
EP 0461 274 B1 Description The present invention relates to a process for
continuously producing an aromatic carbonate. More par- ticularly, the
present Invention Is concerned with a process comprising transesterifying a
starting material se- e   lected from the group consisting of a dlalkyl
carbonate represented by R OCOR1, l 10
0 an alkyl aryl carbonate represented by 16
R2OCOAr2 I and a mixture thereof with a reactant selected from the group
consisting of an aromatic hydroxy compound 2o  represented by Ar'OH, an
alkyl aryl carbonate represented by R3OCOAr3 28
0 and a mixture thereof, to thereby produce an aromatic carbonate or
aromatic carbonate mixture corresponding to the starting material and the
reactant and represented by 30 ROCOAr and/or ArOCOAr, I
,1' 0                    0 35  wherein R and Ar are, respectively, selected
from RI, R2 and Rs and selected from Ar1, Ar2 and Axe in corre- spondence
to the starting material and the reactant, wherein the starting material
and the reactant are con- tinuously fed to a continuous multi-stage
distillation column to effect a transesterification reaction therebetw- een
in the presence of a catalyst In the distillation column, while
continuously withdrawing the aromatic car- bonate or aromatic carbonate
mixture produced as a high boiling point product in a liquid form from a
lower 40  portion of the distillation column and continuously withdrawing a
by-product produced as a low boiling point product in a gaseous form from
an upper portion of the distillation column by distillation, thereby
enabling the aromatic carbonate or aromatic carbonate mixture to be
produced continuously with high efficiency. Background Art 45 An aromatic
carbonate is useful as a raw material for the production of an aromatic
polycarbonate (whose utility as engineering plastics has been Increasing in
recent years) without using poisonous phosgene, or as a raw material for
the production of various isocyanates without using poisonous phosgene.
With respect to the method for the production of an aromatic carbonate, a
method for producing an aromatic carbonate or an 50  aromatic carbonate
mixture, is known, In which a dialkyl carbonate, an alkyl aryl carbonate or
a mixture thereof is used as a starting material and an aromatic hydroxy
compound, an alkyl aryl carbonate or a mixture thereof is used as a
reactant, and in which a transesterification reaction Is performed between
the starting material and the reactant. However, since this type of
transesterification is a reversible reaction in which, moreover, not only
Is the 5s  equilibrium biased toward the original system but the reaction
rate Is also low, the production of an aromatic carbonate by the
above-mentioned method on an Industrial scale is accompanied with great
difficulties. To Improve the above-mentioned method, several proposals have
been made, most of which relate to the development of a catalyst for
Increasing the reaction rate. As a catalyst for use in the method for
producing 2    EP 0 461 274 1 an alkyl aryl carbonate, a diaryl carbonate
or a mixttfe thereof by reacting a dialkyl carbonate with an aromatic 



hydroxy compound, there have been proposed various catalysts, which include
for example, a Lewis acid, such as a transition metal halide, or compounds
capable of forming a Lewis acid, [Japanese Patent Application Laid- s
Open Specification No. 51-1 05032, Japanese Patent Application Laid-Open
Specification No. 56-123948 and Japanese Patent Application Laid-Open
Specification No. 56-123949 (corresponding to West German Patent
Application Laid-Open Specification No. 2528412, British Patent No. 1499530
and U.S. Patent No. 4,182,726)1, a tin compound, such as an organotin
alkoxide and an organotin oxide [Japanese Patent Appil- cation Laid-Open
Specification No. 54-48733 (corresponding to West German Patent Application
Laid-Open 10  Specification No. 2736062), Japanese Patent Application
Laid-Open Specification No. 54-63023, Japanese 'pajenApplication'Laid-Open
Specification No.60-169444(correspondingto U.S. Patent No.4,554,11i), Jap-
anese Patent Application Laid-Open Specification No. 60-169445
(corresponding to U.S. Patent No. 4,552,704), Japanese Patent Application
Laid-Open Specification No. 62-277345, and Japanese Patent Ap- plication
Laid-Open Specification No. 1-2650631, salts and alkoxides of an alkali
metal or an alkaline earth 15  metal (Japanese Patent Application Laid-Open
Specification No. 56-25138), lead compounds (Japanese Pa- tent Application
Laid-Open Specification No. 57-176932), complexes of a metal, such as
copper, Iron and zir- conium (Japanese Patent Application Laid-Open
Specification No. 57-183745), titanic acid esters [Japanese Patent
Application Lald-Open Specification No. 58-185536 (corresponding to U.S.
Patent No. 4,410,464)1, a mixture of a Lewis acd and protonic acid
[Japanese PatentApplication Laid-Open Specification No.60-173016 'b    20
(corresponding to U.S. Patent No. 4,609,501)1, compounds of Sc, Mo, Mn, Bi,
Te or the like (Japanese Patent Application Laid-Open Specification No.
1-265064), and ferric acetate (Japanese Patent Application Laid- Open
Specification No. 61-172852). As a catalyst for use In the method for
producing a diaryl carbonate by performing disproportionation by means of a
same-species Intermolecular transesterification of an alkyl aryl carbonate
into a diaryl carbonate 25  and a dlalkyl carbonate, there have been
proposed darious catalysts, which Include for example, a Lewis acid and a
transition metal compound which Is capable of forming a Lewis acid
[Japanese Patent Application Laid- Open Specification No.51-75044
(corresponding to West German Patent Application Laid-Open Specification
No. 2552907 and U.S. Patent No. 4,045,464)], a polymeric tin compound
[Japanese Patent Application Laid- Open Specification No. 60-169444
(corresponding to U.S. Patent No. 4,554,110)], a compound represented W
30  by the. formula R-X(=0)OH (wherein X is selected from Sn and Ti, and R
Is selected from monovalent hydro- carbon
resfdues)[JapanesePatentApplication Laid-Open Specification No.60-169445
(corresponding to U.S. Patent No. 4,552,704)], a mixture of a Lewis acid
and protonic acid [Japanese Patent Application Laid-Open Specification No.
60-173016 (corresponding to U.S. Patent No. 4,609,501)], a lead catalyst
(Japanese Patent Application Laid-Open Specification No. 1-93560), a
titanium or zirconium compound (Japanese Patent Ap- 35  pllcation Laid-Open
Specification No. 1-265062), a tin compound (Japanese Patent Application
Laid-Open Specification No. 1-265063), and a compound of Sc, Mo, Mn, Bi, Te
or the like (Japanese Patent Application Laid-Open Specification No.
1-265064). However, the effective improvement of reaction rate cannot be
attained by the methods using the above- -~ iv   -- mentioned various
catalysts, and therefore, It has been Impossible to produce an aromatic
carbonate at high 40  selectivity and in high yield by a short-time
reaction. Another attempt for improving the yield of aromatic carbonates in
these reactions consists In biasing the equilibrium toward the product
system as much as possible. In the case of producing an aromatic carbonate
from a dialkyl carbonate and an aromatic hydroxy compound, there have been
proposed for example, a method In which by-produced methanol is distilled
off together with an azeotrope forming agent by azeotropic distil- 45
lation in the reaction of a dimethyl carbonate with phenol [Japanese Patent
Application Laid-Open Specifica- tion No. 54-48732 (corresponding to West
German Patent Application Laid-Open Specification No. 2736063) and Japanese
PatentAppilcation Laid-Open Specifigation No. 61-291545] and a method in
which by-produced methanol Is removed by adsorbing the same onto a
molecular sieve [Japanese Patent Application Laid-Open Specification No.
58-185536 (corresponding to U.S. Patent No. 4,410,464)]. s0     However, In
the method described In Japanese Patent Application Laid-Open Specification
No. 54-48732, a complicated step Is required to separate and collect a
large quantity of heptane used as an azeotrope forming agent from an
azeotrope. In addition, in this method as well, the yield of an aromatic
carbonate is as small as 



3.5 % relative to the phenol used even after the reaction for a period as
long as 45 hours. Further, In the method described In Japanese Patent
Application Laid-Open Specification No. 58-185536, 55  * notonly is a large
quantityof molecularsieve as much as S-109 perg ofthe methanol by-produced
necessary, but also a complicated step is required for desorbing the
methanol adsorbed on the molecular sieve. Therefore, It Is difficult to
carry out these methods on a commercial scale. Furthermore, as a method for
performing the intended reaction, which Is preferred among the methods of
the above-described proposals, It is known to employ an apparatus
comprising a reactor provided on the 3    EP 0 461274 B1 top thereof with
columns having dIstillation functiol or fractional distillation function in
order to separate and distill off alcohols (by-produced In the course of
theraction) from a mixture of the starting material, the prod- uct and the
solvent co-present therewith [Japanese Patent Application Laid-Open
Specification No. 56- 5   123948 (corresponding to U.S. Patent No.
4,182,726), Japanese Patent Application Laid-Open Specification No.
56625138, Japanese Patent Application Laid-Open Specification No. 60-169444
(corresponding to U.S. Patent No. 4,554,110), Japanese PatentApplication
Laid-Open Specification No.60-169445 (corresponding to U.S. Patent No.
4,552,704), Japanese Patent Application Laid-Open Specification No.
60-173016 (corre- sponding to U.S. Patent No. 4,609,501), Japanese Patent
Application Laid-Open SpecifIcation No. 61-172852* 1o  Japanese Patent
Application Laid-Open Specification No. 61-291545, and Japanese Patent
Application Laid- Open Specification No. 62-277345]. However, in all of the
above-mentioned methods, the reaction proceeds only in the reactor in which
a cat- alyst Is present. The distillation column provided at the top of the
reactor is used only to separate the alcohols (produced In the reactor)
from the other components present In the reactor. This Is apparent from the
detailed 15  description of Japanese Patent Application Laid-Open
Specification No. 61-291545. In the Laid-Open specl- fication, for example,
there Is a description "in such a reaction, generally, a reaction
distillation method Is em- ployed, In which using a reaction-distillatIon
apparatus In which a reactor Is provided with a distillation column,
methanol having a boiling point lower than that of the desired carbonate as
formed Is distilled off from the top of the column while performing the
desired reaction In the reactor disposed at the bottom of the column" 20
(page 1,right hand column, lines 12-17 of the Laid-Open specification).
That Is, the reaction distillation method in these conventional methods is
performed by the use of an ap- paratus In which a reacting part and a
distilling part separately exist. In the part of the distillation column,
only distillation Is performed but no reaction is conducted. Thus, in these
conventional methods, a reaction is performed In a liquid phase In the
reactor, but the equilibrium of the reaction is biased toward the product
25  system only by the withdrawal of the low boiling point alcohols
by-produced from the liquid phase to a gas phase through a gas-liquid
Interface to thereby proceed the reaction. However, the reactor used In
these meth- od8 Is of a vessel type, so that the gas-liquld Interfaclal
area is as small as being approximately equal to the cross section area of
the reactor, Inevitably causing the reaction to be extremely slow, as known
In the art. For example, In working examples of Japanese Patent Application
Laid-Open Specification Nos. 61-291545, 30  54-48732 and 54-48733, it takes
a reaction time as long as 8-45 hours for a batch system. In the method In
which such a prolonged period of time is taken, not only the side-reactions
of a starting material or an Inter- mediate product but also the
side-reactions of the aromatic carbonates produced are likely to occur to
thereby cause a lowering in selectivity. Furthermore, In these reaction
methods which take such a prolonged period of time, the productivity is
poor, and hence, It Is difficult to perform these methods on a commercial
scale. 36      Moreover, with respectto the method known as reaction
distillation using an apparatus in which a reacting part and a distilling
part are separately disposed, Japanese Patent Application Laid-Open
Specification No. 61-291545 has a description to the following effect
"although the reaction distillation operation can be con- ducted In a
batch-wise manner or in a continuous manner, the batch-wise operation Is
preferred for example, when a dimethyl carbonate Is subjected to
transesterifIcation with phenol, since the continuous operation re- 



40  quires large-size facilities due to a low reaction rate" (page 3, left
hand lower column, lines 4-9). In fact, In all of the working examples of
the various publications described above, there Is employed either a method
in which both of a dialkyl carbonate and an aromatic hydroxy compound as
reaction agents are charged together with a catalyst Into a reactor from
the beginning to Effect a reaction, or a method In which only one of the
re- action agents (generally, an aromatic hydroxy compound which Is a high
boiling point compound) Is first 45  charged together with a catalyst Into
a reactor, followed by a reaction while feeding the other reaction agent.
Both of the methods are of a batch system. Therefore, up to now, there has
been no publication disclosing a continuous reaction method in which both
reaction agents are continuously fed while continuously withdraw- ing
products. 50  Disclosure of the Invention In the above-described situation,
the present Inventors have made extensive and Intensive studiesto de- velop
a process free of the drawbacks of the various hitherto proposed processes
as mentioned above, which process realizes the continuous production of an
aromatic carbonate at a high reaction rate and with a high 55  selectivity.
