
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 transegteHfic- ion reaction given by the
following the following formula (B),:..n.g this gn Sp to ohtJ n a Hi ;:n
known SSd irn+-hncl  [0004] [Formula 1]  



(A)  [0005] [Formula 2]    (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 the {0008]       In view of such orobl.oms,
studs 05 on catalysts fo5 imptttsesterith  



3 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 (tor example, see
Patent Document 5 and 6). In the continuous production method, it is remoI
component. for the purpose o f preitthe accumulat fel of t-NN product, n
fm, 1 -1 1  4      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). In 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]  



(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 [0014] huriheth when 0 separatjon andon of the by
-produtlJ the main product11(R high to -(herCl  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) is 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 continuously feeding a dialkyl
carbonate, an aromatic hydroxy compound, a nda catalyst to a reactor,
continuously removing an 111ation c". 1 an aIky Li tyl carbon] c::rhc,ns 



d mixture the r 0of from the reactor (for example, Patent Document 10), and
a method for separating the feed aiii,  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 hy using a catalyst having a low boiling
point, own (for st of Prior Art. Dac:umec I.s Pa tent DeE.:  Patent
Document 1:  Japanese Patent 



Laid-Open No. 8-259505 Patent Document 2:  Japanese Patent Laid-Open No.
2000- 191596       Patent 



Document 3:  Japanese Patent Laid-Open No. 8-259504 Patent Document 4:
Japanese Patent No.3528997  Patent Document 5:  Japanese 



Patent Laid-Open No. 9-59224 Patent Document 6:  Japanese Patent Laid-Open
No. 9-110805 Patent Document 7:  Japanese Patent Laid-Open No. 9-194437 



Patent Document 8:  Japanese Patent Laid-Open No. 9-169704 Patent Document
9:  Japanese Patent Laid-Open No. 2000- 72721   



Patent Document 10:  Japanese Patent Laid-Open No. 6- 157410      



Patent Document 11:  Japanese Patent Laid-Open No. 2004- 307400
Patent Document 



12:  Japanese Patent aid-Open No. 2003-  238487 Non Patent Document Non
Patent Document 1: Catalysis Communications, 8 (2007), 358) N55 N35:5L Non
PatV.2;1( cu (:),006),  - 8 - 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, L,Ldurrin, 7           onal art de cc r-ibed a
hove have not Ind to a a u f f .i ci. ent solution of such ci 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--contain thatolilposs ft
CO 10 51-1 Step, the (-Jog+-inn ArpD1--)trig with th C ataly sL, can be
stir e S sIt has been found that by 



the info of  - 10 - 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; Hi (3) of distn L H. into
a low oiling component. includ.inq the diary] carbonate a.nc1 a 1in(
coni000ent including the react]lyst; 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 Arl represents an unsubstituted or substituted arylene group having
6 to 20 carbon atoms, X and Y-0 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  Formula 61   - 12
- wherein R1 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) /molesmetal. The method
;:l000rHino tO [1],   - 13 -       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 



o meta the5PaOt,so. I 7 I The method forthe ei 7y1.. _erdmmmTte
accordingemi{61r  - 14 - 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 Any0,,,A0 0 (4) wherein Ar2 represents an
unsubstituted or substituted arylene group having 6 to 20 carbon atoms, Ar3
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 81  (5)  



wherein Ar4 represents an unsubstituted or substituted aryiene group having
6 to 20 carbon atoms, R2 represents a linear or branched aliphatic group
having 1 to 12 carbon atoms, or an all cyclic aliphatic group having
.Tormula Ars 'OH (6)   15 wherein Ar5 represents an unsubstituted or
substituted arylene group having 6 to 20 carbon atoms, and two hydroxy
groups on Ar5 are located at an ortho position to each other; [Formula 10]
0                                   (7)  wherein Ar6 represents an
unsubstituted or substituted arylene group haying 6 to 20 carbon atoms, Ar7
and Ars each independently represent an unsubstituted or substituted aryl
group haying 6 to 20 carbon atoms, and two substituents on Ar6 are located
at an ortho position to each other; and [Formula 11]
(8)  wher 'n Ar' r{{.ted 



aryiene group having 6 to 20 {_arban 0Loms,Ar batal 'ad or c  16 - having 6
to 20 carbon atoms, R3 represents a linear or branched aliphatic group
haying 1 to 12 carbon atoms, or an alicyclic aliphatic group having 5 to 12
carbon atoms, and two substituents on Ar9 are located at an ortho position
to each other. [8]       The method for producing the diaryl carbonate
according to any of [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 carbonate according to any of [1] 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 titan ..urn atoms (a total
of the compounds ' (Y)/tit 16o OH -MAr22  - 17 - wherein Ar(n. represents
an unsubstituted or substituted arylene group haying 6 to 20 carbon atoms,
Ar22 



represents an unsubstituted or substituted aryl group having 6 to 20 carbon
atoms, and two substituents on API are located at an ortho position to each
other; and [Formula 13]  (Y) wherein Ar23 represents an unsubstituted or
substituted arylene group haying 6 to 20 carbon atoms, Ar24 and Aris each
independently represent an unsubstituted or substituted aryl group having 6
to 20 carbon atoms, and two substituents on Ar23 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 ( 1 ) COOtctheI 1 high hoilina2 -wmt
at 1 eculvalent or more with respect. titanium atoms therein so as to  - 18
-      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 d-aryl carbonate (ii-;
includethe high boiling component recycJed in the stethe (sena1-)11Fz nf  -
19 -      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 [1] to [12], wherein the dialkyl carbonate
used in the step (1) is a compound represented by the formula (9): [Formula
14]  (9) wherein R4 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] Arl 1-0H (1 0) 



wherein hr.'. represents n unsubstituted or subs dcd compound repressrhe
tormula  - 20 - [Formula 16]    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 Aru 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 17]  (12) wherein Ar13 represents an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms. [14] The method for
producing the dia yl carbonate Lc:, t hnip 0 tP- 



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. []7]      The method for
producing the diaryl carbonate according to any of [1] 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 R4 in the formula (9) is an
a]MahaL The method geecrding to any grMIS], 3[12rein the steps and (2) have
a reactdon tempera toreof 130 to 300C, and aT 0.05 to 50 htg  - 22 - [20]
The method for producing the diaryl carbonate according to any of [1] to
[19], wherein the distillation in the step (3) is performed by a
distillation column, 



the distillation column has a temperature of 150 to 300C 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 [1] 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 diary. carbonate J;!;(3i finthe. pro._  - 23 -       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. the drawings,  selig in; hip
shown in i he specified, Forththe drawing: is not l.imited to thc.
Lngsniess otherwise ILO rat. io in theo shown, a  - 24 <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) includes 70% by L01111i0.n the abov-
COMPOHLICsby the bred Ia (3):  



(1)  [0033] wherein Arl represents an unsubstituted or substituted arylene
group haying 6 to 20 carbon atoms, X and Y-0 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] [0035] [Formula 20]  -R1 (2)  yO-R1 w!-ere.i.n hav.J.no,carbon
atow OW- haV]2 ca rbon atoms, or an uns hstitut c 



- 26      the high boiling component recycled in the above 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) "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. rim The s ep (1) rlsnie and she an
Y)HrimOnssh.compound a trans a teI.11 1: (212 c tic-in Sc:' as toa ri. a
ikylaryi 'a 'Jew 



the reaction system. The transesteritication 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]
0 (9) [0041] wherein R4 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 R4 is more preferably an aliphatic alkyl group
having 1 to 8 carbon atoms. [0042] Examples of the Move dialkyl carbonate
include ca I)Ofl2t.0 K 5OIUC:.L51f1 carbonato Li somers), dlhexv]
caxbnt.(isol1 it J. bnlionate K s One1 asccty.I. carhonat:e (isocoat c's me
rs )  



