

The distillation column 330 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 331 and the condenser 332.

[0595]

About 14 kg of the prepared titanium-containing
composition (the titanium concentration: about 5% by
mass) was fed to the lower portion of the distillation
column 330. A temperature of the titanium-containing
composition was controlled to about 200°C. This state
was held for about 72 hr. When part of the titanium-
containing composition was then sampled and analyzed,
phenyl salicylate having a higher boiling point than that
of the diphenyl carbonate was detected. The molar ratio
of phenyl salicylate and titanium atoms (phenyl
salicylate/titanium atoms) was about 0.5. The mixture
(hereinafter, also described as "composition A"™) of the
high boiling product material generated in the
distillation column 330 and the titanium-containing
composition was used as a reaction catalyst for the next
production of a diaryl carbonate.

[0596]
(Production of Diaryl Carbonate)

A mixed liquid containing about 50% by mass of
dimethyl carbonate and about 50% by mass of phenol were

continuously fed at about 80 kg/hr to the vessel type
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reactor 210 (volume: 300 L) provided with an agitator
from the feed line 1 through the preheater 211.
[0597]

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater. The method controlled a temperature of a
reaction solution to about 230°C in the vessel type
reactor 210, and controlled the pressure of the column
top of a distillation column 310 to about 0.55 MPa-G.
[0598]

Next, the prepared reaction catalyst (composition A)
was gradually fed to the vessel type reactor 210 from the
lower portion of the distillation column 330 using the
transfer line 6, and a titanium atom concentration in the
reaction solution was adjusted to about 1000 ppm to
perform a transesterification reaction. The reaction
solution containing methyl phenyl carbonate was
continuously removed at about 21 kg/hr through the
transfer line 2 from the vessel type reactor 210.

[0599]

A low boiling component containing methanol as by-
product was continuously removed from the column top of
the distillation column 310. The low boiling component
was then condensed by the condenser 312, and was
recovered from the recovery line 3.

[0600]
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The reaction solution removed from the transfer line
2 as described above was fed to the vessel type reactor
220.

[0601]

The vessel type reactor 220 was equipped with an
agitator and a distillation column 320 filled with
Melapak CY and having an inner diameter of 150 mm and a
length of 1.5 m. The feed rate of the reaction solution
was set at about 21 kg/hr.

[0602]

In the vessel type reactor 220, a temperature of the
reaction solution was controlled to 210°C, and a pressure
of the column top thereof was controlled to about 13.3
kPa. A transesterification reaction or a
disproportionation reaction of methyl phenyl carbonate
was performed under these conditions, so as to produce
diphenyl carbonate.

[0603]

A low boiling component containing phenol and
dimethyl carbonate was circulated to the vessel type
reactor 210 through the condenser 322, the transfer line
5, and the feed line 1 from the column top of the
distillation column 320.

[0604]
From the vessel type reactor 220, the reaction

solution containing diphenyl carbonate was fed to the
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distillation column 330 through the transfer line 4 to
perform distillation separation.
[0605]

The distillation column 330 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with the reboiler 331 and the condenser 332.

[0606]

A temperature of the column bottom of the
distillation column 330 was controlled to about 190°C,
and a pressure of the column top thereof was controlled
to about 1.7 kPa.

[0607]

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
the distillation purification column 340 through the
condenser 332 and the transfer line 7.

[0608]

On the other hand, a high boiling component
containing the reaction catalyst (composition A) was
circulated to the distillation column 110 through the
transfer line 6 and the feed line 1.

[0609]

The distillation purification column 340 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was

equipped with the reboiler 341 and the condenser 342.
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[0610]

The reaction solution containing diphenyl carbonate
fed to the distillation purification column 340 through
the transfer line 7 from the distillation column 330 was
purified in the distillation purification column 340.
99.8% by mass of diphenyl carbonate (diaryl carbonate)
was obtained from the recovery line 9 by the purification.
The position of the recovery line 9 was set at the lower
portion of the distillation column located above the
column bottom.

[0611]

The low boiling component containing methyl phenyl
carbonate was removed from the column top of the
distillation purification column 340, and was circulated
to the vessel type reactor 220 through the recovery line
10.

[0612]

After the continuous operation described above was
performed for about 24 hours, the operation entered into
a steady state.