As a result, It has surprisingly been found that an aromatic carbonate or
an aromatic carbonate mix- ture can be continuously produced efficiently at
a high reaction rate and with a high selectivity by continuously feeding a
starting material and a reactant to a continuous multi-stage distillation
column to effect a transes- terification reaction therebetween in the
presence of a catalyst In the distillation column, while continuously
withdrawing the produced aromatic carbonate or aromatic carbonate mixture
as a high boiling point product 4    I~~~~~~~~~~~~~~~~~~~~~~~~~ EP 0 461
274 i31 in a liquid form from a lower portion of the distillation column
and continuously withdrawing the by-product as a low boiling point product
In a gaseous form frorh an upper portion of the distillation'column by
distillation. Further, it has been found that the desired aromatic
carbonate or aromatic carbonate mixture can be contin- 6   uously produced
more efficiently byemploying a plurality of continuous multi-stage
distillatin columns n com- bination so as to effect a skillful recycling of
high boiling point products and/or low boiling point products. The present
Invention has been made on the basis of these findings. Accordingly, it is
an object of the present Invention to provide a novel process for
continuously producing an aromatic carbonate efficiently at a high reaction
rate and with a high selectivity by using a continuous multi- 1o  stage
distillation column as a reaction column. It Is another object of the
present invention to provide a process In which the desired aromatic
carbonate Is produced more efficiently by the use of a plurality of
continuous multi-stage distillation columns. Essentially, according to the
present invention, there is provided a process for producing an aromatic
car- bonate which comprises transesterifying a starting material selected
from the group consisting of a dialkyl car- 15  bonate represented by R
OCOR1- 4~~~~~~~~~~~~~~~~~~~ Do'  20
0 an alkyl aryl carbonate represented by 26
R20COAr2 0 and a mixture thereof with a reactant selected from the group
consisting of an aromatic hydroxy compound eo   represented by Ar1OH, an
alkyl aryl carbonate represented by R3OCOAr3 I 35
0 and a mixture thereof, wherein each of RI, R2 and R3 Independently
represents an alkyl group having 1 to 10 



carbon atoms, an alicyclic group having 3 to 10 carbon atoms or an aralkyl
group having 6 to 10 carbon atoms and each of Ar',Ar2 and Are Independently
represents an aromatic group having 5 to 30 carbon atoms, to there- 40  by
produce an aromatic carbonate or aromatic carbonate mixture corresponding
to the starting material and the reactant and represented by ArOCOAr, 46
1 0 and/or                                    * ROCOAr I 56   wherein R and
Ar are, respectively, selected from R1, RZ and R3 and selected from Ar1,
Ar2 and Arl In corre- spondence to the starting material and the reactant
and produce an aliphatic alcohol, a dialkyl carbonate or a mixture thereof
corresponding to the starting material and the reactant and represented by
ROH andlor    a. EP 0 461 274 B1 ROACOR, 0 5 wherein R is as defined above,
as a by-product, characterized in that the starting material and the
reactant are continuously fed to a continuous multi-stage distillation
column to effect a liquid phase and/or gas-liquid phase transesterificatlon
reaction therebetween In the presence of a catalyst In the distillation
column, while 10  continuously withdrawing a high boiling point reaction
mixture containing the produced aromatic carbonate or aromatic carbonate
mixture in a liquid form from a lower portion of the distillation column
and continuously withdrawing a low boiling point reaction mixture
containing the by-product in a gaseous form from an upper portion of the
distillation column by distillation, therebyenabling the aromatic carbonate
oraromatic carbonate mixture to be produced continuously. - - -      s --15
The typical reactions which are Involved in the process of the present
invention are represented by the following formulae: :~~~~~~~~~~~~~ R OCOR1
+ Ar'OH  <   > R OCOArl + R1OH                     ... (1) i. , ~201.I I
II :~~~~~ a R2OCOAr2  + Ar OH  ->  Ar OCOAr2  + R2OH                    ...
(2) 2s             l1                                I '-;  R1oCOR1  +
R30COAr3 <       R'OCOAr3  + R1OCOR3  ,..  (3), 30
I                                  I 0             0                  0
0 and R2OCOAr2 + R3OCOAr3  c   > ArOCOAr + ROCOR                    ...
(4), o      0                 0                      0 40 wherein RI, R2,
R3, Ar1, Ar2 and ArM are as defined above, each of Ar's appearing in
formula (4) Independently representsAr2orAr8, and each of R's appearing In
formula (4) Independently represents R2 or R3,. and wherein when R2 = R3
and Ar2 = ArM in formula (4), the reaqtlon is a same species-intermolecular
transesterification reaction generally known as a disproportionation
reaction. The essential feature of the process of the prelent Invention
resides in that the above reactions are per- 45  formed in the presence of
a catalyst In a continuous multi-stage distillation column while separating
the low 



boiling point products formed by the reactions from the reaction system by
distillation. The continuous pro- duction of an aromatic carbonate at a
high selectivity and in a high yield has for the first time become feasible
by virtue of this process. It is really an unexpected fInding that the
reaction according to the present invention, the equilibrium of go  which
is extremely biased toward the original system [for example, the
equilibrium constant of the reaction defined by formula (1) Is in the order
of I 0- to 10-41, can be advanced at a high reaction rate by the above
process to thereby enable an aromatic carbonate to be continuously produced
at a high selectivity and In a high yield. It is surprising that In the
process of the present invention the reaction rate is high and the
selectivity and 88   yield (or productivity) are markedly Improved as
compared to those attained by the conventional processes. The exact reason
has not yet been elucidated. However, in light of the results of the
practice of the process * -             of the present invention, the
following presumptions can be made. That Is, all of the reactions of the
above formulae (1) to (4), which are Involved In the process of the present
Invention, are reversible reactions, In which the equilibrium is extremely
biased toward the original system. .~~~~~~~~~~~~~~    EP 0 461 274 1
Therefore, In all of the reactsipn order to Increase the conversion ratio,
it Is necessary to remove a by-prod- - Uct, which is comprised ofi qioiling
point produc 5 formed in the reaction [generally1 aliphatic alcohols in the
reactions of formulae (1) and (2) and dialkyl carbonates In the reactions
of formulae (3) and (4)1, from the liquid phase In the reaction system as
promptly as possible. However, It has not been possible to Increase a
reaction rate In the conventional process in which the re- action is
conducted using a tank reactor provided In an upper portion thereof with a
distllation oloumn as de- scribed In the above-mentioned various
publications showing the prior art. The reason is that not only is the
reaction site limited to only the tank reactor portion where a catalyst is
present but the area of a gas-iiquld l o0  Interface necessary for
evaporating the low boiling point products formed by the reaction from the
liquid phase in the reactor Into a gas phase is also small. By contrast, In
the process of the present invention, a catalyst Is present throughout a
continuous multi- stage distillation column and, hence, it Is possible to
advance the reaction In a large region In which an area of a gas-liquid
interface is extremely large. In this region, a fed liquid material to be
reacted flows down while 15  repeatedly experiencing gas-liquid contact
with a vapor ascending from a lower portion and experiencing dis- tillation
and reaction. At that time, the low boiling point products are evaporated
from the liquid phase Into a vaporphase. As a result, each component within
the continuous multi-stage distillation column comes to have a biased
concentration distribution. For example, when the reactions of formulae (1)
and (2) are performed, generally, the concentration of an alkyl aryl
carbonate andlor a diaryl carbonate as a high boiling point product >
20  in the liquid phase has a distribution such that the poncentration
gradually Increases from the highest stage of the stages In which a
catalyst is present toward the lower portion of the column. On the other
hand, the concentration of an aliphatic alcohol as a low boiling point
product In the liquid phase usually has a distribution such that the
concentration gradually decreases from the top portion of the column toward
the lower portion of the column. Around the lowermost portion of the
column, it Is possible to reduce the aliphatic alcohol con- 25 centration
In the liquid phase to an extremely low level. In the vapor phase, the
aliphatic alcohol concentration has a distribution such that it gradually
Increases froih the lower portion of the column toward the upper portion of
the column. When for example, the reactions of formulae (3) and (4) are
performed, the concentration of a diaryl car- bonate as a high boiling
point product In the liquid phase generally has a distribution such that
the concen- o30  tration gradually increases from the highest one of the
stages of the column In which a catalyst Is present to- ward the lower
portion of the column. On the other hand, the concentration of a dialkyl
carbonate as a low boiling point product In the liquid phase usually has a
distribution such that the concentration gradually de- 



creases from the upper portion of the column toward the lower portion of
the column. Around the lowermost portion of the column, It is possible to
reduce the dialkyl carbonate concentration In the liquid phase to-an ex- 35
tremely low level. In the vapor phase, the dialkyl carbonate concentration
has a distribution such that it grad- ually Increases from the lowermost
portion of the column toward the upper portion of the column. In the
process of the present Invention, the above reactions proceed as described
above in a continuous multi-stage distillation column. It is believed that
at an arbitrary position within such a reaction region, the liquid phase of
the reaction system is in a condition dose to an equilibrium composition as
a result of the re- 40 action and the vapor phase has a composition dose to
a gas-liquid equilibrium condition, relative to the liquid phase.
Accordingly, when the liquid phase is retained at that position, the
reaction is no longer advanced. How- ever, actually, it Is possible to
further advance the reaction by allowing the liquid phase to flow down so
as to effect a gas-liquid contact with a vapor phase In which the
concentration of a low boiling point reaction product is lower, thereby
further increasing the concentraticr of an aromatic carbonate as a high
boiling point product 45 in the liquid phase. In the conventional process
in which a reaction Is performed in a tank reactor provided in the upper
portion thereof with a distillation column, a reaction Is performed only in
the tank reactor, and the distillation column functions only for separating
from the low boiling Roint starting compound vapor a low boiling point
product vapor coming from a gas-liquid Interface into a gas phase In the
tank reactor and allowing the low boiling point co starting compound in a
liquid form to flow down back to the tank reactor. Thereforej It is
believed that the advantages of the process of the present invention over
the conventional process are mainly due to the following points: (1) the
area of a gas-liquid Interface can be extremely large as compared to that
provided by the conven- tional process In which the reaction is performed
using a tank reactor, and as a result, the mass transfer 56      of a low
boiling point product as a by-product to the vapor phase Is fadlitated; (2)
the liquid phase of the reaction system in a continuous multi-stage
distillation column flows down while repeatedly experiencing a gas-liquid
contact with a vapor ascending from a lower portion and being sub- jeced to
reaction and, hence, despite the fact that the process of the present
invention Is a continuous process, high conversions of the starting
material and the reactant can be achieved (in the conventional    EP O 461
274 B1 process in which the reactlon is conducted using a tank reactor, it
is difficult to Increase the conversion of the starting compoun even if the
desired aromatic carbonate is continuously withdrawn, and no con- tinuous
process has actually been proposed. For increasing the conversion in the
conventional process, 5       It Is necessary to conduct the reaction in a
batchwise manner for a prolonged period of time); and (3) the vapor
ascending in a continuous multi-stage distillation column ascends while
repeatedly experi- encing a gas-liquid contact with a liquid descending In
the column and, hence, the thermal energy of the vapor Is effectively
utilized. The dialkyl carbonate to be used as a starting rhaterial in the
present Invention is represented by formula 10 R OCORI, 15
0 wherein R' represents an alkyl group having 1 to 10 carbon atoms, an
aiicyclic group having 3 to 10 carbon atoms or an aralkyl group having 6 to
10 carbon atoms. Examples of RI Include an aikyl group, such as methyl,
ethyl, propyl (isomers), allyl, butyl (Isomers), butenyl (Isomers), pentyl
(isomers), hexyl (Isomers), heptyl (iso- mers), octyl (Isomers), nonyl
(Isomers), decyl (isomers) and cyclohexylmethyl; an allcycllc group, such
as cy- 20   clopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cy.doheptyl;
and an araikyl group, such as benzyl, phenethyl (Isomers), phenyipropyl
(Isomers), phenylbutyl (isomers) and methylbenzyi (isomers). The
above-mentioned alkyl group, allcyclic groijp and aralkyl group may be
substituted with a substituent, such as a lower alkyl group, a lower alkoxy
group, a cyano group and a halogen atom, as long as the number 



of carbon atoms of the substituted group does not exceed 10, and may also
contain an unsaturated bond. 25      As a dialkyl carbonate having such RI,
there may be mentioned for example, dimethyl carbonate, diethyl carbonate,
dipropyl carbonate (isomers), diallyl carbonate, dibutenyl carbonate
(isomers), dibutyl carbonate (isomers), dipentyl carbonate (isomers),
dihexyl carbonate (Isomers), diheptyl carbonate (isomers), dioctyl
carbonate (isomers),, dinonyl carbonate (Isomers), didecyl carbonate
(isomers), dicyclopentyl carbonate, di- cyclohexyl carbonate, dicycloheptyl
carbonate, dibenzyl carbonate, diphenyl carbonate (isomers), dl(phenyi- 30
propyl) carbonate (isomers), dl(phenylbutyl) carbonate (isomers),
di(chlorobenzyl) carbonate (isomers), dI(me- thoxybenzyl) carbonate
(Isomers), dl(methoxymethyl) carbonate, di(methoxyethyl) carbonate
(Isomers), dichloroethyl) carbonate (Isomers) and dl(cyanoethyi) carbonate
(isomers). Of these dialkyl carbonates, a dialkyl carbonate containing as
Rl a lower alkyl group having 4 or less carbon atoms Is preferably used.