- 28 - 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
R4 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): Ar -OH  - 29 - wherein Aril represents an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms. [0048]       Examples
of Aril 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
(isomers), chlorophenyl (isomers), bromophenyl (isomers),
chloro(methyl)phenyl (isomers), and dichlorophenyl (isomers); and various
substituted phenyl groups given by the formula (10a): [0049] [Formula 23]
WOH 



wherein A repre nts av9,ent group sef.m the sting of a single bond,  - 30 -
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] Re R7R7 Re ( 1 0 a - 1 ) [0053] wherein R6, R', R8, and R9
are each independently any selected from the group consisting of a hydrogen
atom, a lower alkyl group having 1 to 12 carbon atoms, a cycloaikyl group,
an aryl group, and an aralkyl group, and may be substituted by a halogen
atom or an alkoxy group; [Formula 25] 



- 1 - [0055] wherein k is an integer of 3 to 11, and the hydrogen atom in
-CH2- may be substituted by a lower alkyl group having   to 12 carbon
atoms, an aryl group, a halogen atom, or the like. [0056]       Examples of
Aril in the above formula (10) include a naphthyl group and various
substituted naphthyl groups, such as naphthyl (isomers), methylnaphthyl
(isomers), dimethyl.naphthyl (isomers), chloronaphthyl (isomers),
methoxynaphthyl (isomers), and cyanonaphthyl (isomers); and various
substituted and unsubstituted hetero aromatic groups, such as pyridine
(isomers), coumaryl (isomers), guinoly1 (isomers), methylpyridyl (isomers),
chloropyridyl (isomers), methylcoumaryl (isomers), and methylguinoly1
(isomers). [0057]      Examples of the aromatic monohydroxy compound given
by the above formula (10) include phenols, various alkylphenols, such as,
cresol (isomers), xylenol (isomero), trimethylphonol (iso
etetramethyiphenol  methylethylphepolh\ 7 )",. (T,ThVi di phen.01 (isome.
)mete, hutylphenol (isomer^. peaty 1' aers), hexylphrieol riSWilerc-)and - 



as methoxyphenoi (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 hydroxyguinoline (isomers) are also used as the aromatic
monohydroxy compound given by the above formula (10). [0061] The above aro
alic mono hydroxv comocund is hav10 -am,1.-TIr ....I a phen 1 [00621 aicn
RcactionT  -- 33 - 



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]    (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] 1   



-- 34 - 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 Ar12 represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms. [0068]      R5 and Ar12 correspond to R4 in
the above-described dialkyl carbonate and Aril 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 tolyi carbonate (isomers), nonyl (ethylphenyl)
carbonate (isomers), decyl (butylphenyl) carbonate (isomers), methyl tolyi
carbonate (isomers), ethyl toly1 carbonate (isomers), propyl tolyi
carbonate (isomers), butyl tolyi carbonate (isomers), allyi tolyi 111
(chlor40) carbonate (isomo   (lsomPrh-41, methvi (met box bonm)r-bonate (
omers), methyl cc(isomer , meLhyl  - 35 -  (isomers), methyl
(benzoylphenyl) carbonate (isomers), and ethyl xylyi carbonate (isomers).
[0070]       Among these alkylaryl carbonates, alkylaryl carbonates of the
above formula (11) where R5 represents an alkyl group having 1 to 6 carbon
atoms, such as methyl, ethyl, propyl (isomers), butyl (isomers), pentyl 



(isomers), or hexyl (isomers), and Ark- 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 dear abed later, preferably 150 to 300(11, moreetera160 to
230C, y 180 tn 250CThe rn pressure as Ey 0 , 1 t2.0 x 101 Pa, more ce it ra
b  - 36 - to 5.0 x 105 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') is as follows:  C-OH 



TheSIC react:ix)as fl1114y  performed in the presence of the reaction
catalyst described later. The formula (b) is as follows: [0075] [Formula
30]  At--0....e0 8 R-0 0 -R  (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 formttia (a). 



leangiven by the above or, then fc."(*inci theion solution  compri S inq
the alkylan/1 bonate and/or the dia. )  - 38 reactor, as it is, 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] Ar13-M   (1 2) 



[0079] wherein An'--resents an unsubstituted or sub t'toted [0080] P x Mr
inu n f,fl-.1,-)onate. given by the (12) include a diary carbonate in which
- 39 - the alkylaryl carbonate having the above-described R and Ar12 is
replaced by the above-described Ar12. [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. Among these diaryl carbonates,
particularly, those in which Arn 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 cat a]compositi I
have a content in the [0083] In. the above step (2), the reactemper:. pro
1:020 bly 150 to 300C, more prete biy 160 to b/ (b)(1-2, 211:0 Tvpre,
ahiv30 to 250.c, The reacrih  - 40 



pressure is preferably 0.1 to 2.0 x 10 Pa, more preferably 0.5 to 1.0 x 107
Pa, and further preferably 1 to 5.0 x 106 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
300C, more preferably 160 to 270C, and further preferably 180 to 250C, at a
column bottom, Further, the distil let io; . pref preferabli 0,1 to 50 hr,
a 1. a co 1.. cmr hott(N1 (-00871  - 41 -       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) is 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 



ti  [0091] [Formula 32]  (1)  [0092] wherein Arl represents an
unsubstituted or substituted arylene group having 6 to 20 carbon atoms, X
and Y-0 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] ---00--R1 0 (2) [0094]
[Formula 341  0-R1  



whereinreprccentc a ilnpar or branched ali ,  - 43 - 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 Arl include a phenylene
group and various alkylphenylene groups, such as phenylene, methylphenylene
(isomers), dimethylphenylene (isomers), trimethylphenylene (isomers),
tetramethylphenylene, ethylphenylene (isomers), diethylphenyiene (isomers),
methylethylphenylene (isomers), pentylphenylene (isomers), hexylphenylene
(isomers), and cyclohexylphenylene (isomers); various alkoxyphenylene
groups, such as methoxyphenyiene (isomers), ethoxyphenylene (isomers), and
butoxyphenylene (isomers); various halogenated phenylene groups, such as
fluorophenylene (isomers), chlorophenylene (isomers), bromophenylene
(isomers), chloro(methyl)phenyiene (isomers), and dichlorophenylene
(isomers); various substituted phenylene groups given by the following
formula (1a); and a naphthylene group and various substituted naphthylene
groups, such as naphthylene (isomers), methylnaphthylene (isomers),
dimethylnaphthylene (isomers), chicronaphthylene 0 0 corresponds to theoiY)
405 -criboh alkylaryi corkonat_ The for la (la)as I.  - 44 - [0098]
[Formula 35]  [0099] wherein A represents any divalent group selected from
the group consisting of a single bond, -0-, -S-, -CO-, -SO2-, 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 (1a-1) and (1a-2) are as
follows: 



[0100] [Formula 36] R'RU    whereinandtech ndemenne) hydrogen ata lowera
eye ..0.111. ky.L group, an arylor an ahalkyl aroup, and may be l)IJL) at
'Ca Ialkp  - 45 - [0102] [Formula 37] /". (CH2)k ( 1 a - 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 0 (4) [01061 Si)
unsuPstituted or qubstituted aryl grflup having 6 to 20 narhnn :=tr-ons,
nnH indn Qiih5n!t-1if-linntc: on Ah2 ;pho ICVTStC.C, at an ortho position
to each other; [01071  46 - [Formula 39] OH Ae 0, R2 



(5)  [0108] wherein Ar4 represents an unsubstituted 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 Ar4 are located
at an ortho position to each other; [0109] [Formula 40] /OH Als \OH (6)
[0110] wherein Ar3 represents an unsubstituted or substituted arylene group
having 6 to 20 carbon atoms and two (.".L.  - 47 - [Formula 41]  (7) 



[0112] wherein Ar6 represents an unsubstituted or substituted arylene group
having 6 to 20 carbon atoms, Ar7 and Ar8 each independently represent an
unsubstituted or substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar6 are located at an ortho position to each other; and
[0113] [Formula 42] Aril) 0 "sada' "are 0  - 48 - represents an
unsubstituted or substituted aryl group having 6 to 20 carbon atoms, R3
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 Ar9 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]
oxidiz q s b.the aroffote monohyd.I o an nodihydro 



caffiardoimlEt. as al[01I OW S ngI o rmii i (c),This the - xmnd  - 49 -
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] Ar,,OH + 1/202OH OH (c) [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 byproduct 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 L The compounds
elataj 