[0613]

At that time, in the transfer line 2, the
composition of the liquid contained about 60% by mass of
phenol, about 28% by mass of dimethyl carbonate, about
10% by mass of methyl phenyl carbonate, about 1% by mass
of diphenyl carbonate, and about 0.09% by mass of

methanol. The flow rate thereof was about 40 kg/hr.
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[0614]

In the transfer line 4, the composition of the
liquid contained about 0.1% by mass of dimethyl carbonate,
about 37% by mass of methyl phenyl carbonate, about 3% by
mass of phenol, and about 60% by mass of diphenyl
carbonate. The flow rate thereof was about 6.2 kg/hr.
[0615]

In the transfer line 7, the composition of the
liquid contained about 78% by mass of diphenyl carbonate,
about 19% by mass of methyl phenyl carbonate, and about
3% by mass of phenol. The flow rate thereof was about 5
kg/hr.

[0616]

After the continucus operation described above was
further continued for about 100 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery
line 9 could be stably produced at about 2.7 kg/hr.

[0617]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of phenyl salicylate and methyl salicylate
ester to moles of titanium atoms was about 1.2.

[0618]

After the continuous operation described above was
further continued for about 500 hr, the diphenyl
carbonate (diaryl carbonate) recovered from the recovery

line 9 could be stably produced at about 2.7 kg/hr.
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[0619]

The rate of the titanium-containing high boiling
component removed from the removal line 11 was then
adjusted to about 5.0 g/hr (the titanium atom
concentration: about 2% by mass), and the rate of the
reaction catalyst fed from the feed line 12 was adjusted
to about 2.0 g/hr (the titanium atom concentration: about
5% by mass). Similarly, the continuous operation was
performed for about 500 hr.

[0620]

When the titanium-containing high boiling component
obtained from the removal line 11 was analyzed, the ratio
of total moles of salicylate esters of phenyl salicylate
plus methyl salicylate ester to moles of titanium atoms
was about 1.9. The ratio of moles of phenyl salicylate
carbonate to moles of titanium atoms was about 0.8.
Furthermore, the ratio of moles of catechol to moles of
titanium atoms was about 0.04.

In the distillation separation in the distillation
column 330, the high boiling component removed from the
column bottom contained about 35% by mass of a component
having a higher boiling point than that of the diphenyl
carbonate.

[0621]

Similarly, the diphenyl carbonate (diaryl carbonate)

recovered from the recovery line 9 could be stably

produced at about 2.7 kg/hr.
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[0622]
[Production Example 5]
(Production of Polytitanoxane alkoxide)

340 kg of tetrabutoxytitanium (manufactured by E.I.
DuPont de Nemours & Company Inc., Tyzor TnBT) was
introduced to a reactor with an agitator. The reactor
was equipped with a cooling coil, a heating jacket, and a
distillation column. 150 kg of n-butanol was then
introduced thereto, and an internal liquid temperature
was adjusted to 0°C.

Hydrous n-butanol having a water concentration set
at 3% by mass (% by weight) was adjusted to 0°C in
another reactor with an agitator. The reactor was
equipped with a cooling coil, a heating jacket, and a
distillation column.

The hydrous n-butanol was added into the reactor
under agitation through a line.

The addition time was set at 1.5 hour, and the added
amount of water was set at 0.5 molar equivalents (with
respect to moles of Ti atoms in the reactor).

A trace moisture meter analyzed a reaction solution
with time, and confirmed that the added water was
consumed in a hydrolysis reaction and the analyzed value
became constant.

The obtained reaction solution was heated under

agitation, and n-butanol was evaporated using the
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distillation column after the reaction solution reached
150°C.

The composition of the evaporated liquid was
analyzed by gas chromatography, and it was confirmed that
the evaporated amount was mostly lost. The distillation
was then completed.

When a transparent and colorless liquid left in the
reactor was analyzed and a Ti content and an alkoxy group
content were measured, 1t was found that polytitanoxane
butoxide having an average degree of polymerization of 2
was obtained.

[0623]
[Production Examples 6 to 8]

Polytitanoxane alkoxides were produced in the same
manner as in the above [production example 1] except that
the added amount of water was changed as shown in Table
15. After the addition of water was completed, the
reaction solution obtained as in the production example 5
was heated under agitation, and n-butanol was evaporated
using the distillation column after the reaction solution
reached 150°C. The composition of the evaporated liquid
was analyzed by gas chromatography, and it was confirmed
that the evaporated amount was mostly lost. The
distillation was then completed. When a transparent and
colorless liquid left in the reactor was analyzed and a
Ti content and an alkoxy group content were measured, it

was found that polytitanoxane butoxides having different
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average degrees of polymerization as shown in Table 15

were obtained.