Most preferred is dimethyl carbonate. 35      The- aromatic hydroxy
compound to be used as a reactant in the present invention is represented
by for- mula ArIOH wherein Ar! represents an aromatic group having 5 to 30
carbon atomsi and the type of the com- pound Is not limited as long as the
hydroxyl group is directly bonded to the aromatic group. Examples of Arl
Include a phenyl group and various alkylphenyl groups, such as phenyl,
tolyl (isomers), xylyl (isomers), trime- thyiphenyl (Isomers),
tetramethyiphenyl (isomers), ethyiphenyl (isomers), propylphenyl (Isomers),
butylphenyl 4o  (Isomers), diethyiphenyl (Isomers), methylethylphenyl
(isomers,), pentylphenyl (Isomers), hexyiphenyl (iso- mers) and
cyclohexylphenyl (Isomers); various alkoxyphenyl groups, such as
methoxyphenyl (Isomers), ethox- yphenyl (isomers) and butoxyphenyl
(Isomers); various halogenated phenyl groups, such as fluorophenyl (Iso-
mers), chiorophenyl (isomers), bromophenyl (isomers), chloromethylphenyl
(isomers) and dichlorophenyl (iso- mers); various substituted phenyi groups
represented by the formula: 45                             , 0a wherein A
represents a  bond, a divalent group, such as -0-, -S-, -CO- and -SO2-, an
alkylene group, a  substituted alkylene group of the formula: 55    EP 0
461 274 BI R4          R4 R6 I           I  I -C- or --C--C-, 5~~~~~~~~~~~~
5-                             7 - R.          RS R wherein each of R4, Rs,
RG and R7 individually represents a hydrogen atom, a lower alkyl. group, a
cy- 10  cloalkyi group, an aryl group or an aralkyl group, which may be
substituted with a halogen atom or an alkoxy group), or a cycloalkylene
group of the formula: C (C2) k 20 .wherein k is an Integer of from 3 to 11,
and the hydrogen atoms may be substituted with a lower alkyl * S    20
group, an aryl group, a halogen atom or the like, and the aromatic group
may be substituted with a substituent, such as a lower alkyl group, a lower
alkoxy group, an ester group, a hydroxyl group, a nitro group, a hplogen
and a cyano group; a naphthyl group and various substituted naphthyl
groups, such as naphthyl (Isomers), methyinaphthyl (Iso- mers),
dimethyinaphthyl (isomers), chloronaphthyl (isomers), methoxynaphthyi
(Isomers) and cyanonaphthyl 25  (isomers); and various unsubstituted or
substituted heteroaromatic groups, such as pyridyl (isomers), cumaryl
(isomers), quinolyl (isomers), methylpyridyl (isomers), chloropyridyl
(isomers), methylcumaryl (Isomers) and methyiquinolyl (isomers). 



Examples of aromatic hydroxy compounds having these Arf Include phenol;
various alkyl phenols, such as cresol (somers), xylenol (isomers),
trimethyiphenol (Isomers), tetramethyiphenol (isomers), ethylphenol 30
(Isomers), propylphenol (Isomers), butylphenol (isomers), diethylphenol
(Isomers), methylethyiphenol (Iso- mers), methyipropylphenol (isomers),
dipropyophenol (isomers), methylbutyiphenol (isomers), pentylphenol
(isomers), hexyiphenol (isomers) and cyclohexylphenol (isomers); various
alkoxyphenols, such as methoxy- phenol (isomers) and ethoxyphenol
(Isomers); various substituted phenols represented by the formula: 35 A OH
40        wherein A is as defined above; naphthol (isomers) and various
substituted naphthols; and heteroaromatic hydroxy compounds, such as hy-
droxypyridine (isomers), hydroxycumadine (Isomers) and hydroxyquinoline
(isomers). Also usable are an aro- -matic dihydroxy compound having two
hydroxyl groups, such as hydroquinone, resorcinol, catechol, dihydrox-
ynaphthalene, dihydroxyanthracene and a dihydroxy compound obtained by
substitution of the above with an 45 alkyl group; and an aromatic dihydroxy
compound w4spresented by the formula: HO-             'A4)- OH wherein A is
as defined above, and the aromatic ring may be substituted with a
substItuent, such as a lower alkyl group, a lower alkoxy group, an ester
group, a nitro group, a cyano group and a halogen atom. Of these aromatic
hydroxy compounds, an aromatic monohydroxy compound containing as Art an
aromatic group s5  having 6 to 10 carbon atoms is preferably used in the
present invention, and phenol Is most preferred. The aikyl aryl carbonate
to be used as a starting material In the present Invention Is represented
by the formula: 9    3   I. EP 0 461 274 BI R2OCOAr2 5
0 wherein R2 may be identical with or different from R1, and represents an
alkyl group having I to 10 carbon atoms, an allcyclic group having 3 to 10
carbon atoms or an aralkyl group having 6 to 10 carbon atoms; and Ar2 may
be identical with or different from Arl, and represents an aromatic group
having 5 to 30 carbon atoms. 10  As R2, there may be mentioned for example,
the same groups as set forth above for R1. As Ar2, there may be mentioned
for example, the same groups as set forth above for Ar1. Representative
examples of alkyl aryl carbonate having these R2 and Ar2 include methyl
phenyl carbonate, ethyl phenyl carbonate, propyl phenyl carbonate
(isomers), allyl phenyl carbonate, butyl phenyl carbonate (iso- mers),
pentyl phenyl carbonate (isomers), hexyl phenyl carbonate (isomers), heptyl
phenyl carbonate (iso- 1f   mers), octyl tolyl carbonate (isomers), nonyl
ethyiphenyl carbonate (isomers), decyl butyiphenyl carbonate (isomers),
methyl tolyi carbonate (isomers), ethyl tolyl carbonate (isomers), propyl
toly! carbonate (isomers), butyl tolyl carbonate (isomers), allyl toly!
carbonate (isomers), methyl xylyl carbonate (isomers), methyl trime-
thyiphenyl carbonate (isomers), methyl chlorophenyl carbonate (isomers),
methyl nitrophenyl carbonate (iso- mers), methyl methoxyphenyl carbonate
(isomers), methyl cumyl carbonate (isomers), methyl naphthyl car- .    2o
bonate (isomers), methyl pyridyl carbonate (isomers), ethyl cumyl carbonate
(isomers), methyl benzoylphenyl carbonate (isomers), ethyl xylyl carbonate
(isomers), benzyl xylyl carbonate (isomers), methyl hydroxyphenyl carbonate
(isomers), ethyl hydroxyphenyl carbonate (isomers),
methoxycarbonyloxybiphenyl (isomers), me- thyl hydroxybiphenyl carbonate
(isomers), methyl 2-(hydroxyphenyl)propylphenyl carbonate (isomers) and
ethyl 2-(hydroxyphenyl)propylphanyl carbonate (isomers). Of these alkyl
aryl carbonates, one containing as 25  R2 an alkyl group having 1 to 4
carbon atoms and as Ar2 an aromatic group having 6 to 10 carbon atoms Is
preferably used, and methyl phenyl carbonate Is most preferred. The alkyl
aryl carbonate to be used as a reactaht In the present Invention is
represented by the formula: 



2  30                                     R30COAr3 wherein R3 may be
Identical with or different from R1 and R2, and represents an alkyl groups
having I to 10 35  carbon atoms, as alicyclic group having 3 to 10 carbon
atoms or an aralkyl group having 6 to 10 carbon atoms; and ArS may be
Identical with or different from Ar1 and Ar2, and represents and aromatic
group having 5 to 30 carbon atoms. As R.; there may be mentioned for
example, the same groups as set forth above for R1; As AO4, there may be
mentioned for example, the same groups as set forth above for Arl. *
As alkyl aryl carbonates having these R3 and Ar8, there may be mentioned
for example, those which are 40  set forth above for R2OCOAr2. 45 Of these
alkyl aryl carbonates, one containing as R3 an alkyl group having I to 4
carbon atoms and as Ar3 an aromatic group having 6 to 10 carbon atoms, and
methyl phenyl carbonate is most preferred. When each of the reactions of
formulae (1), (2); (3) and (4) is performed according to the process of the
M0  present invention, dlalkyl carbonates or alkyl aryl carbonates as
starting materials for the reaction can be used Individually or In mixture
and aromatic hydroxy compounds oralkyl aryl carbonates as reactants for the
reaction can be used Individually or In mixture. When R2=R3=R and
Ar2=Ar3=Ar In the transesterification reaction of formula (4), a diaryl
carbonate and a dialkyl carbonate can be obtained by a same
species-intermolecular transesterification reaction of a single 55  type of
alkyl aryl carbonate. This Is a preferred embodiment of the present
invention. Further, when R1=Rz=R3=R and Ar1=Ar2=Ar3=Ar in formulae (1) and
(4), by combining the reaction of for- mula (1) with the reaction of
formula (4), a diaryl carbonate can be obtained from a dialkyl carbonate
and an aromatic hydroxy compound through an alkyl aryl carbonate as shown
In formulae (5) and (6). This Is an es- pecially preferred embodiment of
the present invention. 10    EP 0 461 274 B1 2ROCOR + 2ArOH <
2ROCOAr +  2ROH          ... (.5 o                  '~~~~0 -2ROCOAr <   >
ArOCOAr + ROCOR                            (6) o                0 Recycling
of the dialkyl carbonate by-produced in the reaction of formula (6) as a
starting material for the re- action of formula (5) results In the
formation of I mol. of a diaryl carbonate and 2 mol. of an aliphatic
alcohol from I mol. of a dialkyl carbonate and 2 mol. of an aromatic
hydroxy compound. 15      When R=CH9 and Ar=CoHr In the above formulae (5)
and (6), diphenyl carbonate, which is an important raw material for
polycarbonats and an Isocyanate, can be readily obtained from dimethyl
carbonate, which is the simplest form of dialkyl carbonate, and phenol.