)( d.)(c.b espond to the corn  formula (1) where X represetn t. s a h. C)
t' a  - 50 - hydrogen or a substituent given by the formula (3). The
formulas (d) and (e) are as follows: [0122] [Formula 44] OH/OH + Ar+ ROM
KOH ArOH0Ar%O.,,"0-R%0,.."0-R1 (a) [0123] wherein Ar represents an arylene
group having substituents at an ortho position to each other, and 12 and
12" represent an alkyl group or an aryl group; and [0124] 



[Formula 45] PHiI /+ R-0....... ..0-1110O0 O-R'yO\ N  -----ait/ V"- At+
Ac.070 + ROH + WON \ 0 "N 80,,....0-R fi0....".."0-R 11 o0 ( e ) [0125]
wherein Ar represents an aryiene group having substituents at an ortho
position to each other, and r--alkyl React P' 



Thene the s"Those  - 51 - 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) is as follows: [0129] [Formula 46] Ar -0 0-Ar



(The OH group is located at an ortho position) (1) [0130] [01.J       The
sali late ester .roduced. by the above. formula Hi is qhiy She uompouuh
represented by the above- FirT;if  [0132] [Formula 47]    (The OH group is
located at an odho 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 sirrtiC?Si ho ving a high boiling
point. As a sAA [0136 The abovesdeoster carrect, the - ompoun.das t. a a by
the a bove farrania (1) where X  - 53 - represents the above formula (3),
and Y represents hydrogen. [0137J      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] 



R -0R'-0 /OH 0R-0 Ae + + ROH + R'OH 0-R' IIy  0 1- Al: yO-At 000 h 101101
and Ar' represents an arp.  - 54 - 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 aromatic
dihydroxy compounds, and salicylate esters, satisfy the conditions of (iv)
to (vi) described later, respectively. apoundct n of the raw mateild11-h
the oxidizi  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] 



(i) 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[ compounds c LiM to Jill) :av (ivso(tivmly:
56        (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. [01571 MO CU   Meta 1ess than I 5.he lower
14-it1lin as of 1.he:  - 57 - 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
condi(iv) to (vi)in order to sta ly of the 5 (1)be jDosslble Ic the 1--j
Vi0 resented byf int 5tago, but it 155. add the compounds represented by  -
58 - 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, in 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 diary' carbonate and the
alkylaryl carbonate produced in an (hereinafter. also simply closer.' Ui
tlm in. the coex  - 59 -       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 is 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 -reduced is provided.
There., neresary tothe irt]....iontai 



composition nnrrnnfrthe rea the resir.time in each ste  - 60 -
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.
-"p ffliAing of oxygen, the produttioN umouh.     the :roductio -more P
[0110] (Qoantitativ (1 Com 'Ply 5'h ppm or less  - 61 - 



In the method for producing the diaryl carbonate according to the present
embodiment, the compounds represented by the above formula (1) produced as
byproducts 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 fo.r perform' aiLompotulds Iconthe formu utrinF)ica
a, dPi. up Ja Ls.Idlt:ve disscuLLst.i a the abs vs compiexus (tile amp(.1
ds fo !the m  - 62 - 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 liquid
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, wate 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 trifluoroacetic acid. 



[0174]      The method for producing the diaryl carbonate ac,_o ing to the
present embodiment pxferably Dolydentate I.susn( atomsabove s,:- equa.
1Lent or mar , pIequivalents or. more ' LamdLomsr P SO 3r  - 63 - 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) II% (V1 ) compounds( 1
Exampfetheoformirg control Lhe ee1)33  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 'Lem a , e
nmgy3 contaccat,alyst compositely) metah galkexy group or an aryioxy metal
composithaying comp- aryl  - 65 - 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 (03):
[0177] [Formula 49] MThm 



(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]
ZiSnOkTi (D2)  wherein Sn represents tin, Z represents an alkyl group, 0
represents an oxygen atom, T represents an alkoxy group 10179F  wherein V
represents vanadium, 0 represents oxygen, L represents an alkoxy group or
an aryloxy group, s is an integer of 0 or 1, t is an integer of 3 to 5, and
2s + t --- 5.      The alkoxy group and the aryloxy group in the above
formulas (D1) 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, tripropoxyal Trinum (isomers),
tributoxya urn (imumtata), and triphenoxyalumjn composition .iri ci iide
tr.i.n tetramethoxidtm. tin. tetrabutox tmtrymhonmecntyltin oN1
monobutyitin oxide e -oxide, monobutvltin oxide prompxide 



- 67 - 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 a u,e-decrribc,d metal
containing catalyst, [01831 Th. tliumumamorm t8e metalalyst compositiolm,,
used 1I the  - 68 - 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-O-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) is usually performed in the presence of the reaction
catalyst. [0].84]      An amount of the titanium-containing catalyst
composition used to carry out the method for producing the diaryl carbonate
in the present embodiment varies ill materitemperartiLi1..on prnflnu.nrefpr
Sb0.0001 f'HO% IDN mass, more  - 69 - [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-O-Ti linkage. [0186] (Organic Oxytitan um Composition Having
R-0-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-0- group, wherein R represents an
organic group.      Here, the "organic oxytitanium composition having the
R-O-Ti linkage" means that not only one "organic oxytitanium having an
R-O-Ti linkage" is present, but also a plurality of "orgaxytitaniums having
an R-0- The orsHum Ce. mpos1taion I 



or man be a pa 7. yme rpolytjta TIC nane),  - 70 -       The
"polytitanoxane" herein refers to an organic-inorganic hybrid compound
comprising a Ti-O-Ti repeating structure and an R-O-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 Sasshi (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-O-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), (lb), and (4b).In
other words, the polytitanoxus-' in theembodiment may have brancheda Ti-O-T
1 combirwon theThe genelal(lb) , (in))IC  71 - [0190] [Formula 52] OROROR0 



-0-11-0--  0 -11 -- -0-1-0-41   (IROR00 ( b )(2 b)(3 b)(4 b) [0191]      In
the above formulas (lb) to (4b), F represents an organic group.      The F
group is 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]  - 72 OROROR
III RO-Ti-O-Ti-O-Ti-OR I iI 



OR 0OR I RO-Ti-OR  I OR OROR II RO-Ti-O-Ti-OR I1:11      ? RO-Ti-O-Ti-OR II
OROR  (1 c)(2 c)      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 Me meiho (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
nomenci ature disclosed in the 19 9 3 (when 



1 Recommen d a t 1 onb 197 9 and Recommend a ii 1 ins 1993 frid y be dewier
- 73 [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), 0 (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 al phatic compounds based on ISPI\C Recommendations
definecycl c, saturated or uneaturat co rbI An aliohat.Dften used herein is
a group  - 74 -       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); 0 (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, 1tuted," groups to which
nromati_ woups are bonded," or the L.       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 is 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, clic. hydrocarbouo a cycJic hydrocarbon
a paamnia. a monocycli.a. hydrocarbon group, a. condensed.
polycyclhydrocarbon group, a brd:-...T.y (..:1 1. crim--  - 76 - 



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. [0].97] [Formula 54] H112  (1d)(2d)(3d) [(1198] the groun
CcJI5J0i.1J10 of anal 31[  .upa ce bonded to each other,  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-O-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 is a group selected from 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 bonded to each other, and a group
in which at lea,_ one or more selected from the group 



above fen la(1d) to (4d), Examrl.es of such ancon1-, SO ethyl group, a
p.ropyl group (isomers)d butyi pro f   (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-)4Ti structure, as well as the above-described various
polytitanoxanes having the R-O-Ti linkage can be preferably used as the
organic oxytitanium composition having the R-O-Ti linkage used in the
present embodiment. It is extremely difficult to isolate 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-O-Ti linkage is intended for a polytitanoxane composition having the
R-O-Ti linkage. [0201]      The above polytitanoxane composition having the
R-0- Ti linkage is preferab' a composition such that a mc,]- usin, tneTi
:,1,--oms contained in an Hndlv so 1 '/1:3. t:snoxsne has inq1.1 n kaqe,
whin'  - 79 - 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  - 80
-       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-O-Ti 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. [0208]      pw is a positive natural number representing the number
of Ti atoms contained in a polytitanoxane molecular structure w having an
R-O-Ti linkage contained in the above composition. [0209]      mw is the
mole fraction of the molecular structure w to the composition and satisfies
the mathematical expression (2): [0210] [Expression 2]  [02.1) whrerei:
above mathemaiL ]th e 