[0624]
[Table 15]
added amount of water with respect to | 'or29® degmele
i i : of
moles of titanium [molar equivalent] : .
polymerization
production g & .
example 6
production 9. 66 ;
example 7
production Sk I
example 8

[0625]
[Examples 38 to 42]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 36 except that
tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., Tyzor TnBT) and the
polytitanoxane alkoxides obtained from the production
examples 5 to 8 were used in place of polytitanoxane
butoxide {(manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor BTP) in preparation of
a titanium-containing composition.

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 41% by mass, about 45% by mass,
about 39% by mass, about 50% by mass, and about 45% by

mass of a component having a higher boiling point than
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that of the diphenyl carbonate, in order of examples 38
to 42.

When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 16.
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[0627]
[Production Examples 9 to 14]

Titanium-containing compositions were prepared in
the same manner as in the example 13. Phenyl salicylate
(manufactured by Aldrich Chemical) was then added to the
titanium-containing composition without preparing a
composition A from the titanium-containing composition,
and the obtained mixture was heated at about 170°C, so as
to produce a uniform liquid. The ratio of the phenyl
salicylate to moles of titanium atoms was adjusted as

showed in the following Table 17.

[0628]
[Table 17]
ratio of phenyl salicylate to
moles of titanium atoms

production 1.0

example 9
production 0.5

example 10
production 1.6

example 11
production 4.2
example 12
production 5 0
example 13

roduction
ixample 14 100

[0629]
[Examples 43 to 45]
Diphenyl carbonate (diaryl carbonate) was produced

in the same manner as in the example 13 except that the
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titanium-containing compositions obtained from the
production examples 9 to 11 were used.

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 14% by mass, about 10% by mass,
and about 23% by mass of a component having a higher
boiling point than that of the diphenyl carbonate, in
order of examples 43 to 45.

When a titanium-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 18.
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[0631]
[Comparative Examples 27 to 29]

Diphenyl carbonate (diaryl carbonate) was produced
in the same manner as in the example 13 except that the
titanium-containing compositions obtained from the
production examples 12 to 14 were used.

A problem of clogging was not caused in feeding the
titanium-containing composition. However, since the
amount of production of diphenyl carbonate was unstable,
the continuous operation time was about 8 to 12 hours.
Diphenyl carbonate was hardly produced in the comparative
example 29 using the titanium-containing composition
obtained from the production example 14. The results are

shown in the following Table 19.
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[0633]
[Examples 46 to 51]

Tetrabutoxytitanium (manufactured by E.I. DuPont de
Nemours & Company Inc., product name: Tyzor TnBT),
polytitanoxane butoxide (manufactured by E.I. DuPont de
Nemours & Company Inc., product name: Tyzor BTP), and
polytitanoxane butoxides obtained from the production
examples 1 to 4, which were titanium-containing catalyst
compositions, were used for a reaction catalyst for a
diaryl carbonate. Start-up operation was performed in
the same manner as in the example 1 so as to produce the
diaryl carbonate.

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 5% by mass, about 6% by mass,
about 5% by mass, about 7% by mass, about 6% by mass, and
about 6% by mass of a component having a higher boiling
point than that of the diphenyl carbonate, in order of
examples 46 to 51.

The results of analyzing a titanium-containing high
boiling component obtained from a removal line 11 are
shown in the following Table 20. All the examples
satisfied the conditions of the above-mentioned items
(iv) to (vi), and could stably produce the diaryl

carbonates.
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[0635]
[Example 52]

A diaryl carbonate was produced as described below,
using the producing apparatus of the diaryl carbonate
shown in FIG. 1 described in the example 1.

[0636]
(1) Start-Up Operation

A continuous multistage distillation column 110 was
equipped with a concentration part and a recovery part.
The concentration part was filled with sieve trays of 25
stages, and had an inner diameter of 150 mm and a length
of 4.8 m. The recovery part was filled with Melapak CY
{(manufactured by Sulzer Chemtech Ltd., Switzerland), and
had an inner diameter of 150 mm and a length of 2.3 m.
In the distillation column 110, a mixed liquid (a weight
ratio of bis(3-methylbutyl) carbonate to phenol in the
mixed liquid was about 1.08, and tin as atoms was
adjusted to about 1500 ppm of the total liquid amount)
including bis(3-methylbutyl) carbonate, phenol, and
monooctyltin phenoxide oxide (synthesized from the
reaction of monooctyltin oxide hydroxide (Hokko Chemical
Industry Co., Ltd.) and phenol) was continuously fed at
about 1800 g/hr from a feed line 1 through the preheater
113 from the sieve tray of the 25th stage to perform a
transesterification reaction.

[0637]



- 234 -

The concentration part was provided below the stage
continuously feeding the mixed liquid, and the recovery
part was provided above the stage.