This is especially Important. As a catalyst to be used In the present
Invention, there may be mentioned for example: (lead compounds) 20   a lead
oxides, such as PbO, PbO2 and Pb3O4; lead sulfides, such as PbS and Pb2S;
lead hydroxides, such as Pb(OH)2 and Pb2O2(OH)2; plumbites, such as
Na2PbO2, K2PbO2, NaHPbO2 and KHPbO2; a plumbate, such as Na2PbO3,
Na2H2PbO4, K2PbO3, K2[Pb(OHl)], K4PbO4, Ca2PbO4 and CaPbO3; lead carbonates
and basic salts thereof, such as PbCO3 and 2PbCO3-Pb(OH)2; lead salts of
organic acids, and carbonates and basic salts thereof, such as Pb(OCOCH3)2,
Pb(OCOCH3)4 and Pb(OCOCH3)2.PbO-3H20; organolead compounds, such 25  as
BU4Pb, Ph4Pb, Bu3PbC1, Ph3PbBr, Ph3Pb (or Ph.Pb2), Bu3PbOH and Ph3PbO
wherein Bu represents a butyl group and Ph represents a phenyl group;
alkoxylead compounds and aryloxylead compounds , such as Pb(OCH3)2,
(CH30)Pb(OPh) and Pb(OPh)2; lead alloys, such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn
and Pb-Sb; lead minerals, such as galena and zincblende; and hydrates of
these lead compounds; (copper family metal compounds) 



_)    30  salts or complexes of a copper family metal, such as CuCA, CuCI2,
CuBr, CuBr2, Cui, Cui2, Cu(OAc)2, Cu(acac)2i copper oleate, Bu2Cu,
(CH30)2Cu, AgNO3, AgBr, sliver picrate, AgCOHOC104, Ag(bulivalene)3NO3,
[AuCuC-C(CH3)3]n and [Cu(C7'Ha)C114 wherein OAc represents an acetyl group
and acac represents an acet- ylacetone chetse ligand; (alkali metal
complexes) 35        alkali metal complexes, such as Li(acac) and
LiN(C4H9)2 wherein acac Is as def ined above; (zinc complexes) -
zinc complexes, such as Zn(acac)2 wherein acac is as defined above;
(cadmium complexes) cadmium complexes, such as Cd(acac)2 wherein acac Is as
defined above; 40  (iron family metal compounds) Fe(C1OHB)(CO)6, Fe(CO)G,
Fe(C3HO)(CO)3, Co(mesitylene)2(PEt2Ph)2, CoCrF5(CO)2, NI-%-CrHrNO and
ferrocene; -  -       (zirconium complexes) zirconium complexes, such as
Zr(acac)4 wherein acac is as defined above and zirconocene; 45  (Lewis
acids and Lewis acid-forming compounds) Lewis acids and Lewis acid-forming
transition metal compounds, such as AIX3, TIX3, TiX4, VOX3, VX&, ZnX2, FeX3
and SnX4 wherein X represents a halogen, an acetoxy group, an alkoxy group
or an aryloxy group; (organotin compounds) organotin compounds, such as
(CH3)sSnOPOCH3, (C2HJ)3SnOCOCH&, Bu3SnOCOCHs, Ph3SnO- 50  COCH3,
BU2Sn(OCOCHs)2, Bu2Sn(OCOCjjH23)2, PhtSnOCH3, (C2Ha)3SnOPh, Bu2Sn(OCH3)2,
Bu2Sn(OC2H,)2, Bu2Sn(OPh)2, Ph2Sn(OCH3)2, (C2H15)3SnOH, Ph3SnOH, Bu2SnO,
(CsH17)2SnO, Bu2SnCI2 and BuSnO(OH); (inorganic oxides) Inorganic oxides,
such as silica, alumina, titania, silicatitania, zinc oxide, zirconium
oxide, gallium oxide zeolite and an oxide of a rare earth; and a material
obtained by modifying the surface acid site of the above 55  Inorganic
oxide by silylatlon or other methods. These catalysts may be either soluble
or Insoluble in the liquid phase of the reaction system. Further, these
catalysts may be used In the form of a mixture with a compound or a carrier
which is Inert to the reaction or a composite having the catalyst supported
on such a compound or a carrier. These catalysts are effective even when
they are reacted with an organic compound present In the reac- t .
44                                E~~~~~~~~~~~~1    EP 0 461 274 81 tion
system, such as an aliphatic alcohol, an aromatic hydroxy compound, an
alkyl aryl carbonate, a diaryl carbonate and a dialky carbonate.
Alternatively, these catalysts may be heat treated with a feedstock, I.e.,
a starting material and a reactant, or a corresponding product prior to the
use in the process of the present In- 6   ventlon. Of these catalysts,
especially preferred are lead compounds, forexample, lead oxides, such as
PbO, PbO2 and Pb3O4, lead hydroxides, such as Pb(OH)2 and Pb2O2(OH)2, lead
carbonates and basic salts thereof, such as PbCOg and 2PbCO3.Pb(OH)2,
alkoxylead compounds and aryloxylead compounds, such as Pb(OCH3)2,
(CH3O)Pb(OPh) and Pb(OPh)2. Further, those which are formed by reacting
such a lead compound with an 10  organic compound present in the reaction
system dnd those which are obtained by heat treating, prior to the
reaction, such. a lead compound with a feedstock, i.e., a starting material
and a reactant, or a corresponding product, may preferably be used. There
Is no limitation with respect to the continuous multi-stage distillation
column to be used In the pres- ent invention as long as It is a
distillation column having a theoretical number of plates of distillation
of two 15  or more and which Is capable of continuous distillation.
Examples of such continuous multi-stage distillation columns Include plate
type columns using a tray, such as a bubble-cap tray, a sieve tray, a valve
tray and a 



counterflow tray, and packed type columns packed with various packings,
such as a Raschig ring, a Lessing ring, a Pall ring, a Berl saddle, an
Intelox saddle, a Dixon packing, a McMahon packing, a Heli pack, a Sulzer
packing and Mellapak. Any column which Is generally used as a continuous
multi-stage distillation column can N,~  20  be utilized. (In the present
Invention, "the number of stages of a distillation column" means the number
of plates with respect to a plate column and the number of theoretical
plates with respect to the other types of distillation columns Including a
packed column.) Ftirther, a mixed type of plate column and- packed column
comprising both a plate portion and a portion packed with packings, can
also be preferably used. When a solid catalyst which is insoluble in the
liquid phase In a distillation column is used, a packed column type
distillation 25  column in which the solid catalyst is used In substitution
for part or all of the packings, Is preferably employed. In the present
invention, It is requisite that a catalyst be present In the continuous
multi-stage distillation column, and It is preferred that the catalyst be
presqnt In at least two plates of the continuous multi-stage dis- tillation
column. The method for allowing a catalyst to be present In the continuous
multi-stage distillation column Is not !)  30  limited. For example, when a
homogeneous catalyst soluble In the liquid phase in the distillation column
Is used, the catalyst can be allowed to be present In the reaction system
by continuously feeding the catalyst to the dist!llation column, and when a
heterogeneous catalyst (solid catalyst) Insoluble In the liquid phase In
the distillation column Is used, the catalyst can be allowed to be present
in the reaction system by disposing the solid catalyst In the distillation
column. These methods can be used in combination. 35      When a
homogeneous catalyst Is continuously fed to the distillation column, it may
be fed to the column simultaneously with the feedstock In the form of a
mixture of the catalyst and either one or both of the starting material and
the reactant. Alternatively, the homogeneous catalyst may be fed to a plate
which Is different from the plate where the feedstock is fed. Further, the
catalyst can be fed at any position as long as the position is at least one
plate above the column bottom. However, since the region where the reaction
actually takes 40  place in the distillation column is generally below the
position where the catalyst is fed, it is preferred that the catalyst be
fed to a region between the column top and the position for feeding the
feedstock. When a hetero- geneous solid catalyst Is used, the catalyst can
be packed In a desired quantity in a desired position of the distillation
column, as long as the theoretical number of stages for the layer in which
the catalyst Is present Is at least one, preferably at least two. This
solid catalyst also serves as a packing for the distillation column. 45
In a region of the column where no catalyst is present, the distillation
column serves only as an ordinary distillation column, for example,
functions for concentration of the reaction product. As described above,
the process according to the essential aspect of the present invention Is a
process for producing an aromatic carbonate which comprises
transesterifying a starting material selected from the group consisting of
a dialkyl carbonate representedfby 50 R10COR1, 0 55, an aikyl aryl
carbonate represented by 12    EP 0 46i 274 B1 R 2OCOAr2 5
j .. ... . ..   5.
....     . and a mixture thereof with a reactant selected from the group
consisting of an aromatic hydroxy compound represented by Ar'OH, an alkyl
aryl carbonate represented by 10 R3OCOAr3 



I 0 15 and a mixture thereof, wherein each of RI, R2 and R3 independently
represents an alkyl group having I to 10 carbon atoms, an allcyclic group
having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 carbon atoms
and each of Arl, Ar2 and Ar3 Independently represents an aromatic group
having 5 to 30 carbon atoms, to there- by produce an aromatic carbonate or
aromatic carbonate mixture corresponding to the starting material and @
20  the reactant and represented by ROCOAr and/or ArOCOAr, *
~~~~~~~~~I            I 25
0 wherein R and Ar are, respectively, selected from it1, R2 and R3 and
selected from Arl, Ar2 and AO in corre- spondence to the starting material
and the reactant and produce an aliphatic alcohol, a dialkyl carbonate or a
mixture thereof corresponding to the starting material and the reactant and
represented by ROH and/or 30 ROCOR, 0 35 wherein R is as defined above, as
a by-product, characterized in that the starting material and the reactant
are continuously fed to a continuous multi-stage distillation column to
effect a liquid phase and/or gas-liquid phase transesterification reaction
therebetween in the presence of a catalyst in the distillation column,
while continuously withdrawing a high boiling point reaction mixture
containing the produced aromatic carbonate or :*   - -    40  aromatic
carbonate mixture In a liquid form from a lower portion of the distillation
column and continuously withdrawing a low boiling point reaction mixture
containing the by-product In a gaseous form from an upper -portio ofthe
distillation column by distillation, thereby enabling the aromatic
carbonate or aromatic carbonlate mixture to be produced continuously. There
Is no particular restriction with respect to the method for contin- uously
feeding the starting material and the reactant to the continuous
multi-stage distillation column, and 45  any feeding method can be used as
long as the starting material and the reactant can be contacted with the
catalyst In a region of the distillation column which corresponds to at
least one plate, preferably at least two plates. For example, the starting
material and the reactant can be continuously fed to the continuous multi-
stage distillation column from a desired number of feeding pipes onto a
desired plate. The starting material and the reactant may be fed either to
the same plate of the distillation column or Individually to separate
plates. : 50    The starting material and the reactant are continuously fed
In a liquid form, a gaseous form, or a liquid- gas form. Besides the
feeding of the starting material and the reactant to the continuous
multi-stage distillation col- umn as decribed above, It is also preferred
to additionally feed the starting material andlor the reactant in a gaseous
form to the lower portion of the distillation column intermittently or
continuously. 55      Also preferable is a method wherein the higher
boiling point component of the feedstock composed of the starting material
and the reactant Is continuously fed in a liquid form or a liquid-gas
mixture form to a plate at a level higherthan the plate where the catalyst
Is present, while the lower boiling point component of the feed- -stDck
Iscontinuously-fed In a gaseous form to the lower portion of the
distillation column. In this cases some of the lower boiling point
component of the feedstock may be contained in the higher boiling point
component 13    EP 0 46i 274 B1 of the feedstock fed to the upper portion
of the column. The feedstock may contain products, I.e., an aliphatic
alcohol and an alkyl aryl carbonate or a diaryl car- bonate (in the case of
the reaction of formula 1 or 2), or a dialkyl carbonate and an alkyl aryl
carbonate (in the 



5   case of the reaction of formula 3 or 4). However, too high a
concentration of these products isjundesirable, because the reactions of
formulae I to 4 involved in the process of the present Invention are
reversible and, therefore, too high a concentration of these products
causes the rate of conversion of the feedstock to be low- ered. The ratio
of the reactant to the starting material to be fed to the continuous
multi-stage distillation column lo  may vary depending on the type and
quantity of the catalyst and the reaction conditions, but, in general, the
molar ratio of the reactant to the starting material Is preferably in the
range of from 0.01 to 1000. In the present invention, the starting material
is reacted with the reactant in the presence of a catalyst within the
continuous multi-stage distillation column, to thereby produce an aromatic
carbonate corresponding to the starting material and the reactant as a
desired product and produce an aliphatic alcohol [in the case of i5  the
reactions of formulae (1) and (2)] or a dialkyl carbonate [in the case of
the reactions of formulae (3) and (4)] corresponding to the starting
material and the reactant as a by-product. The desired product or the by-
product, whichever Is lower In boiling point, I.e., a low boiling point
reaction product Is continuously withdrawn In a gaseous form from the
distillation column. In the reaction Involved In the process of the present
Invention, *           the by-produced aliphatic alcohol or dialkyl
carbonate Is generally lower In boiling point than the desired aro- -    20
matic carbonate and, hence, the by-product is continuously withdrawn In a
gaseous form from the distillation column. In this case, the withdrawn
gaseous product may be either the low boiling point by-product alone or a
mixture of the by-product and the starting materiel and/or reactant.
Further, the withdrawn gaseous product may contain an aromatic carbonate,
which Is a high boiling point product, In a small amount. The outlet for
withdrawing the gaseous material containing a low boiling point by-product
from the con- - 25  tinuous multi-stage distillation column can be provided
at an appropriate position In the column except the column bottom. The
concentration of the low boiling point by-product In the vapor phase, In
general, increases In accordance with thedistancefrom the column bottom.
Therefore, theoutletforthe gaseous material Is pre- ferably provided at a
position above both of the positions from which the starting material and
the reactant as feedstocks are fed, I.e., between the feeding positions and
the column top or in the column top, and It Is (.9    30  particularly
preferred to provide the outlet In the column top. The gaseous component
withdrawn In this way Is liquldf led by cooling or the like, and a portion
of the resultant liquid may be returned to the upper portion of the
distillation column to thereby effect the so-called reflux operation. When
the reflux ratio is Increased by conducting this reflux operation, the
distillation effi- ciency of a low boiling point by-product into a vapor
phase is Increased, thereby advantageously Increasing 36 the concentration
of the low boiling point by-product in the withdrawn gaseous component.