Le ion (1), and re e  linkage having a different degree of polymerization
contained in the polytitanoxane composition having the R0-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] OROR OR
RO-TI-ORRO-Ti-O-Ti-OR OROR(11R (1 e)(2 e) [0214]      When the
above-described polytitanoxane is used as a catalyst for producing a diaryl
carbonate, the above-described pol.yt.itanexan a is preferably. S po:ti.
PtanexanE Wh4  - 82 - 



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-O-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-O-Ti linkage, an organic oxytitanium in which the
R group is an alkyl group, and the -0- forming the R-O-Ti linkage is oxygen
bonded to the alkyl group.       Therefore, the alkyloxytitanium
compositions are, among the above-described organic oxytitanium
compositions having the R-O-Ti linkage, only those in which R is limited to
an alkyl group, and only those excluding part of the illustrations of the P
grou  - 83 -  (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-O-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 is 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-O-Ti linkage, only those
in which R is limited to a cycloalkyl group, and only those such an
P.include a cyc..i.onentyl group,y1lehert.y.l. group., 



cycJooetyl gyI group, and a cyciodecyl  - 84 -- 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 is 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 group -TA r..kaqebonded to 1greUr1)(
aromatic fina palytiLanoxa  -- 85 - [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-O-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-O-Ti linkage.      The
structure of the polytitanoxane is diverse by the combination of the above
formulas (lb) to (4b) (in the polytitanoxane having an aryloxy group, the R
group in the above formulas (lb) to (4b) is an Ar group), that is, the
following formulas (1f) to (4f), as described for the above polytitanoxane
having the R-O-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 (if) to (4f) are as follows: [0220] [Formula 561  - 86 -       In
the above formulas (1f) to (4f), Ar is a group having an aromatic ring, the
Ar group forms an Ar-O-Ti linkage, and the oxygen atom of the Ar0 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 (AP)). [0223] [Formula 57]
(A r 0)  [0224]       In the formula (Ar0), 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 g or a piur a 1. ity of a inca, or a hate a a a
*sift: {022 



-fted as lona maLicExan losatom,  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) is, 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.  - 88 -    H2
C-C-0---    



(1 d)(2d)(3 d)(4 d) [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 [02281
- 89 - 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 xylyi 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 (thatthe aryloxy group constituting the
[02.',01 annmeb strucn.g an (Ar -0str1).(cttb:e., as well aS tI, IC S above
polytiioxane hay be.ata VS latyCi IC C ci as 1ThsC V 1.. C CC
3/.s'iScsaiIrn  - 90 - 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-O-Ti linkage used in the present embodiment is a polytitanoxane
composition having an Ar-O-Ti linkage, containing at least one or more
types of polytitanoxane having an Ar-O-Ti linkage. [0231]       Preferably,
the above polytitanoxane composition having the Ar-O-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-O-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 "molarrefers to the moles of
a    



theran, rlfmnr polymerilation," C. 1. is meant 1 h accI of the Of d1
/:)xane.-Hq 110  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 =(11/2  inw)  (i)
[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-O-Ti linkage
having a different degree of polymerization contained in the polytitanoxane
composition having the Ar-O-Ti linkage, and represents an integer of 1 or
more.       p, is a positive natural number representing the numt - of Tiin
a polyt.itdiaJA.due molecular following mathen-I-M-,1 expre. ion (2)  



- 92 - [0234] [Expression 4] 1 = E mw [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-O-Ti linkage having a different degree of
polymerization contained in the polytitanoxane composition having the
Ar-O-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 (1g), and 1 mole
of a polytitanoxane represented by the following formula (2g), the mole
average degree of polymerization is 1.5. [0237] [Formula 59]   - 93 -
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-O-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, y 1 0 x 



desc::.r :i.bcnd !024(31 The 0 1. a xyl carbonLhe raw marerL t'tLa  - 94 -
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 monohydr <Aromatic MonhYdroxy
C 01110o 011 d2 The aromat IC mnonhvdroxy C: described,  - 95 -  



The aromatic monohydroxy compound is an aromatic monohydroxy compound
represented by the formula (1h): [0245] [Formula 60] ArOH [0216] wherein
the Ar group is a ring A given by the formula (2h): [0247] [Formula 61]
( 2 h ) [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 is bonded at any position keeping
aromaticity, and , AL. subs1(i not, 



The Ar gr. o (ga. at partJac a 1. y ta a long as      - 96 - 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 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) is, for example, a state
in which a group represented by the following formulas (1d) to (4d) and
t.he above-- .1bed g r oc.p a .re yovalent y bonded   



-97-   H2         0- d)(2d)(3d) (4 d) 



[02.51]   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 bother) which
are o:rgani c groups 6t.111 Cl having an aromatic ring, whicl- from a group
the group co at least -19 of a c ye- .1 (Da 1gr.oh p and an E:1 oLher, 



- 98 -- 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 ROE has a lower boiling point than
that of Ar0H, ROH is easily removed by distillation, and therefore, an
organic oxytitanium having an alkoxy group (R-0- group) and an aromatic
hydroxy compound (Ar0H) such that ROE 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 preferablykyl group havingL-    (isomer  - 99 -      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 is 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
The ecmpmucdcferal11 or lecc more pref  - 100 - [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 300C, more preferably 20 to 250C, and
further preferably 50 to 200C. 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 heatir 00 t..11 c time is pre500
trim more prefera 0.2 to 300 hr, end tiimM-heri erefe .mebly 0,.5 to 200 hr



- 101 -       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. The compositi. c.n A used
int. emF.:odiment. Is S compost].compthe a hove des or ibed. di a carbonate
and arylc'tlift' co mositri..01.h and S c-mbouno represented hy foPC 500/00
(1)robed later.  - 102 - [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 compo 'ion A. By 



y C) 11(3 efficils.nti .sng period with  - 103 -       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 p dIDOV(2--(1pm-cantoinq
catalyst celnpcs.lt.10 [0267J By controilin-1 the ratio I1 represented by
COM'. Lo  



- 104 - 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 Fa rillu ' a a (X) and (X))  - 105 --
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] /pH Ar21 0 (X) [0274] wherein Arn
represents an unsubstituted or substituted arylene group having 6 to 20
carbon atoms, Ar22 represents an unsubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Ar21 are located at an
ortho position to each other; and [0275] [Formula 64] Ar25  (V) / wherein
ArsAnsSfs t Led or substi tot  



- 106 - each independently represent an unsubstituted or substituted aryl
group having 6 to 20 carbon atoms, and two substituents on Ar23 are located
at an ortho position to each other. [0277]      Examples of the above Arn
and Ar23 include a phenyiene group and various alkylphenylene groups, such
as phenylene, methylphenylene (isomers), dimethylphenylene (isomers),
trimethylphenylene (isomers), tetramethylphenyiene, ethylphenylene
(isomers), diethylphenylene (isomers), methylethylphenylene (isomers),
pentyiphenyiene (isomers), hexyiphenyiene (isomers), and
cyclohexylphenylene (isomers); various alkoxyphenylene groups, such as
methoxyphenylene (isomers), ethoxyphenylene (isomers), and butoxyphenyiene
(isomers); various halogenated phenyiene 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
naphthiyiene group and various I )3phthene (Isein), ciphthy omersmeth,r
Etycinoihyleneo (0'27'1  - 107 -       Ar22, Ar24, and Ar25 correspond to
the Arn of the above-described diaryl carbonate. The formula (Za) is as
follows: [0279] [Formula 65]  A - (Z a) 