An amount of heat required for the reaction and
distillation was controlled by providing an external
heater, or by circulating and feeding a liquid in a lower
column part through a reboiler 111. Thereby, a
temperature of the column bottom of the multistage
distillation column 110 was controlled to about 230°C,
and a pressure of the column top thereof was controlled
to about 140 kPa.

A reaction solution was continuously removed at
about 1650 g/hr through a transfer line 2 from the column
bottom of the continuous multistage distillation column
110.

[0638]

A low boiling component containing 3-methyl-1-
butanol as by-product was removed from the column top.
The low boiling component was then condensed by a
condenser 112, and was recovered by a reflux ratio of 2
from a recovery line 3.

The reaction solution removed from the transfer line
2 as described above was fed to a continuous multistage
distillation column 120.

[0639]
The continuous multistage distillation column 120 is

equipped with a reboiler 121, the concentration part of a
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chimney type distillation column (the inner diameter: 150
mm, the length: about 6 m) of 5 stages, and a recovery
part filled with Melapak CY and having an inner diameter
of 150 mm and a length of 3.8 m. The reaction solution
was fed at about 1700 g/hr to the upper portion of the
concentration part.

[0640]

A temperature of the column bottom of the
distillation column 120 was controlled to 200°C, and a
pressure of the column top thereof was controlled to
about 3 kPa. A disproportionation reaction was performed
under these conditions.

A low boiling component containing phenol and bis(3-
methylbutyl) carbonate was circulated to the distillation
column 110 through a condenser 122, a transfer line 5,
and a feed line 1 from the column top of the distillation
column 120.

[0641]

From the column bottom of the distillation column
120, the reaction solution containing diphenyl carbonate
was fed to a distillation column 130 through a transfer
line 4 to perform distillation separation.

The distillation column 130 was a distillation
column filled with Melapak CY and having an inner
diameter of 150 mm and a length of 4 m, and was provided
with a reboiler 131 and a condenser 132.

[0642]
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A temperature of the column bottom of the
distillation column 130 was controlled to about 180°C,
and a pressure of the column top thereof was controlled
to about 0.5 kPa.

The low boiling component containing diphenyl
carbonate was removed from the column top, and was fed to
a distillation purification column 140 through the
condenser 132 and a transfer line 7.

On the other hand, a high boiling component
containing a catalyst was circulated to the distillation
column 110 through a transfer line 6 and a feed line 1.
[0643]

A distillation purification column 140 was a
distillation column filled with Melapak CY and having an
inner diameter of 150 mm and a length of 5 m, and was
equipped with a reboiler 141 and a condenser 142.

The reaction solution containing diphenyl carbonate,
fed to the distillation purification column 140 through
the transfer line 7 from the distillation column 130 was
purified in the distillation purification column 140.
Thereby, about 99% by mass of diphenyl carbonate was
obtained from the recovery line 9 located above the
column bottom and located at the lower portion of the
distillation column.

[0644]
The low boiling component containing 3-methylbutyl

phenyl carbonate was removed from the column top of the
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distillation purification column 140, and was circulated
to the distillation column 120 through a recovery line 10
and a transfer line 2.

[0645]

(2) Control Operation

A rate of a tin-containing high-boiling substance
removed from a removal line 11 was adjusted to about 2.3
g/hr (the tin atom concentration: about 5% by mass), and
a rate of an octyltin oxidophenoxide-containing phenol
ligquid fed from a feed line 12 was adjusted to about 2.3
g/hr (the tin atom concentration: about 5% by mass). The
feed of the octyltin oxidophenoxide from the feed line 1
was stopped.

[0646]

Simultaneously, an amount of a ligquid circulated to
each distillation column was gradually increased so that
the rate of diphenyl carbonate recovered from the
recovery line 9 was about 1000 g/hr.

After the continuous operation described above was
performed for about 12 hours, the operation entered into
a steady state.

[0647]

At that time, in the transfer line 2, the
composition of the liquid contained about 15% by mass of
phenol, about 67% by mass of bis(3-methylbutyl) carbonate,
about 17% by mass of 3-methy butyl phenyl carbonate,

about 0.3% by mass of diphenyl carbonate, and about 0.2%
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by mass of 3-methyl-l-butanol. The flow rate thereof was
about 11402 g/hr.
[0648]

The composition of the ligquid in the recovery line 3
contained about 100% by mass of 3-methyl-1l-butanol. The
flow rate thereof was about 825 g/hr.