However, too much. an Increase in the reflux ratio disadvantageously leads
to an increase in the thermal energy. required. Thus, the reflux ratio is
generally chosen in the range of from 0 to 20, preferably from 0 to 10. An
aromatic carbonate which Is the desired product produced by the method of
the present invention is continuously withdrawn form as a high boiling
point product in a liquid from the lower portion of the continuous 40
multi-stage distillation column. In this instance, the withdrawn liquid
material may be either an aromatic car- bonate alone or a mixture of an
aromatic carbonate and the starting material andlor reactant, and may
contain a little amount of a low boiling point product. When a high boiling
point catalyst soluble In a liquid phase is used, the catalyst is contained
in this withdrawn liquid material. The outlet for withdrawing a liquid
material containing the desired product, I.e., an aromatic carbonate, from
the continuous multi-stage distillation col- 45  umn, Is provided In a
lower portion of the column, In particular preferably at a bottom portion
of the column. A portion of the liquid material withdrawn In this way may
be recycled to a lower portion of the distillation col- umn in a gaseous
form or a gas-liquid mixture for' by heating by means of a reboller. The
amount of the catalyst to be used In the present invention varies depending
on the type thereof, the type of the continuous multi-stage distillation
column, the types and proportions of the starting material and 60  the
reactant, the reaction conditions, such as reaction temperature and
reaction pressure, and the like. When the catalyst is continuously fed to
the reaction zone of the continuous multi-stage distillation column, the
cat- alyst is generally used In an amount of from 0.0001 to 50 % by weight,
based on the total weight of the starting material and the reactant
constituting the feedstock. When a solid catalyst disposed In the
continuous multi- stage distillation column is employed, the catalyst is
preferably used in an amount of from 0.01 to 75 % by 



55  volume, based on the volume of an empty distillation column. In the
present Invention the reaction takes place within the continuous
multi-stage distillation column In which the catalyst Is present, and,
therefore, the quantity of the reaction product generally depends on the
amount of the hold-up liquid in the distillation column. That is, when the
height and the diameter of a distillation column are not changed, a greater
hold-up capacity is preferred because the greater the hold-up capacity, 14
EP 0 461 274 51 the longer the residence time of the liquid phase, thiat
is, the time during which the reaction is effected. How- ever, when the
amount of th11ii Id-up liquid is too large, the residence time becomes
too-long, so that side reactions and flooding are likely to occur.
Accordingly, in the present invention the amountof the hold-up liquid u
of the distillation column varies depending on the distillation conditions
and the type of the distillation column. Generally, however, the amount of
the hold-up liquid is In the range of from 0.005 to 0.75 in terms of the
volume ratio of the hold-up liquid to the empty continuous multi-stage
distillation column. In the present invention, the average residence time
of the liquid phase in the continuous multi-stage dis- tillation column
depends on the reaction conditions, the type and Inner structure (for
example,. the types of 10  the plate and packing) of the continuous
multi-stage distillation column, but is generally In the range of from
0.001 to 50 hr, preferably from 0.01 to 10 hr, more preferably from 0.05 to
2 hr. The reaction temperature means the temperature of the inside of the
continuous multi-stage distillation column. The reaction temperature varies
depending on the types of the starting material and the reactant, but Is
generally chosen In the range of from 50 to 350 QC, preferably from 100 to
280 "C. The reaction pressure 15  varies depending on the types of the
starting material and reactant and the reaction temperature, and it may be
any of a reduced pressure, an atmospheric pressure and a superatmospheric
pressure. The pressure Is generally in the range of from 13,3 Pa (0.1 mmHg)
to 200 kg/cm2. It Is not always necessary to use a solvent in the present
invention. For the purpose of facilitating the re- action operation, an
appropriate inert solvent, such as ethers, aliphatic hydrocarbons, aromatic
hydrocarbons, 20  halogenated aliphatic hydrocarbons and halogenated
aromatic hydrocarbons, may be used as a reaction adi- vent. An inert gas,
such as nitrogen, helium, argon And the like, may be present in the
reactionsystem as a material Inert to the reaction. Further, the
above-mentioned Inert gas and a reaction-inert low boiling point organic
compound may be introduced In a gaseous form to the lower portion of the
continuous multi-stage 25  distillation column for the purpose of
accelerating the distilling-off of a produced low boiling point by-product.
In order to explain the process of the present invention Illustratively, a
mode of the process using a single continuous multi-stage distillation
column Is described below. The present invention, however is not restricted
to the following mode of the process. For example, as shown In Fig. 1, both
a mixed feedstock comprised of a starting material and a reactant 30  and a
catalyst are continuously fed from feeding pipe 2 through preheater 5 to
continuous multi-stage distil- lation column I provided with reboiller 10
and condenser 13, and the column bottom liquid Is heated by reboiler 10,
thereby effecting reaction and distillation. A liquid component containing
an aromatic carbonate which is a high boiling point product produced in the
presence of the catalyst within the continuous multi-stage distil- lation
column, is continuously withdrawn from the lower portion of the column as
column bottom liquid 19. A 35  gaseous component containing a low boiling
point product which is a by-product Is continuously withdrawn as column top
gas 12, and condensed by condenser 13, and then continuously withdrawn as
column top liquid 16. A portion of the column top liquid may be refluxed to
the upper portion of the continuous multi-stage dis- tillation column from
15. i           As shown in Fig. 2, both a mixed feedstockc comprised of a
starting material and a reactant and a catalyst 40  are continuously fed
from feeding pipe 2 through preheater 5 to continuous multi-stage
distillation column 1, while the starting material or the reactant,
whichever is lower in boiling point, is introduced from feeding pipe 



8', evaporized by evaporator 10' and then continuously fed to the lower
portion of continuous multi-stage dig- tillation column 1, thereby
effecting reaction and distillation. A liquid component containing an
aromatic car- bonate which Is a high boiling point product producel In the
presence of a catalyst within the continuous multi- 45  stage distillation
column, Is continuously withdrawn as column bottom liquid 19 from the lower
portion of the column. A gaseous component containing a low boiling point
product which Is a reaction by-product is contin- uously withdrawn as
column top gas 12 and condensed by condenser 13, and then continuously
withdrawn as column top liquid 16. In the process of the present Invention,
a diaryl carbonate can be continuously produced with Improved 50
efficiency from a dialkyl carbonate and an aromatic 4ydroxy compound by the
use of a plurality of; particularly two, continuous multi-stage
distillation columns. That Is, in the second aspect of the present
Invention, there is provided a process according to the above- mentioned
essential aspect of the present invention, wherein the continuous
multi-stage distillation column is used as a first continuous multi-stage
distillation column and has a second continuous multi-stage distil- 56
lation column connected thereto and wherein the starting material and the
reactant which are continuously fed to the first continuous multi-stage
distillation column are, respectively, a dialkyl carbonate represented by
15    EP 0 461 27481 ;-~~~~~~~~~~~~~~~~~
.... : ::-~~~~~~~~~~~~~~~~~~~~- ..and an aromatic hydroxy compound
represented byAr'OH, the aromatic carbonate or aromatic carbonate mix- ture
contained In the produced high boiling point reaction mixture continuously
withdrawn from the lower por- tion of the first distillation column is an
alkyl aryl carbonate represented by 10 RIOCOAr1 15 In which Riand Ari are
as defined above, and the by-product contained In the produced low boiling
point re- action mixture continuously withdrawn from the upper portion of
the first distillation column is an aliphatic alcohol represented by R1OH,
and which process further comprises continuously feeding the produced high
boiling point reaction mixture continuously withdrawn from the lower
portion of the first distillation column 20  and containing the alkyl aryl
carbonate represented by R OCOAr1 250 In which R' and Arl are as defined
above, and an alkyl aryl carbonate reactant represented by .U(a)    90
R30COAr3, I 00 In which R3 is the same as or different from RI and Ar Is
the same as or different from Ar1 with the proviso 35  that RW and Ar3 are,
respectively, not simultaneously the same as R' and Ar1, to the second
continuous multi- stage distillation column to effect a liquid phase and/or
gas-liquid phase transesterification-reaction there- between In the
presence of a catalyst In the second distillation column, thereby producing
a high boiling point reaction mixture containing a diaryl carbonate or
diaryl carbonate mixture represented by Ar OCOAr', Ar OCOAr3 and/or
Ar3OCOAr3, 0              00 46  in which Ar1 and Ar3 are as defined above,
and a low boiling point reaction mixture containing a dialkyl carbonate
by-product represented by R OCOR3, R OCOR3, 0           0 



andlor 55~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .~~~~~~~~~~~~~~~
R30COR3, : - !~~~~~~~~~~~~~~~~~~~~~~~~~~~ . _   , . . .. ~ ~ ~ ~ ~ ~ ':~ ~
~ ~ ~ ~ ~ ~~~~~~~1    EP 0 41 274 B1 in which R' and R3 are as defined
above, wherein the produced high boiling point reaction mixture Is contin-
uously withdrawn In a liquic form from a lower portion of the second
distillation olumnmand the low boiling point reaction mixture Is
continuously withdrawn In a gaseous form from an upper portion of the
second dis- 5   tillation column by distillation. In the above-mentioned
method according to the second aspect of the present invention, it Is
preferred that the catalyst be a catalyst which Is soluble In the liquid
phase, being present in a state:dissolved in the liquid phase within at
least one of the first continuous multi-stage distillation column and the
second contin- uous multi-stage distillation column, and/or that the
catalyst be a solid catalyst which Is substantially Insoluble 1o  In the
liquid phase, being disposed, Ina state undissolved In the liquid phase,
within at least one of the first continuous multi-stage distillation column
and the second continuous multi-stage distillation column. When Rs 19the
same as R1 and Ar Is different from Arit is desirable to recycle the low
boiling point re- action mixture withdrawn from the upper portion of the
second continuous multi-stage distillation column and containing a dialkyl.
carbonate represented by 15 R OCOR3 i:20 *to the first continuous
multi-stage distillation column. In the third aspect of the present
invention, there is provided a process according to the above-mentioned
essential aspect of the present Invention, wherein the continuous
multi-stage distillation column Is used as a first continuous multi-stage
distillation column andc has a second continuous multi-stage distillation
column 25  connected thereto and wherein the starting material and the
reactant which are continuously fed to the first continuous multi-stage
distillation column are, respectively, a dialkyl carbonate represented by
R. COR 0    30                                               I 0 and an
aromatic hydroxy compound represented by Ar1OH, the aromatic carbonate
orarolmatic carbonate mix- ture contained in the produced high boiling
point reaction mixture continuously withdrawn from the lower por- 35  tion
of the first distillation column is an alkyl aryt carbonate represented by
R OCOAr' 40                                             0 in which R' and
Ar' are as defined above, and the by-product contained in the produced low
boiling point re- action mixture continuously withdrawn from the upper
portion of the first distillation column is an aliphatic alcohol
represented by R1OH, and which process further comprises continuously
feeding the produced high 45  boiling point reaction mixture continuously
withdrawn from the lower portion of the first distillation column and
containing the alkyl aryl carbonate represented by R OCOAr to the second
continuous multi-stage distillation column to effect a liquid phase andlor
gas-liquld phase, same species-intermolecular transesterification reaction
between molecules of the alkyl aryl carbonate In the pres- 6s   ence of a
catalyst in the second distillation column, thereby producing a high
boiling point reaction mixture 



containing a diaryl carbonate represented by 17    EP 0 461 274 B1
ArldCOAr1: 1 5                                              0 in which Arl
is as defined above, and a low boiling point reaction mixture containing a
dialkyl carbonate by- product represented by 10 R1OCOR1, I 15   wherein the
produced high boiling point reaction mixture is continuously withdrawn In a
liquid form from a lower portion of the second continuous multi-stage
distillation column and the low boiling point reaction mixture Is
continuously withdrawn by distillation In a gaseous formfrom an upper
portion of the second continuous multi- stage distillation column. In the
above-mentioned third aspect as well, It Is preferred to recycle the low
boiling point reaction mixture \A/'  20  withdrawn from the upper portion
of the second continuous multi-stage distillation column and containing the
dlalkyl carbonate represented by RLO'COR1 25
1 0 to the first continuous multi-stage distillation columnn. In the method
according to the above-mentioned third aspect, it Is preferred that the
catalyst be a catalyst 3o  which Is soluble In the liquid phase, and Is
present In a state dissolved in the liquid phase within at least one of the
first continuous multi-stage distillation column and the second continuous
multi-stage distillation col- umn, andlor that the catalyst be a solid
catalyst which Is substantially insoluble In the liquid phase, and Is dis-
posed;.In a state undissolved in the liquid phase within at least one of
the first continuous multi-stage distil- lation column and the second
continuous multi-stage distillation column. 35      When the catalyst isa
catalyst which is soluble in the liquid phase, it is preferred that the
catalyst be present In a state dissolved In the liquid phase within each of
the first continuous multi-stage distillation column and the second
continuous multi-stage distillation column, wherein the respective
catalysts used in the first and second distillation columns are the same or
different. K-            When a catalyst which Is soluble In the liquid
phase of such a reaction system is used, it is desirable to 40  add a
catalyst separation step so as to enable the catalyst to be recycled. That
is, when part or all of the catalyst used In the first continuous
multi-stage distillation column Is present In a state dissolved in the
liquid phase, it is preferred that In feeding to the second continuous
multi-stage distillation column the high boiling point reaction mixture
withdrawn in liquid form from the lower portion of the first distillation
column, the withdrawn high boiling point reaction mixture In liquid form be
introduced to a first evaporator to effect a separation of 46  the reaction
mixture Into an evaporated component containing the alkyl aryl carbonate
represented by RIOCOAr  . *       ~~~50
0 and a residual liquid having the catalyst dissolved therein, and that
part or all of evaporated component be continuously fed to the second
continuous multi-stage distillation column, while recycling part orall of
the re- sidual liquid containing the dissolved catalyst to the first
continuous multistage distillation column. 5s      The residual liquid
separated by the first evaporator may contain a small amount of feedstock
(a dialkyl carbonate andlor an aromatic hydroxy compound), an aromatic
carbonate (an alkyl aryl carbonate and/or a diaryl carbonate) and other
high boiling point by-products In addition to the catalyst component. 