[0280] wherein A represents any divalent group selected from the group
consisting of a single bond, -0-, -8-, -CO-, -S02-, 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  RAa 410 (Z a - )  108 -  wherein RI, R8, R9, and RI 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] 



.Nc(CH2)k CZ a - 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 compoun.ds given by the above fo(X) and (Y) may  The cras"
(X) rearrangement-7.tiory _ 00 ritamnj.nct cat  c;vp;) diet res once of the
tl.rSn11.1m-  



- 109 - [0287] The above titanium-containing catalyst composition has the
function of significantly improving the reaction rates of the
transesterification and disproportionation 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 formula (c) is as follows: [0289] [Formula 68] Ar-0,10-AV
(The OH group is located at an ortho position) (c) [0290] 



whcrcin Ar and Ar' represent an aryl group, and Ar" The[alTe cstLil, by the
ahoy  leralthe compound repro nted by I he  - 110 --       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 05.0R'-0 ,OH  R-0 O-R' + RON + R'OH /1- 



M yo-Ar. YAr+ / 0i0-ArAry0 0 00 (d) [0295] wherein Arnts dli arylgiou-
1Iayin() ,represents an dryi !02(REhl The c:nnvpoun ci representea by the
above tormuJ.e (X) (0 ex   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 100C or more and 300C or less, more preferably 150C or more and
250C. or less, and further preferably 180C or more and 250C or less. The
reaction pressure is preferably 0.1 or more and 2.0 x 107 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 106 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 h.ours or
More and 500 hours or less, mare preferably 0.2 [02.001 By formulas (I) and
(I) under t he .above rca otion condi t 1, ono ),(enpsni bend.od  - 112 -
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 is 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 analye.is of
the compounds roprcsented by the- cthe total moles f the comoou odeby the
above fo nulas (X) and (Y) to the moles of tit.anjn  formulas (X) and
(Y)/titanium atoms) is not accurately obtained. [0303]      As described
above, it is 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 Lheium-con-catalyst compos't' 1I(III',(1
high:OffnanCe IL.:11.1.; for Producing the di,carbonate.  114 -  



The above additive is 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 trifluoroacetic 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 distiallat I on column, and a
comhin.ation theh eo L are used.  di alactam reacts on apparatus compr.  1.
1 the reaction:, tu t: I e t one selected from  - 115 - 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
packedvariousRaschiq Lessing saddle,. a Di-GH -,cid.ng ,ahc.mahon packing,
- 116 - 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 diaryi carbonate or a a i.aryl ca rhon a
tam Ix tie jie p rodeced, I 



- 117 - 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 distil.lati.cn column, though it can ale- change 10314] In 1of.
-ryl. carbonate above, wcn the refl.uxio ....i..ncreased1 an distilling the
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-ptodu 1 03161 



through. any place of the mci t I stage c tion cc umn,  - 119 - 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
alkylaryi 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 aL
led to the teoctice oppatatim tan, be thee)  eactinot essential to carry
out tu PrOemipoo  - 120 - 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. be speci,t:ca1iy desnrJ by way of the foil
although the presen invention is notto the - 121 - [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. [0224]       Analyzer: JY-1380LTRACE
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 trifluoroacetic acid/acetonit 'le
(20 g/1solu )rl. The resulting solution was then 6.s1 103? , !I)]Pri:1 



- 122 - Column: ODS-3V (GI, Science Inertsil) Column oven: 25C 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 1.1.1, 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 C 0 1tirstamune and
about 0.05 a of catechbd. as treatment for (1niUM -Coot a i'tlon were 



added to The m Ifiltered wit1  - 123 - filter of 0.45 p.m, and the filtrate
was used as a gas chromatography analysis sample solution. [0327] [2] Gas
Chromatography Analysis Conditions Analyzer: GC-2010 system, manufactured
by Shdmadzu 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: 50C (held for 5 min) -*
200C (raised at 10C/min; held at 200C for 5 min) -* 300C (held for 15 min)
Injection temperature: 300C Detector temperature: 300C Detection method:
FID 



[3] Quantitative Analysis Method       Analysis was carried out for a
reference sample of each reference material under the above-mentioned anal
'sis conditions, and a calibration curve waa prepared. cLidd compound
reprusehe :Io.rrnuia (X) ;Th  -- 124 -  [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) Liquid phase: 100% dimethylpolysiloxane Length: 30 m Inner
diameter: 0.25 mm Film thickness: 1 jim Column temperature: 50C (held for 5
min) -* 200C (raised at 10C/min; held at 200C for 5 min) -* 300C (held for
5 min) 



Detection method ETD Ht-H. ()Dant!.t atPrnal\, A t,EI-10 (30Lt  - 125 -
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 P. I. DuPont de Nemours & Company
Inc., product name: Tyzor ; having a volume60L in.atmonp14 I
prfly-Hmilc,HHctilled/nr!  - 126 - 



Next, the mixture in the batch type reactor was heated to 180C 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 190C. 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. Diphenyi 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 200C for about 48 hours, the heated titanium-containing
composition were used as a reaction cotal.yst for f ciucing Apparatun of
Diary] Oaditae ) A ',Ahemconf fru.] raAi on   L.in ex :Iim)li  - 127 -
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, 6, 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 Diary' Carbon multistaqt
If CIand was sclai"-) a concentratinn raft a concentrationwas t I   - 128 -
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 ] 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 circulati.nq a liquid in a lower column part 



diSfljlajoil 110 to chout 230cC, and a pressurc, of the column top therc. -
to about. 140 kPa.  - 129 -       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-lbutanol 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 reaction gniuti.:ion wais set at about 1700
q/hr, H3/[d] cureLoiu of the  - 130 -- 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 to about 0.5 k0a. [03521 The log h ifng comi 1CC L1C dirph yi



- 131 -- 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 reboiier 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. About
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 S et RI- the ]. owes Fartion of the distilba t ' o a colufm Thai owing
c ipcm )hicl lwratthylbot.yi phenyl cnaftonate wan romovocl fromcoltoc of
the iliatio pur:1.r)catlon column140, and was  - 1-12 - 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] ph ApY1about 67%of t-y; o 3c,lihylkyi) carbonati about. 171
by mass of 3-macby butyl. phenyl carbonate about O.MoSS ofnyl. carbonate,
and about. 0.  - 133 - by mass of 3-methyl-1-butanol. 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-methy1-1-butano1, about 17% by mass of phenol, and
about 82% by mass of bis(3-methyllautyl) carbonate. The flow rate thereof
was ttransfane 7, the co 1101' ed shoo222 by lass of (Ii phenyl
cadx(dbalea). about 12 by mass of 1methy butyl phenyl uiibote  - 134 -
about 0.2% by mass of bis(3-methyibutyl) 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 gihr. [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.  01'1,1 .3 l..ned from t.}se. removal. 11CIIo 1o 



plus' atoms was abe iSThe ra  11 was anal.. yzed, the ratio CIf hApmyl.late
moles of titanium moles of Omenvi.  - 135 -  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 operthon. bot.torn contained
about 71 by mass, about 10% by moss, about 8% OV mass, abou 9% by mass, a 