[0649]

In the transfer line 4, the composition of the
liquid contained about 0.2% by mass of bis(3-methylbutyl)
carbonate, about 11% by mass of 3-methylbutyl phenyl
carbonate, and about 84% by mass of diphenyl carbonate.
The flow rate thereof was about 1230 g/hr.

[0650]

In the transfer line 5, the composition of the
liquid contained about 0.2% by mass of 3-methyl-1-butanol,
about 15% by mass of phenol, and about 84% by mass of
bis(3-methylbutyl) carbonate. The flow rate thereof was
about 10300 g/hr.

[0651]

In the transfer line 7, the composition of the
liquid contained about 86% by mass of diphenyl carbonate,
about 13% by mass of 3-methy butyl phenyl carbonate, and
about 0.2% by mass of bis(3-methylbutyl) carbonate. The
flow rate thereof was about 1120 g/hr.

When the high boiling component obtained from the

removal line 11 was analyzed, the ratio of total moles of
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phenyl salicylate and 3-methylbutyl salicylate ester to
moles of tin atoms was about 0.4.
[0652]

After the continuous operation described above was
further continued for about 100 hr, the diphenyl
carbonate recovered from the recovery line 9 could be
stably produced at about 1000 g/hr.

The rate of the tin-containing high-boiling
substance removed from the removal line 11 was then
adjusted to about 1.8 g/hr (the tin atom concentration:
about 5% by mass), and the rate of the octyltin
oxidophenoxide~-containing phenol liquid fed from the feed
line 12 was adjusted to about 1.8 g/hr (the tin atom
concentration: about 5% by weight). Similarly, the
continuous operation was performed for about 100 hr.
[0653]

When the high boiling component obtained from the
removal line 11 was analyzed, the ratio of total moles of
salicylate esters of phenyl salicylate plus 3-methylbutyl
salicylate ester to moles of tin atoms was about 0.7.

The ratio of moles of phenyl salicylate carbonate to
moles of tin atoms was about 0.05. Furthermore, the
ratio of moles of catechol to moles of tin atoms was
about 0.02. The ratio of a component having a higher
boiling point than that of the diphenyl carbonate in the
high boiling component was about 23% by mass.

[0654]
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Similarly, the diphenyl carbonate recovered from the
recovery line 9 could be stably produced at about 1000
g/hr.

[0655]
[Examples 53 to 55]

Diaryl carbonates were produced in the same manner
as in the example 52 except that triethoxyiron
(manufactured by Strem Chemicals, Inc.),
tributoxyaluminum (manufactured by Wako Pure Chemical
Industries, Ltd.), and tripropoxyzirconium (manufactured
by Strem Chemicals, Inc.) were respectively used as a
metal-containing catalyst in order in examples 53 to 55.
[0656]

In distillation separation in a distillation column
130, a high boiling component removed from a column
bottom contained about 14% by mass, about 15% by mass,
and about 17% by mass of a component having a higher
boiling point than that of the diphenyl carbonate, in
order of the examples 53 to 55.

When a metal-containing high boiling component
obtained from a removal line 11 was analyzed, all the
examples satisfied the above-mentioned items (iv) to (vi),
and could stably produce the diaryl carbonates. The

results are shown in Table 21.
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[0658]
[Comparative Examples 30 to 33]

Diaryl carbonates were produced using the producing
apparatus shown in FIG. 1.

The diaryl carbonates were produced in the same
manner as in the example 52 except that monooctyltin
phenoxide oxide, triethoxyiron (manufactured by Strem
Chemicals, Inc.), tributoxyaluminum (manufactured by Wako
Pure Chemical Industries, Ltd.), and tripropoxyzirconium
(manufactured by Strem Chemicals, Inc.) were respectively
used as a metal-containing catalyst in comparative
examples 30 to 33, and control operation was performed as
described below.

[0659]
(Control Operation)

The same start-up operation as the example 52 was
performed to adjust a rate of a metal-containing high-
boiling substance removed from a removal line 11 to about
2.4 g/hr (the metal atom concentration: about 5% by mass),
and a rate of a metal-containing catalyst composition fed
from a feed line 12 to about 2.4 g/hr (the meta; atom
concentration: about 5% by mass). Simultaneously, an
amount of a liquid circulated to each distillation column
was gradually increased so that the rate of diphenyl
carbonate recovered from a recovery line 9 was about 1000
g/hr. After continuous operation was performed for about

12 hours, the operation entered into a steady state.
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[0660]

Then, a rate of a high boiling component removed
from the removal line 11 was gradually adjusted to about
0.4 g/hr (the metal atom concentration: about 5% by mass),
and a rate of a metal-containing catalyst composition
liquid fed from the feed line 12 was gradually adjusted
to about 0.4 g/hr (the metal atom concentration: about 5%
by mass). The continuous operation was performed in the
same circulated amount of a liquid as that of the example
S B
[0661]

However, since the diphenyl carbonate recovered from
the recovery line 9 was gradually decreased, a material
liquid fed from the feed line 1 was adjusted
corresponding thereto.