In the method according to this third aspect, when part or all of the
catalyst present In the second contin- uous multi-stage distillation column
is in a state dissolved in the liquid phase, it Is preferred to introduce
the 18    EP 0 461 274 BI high boiling point reaction mixture withdrawn In
liquid form from the lower portion of the second distillation column to a
second evaporator to effect a separation of the reaction mixture into an
evaporated component containing a diaryl carbonate represented by 5 Ar
OCOAr II 0 .                                                            ..
. ..  ... .    . ..  ..  .   .   . . . . . . . .. ... ........ ....... ..
..........~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ..   . ... .. .. .     . .
.   .. 10 and a residual liquid having the catalyst dissolved therein, and
thereafter to recycle part or all of the residual liquid containing the
dissolved catalyst to the second continuous multi-stage distillation
column. The residual liquid separated by the second evaporator may contain
a small amount of each of an aromatic hydroxy compound, an alkyl aryl
carbonate, a diaryl carbonate and other high boiling point by-products, in
ad- 16 dition to the catalyst component. Such catalyst separation and
recycling steps may be applied to either one or both of the high boiling
point reaction mixture withdrawn In liquid form from the lower portion of
the first continuous multi-stage distillation column and the high boiling
point reaction mixture withdrawn In liquid formfrom the lower portion of
the second continuous multi-stage distillation colum. 20      When other
high boiling point by-products than the desired products are contained in
these residual liquids containing the catalyst, part or all of the residual
liquids may be taken-out and subjected to treatment for re- moving the high
boiling point by-products prior to recycling the residual liquids. In the
process of the present invention, the high boiling point reaction mixture
containing the desired ar- omatic carbonate which Is withdrawn from the
lower portion of the continuous multi-stage distillation column, 25  can be
subjected to the conventional method for separation and purification, such
as distillation, crystalliza- tion and the like, to thereby isolate the
desired aromatic carbonate. Best Mode for Carrying Out the Invention C)
s      The present Invention will be described In greater detail with
reference to the following examples, which should not be construed as
limiting the scope of the present Invention. Example I 35      Amixture of
dimethyl carbonate, phenol and a catalyst was continuously fed in a liquid
form to continuous multi-stage distillation column 1 at a position I m
below the top thereof, which column was comprised of a packed column of 4 m
In height and 3 Inches in diameter and packed with a stainless steel-made
Dixon packing (about 6 mm in diameter), from feeding pipe 2 through
preheater 5 and conduit 6, as shown In Fig. 1. The ther- mal energy
necessary for reaction and distillation was supplied by heating the liquid
In the bottom of the die- 40 tillation column with reboller 10 and
circulating the heated liquid through conduit II. Reaction conditions are
shown In Table 1. The liquid containing the catalyst and containing methyl
phenyl carbonate and diphenyl car- bonate as reaction products was
continuously withdrawn from bottom 18 of the distillation column through
conduits 8 and 19. Results of the reaction are shown In Table 1. The
reaction liquid (reaction mixture) contained 0.02 % by weight of anisol
which was considered to have been formed by side reaction (decarboxylation
re- 45 action) of methyl phenyl carbonate. These results show that the
selectivity for anisol relative to the phenol is 0.8 %. Gas distilled from
conduit 12 disposed at top 17 of the column was condensed by means of
condenser 13. A portion of the resultant condensate was recycled into
distillation column I through conduit 15, and the rest of the condensate
was continuously withdrawn through conduit 16. From the condensate,
methanol was 



obtained as a low boiling point reaction product. 80 Comparative Example I
12.6 kg of a mixture having the same composition as used in Example I was
charged from feeding pipe 61 Into autoclave type tank reactor 62 having a
capacity of 15 liters and provided with distillation column 63 55  of I m
In height and 1 inch In diameter [packed with a stainless steel-made Dixson
packing (about 6 mm in diameter)] and stirrer 71 as shown in Fig. 6. Tank
reactor 62 was heated by means of electric furnace 70, while stirring, so
as to keep the temperature of the mixture constant at 204 OC, thereby
perform reaction. The gas distilled from top 69 of distillation column 63
was led through conduit 64 Into condenser 65, in which conden- sation was
effected. A portion of the resultant condensate was recycled through
conduits 66 and 67, and the 19    EP 0 461 274 Bi rest of the condensate
was continuously withdrawn at a rate of 2.1 kg/hr through conduit 68.
Reflux ratio was 0.8. At the time when 4.2 kg of condensate was with irawn,
tank reactor 62 was cooled and the reaction mixture was withdrawn through
conduit 72. The quantity of the withdrawn liquid was 8.4 kg. The ratio of
the quantity 5   of the liquid remaining in the tank reactor to that
charged into the tank reactor In this Comparative Example was the same as
the ratio of the quantity of the column bottom liquid withdrawn through
conduit 19 to the quantity of the liquid fed through conduit 6 In Example
1. The distillation rates of the distillates formed by con- densing the
gaseous components were also the same. Analyses showed that the reaction
mixture contained 1.8 % by weight of methyl phenyl carbonate, 0.01 % by
weight of diphenyl carbonate and 0.07 % by weight of 1o  anisol. The amount
of product obtained per kg of the reaction mixture and per hour was 9
g/kg.hr for methyl phenyl carbonate and 0.05 g/kg-hr for diphenyl
carbonate. The selectivity of the aromatic carbonate based on the phenol
converted was 94 % for methyl phenyl carbonate and I % for diphenyl
carbonate. The selectivity of the by-produced anisol based on the phenol
converted was 5 %. When substantially the same reaction as mentioned above
was conducted for 4 hr, the selectivity of the by-produced anisol changed
to 7 %. 15     From the results of Example 1, In which the production rate
of methyl phenyl carbonate was 34 g/kg.hr (97 % In selectivity), that of
diphenyl carbonate 0.5 glkg-hr (2 % in selectivity) and the selectivity of
the by- produced anisol was 0.8 % (constant independently of the lapse of
the reaction time), it Is apparent that the method of the present invention
Is an excellent method which can produce an aromatic carbonate not only at
a high reaction rate In a high yield (high productivity per unit time) with
a high selectivity but also in a continuous N>    20  fashion, as compared
with the method (Comparative Example 1) in which a batch type tank reactor
provided only with a distillation column at an upper portion thereof Is
used. Examples 2 to 4 25     Using the same apparatus as In Example 1, tie
reaction was carried out under the reaction conditions shown In Table 1.
Results are shown in Table 1. Example 5 C)    30  A mixture of dimethyl
carbonate, phenol and a catalyst was continuously fed In a liquid form to
continuous multi-stage distillation column I at a position I m below the
top thereof, which column was comprised of a packed column of 4 m in height
and 3 Inches in diameter and packed with a stainless steel-made Dixon
packing (about 6 mm In diameter), from feeding pipe 2 through preheater 5,
as shown In Fig. 2. Simultaneously, dime- thyl carbonate (which may contain
a small amount of phenol) was introduced from feeding pipe 8' so as to 35
continuously feed the same through evaporator 10' Into the bottom portion
of distillation column  -in a gaseous form. Reaction conditions are shown
in Table 2. High boiling point reaction products containing methyl phenyl
carbonate and diphenyl carbonate as reaction products were continuously
withdrawn from the bottom of the column through conduit 19. Gas distilled
from the top of the column was led through conduit 12 Into condenser 13 In
which the gas was condensed. Methanol as a low boiling point product, was
obtained from the liquid 40  which was continuously withdrawn through
conduit 16. Results of the reaction are shown in Table 2. 



Examples 6 to 9 Using the same apparatus as In Example 5, the reaction was
carried out under the reaction conditions 45  shown in Table 2. Results are
shown In Table 2. Example 10 A reaction was carried out in substantially
the same manner as described in Example 5, except that a 20- 50  stage
plate column of 6 m in height and 10 Inches in diameter provided with sieve
trays was used Instead of a packed column as a continuous multi-stage
distillation column as shown In Fig. 2 and the reaction was con- ducted
under the reaction conditions indicated in Table 2. The feedstock mixture
and catalyst to be introduced from feeding pipe 2 through preheater 5 were
continuously fed to the column at a position 0.5 m below the top thereof.
Results are shown In Table 2. 65 Example 11 A reaction was continuously
carried out In substantially the same manner as described In Example 1 ex-
cept that a mixture of methyl phenyl carbonate and a catalyst was
continuously fed instead of a mixture of 20    EP 0 461 274 i31 dimethyl
carbonate, phenol and a catalyst and that the reaction was conducted under
the reaction conditions indicated in Table 3. As a consequence of the
reaction, from column bottom 18 of the continuous multi-stage distillation
column, a column bottom liquid containing catalystcomponents and diphenyl
carbonate as a desired 5   product was continuously withdrawn through
conduit 19. A condensate of gaseous components from the col- umn top was
continuously withdrawn through conduit 16. This condensate contained a
small amount of anisol, and the other component of the condensate was
diemethyl carbonate as a low boiling point reaction product. The
selectivity of the by-produced anisol based on the methyl phenyl carbonate
converted was 0.7%. Results of the reaction are shown in Table 3. 10
Comparative Example 2 To the same apparatus used In Comparative Example
1,12.6kg of a mixture ofthe same composition as used In Example 11 was
charged through conduit 61. Areaction was conducted in substantially the
same man- 15  ner as described In Comparative Example 1, except that the
liquid temperature was maintained at 195 OC dur- ing the reaction by
heating tank reactor 62 by means of electric furnace 70 while stirring,
that a condensate of gaseous components from the column top was
continuously withdrawn through conduit 68 at a rate of 1.0 kg/hr, and the
reflux ratio was 2.1. The reaction was carried out for 3 hours from the
start of the withdrawal, and 3.0 kg of condensate was withdrawn. After
cooling tank reactor 62, the reaction mixture was withdrawn 20  through
conduit 72, which weighed 9.6 kg. The ratio of the amount of withdrawn
condensate to that of with- drawn liquid from the tank reactor In this
comparative example was the same as the ratio of the amount of withdrawn
condensate from the column top to that of withdrawn liquid from the column
bottom in Example 11. Analyses showed that the reaction mixture contained
67.3 % by weight of diphenyl carbonate. The amount of diphenyl carbonate
produced per kg of the reaction mixture and per hour was 224 glkg-hr. The
selectivity of 25  the diphenyl carbonate based on the methyl phenyl
carbonate converted was 95 %. By the analysis of the condensate from the
column top, by-produced anisol was detected. The selectivity of the anisol
based on the methyl phenyl carbonate converted was 5 %. Comparison of this
result with the result obtained in Example 11 shows that diaryl carbonate
can be produced at a higher yield and with a higher selectivity according
to *          the process of the present invention. J30 Examples 12 to 17
Using the same apparatus used In Example 11, the experiment was carried out
under the reaction con- ditions indicated in Table 3. Results are shown in
Table 3. 