Of a component having a higher boii" tn-in order  - 136 -       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.    - 138 - [0373] [Example 7] (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. [0374] Next, the mixture in the batch type reactor
was 



heated to 180C 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-butanbl was recovered. [0375]
The batch type reactor was then returned to a normal pressure. About 18 kg
of cbrdhenyi carboncharged about. 1,3 t a aidd the diph vitC) b-m
boilingTay! 1i t 'biphenyl. Ad Agn.dtb was  - 139 - 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] and 142condensersReference numeral 112 desiqnate 4 nrehater ma
anttHnq a. feed niaf(nia1 to a  - 140 - (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 200C. 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 diphenyi carbonate was detected. The molar ratio of
phenyl s-licylate - nd titanium atoms ;phenyl  - 141 [0384] (Production of
Diaryl Carbonate)       The distillation column 110 had a continuous
multistage structure. The distillation column 110 was filled with sieve
trays of SO 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'. [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 ute    aNpulf
0,551  - 142 - [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 byproduct 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]
part. of a 51tray type Histill at1 nn (the Innnr 311I:lenoth! 2..dpout. 4
m) of 16 straotas, dad Lilofilled with MelaT1  -- 143 - 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 210C, 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]            of 150 mm and a 11.ench 1 of 4
m, and with the r&poiler lig an toe 000cieoo en 132.  - 144 - A temperature
of the column bottom of the distillation column 130 was controlled to about
190C, and a pressure of the column top thereof was controlled to about 1.7
kPa. [0396]      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 solutUin containing diphenyl carbonate n/or ihi ed in tationtic
I.-) limn40 . 99,0A by maHvf iiphyi carbonate idiaII vJOS obtained
ItI.i1DTfl tlhEr recovery ior1e 9 by the pui.1i tion, posjtuh otthe
recoverisot at the 1 0000  - 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 l..i ne 4, the composi on of the
mass, and shout 80% by mass of di M cdrhonatmm5e flow r(m.o the-emf was
S.bOT 10404j  -- 146 - 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 (diary) carbonate)
recovered from the recovery line 9 could be stably produced at about 4
kg/hr. 10408] adju,.(ti to abo-f 10 a /hr Utt)ct tan. :..atom comment' Jtmi
eabau.t.t 1% by mass); anb the rate CY.jII the reaction catalyst fad from
the feed littleadtutdted to about.0(the  - 147 - 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 (diary' carbonate) recovered from the
recovery line 9 could be stably produced at about 4 kg/hr. [0411] Group
Merei n:Ifter, Oft.en Doss:raked as "Pflig Alkoxide"11 20 kg at_ ]Du Pont:.
e demon 55was  - 148 - 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 0C.       Hydrous n-butanol
having a water concentration set at 2% by mass (% by weight) was adjusted
to 0C 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
re:acticn 3olution was heated under ) 150C iIiw.b. 



- 149 - the evaporated amount was mostly lost. The distillation was then
completed. [04 3]       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 Example, 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 150C. The composition of the evaporated
liquid was analyzed by gas chromatography, and it was confirmed that the
evaporated amount was mostly lost. The tent andal koxy qrour und t hinc.!
dif polymervat:ic2.  - 150  [0415] [Table 2] added amount of water with
respect 



to moles of titanium[molar equivalent] average degree of polymerization
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 ((lass, about 15% by mass,    12, When a
atanjumx a. on Fithud -a ObLairICA Lfl-fl a remov(1111 was a fii lyzed Al]
the examples satisfied the above meYntioned items (iv) to (  and could
stably produce the diaryl carbonates. The results are shown in Table 3. 
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[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             fed from a feed line 12 was to about
OA q/hr (t. 1.-)e concentr-aboutbyThe - dt\  - 154 - 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 



about 100 hr, the ratenyi rernwern,Ey lino80 c/hr the pit e  - 155 -
When the titanium-containing high boiling component obtained from the
removal linb 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 wa S gradually I
Cci::easeAthat, the C a. 1 e of I about 12 hmirs" the oper t:  



- 156 -      A temperature of the column bottom of a distillation column
130 was then controlled to 250C, 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] of
total moles ofyi! sm!loylm!om OtOr tn 515i05atomsabout 2.L iO431!  - 157 -
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 continuous
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] Omer() ;)-- untilparinrmed 



the same mannathe cxamp.]..e 1 emcort that metnylhuLphen(theoxyg  - 158 -
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 tetraphenoxidecontaining 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 aboutby ffoss), and the rate of the (the ti containno
sattircylate ester). The continuous opaLionI ehe 3,7Amei Litcuided
amouo.t.. of Ld pc thatthe ex  - 159 diphenyl carbonate recovered from the
recovery line 9 was gradually decreased, a material liquid fed from a feed
line I 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 q/hr (the titanium atom
concentration: about. 1% by mass), and the rate of the titanium
tetraLoiHing pheliquid fed fro icylaq i the con  - 1.60 -      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 B]
(Preparation of Reaction Catalyst) 



Titanium-containing compositions were prepared in the same manner as in the
exampleexcept that nolyt..i.ta.ric)x500 alprodncti mplesxdDel hotoxide
(mans-eci by F-1DuPont. he Nem  - 161 - Company Inc., product name: Tyzor
BTP) in preparation of the titanium-containing compositions. [0443]
(Production of piaryl 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.  -162-  continuous operation time [ hr 
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c) G: S  1) ( )00  (ii.i   (1 ( )1.1  - 163 - [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 F. 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 230C from 200C, and the heating time was changed to 200 hr from
72 hr. The results are shown in Table S. Since an amount of production of
the diphenyl carbonate (diar'71 carbonate)  -164- average 1 recovery
continuous     of ,operationl diphenyl time 1 carbonate l ihrl [kg/hr] i
7O'T C) (N N-A-EL'O   OE60 
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in CN 0 : a 1)   165 - [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 compos it I on A was changed to 250'C from 200'12, and the.  ccvi..
carbonate d.i.arvi carbonate) M:br,t       tr.:a:n-1 sopa r13.t.i on ln a
'rut. a h  - 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.  -167   operation
time   
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- 168 - [0451] [Example 13] (Preparation of Titanium-Containing
Composition)     7 kg of polytitanoxane butoxide (manufactured by 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 180C 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 ciphElon ate was ch the
diphenkpl kalhoe ge con4 El um -0011kgmpo5i  - 169 - 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, l', 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. [04581 and
142 des_Retefen desPTmrilte a OY S S St c predeLermioedt.e:mperat 041aa91  



- 170 - (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 200C. 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 a6%  /tiabout 0.5. The .1. bed, E:14 ihproclucat mater.
- 171 - 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 SO 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 recoverovided above the stage.  - 172 -
distillation column 110 to about 230C, 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
byproduct 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 ] inc 2 a..described above was fed to the
continuous multistd The eont..7nuotis meltisdistilumn equipped1:Ii ,
ii,:-hr1 -121, thr cnncpnri-inn pdil of d't. yidss i'ManHfle'r. r150  the
ip  



- 173 - 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 210C, and a pressure of the column top thereof was
controlled to about 13.3 kPa. A disproportionation reaction was performed
under those 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 WOO fed to the distillation column 130 through the The
.1L Lg-..g.icn eo.I]..umn 130 wasillation mm t lied with Melapakinq an 1..
Ii 0 r !d.C,CHTlClCPI of 150  f11111 and01 4 ma.00 was ;orc witS i he
-(----d-  - 174 [0473] The temperature of the column bottom of the
distillation column 130 was controlled to about 190C, 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. itJnafer lir() 7 from the dlninn column fledthe
din liatrum 'cubit 99,6f% by MA.SSy(li,117.-I))(d:i.eryl -- 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] (About
ItP,mass of methyl phenyl. carTi a II) ass a IL rThenoand. c kIlo it 801 bv
mass of ThI Low rate theYK / r  ]76 -      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 disti
llati.on column 130, the hiqh boiling compo no nt removed from the ,
carbonate Y,P)85? [Extimpie 14]  



- 177 -       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 P.1. 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 trans porforith,e1
for about 12 hoHn-',, Ihn ()Fin  - 178 - 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 kg/hr. 