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 in the steady state
was about 150 g/hr.

[0662]

Furthermore, the rate of the tin-containing high-
boiling substance removed from the removal line 11 was
adjusted to about 0.3 g/hr (the metal atom concentration:
about 5% by mass), and the rate of the metal-containing
catalyst composition fed from the feed line 12 was

adjusted to about 0.3 g/hr (the metal atom concentration:
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about 5% by mass). Similarly, the continuous operation
was performed.
[0663]

After the continuous operation was performed for
about 100 hr, the rate of the diphenyl carbonate
recovered from the recovery line 9 in the steady state
was 20 g/hr to 100 g/hr. The results of analyzing the
high boiling component obtained from the line 11 are

shown in Table 22.
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[0665]

The present application is based on Japanese Patent
Application (No. 2010-37928) filed to the Japanese Patent
Office on February 23, 2010, and Japanese Patent
Application (No. 2010-37930) filed to the Japanese Patent
Office on February 23, 2010, the contents of which are

incorporated herein by reference.

Industrial Applicability
[0666]

The producing method of the diaryl carbonate of the
present invention has industrial applicability as the
technique of producing the diaryl carbonate with stably

high productivity.

Description of Reference Numerals

[0667]

1, 1', 12, 13 FEED LINE

3, 9 RECOVERY LINE

2, 4, 5, 6, 7, 8, 10 TRANSFER LINE

11 REMOVAL LINE

110, 120, 130, 310, 320, 330 DISTILLATION COLUMN
140, 340 DISTILLATION PURIFICATION COLUMN

111, 121, 131, 141, 331, 341 REBOILER

112, 122, 132, 142, 312, 322, 332, 342 CONDENSER
113, 114, 211 PREHEATER

210, 220 VESSEL TYPE REACTOR
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CLAIMS

1. A method for producing a diaryl carbonate, using a metal-containing
catalyst composition as a reaction catalyst, comprising:

a step (1) of subjecting a dialkyl carbonate and an aromatic monohydroxy
compound to a transesterification reaction so as to obtain an alkylarvl carbonate,
and removing an alcohol as by-product. from a reaction system;

a step (2) of subjecting the alkylaryl carbonate obtained in the step (1) to a
transesterification or disproportionation reaction so as to obtain a reaction product
including the diaryl carbonate;

a step () of distilling the reaction product obtained in the step (2) to
separate the reaction product into a low boiling component including the diaryl
carbonate and a high boiling component. including the reaction catalyst; and

a step (4) of recycling the high boiling component. separated in the step (3)
into the steps (1) and/or (2), wherein:

the high boiling component separated in the step (3) includes 70% by mass
or less of a component having a higher boiling point than that of the diaryl
carbonate;

the high boiling component, separated in the step (3) includes a compound
represented by the formula (1)

(Formula 1]

wherein Ar! represents an unsubstituted or substituted arylene group having 6 to
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20 carbon atoms, X and Y-O are located at an ortho position to each other, X
represents a hydroxy group or a substituent given by the formula (2) or (3), and Y
represents hydrogen or a substituent. given by the formula (3), the formulas (2) and
(3) being as follows:

[Formula 2]

== o—R"

T

(2)

[Formula 3]

o

0
(3)

wherein R! represents a linear or branched aliphatic group having 1 to 12 carbon
atoms, an alicyclic aliphatic group having 5 to 12 carbon atoms, or an unsubstituted
or substituted aryl group having 6 to 20 carbon atoms; and

after performing the method for producing the diaryl carbonate
continuously in a steady state for 100 hours or more, the high boiling component
recycled in the step (4) includes compounds given by @ to (ii):

) a compound of the formula (1) where X represents the formula (2) or (3),
and Y represents the formula (3);

(i) a compound of the formula (1) where X represents a hydroxy group, and
Y represents the formula (3), and/or a compound of the formula (1) where X
represents the formula (8), and Y represents hydrogen;

(ii1) a compound of the formula (1) where X represents a hydroxy group,
and Y represents hydrogen;

the compounds of () to Gii) satisfving conditions given by Gv) to (v,

respectively:
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(iv) "total moles of the compounds of (D/moles of metal atoms" is 0.005 to

20;

() "total moles of the campounds of (iD/moles of metal atoms" is 0.005 to 4
anl

(v} "moles of the compound of (ii)/moles of metal atoms" is less than 2,
2. The method for producing the diaryl carbonate according to claim 1,

wherein the metal-containing catalyst composition is a titanium-containing catalyst

composition,

3. The method for producing the diaryl carbonate according to claim 2,
wherein the titanium-containing catalyst composition is a titanium-containing
composition formed of a diaryl carbonate and an aryloxytitanium composition, and
titanium constituting the aryloxytitanium composition has a content of 0.1 to 20%

by mass based on 100% by mass of the titanium-containing composition.