35 Example 18 Using the same apparatus used in Example 5, a reaction was
carried out in substantially the same manner as described In Example 5 by
continuously feeding a mixture of methyl phenyl carbonate and a catalyst
from 40  feeding pipe 2 through preheater 5, and further introducing methyl
phenyl carbonate from feeding pipe 8' so as to continuously feed through
evaporator 10' and conduit 11 to the column bottom of distillation column I
In a gaseous form. Reaction conditions are indicated In Table 4. A liquid
containing diphenyl carbonate as a reaction product was continuously
withdrawn from the bottom of the continuous multi-stage distillation col-
umn. Further; the gas distilled from the top of the column was condensed by
means of condenser 13, and 45 continuously withdrawn through conduit 16.
From the thus obtained condensate, dimethyl carbonate was ob- tained as a
low boiling point reaction product. Results are shown in Table 4. Examples
19 to 20 s0     Using the same apparatus as used in Example 18, a reaction
was carried out under the reaction conditions indicated In Table 4. Results
are shown In Table 4.; In Example 19, the reaction was carried out by
Introducing phenol from feeding pipe 8'. As a result, me- thanol and
dimethyl carbonate were contained in the condensate from the top of the
column. a5   Example 21 A reaction was carried out in substantially the
same manner as described In Example 18, except that the aime plate column
used in Example 10 was used as a continuous multistage distillation column,
that a feed- stock and a catalyst were continuously fed Into the column at
a position 0.5 m below the top thereof, and the 21    EP 0 461 274 B1
reaction conditions were as shown in Table 4. Results are shown in Table
4..cp5 Example 22 5 (Preparation of catalyst) 20 kg of diphenyl carbonate
and 4 kg of lead monoxide were heated at 180 0C for 5 hours to evolve
carbon dioxide gas. Then, the most part of the remaining diphenyl carbonate
was distilled off under a pressure of 1,3 io kPa (10 mmHg), and the
resultant product was allowed to cool down In a nitrogen atmosphere,
thereby ob- taining a catalyst (Catalyst A). (Production of diphenyl
carbonate) i5     An apparatus comprising two continuous multi-stage
distillation columns as shown in Fig. 3 was em- ployed. Reaction was
performed by continuously feeding in a liquid form a mixture of dimethyl
carbonate phe- nol and Catalyst A to first continuous multi-stage
distillation column 1' at a position 1 m below top 17 thereof, which column
was comprised of a packed column of 4 m In height and 3 inches In diameter
and packed with stainless steel-made Dixon packing (diameter: about 6 mm),
from material feeding pipe 2 through conduit 4, X-   20  preheater 5 and
conduit 8, thereby allowing the mixture to flow down the inside of the
first continuous multi- stage distillation column. The thermal energy
necessary for reaction and distillation was supplied by circulat- ing the
column bottom liquid through conduits 8 and 9, reboiler 10 where heating
was effected and conduit 11. The gas continuously distilled from column top
17 was led through conduit 12 to condenser 13 where the gas was condensed.
A portion of the resultant condensate was recycled to first continuous
multi-stage distil- 25 lation column 11 through conduits 14 and 15 and the
rest of the condensate was continuously withdrawn through conduit 16. From
the withdrawn condensate, a low boiling pointcomponent containing methanol
which was a low boiling point reaction product was obtained. A high boiling
point component containing the catalyst component and methyl phenyl
carbonate was continuously withdrawn from column bottom 18 through conduits
8 and 19. 30      Next, reaction was performed by continuouslyfeeding in a
liquid form the liquid withdrawn from the bottom 



of the first reaction distillation column to second continuous multi-stage
distillation column 20 at a position I m below column top 26, which column
was comprised of a packed column of 4 m In height and :3 Inches in diatemer
and packed with stainless steel-made Dixon packing (diameter: about 8 mm),
through conduit 19, thereby allowing the liquid to flown down the Inside of
the second continuous multi-stage distillation column. 35 The thermal
energy necessary for distillation was supplied by circulating the column
bottom liquid through conduits 28.and 29, reboiler 30 where heating was
effected, and conduit 31. In this second continuous multi- stage
distillation column, the catalyst which had been used in the first
continuous multi-stage distillation ool- umn for the formation of an alkyl
aryl carbonate and which had not been separated, as such, was utilized as a
catalyst for the formation of a diaryl carbonate. The gas containing
dimethyl carbonate, which was contin- - 40  uously distilledfrom column top
26, was led through conduit2l to condenser22 where the gas was condensed.
Aportion of the condensate was recycled to second continuous multi-stage
distillation column 20 through con- duits 23 and 24. The rest of the
condensate was continuously withdrawn through conduits 23 and 25 and re-
cycled to first continuous multistage distillation column 1' through
conduit 4, preheater 5 and conduit 6. A high boiling point component
containing the catalyst and diphenyl carbonate was continuously withdrawn
from 45 bottom 27 of second continuous multi-stage distillation column 20
through conduits 28 and 32. The conditions for reaction and the results
attained after the steady state, are shown In Table 5. Example 23 50
(Preparation of catalyst) 20 kg of phenol and 4 kg of dibutyltin oxide were
heated at 180 QC for 10 hours while distilling off water being formed
together with phenol. Then, the most part of the remaining phenol was
distilled off under at- mospheric pressure, and the resultant productwas
allowed to cool In a nitrogen atmosphere, therebyobtaining 56 a catalyst
(Catalyst B). (Production of diphenyl carbonate) Using the same apparatus
as in Example 22, substantially the same procedure as In Example 22 was
per- 22    EP 0 461 274 R1 formed except that Catalyst B was employed
instead of Catalyst A. The reaction conditions and the results attained
after the steady state had been reached, are shown in Table 5. 5   Example
24 (Preparation of catalyst) 20 kg of methyl phenyl carbonate and 4 kg of
plumbous acetate were heated at 180 0C for 10 hours. Then, 10  the most
part of the remaining methyl phenyl carbonate was distilled off under a
pressure of 13 kPa (100 mmHg), and the resultant product was allowed to
cool In a nitrogen atmosphere, thereby obtaining a catalyst (Catalyst C).
(Production of diphenyl carbonate) 15 The apparatus shown in Fig. 4 was
employed. Reaction was performed by continuously feeding In a liquid form a
mixture of dimethyl carbonate, phenol and Catalyst C to first continuous
multi-stage distillation column 1' at a position I m below column top 17,
which column was comprised of a packed column of 4 m In height and 3 inches
In diameter and packed with stainless steel-made Dixon packing (diameter:
about 6 mm), from 2o  material feeding pipe 2 through conduit4, pre-heater5
and conduit 6, thereby allowing the mixture toflow down the Inside of first
continuous multi-stage distillation column 1'. The thermal energy necessary
for reaction and distillation was supplied by circulating through conduit
9', evaporator 10' where heating was effected and con- dult 11, a portion
of the dimethyl carbonate-containing low boiling point component returned
from second con- tinuous multi-stage distillation column 20 described
below, together with fresh dimethyl carbonate fed from 25  feeding pipe 8'.
The gas distilled from column top 17 was led through conduit 12 to
condenser 13 where the gas was condensed, and the condensate was
continuously withdrawn through conduit 16. From the conden- 



sate, a low boiling point reaction mixture containing methanol which was a
reaction product was obtained. A high boiling point reaction mixture
containing methyl phenyl carbonate and catalyst components was contin-
uously withdrawn from column bottom 18 through conduit 19. kf    30  Next,
a reaction was performed by continuously feeding in a liquid form the
liquid withdrawn from the bot- tom of first continuous multi-stage
distillation column 1' to second continuous multi-stage distillation column
20 at a position 1 m below column top 26, which column was comprised of a
packed column of 4 m In height and 3 Inches in diameter and packed with
stainless steel-made Dixon packing (diameter:.about 6 mm), through conduit
19, thereby allowing the liquid to flow down the inside of second
continuous multi-stage distillation 35  column 20. The thermal energy
necessary for distillation was supplied by circulating the column bottom
liquid through conduits 28 and 29, reboller 30 where heating was effected,
and conduit 31. In this second continuous multi-stage distillation column
20, the catalyst used in first continuous multi-stage distillation column
1' for the formation of an alkyl aryt carbonate and which had not been
separated, was utilized as Itwas, as a catalyst for the formation of a
diaryl carbonate. The gas containing dimethyl carbonate, which was
continuously dis- 40  tilled from column top 26, was led through conduit 21
to condenser 22where the gas was condensed.Aportion of the condensate was
recycled to second continuous multi-stage distillation column 20 through
conduits 23 and 24. The rest of the condensate was continuously withdrawn
through conduits 23 and 25 and recycled to firstcontinuous multi-stage
distillation column 1' through condults3and 4, preheater5 and
conduit8.Aportion of the condensate withdrawn through conduit 25 was
recycled to the lower portion of continuous multi-stage 45  distillation
column 1' through conduit 7 and evaporator 10'. A high boiling point
reaction mixture containing the catalyst component and diphenyl carbonate
was continuously withdrawn from bottom 27 of second con- tinuous
multi-stage distillation column 20 through conduits 28 and 32. The reaction
conditions and the results attained after the steady state, are shown In
Table 5. 60  Example 25 Using the same apparatus as In Example 24,
substantially the same procedure as In Example 24 was per- formed except
that p-cresol was employed Instead of phenol. The reaction conditions and
the results attained after the steady state, are shown In Table 5. 55
Example 26 Using the same apparatus as in Example 24, substantially the
same procedure as in Example 24 was per- formed except that diethyl
carbonate was employed instead of dimethyl carbonate. The reaction
conditions 23    EP 0 461 274 81 and the results attained after the steady
state, are shown in Table 5. Example 27 5 (Preparation of catalyst) 15 kg
of phenol, 5 kg of methyl phenyl carbonate, and 4 kg of dibutyltin oxide
were heated at 180 0C for 10 hours while distilling off water being formed
together with phenol. Then, the most part of each of the re- - 10  malning
phenol and the remaining methyl phenyl carbonate was distilled off under
atmospheric pressure, and the resultant product was allowed to cool in a
nitrogen atmosphere, thereby obtaing a catalyst (Catalyst D). (Production
of diphenyl carbonate) 15     Using the same apparatus as in Example 24,
substantially the same procedure as in Example 24 was per- formed except
that Catalyst D was employed instead of Catalyst C. The reaction conditions
and the results attained after the steady state, are shown in Table 5. 2
Example 28 ... <, 20 Using the same apparatus as in Example 24,
substantially the same procedure as In Example 24 was per- 



formed except that tetraphenoxy titanium was employed Instead of Catalyst
C. The reaction conditions and the results attained after the steady state,
are shown in Table 5. 25  Example 29 (Preparation of catalyst) 20kg of
phenol and 4kg of lead monoxide were heated at 1800 Cfor 10 hours while
distilling off water )-~   30  being formed together with phenol, thereby
obtaining a catalyst (Catalyst E). (Production of diphenyl carbonate) An
apparatus as shown In Fig. 5 was employed. Reaction was performed by
continuously feeding In a 3S  liquid form a mixture of dimethyl carbonate,
phenol and Catalyst E to first continuous multi-stage distillation column
1' at a position 0.5 m below column top 17, which column was comprised of a
20-plate column of 6 m in heightand 10 inches In diameter and provided with
sieve trays, frommaterial feeding pipe 2 through conduits 4 and 39,
preheater 5 and conduit 6, thereby allowing the mixture to flow down the
Inside of theifirstcontinuous multi-stage distillation column 1'. The
thermal energy necessary for reaction and distillation was supplied by 40
heating with evaporator 10 a portion of the low boiling point reaction
mixture returned from second continuous multi-stage distillation column 20
described below through conduits 24,25 and 7. togetherwlth fresh dimethyI -
-          carbonate fed from feeding pipe 8' and through conduit 9', and
circulating the heated mixture through conduit 11. The gas distilled from
column top 17 was led through conduit 12 to condenser 13 where the gas was
con- densed , and the condensate was continuously withdrawn through conduit
16. From the withdrawn condensate, 45  a low boiling point reaction mixture
containing methanol which was a low boiling point reaction product was
obtained. The reaction mixture continuously withdrawn from column bottom 18
was introduced into evaporator 33 through conduit 19. The residual liquid
in evaporator 33 containing the catalyst for the formation of methyl phenyl
carbonate was returned from the bottom of, evaporator 33 to first
continuous multi-stage distillation column 1 'through conduits 34, 38 and
39, preheater 5 and conduit 6. The feeding of catalyst E through conduit :0
2 was stopped at the time when the concentration of the catalyst being
recycled had reached a predetermined value. The vaporized product
containing methyl pheqyl carbonate generated In evaporator 33 by
circulating a portion of the residual liquid flowing out of evaporator 33
through conduit 34, to evaporator 33 through conduit 35, reboller 36 and
conduit 37, was continuously fed to second continuous multi-stage
distillation column 20 65  comprised of a plate column of 6 m in height and
10 inches in diameter and provided with a 20-stage sieve tray, through
conduit 40 and from feeding pipe 41 positioned 1.5 m below column top 26.