[0492]       After the continuous operation described above was further
continued for about 100 hr, the diphehyl  - 179 - plus methyl sallcylate
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 sal:r L.phenyl
sbona The. rpsnIfq arelabia 7.The results bowed  - 180 - and the diphenyl
carbonate (diaryl carbonate) could be stably produced. 10495]       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 12% by mass, about 33% by mass, about 31% by mass, and about
39% by mass of a component having a higher boiling point than that of the
diphenyi 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.  - 1 8 1 -    c- m 0) CP ES 0) 01 0 CPCP CS CE) Cs ES
Cs C 411 0 0 0 C C C C C 0 0 C E11 C  --.1-,-- C)) 01) ES CP CS CP 01)CP 0)
CS 01 0) ts 0) (3)) ES C) C" CEP CP0) 01 0) CS ES 0) () 0 0 0 0 0 0 0 0 0 0
0 0 0 0  H0 H I I, 1? -I(-IrH  0 0 0 0 0 0 0 0 0 0 0 0 Cl 0 0 O 0 0 0 0 0 0
0 0 0 0 0 0 0 0 
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- 182 [0497] [Table 8]  - 183 - [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 A 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 180C 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 p.ressuAbout 18 kg
ofate was charged kPar and the diphenyl ea iem-contaonI Pheny,(aarb ate was
184 - 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 200C, 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] I mu 1. ii  - 185 [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
temperatu e. [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. ThePwas Melh Nielap48 



[05 I St ) phenol, and the composlt ion A prepared above about 19m  /h-
fissm  - 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 forthe 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
230C, and the pressure of the column top thereof to about 140 kPa. [05].1]
A reaction solution was continuously removed at about 1700 n/hr thrcuqh -he
rar-for line 2 from the A tiow 1AAA111lit,not] butenel.as by-pL was Thiii
low Hling comit.thS then11  - 18'7 - 



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 200C, and a pressure of the column top thereof was
controlled to about 3 kPa. A disproportdonatdon reaction was performed A
itDO ing comp r nt cont-ind g phedloi. and his(d- the didtl]laticn  -- 188
-- 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 CI 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 180C, 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 theMot )n purificatson column 140 through the the other hand, a
containingcempoQitionWethe CUIWIMiAie tclI(_fand  - 189 - [0522]      The
distillation purification column 140 was a distillation column filled with
Melapak CY and having an inner diameter of 150 ram and a length of 5 m, and
was equipped with the reboiler 141 and the condenser 142. [0523]      The
reaction solution containing diphenyl carbonate, Jed 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. corny-vt. removed from thcrcvalwas 0Ci10SI0d n aboutone: Hh titanium
atom ccncantraI mn about 



ompo idviu,)r (lhe  - 190 - 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 rae 100       The anmpee contained
anont e therwan ahont 922 a/hr. 



- 191 - [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-l-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 ti tanium-containinq high boiling component obtained
from the removal. Hi,ed the 1    fimmTams operat ion d.(a caamilm-?(..1
above a 



oitc)Ui),y 1.1.  192 - 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 about 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 w a s about 3A, The ratio of
moles phenyl mini en 0t. 0 . , the)tcowlnmovna Lenin the  - 193 - 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. 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
disti]la 8ion separation in a distillat8o8 col about $2% by mass, and about
$8% hy mass of a compone3b". havingThat. C  194 -      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.  -195- continuousl operation time [hr] 000 [009 1 loos 



1  flnr average recovery of diphenyl carbonate [kg/hr]  01 0 'I 60 molar
ratio of 1 state of (phenyl salicylateldistillation and phenyl 1 column at
salicylate I start of carbonate)/Ti in I feed composition A F. 1 
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0 C in ,-1 aqeuogi2c, .sic _ ---- >i X 0 c-r >1 Q: 0 I Isi; 



01 0 (111(..( ' (1..) 04 H L II(jIrI -- >i X 0 -1 >, I) I (N 0 CO I) ) i w
1-) 



flI 0 0 . 0 o, hj: I ag-euogneo , _  - 196 - [0542] [Table 10]  molar ratio
of each compound to titanium atoms  OH / 



R 0 phenyl salicylate salicylate ester carbonate phenyl salicylate
carbonate catechol _- 0.02 Example 32 0.1 0.2 



1.1 1.2 0.06 0.06 0.2  Example 33    0.3 0.02 Example 34 0.3 1.6 



0.08 0.5 0.03 Example 35 0.4 2.1 0.10 0.7 0.03  [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, 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- ] Dipheny] .arLyl chrbonatproduced 



ditasium c. on I. a ining composj tic n.prepa red above was used -
rnrictior ca ..cyst fnr a CI ary.I. rdrienndte as -it.  - 197 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.  - 198-  -0 0 0 0 .0 .4) 0 0 a)  W  TS M  0  0 0 



c-1 0  0 >,(1) )-4  it W 4._) a -H co RI        H -H 0 4-) -H cC RI H -H0 0
TS CI 0  -199-    



14 0 0 0 0 Ut   C) it 0 tM 0 m 44 4 H (0 0, (0 a I ft a (i CL U):, 44 aa
c-fl u kJ; u  - 200 -- 



[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 230C from 200C, 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.
NUW(-2V(tithe amount of production o1 diphenyl    -202-       



203 - [Example 361 (Preparation of Titanium-Containing Composition)
200 kg of polytitanoxane butoxide (manufactured by E.I. DuPont de Nemours &
Company Inc., product name: Tyzor RIP) 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 180C 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 d )henyl carbonate was
charged there The mixturehe ceactor"was  eat-1 to abouc. low boilmad)
dricied Vap0 obta  dining corm:il-da  - 204 - 



[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 is 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. [06]      Specifically, lines
1, l', 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 dos i q n a to
r6:boilers, and referenc numerals' 132, [ I OH [KprIptior  



-- 205 --      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
200C. 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 itan atoms
(phenyl salictylate/tit446iumabout 0.4. The trnation column 130 and he L,L
ii fylarhomale,  a 206 a (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. 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 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. 



[0563j An amount of heat required for the reaction and wII. 1. ed IDi_diny
an e temperature 0hiMH hot:tomaa t 110 pressty-( itop tneroot to danut 0 61
1 aa'anG.  - 207 -      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 distiflation
column 110. [0565]      A low boiling component containing methanol as
byproduct 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 continuous multistage distillation column 120 was equipped with
thes.ievenc:ent:.rat ion part: didinefef of 5 rrt and nohlThn roonAMI Waft
tlileff wtth Mel ::72.7:-? I fec il0f1 sothien was set atuppnpolntl.tan at
1 'In  - 208 - 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 210C, 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 separa [0571] 



of 3.4 in and aof 17 m, and was aroa. rehoiler 1.3and  - 209 -        A
temperature of the column bottom of the distillation column 130 was
controlled to about 190C, and a pressure of the column top thereof was
controlled to about 1.7 kPa. [0573]       The low boiling component
containing dipheny] 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. [05174]       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 conL.carbonate  - 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
transferne 4, the composition of the tnol, abA :.Lo:t. 70% by mass of diph
I. E.The tIrate thereof '4413  - 211 - 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 he stably produced at about 7.6 ton/hr. [0585]
iust.ieu to about. 2.0 ke/hr (.he t comm.)mtermbby mass) ar Leaction (?as
adjust dheHt4.0 kg/hr (the t  a 212 - 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. tOO88] A
titaing composition wased the same manmer as 1ii the e Appm  - 213 -
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 temnerati.re.  - 214 - [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 200C. 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 (ProductlYn of Di. A ifd, j ti L. Att, by mass of maHs of pnenoi were
215 - reactor 210 (volume: 300 14 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
230C 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. 10599] 



A low hoilin.q component containing ethanol as by was then condensed. hy
the conde s reamwcnred from the remove  - 216 -      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 210C,
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 ci.rculated to the vessel type --actor 210
thloug, the condenser 322, the transfer Line IL) [0(04] TI  - 217 -
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 190C, 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 throuch the 4ihechst.'114tini nun nLcatj.on
column 340 was ationfijiwhavin an ]5G sina re0giJiii, and was  - 218 - 



[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] p:Nmoly about 28% by mass of
dimeth",ceirbon1 10% by mass ccar  ma of dipHyi cr,1by un,--..:H.;5 Tho
flnw Yat-P 1-hPronf)1.1r 40 I, /hr  - 219 - [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 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 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 sthcylate and methyl salicylate After the conti neon
tultherfclr about ,,nnthn diphenyi LAII )1,1d) I V nrnbncocl 0t ,d)("11JL.j
/9  - 220 - [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 sal
icylate 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 col.umn
330, the high boiling component removed from the column bottom contained
about 35% by mass of a component Simitor3y, theiphenyj nahhonato (died-ntu
)1!J.)V(- at:ta7,7 ictl/hr,  221 - [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 0C.      Hydrous n-butanol having a water concentration set
at 3% by mass (% by weight) was adjusted to 0C 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 reactcr). A trmoisture meter a-
y-ed a reaction solution 



became consta The obtained  - 222 - distillation column after the reaction
solution reached 150C.      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 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
redched 150CThe com.the ec lion Id then comp].When a trardsriarcnt. and le
d left in 1"t SIKeSS lISts ;J.L Sere measured, was-OH /'F  - 223 - average
degrees of polymerization as shown in Table 15 were obtained. 