4, The method for producing the diaryl carbonate according to claim 3,

wherein the titanium constituting the aryloxytitanium composition is tetravalent.

5. The method for produeing the diaryl carbonale according to claim 3 or 4,
wherein the aryloxytitanium composition has 1 or more and 4 or less aryloxy groups

per titanium atom.

6. The method for producing the diaryl carbonate according to any one of
claims 1 to 5, wherein a reaction solvent is used in the steps (1) and/or (2), and
the metal-containing catalysi. composition is soluble in the reaction solvent

or florms a homogeneous phase with the reaction solvent.
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7. The method for producing the diaryl carbonate according to any one of
claims 1 to 6, wherein the compound represented by the formula (1) is at least one
selected from a group of compounds represented by the following formulas (4) to (8):
[Formula 4)

OH

e

0
Y “'\N_]
6]
(4)
wherein Ar? represents an unsubstituted or substituted arylene group having 6 to
20 carbon atoms, Ar® represents an unsubstituted or substituted aryl group having
6 to 20 carbon atoms, and two substituents on Ar2 are located at an ortho position to

each other;

[Formula 5]

/OH
M\& l,o.\ R?

(8)

wherein Aré represents an unsubsiituted or substituted arylene group having 6 to
20 carbon atoms, R2 represents a linear or branched aliphatic group having 1 to 12
carbon atoms, or an alicyclic aliphatic group having 5 to 12 carbon atoms, and two
substituents on Art are located at an ortho position to each other;

[Formula 6]

OH
£
O

(8)

wherein Arf repregenis an unsubstituted or substituted arylene group having 6 to
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20 carbon atoms, and two hydroxy groups on Ar5 are located at an ortho position to
each other:

[Formula 7]
Ar?
d

-

o
!’\'r/ﬁ 0.
1/ ~ar?

(7)

wherein Ar® represents an unsubstituted or substituted arylene group having 6 to
20 carbon atoms, Ar” and Ar® each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and two substituents on Aré are
located at an ortho position to each other; and

[Formula 8]

(8)

wherein Ar® represents an unsubsiituted or substituted arylene group having 6 to
20 carbon atoms, Arl? represents an unsubstituted or substituted aryl group having
6 to 20 carbon atoms, R® represents a linear or branched aliphatic group having 1 to
12 carbon atoms, or an alicyclic aliphatic group having 5 to 12 carbon atoms, and

two substituents on Ar® are located at an ortho position to each other.

8. The method for producing the diaryl ecarbonate according to any one of
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claims 1 to 7, wherein the high boiling component. recycled in the step (4) has "total
moles of the compounds represented by the formula (1)/moles of metal atoms" from

0.005 to 10.

9, The method for producing the diaryl carbeonate according to any one of
claims 1 to 8, wherein the steps (1) and/or (2) is performed in the presence of a
composition A comprising a diaryl carbonate, an aryloxytitanium composition, and a
compound represented by the following formulas (X) and/or (Y), and

the composition A has a ratic of total moles of the compounds represented
by the following formulas (X) and (Y) to moles of titunium atoms (a total of the
compounds represented by the formulas (X) and (Y)/titanium atoms) from 0.005 to 4,
the formulas (X) and (Y) being:

[Formula 8]
f!‘l

wherein Ar?! represents an unsubstituted or substituted arylene group having 6 to

(xX)

20 carbon atoms, Ar2? represents an unsubstituted or substituted axyl group having
6 to 20 carbon atoms, and two substituents on Ar?! are located at an ortho position
to each other; and

[Formula 10]

(Y)

wherein Ar2S represents an unsubstituted or substituted arylene group having 6 to
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20 carbon atoms, Ar® and Ar? each independently represent an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms, and two substituents on Ar2s

are located at an ortho position to each other.

10. The method for producing the diaryl carbonate according to any one of
claims 1 to 9, further comprising

sampling the high boiling component. recycled in the step (4),

adding a monodentate or polydentate ligand capable of coordination to the
metal atoms, to the sampled high boiling component at 1 equivalent or more with
respect to ltanium atoms therein so as to prepare an analysis sample, and

analyzing the analysis sample to quantify the compounds given by @) to

(i) included in the high boiling component.

11, The method for producing the diaryl carbonate according to any one of
claims 1 (o 10, further comprising

sampling the high boiling component recycled in the step (4),

adding at least one additive to the sampled high boiling component. at. 1
equivalent or more with respect to the metal atoms therein so as to prepare an
analysis sample, the additive being selected from the group consisting of water,
polyhydroxy compounds, nitrogen-containing heterocyclic compounds,
sulfur-containing heterocyclic compounds, fluorine-substituted alcohols, and
fluorine-substituted organic acids, and

analyzing the analysis sample by gas or liquid chromatography so as to

quantify the compounds given by () to (iii) included in the high boiling component.

12, The method for producing the diaryl carbonate according to claim 10 or 11,

further comprising
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performing control so that the compounds given by () 1o (i) included in
the high boiling component. recycled in the step (4) satisfy the conditions of (v) to
(vi), respectively,

after the step of quantifying the compounds given by () to (iii) according to

claim 10 or 11.

13, The method for producing the diaryl carbonate according to any one of
claims 1 to 12, wherein the dialkyl carbonate used in the step (1) is a compound
represented by the formula (9):

[Formula 11]

R‘IOTQHR‘

(9)

wherein R¢ represents a linear or branched aliphatic group having 1 to 12 carbon
atoms, or an alicyclic aliphatic group having 5 to 12 carbon atoms,

the aromatic monohydroxy compound used in the step (1) is a compound
represented by the formula (10):
[Formula 12]

Ar''—0OH
(10)

wherein Ar'! represents an unsubstituted or substituted aryl group having 6 to 20
carbon atoms,

the alkylaryl carbonate obtained in the step (1) is a compound represented
by the formula (11):

[Formula 13]
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RS—F'O\.' /O‘HHNW

(11)

wherein R5 represents a linear or branched aliphatic group having 1 to 12 carbon
atoms, or an alicyclic aliphatic group having 5 to 12 carbon atoms. and Ari2
represents an unsubstituted or substituted aryl group having 6 to 20 carbon atoms,
and

the diaryl carbonate obtained in the step (2) is a compound represented by
the formula (12):

[Formula 14]

AT‘S#OTDMAf'S

(12)

wherein Ar!? represents an unsubstituted or substituted aryl group having 6 to 20

carbon atoms,

14, The method for producing the diaryl carbonate according to claim 9,
wherein in the steps (1) and/or (2), production of the diaryl carbonate is started by

teeding the composition A.

156. The method f(or producing the diaryl carbonate according to any one of
claims 1 to 14, wherein the reactions in the steps (1) and (2) are performed using a
reaction apparatus comprising at least one selected from the group consisting of an
agitation tank, an agitation tank with multistage impellers, a packed column, a
distillation column, a mullistage distillation column, a continuous multistage

distillation column, a reactor comprising an internal support, and a forced
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circulation reaclor

16. The method for producing the diaryl carbonate according to claim 15,
wherein in the step (1), the dialkyl carbonate and the aromatic monohydroxy
compound are continuously fed o the reaction apparatus, and

in the step (2), the reaction product obtained is continuously removed [rom

the reaction apparatus.

17 The method for producing the diaryl carbonate according to any one of
claims 1} to 18, wherein the metal atoms in the metal-containing catalyst

composition in the step (1) or {2) have a content of 0.0001 to 20% by mass.

18. The method for producing the diaryl carbonate according to claim 13,

wherein R in the formula (9) is an aliphatic alkyl group having 1 to 8 carbon atoms.

19. The method for producing the diaryl carbonate according to any one of
claims 1 to 18, wherein the steps (1) and (2) have a reaction temperature of 150 to

300°C, and a reaciion time of 0.05 (o 50 hr.

20. The method for producing the diaryl carbonate according to any one of
claims 1 to 19, wherein the distillation in the step (3) is performed by a distillation
column,

the distillation column has a temperaiure of 150 to 300°C at a column
bottom, and

the distillation column provides a residence time of 0.02 to 100 hr at a

column boitom.
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21, The method lor producing the diaryl carbonate according to claim 3 or 4,

wherein the aryloxytitanium composition is phenoxytitanium,

22. The method for producing the diary)l carbonate according to any one ol

claims 1 to 21, wherein the diary]l carhonate is diphenyl carbonate.