[0624] [Table 15] [0625] [Examples 38 to 92]       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 TnET) 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 ,Iji)IiIiiIiill !,:,,c)Ici, bottom
contained about 11% by mass, about 45% component.h q he r boil I no pc,"
nt. Than  - 224 - 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.    - 226 - 



[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 170C, 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] [0 02 9,] 19;,,an  - 227 -
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.  -228--    



catechoi C.D    - 229 - [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.  -230-    catechol cc 



fijiS( D..:1 L., )4-H CpC., t) " ()   - 231 [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 Lng coiuponei .t:.
obtained from a Imminival line 11 are nveiM, and aneld s-  -232-    ,H
CD , a) )fr). ) 



>)  C  (1) 0 41)  $-[    - 233 - [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 rC action of mono() \/II OM.hydroxi 01 (- m Ic
k i) Chemical c.,1 the  2D4      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 230C, 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-lbutanol 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 fnaia a recovery lin 12(h 0 pa (i mutt m;Ige(nd  



- 235 chimney type distillation column (the inner diameter: 150 mm, the
length: about 6 m) of 5 stages, and a recovery part filled with Melapak CI
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 200C, 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 Wa sled to a distillation130 through
a transfer. langk CY and hm]jim an inner CITOITETt.(T1 (TI 150 rnm and a 1
witt."-1 a reooiler 131 andndens-- 1.06121       A temperature of the
column bottom of the distillation column 130 was controlled to about 180C,
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 .by fIld:sft):cTiphenyie was i0hd 0r-TT 'nen'.
(-Yr! alenet fly ..L butyi  - 237 - 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 liquid 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 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.       After the continuous operation described above was
performed for about 12 hours, the operation entered into a steady state.
composition of the I I qu I c contaired about Th% by mass c phe 167% by
mass of bis C3-mtv by n   



- 238 - by mass of 3-methyl-l-butanol. The flow rate thereof was about
11402 g/hr. [0648]      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 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-methylbuty1) carbonate. The flow rate thereof was about 10300
g/hr. [0651] In the transfer  line 7, the composition of the liquidabout
86% by mass of di phenyl carbonate, floe wale tnereo about 1120 Ohr  When
the hich boilino ct 



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.h The rat.io of mol.es
of phen y.i' salleylate carbonate to PJ:Dout 0.02.The ratefl.tI.. having a
:heii.l.111 boiwas a bowlby mass.  240      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 Strom 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
obta.from a removal- 11 Wasly/CAtile rev,velte are 31 'f j  -241-    E t7)
cci:0 c;11 (.4.,"T,--.1!L...........-.? ,.... ...J s.,......,, 



- 242 - [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/h/ (the metal atom concentration: about 5% by mass), and a rate
of a metal-containing catalyst composition fed from a feed 11bout 2.4 g/hr
(the metal atom              Ily -increased so t a a t. the, rate of
diphenyl. carbonate recnvered icni a rar.avary inn q wan about 1000 Attetad
far ci.00?1 t th -F the  - 243 - [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 52. [0661]      However, since
the diphenyi 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 ti- containing hiqh- we5:,Lhe later. of the metalco the  -
244 - 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.  -245- 



.0 CD H.1 I, I (.0(.1)(1)  m 0, (0 cai C-),ca? CU 0 1ra.11(...)Li11:1 I
- 246 -  [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, l', 12, 13 FEED LINE 3, 9
RECOVERY LINE  2, 4, 5, 6, 7, 8, 10 TRANSFER LINE 11 REMOVPI, LINE
11],121,141, c'')1'32,142, I-1 A   341 REBOT,,,ER 332. 342 CONDE N  - 247 -
What is claimed is: 



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 alkylaryi carbonate obtained in the step (1) to a
transeste ification 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 boffinrated in the i
the high boil1 I.I ho  [Formula   (1)  wherein Arl represents an
unsubstituted or substituted arylene group having 6 to 20 carbon atoms, X
and Y-0 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] -0 0-R1 0 



(2)  [Formula 3]  0 (3)  wherein RI r presents a linear or branched
aliphatic   - 249 -        (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 (1)/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 claim 1, wherein the metal-containing catalyst
composition is a titanium-containing catalyst composition. 



The method for producing the of airbonate an.c..in aryl() rad titanium
constittitl on ii non:.0 gi1 l.a 20n4  - 250 - 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 producing the diaryl carbonate 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 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 toto 6, where ) the I ci i ow I nq formula0 (4) Lo 



[Formula 4]  wherein Art represents an unsubstituted or substituted aryiene
group having 6 to 20 carbon atoms, Ar3 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 /A R
(5)  wherein Ar4 represents an unsubstituted 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 Ar4 are located at an ortho
position to each other; [Formula 61
(6)  wherein Ars reOrc150nts an u  - 252 - hydroxy groups on Ar5 are
located at an ortho position to each other; [Formula 7] 



(7)  wherein Ar6 represents an unsubstituted or substituted arylene group
having 6 to 20 carbon atoms, Ar1 and Ars each independently represent an
unsubstituted or substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar6 are located at an ortho position to each other; and
[Formula 8] Arl 0 0 0 (8)  0n arylene g pup havi.6 to 20 car represents
/5:L?rbcn  - 253 - an alicyclic aliphatic group having 5 to 12 carbon
atoms, and two substituents on Ar9 are located at an ortho position to each
other. 8. The method for producing the diaryl carbonate according to any
one of 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 carbonate 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 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:  (X) I?1.)?u,(.11.(:)Li ry I ene C455ufl navin S 5020 carbon
atoms, Ar  - ?51 - represents an uisubstituted or substituted aryl group
having 6 to 20 carbon atoms, and two substituents on Arn are located at an
ortho position to each other; and [Formula 10]   Ar25 0?0 A<23 0 0 (Y)
wherein Arn represents an unsubstituted or substituted arylene group having
6 to 20 carbon atoms, Ar2I and Arm each independently represent an
unsubstituted or substituted aryl group having 6 to 20 carbon atoms, and
two substituents on Ar23 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), 



'uontdentor polydentat.e I iqar1d capable rein so as to prepare an analys
sample       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 one of claims 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 ("!) included in the high boiling
component. Ho contra):that the compIcy hided ihi. t reCyfl1Hdi/ LheondiL;on
- 256 --      after the step of quantifying the compounds given by (i) 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] 



0 (9) wherein R4 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] Art /-0E4 (1 0)
where.:-*-11L5 ai..005obstit LI t. Ut Oil by the torn(11):   257 -  (1 1)
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 Ar12 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] Arla-e   (12) wherein Ar" represents an unsubstituted or
substituted aryl group having 6 to 20 carbon atoms. 14. The method for
producing the d aryl carbonate according to claim 9, wherein in t.hb steps
(11 and/or (2), production of The diary" carboIS s1tilted hy feed The
Truldfor: ording r icuions the 111, wheil-] o1.1( icct least one TtTiurted
Icc  - 258 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 claim 15,
who .rein 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 one of claims 1 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
:ding to (91-'w 1 3wherein.4 i . the 1'olfflu919(1 (9) 19, The meth (I) and
(9) have a 9ed 09:temperar CI( t9,.of 0,05 to 50 hi  - 259  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 temperature of 150 to 300C at a
column bottom, and       the distillation column provides a residence time
of 0.02 to 100 hr at a column bottom.  21. The method for producing the
diaryl carbonate according to claim 3 or 4, wherein the aryioxytitanium
composition is phenoxytitanium.  22. The method for producing the diaryl
carbonate according to any one of claims 1 to 21, wherein the diaryl
carbonate is diphenyl carbonate. 






