The catalyst (Catalyst E) for the formation of diaryl carbonate was
continuously fed In a liquid form to second continuous multi-stage
distillation column 20 through conduit 51 and from feeding pipe 48
positioned 1.5 m below the column top. The most part of the gaseous methyl
phenyl carbonate fed to second continuous multi-stage distillation column
24    EP 0 461 274 B1 20 Is liquefied In the columrnd the resultant liquid
flows down tl~. inside of the column together with the -catalyst, thereby
effecting tlireaction. The thermal energy necessary for reaction and
distillation was sup- plied by circulating the column bottom liquid from
column 20 through conduits 28 and 29, rebolier 30 where 6   the liquid was
heated, and conduit 31 so thatthe liquid was returned to column 20. Alow
boiling point reaction *   mixture containing dimethyl carbonate and
continuously distilled from column top 26 was led through conduit 21 to
condenser 22 where condensation was effected. A portion of the resultant
condensate was recycled to second continuous multi-stage distillation
column 2b through conduits 23 and 24. The rest of the condensate was
continuously withdrawn through conduits 23 and 25 and recycled to first
continuous multi-stage distilla- fO tion column 1' through conduits 3, 4
and 39, preheater 5 and conduit 6. A portion of the condensate continu-
ously withdrawn through conduit 25 was recycled to the lower portion
offirstcontinuous multi-stage distillation column 1 'through conduits 7 and
9', evaporator 10' and conduit 11. A high boiling point reaction mixture
con- taining the catalyst and diphenyl carbonate and which was continuously
withdrawn from bottom 27 of second 



continuous multi-stage distillation column 20 was Introduced to second
evaporator 42 through conduits 28 15  and 32. The vaporized product
generated in evaporator42 by circulating a portion of the residual liquid
flowing out of evaporator 42 through conduit 43, to evaporator 42 through
conduit 44, reboiler 45 and conduit 46, was continuously withdrawn In a
liquid form through conduit 52, condenser 49 and conduit 50. The vaporized
prod- uct contained diphenyl carbonate as the main ingredient. The residual
liquid in evaporator 42 containing the c atalyst for the formation of
diaryl carbonate was recycled from the bottom of evaporator 42 to second
contin- 20  uous multi-stage distillation column 20 through conduits 43,47
and 48. The feeding of catalyst E through con- dult 51 was stopped when the
concentration of the catalyst being recycled had reached a predetermined
value. The flow rates and the compositions at portions of the apparatus are
shown In Table 6. The reaction conditions and the results attained after
the steady state had been reached, are shown In Table 7. 25  Example 30
(Preparation of catalyst) 5kg of y-alumina (manufactured and sold byNkki
Co., Japan; ProductNo.611N)was packed into acylinder WJ.)    so30  made of
quartz glass (length: 100 cm; diameter.10 cm) and the cylinder was placed
in a tubular furnace. The Inside of the furnace was flushed with nitrogen
and the furnace was heated at 200 0C for 5 hours, thereby drying the
y-alumina. Next, into the cylinder, which had been heated to 200 OC, was
Introduced a (20 wt%) benzeie solution of tetramethoxy sliane for 10 hours
at a flow rat of 50 ml/hr, thereby treating the alumina. The thus treated
product was allowed to cool down in a nitrogen atmosphere, thereby
obtaining a catalyst (Cat- 35  alyst F); (Production of diphenyl carbonate)
Substantially the same procedure as In Example 24 was performed except that
a packed column of 2 m 40  In height and 1.5 Inches in diameter and packed
with Catalyst F was employed as each of the first continuous multistage
distillation column and the second continuous multi-stage distillation
column. The reaction con- ditions and the results attained after the steady
state had been reached, are shown in Table 5. Comparative Example 3 45 Into
the same apparatus as used In Comparative Example 1, which apparatus is
shown In Flg.6, charged through conduit 61 was 12.8 kg of a mixture of the
same composition as used In Example 23. Reaction was effected In
substantially the same manner as In Comparative Example I by heating tank
reactor 62 by means of electric furnace 70, while stirring, except that the
temperature of the reaction mixture was kept constant 60  at 202 'C and
that the condensate was continuously withdrawn through conduit 68 at a rate
of 1.0 kg Ihr. At the time when the amount of the condensate withdrawn from
the reactor had become 12.1 kg,. tank reactor 62 was cooled down and the
reaction mixture was withdrawn through conduit 72. The quantity of the
withdrawn reaction mixture was 0.7 kg. The ratio of the quantity of the
reaction mixture remaining In the tank reactor to that charged into the
tank reactor In this Comparative Example 3 was the same as the ratio of the
quantity of 58  the column bottom liquid withdrawn through conduit 28 to
the quantity of the liquid fed-through conduit 6 in Example 23. Analysis
showed that the reaction mixture contained 14.0 % by weight of formed
diphenyl car- bonate. The amount of diphenyl carbonate formed per kg of the
reaction mixture and per hour was 12 glkg-hr. The selectivity of the
diphenyl carbonate based on the phenol converted was 83 %. Analysis of the
column top condensate showed that anisole had been by-produced with a
selectivity of 8 % based on the phenol con- 25    EP O 461 274 B1 verted.
Comparison of the above results with the results of Example 23 (the
production rate of diphenyl carbonate: 524 glkg-hr; selectivity: 95 %)
shows that the method of the present Invention is an excellent method which
5   can produce diphenyl carbonate not only at a high reaction rate with a
high selectivity In a high yield but also In a continuous fashion. 
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55 Example 31 Using a distillation column as shown In Flg.2 as the first
continuous multi-stage distillation column, a mIx- 42    EP 0 461 274 B1
ture of dimethyl carbonate, para-cresol and Pb(OPh)2 [46 % by weight of
dimethyl carbonate, 54 % by weight of para-cresol, and 10 mmollkg of
Pb(OPh)2A was continuously fed at 7.0 kglhr from feeding pipe 2 through
preheater 5, and simultaneously, dimethyl carbonate was continuously fed at
2.8 kglhr from feeding pipe 8' 5   through evaporator 10' and conduit 11,
thereby effecting reaction at a temperature at column bottom of 205 'C and
at a pressure at column top of 6 kglcm2-G, while continuously withdrawing
as a condensate a gas com- ponent containing methanol at 5.0 kglhrfrom
column top 17 through conduit 12 and condenser 13, and on the other hand,
continuously withdrawing a column bottom liquid containing 30 % by weight
of methyl tolyl car- bonate at 4.8 kglhr from the column bottom through
conduit 19. Substantlally the same operation was performed using diethyl
carbonat, phenol and Pb(OPh)2, to thereby obtain a column bottom liquid
containing 28.8 % weight of ethyl phenyl carbonate. Adistillation column as
shown In Fig. 1 was used as the second continuous multi-stage distillation
column, and the column bottom liquid from the first continuous multi-stage
distillation column was continuously fed to the second continuous
multi-stage distillation column at 4.8 kg/hr from feeding pipe 2 through
preheater 5 i5 and conduit 6. Simultaneously, the above-mentioned column
bottom liquid containing ethyl phenyl carbonate was continuously fed at 5.0
kg/hr from the same feeding pipe 2. The temperature at the bottom of the
second continuous multi-stage distillation column was 200 oC, and the
pressure at column top 17 was 26 kPa (200 mmHg). A gas component containing
dimethyl carbonate, diethyl carbonate and methyl ethyl carbonate was
continuously withdrawn as a condensate at 7.7 kg/hr from column top 17
through conduit 12, condenser 13 20 and conduits 14 and 16. On the other
hand, the column bottom liquid was continuously withdrawn at 2.1 kg/hr
through conduits 8 and 19. 88 % by weight of the column bottom liquid was
diaryl carbonate comprising dl- phenyl carbonate, ditolyl carbonate and
phenyl tolyl carbonate, and the proportions of diphenyl carbonate:dl- tolyl
carbonate:phenyl tolyl carbonate were about 1:1:0.8. 25 Example 32. --By
substantially the same operation as that employed with the first continuous
multi-stage distillation col- umn in Example 25, a column bottom liquid
containing methyl tolyl carbonate was continuously withdrawn at 4.8 kg/hr
from dimethyl carbonate and para-cresol, and the withdrawn liquid was
continuously fed to the sec- 30 ond continuous multi-stage distillation
column while methyl phenyl carbonate was continuously fed to the sec- ond
continuous multi-stage distillation column at I .S6 kg/hr through conduit
19. The reaction conditions in the second continuous multi-stage column
were substantially the same as those of Example 25. From the time when
methyl phenyl carbonate was added, the amountof dimethyl carbonate in the
feed liquid fed from feeding pipe 2 was gradually decreased so as to obtain
a rate of 0.38 kg/hr. Instead, the amount of dimethyl carbonate 35 in the
feed liquid from conduit 6 was increased by 0.36 kg/hr. The Increase was
due to the fact that the reaction In the second continuous multi-stage
distillation column, In which transesterification occurred between methyl
tolyi carbonate and methyl phenyl carbonate, caused an increase In the
amount of the dimethyl carbonate formed as a low boiling point by-product
On the other hand, the column bottom liquid containing 90 % by weight of
diaryl carbonate comprised of 40 diphenyl carbonate, ditolyl carbonate and
phenyl tolyl carbonate was continuously withdrawn at 2 kg/hr from the
bottom of the second continuous multi-stage distillation column. The
proportions in the diaryl carbonate of diphenyl carbonate:ditolyl
carbonate:phenyl tolyl carbonate were about 1:1:0.75. Brief Description of
the Drawings 45 



Fig. 1, Fig. 2, Fig. 3, Fig. 4 and Fig. 5 are diagrams showing various
modes of processes for practicing the process of the present invention; and
Fig. 6 is a diagram of a reactor apparatus for use In the conventional
process described in Comparative Examples 1, 2 and 3. 50 Industrial
Applicability The process of the present Invention In which aicontinuous
multi-stage distillation column Is used to con- tinuously produce an
aromatic carbonate at a high reaction rate, with a high selectivity and in
a high yleid, can 56 be advantageously utilized in the mass production of
an aromatic carbonate, which is useful as a material for the production of
aromatic polycarbonates, whose utility as engineering plastics Is
Increasing In recent years, without using poisonous phosgene or as a
material for the production of various isocyanates. without using poisonous
phosgene. 43    EP 0 461 274 B1 Claims 1. .: A process for producing an
aromatic carbonate which comprises transesterifying a starting matria se-
lected from the group consisting of a dialkyl carbonate represented by
R1OCOR ', 10
: an alkylaryl carbonate represented by I 1.
. OC. 0 and a mixture thereof with a reactant selected from the group
consisting of an aromatic hydroxy com- 20      pound represented by Ar'OH,
an alkyl aryl carbonate represented by R30COAr3 I 25
0 and a mixture thereof, wherein each of RI, R2 and R3 Independently
represents an.alkyl group having 1 to 10 carbon atoms, an allcycilo group
having 3 to 10 carbon atoms or an aralkWy.group having 6 to 10 X carbon
atoms and each of Ar', Ai and Ar3 independently represents an aromatic
group having 5 to 30- 0    3o       carbon atoms, to thereby produce an
aromatic carbonate or aromatic carbonate mixture: corresponding to the
starting material and the reactant and rqpresented by ROCOAr 35
I 0 andlor 40 ArOCOAr, 45      wherein R and Ar are, respectively, selected
from RI, R2 and R3 and selected from Arl, A02 and ArO in cor- respondence
tothe starting material and the reactant and produce an aliphaticalcohol, a
dialkyl carbonate or a mixture thereof corresponding to the starting
material and the reactant and represented by ROH andlor 60 ROCOR, ::55
wherein R Is as defined above, as a by-product, characterized in that said
starting material and said re- actant are continuously fed to a continuous
multi-stage distillation column to effect a liquid phase and/or 



gas-liquid phase transesterif ication reaction thprebetween In the presence
of a catalyst in said distillation column, while continuously withdrawing a
high boiling point reaction mixture containing the produced ar- omatic
carbonate or aromatic carbonate mixture In a liquid form from a lower
portion of the distillation 44 1 111111!  11111 HE 1111 II IN * C   L  M S*
EP 0 461 274 B1- column and continuously withdrawing a low boiling point
reaction mixture containing the by-product In a. gaseous form from an upper
portion of the distillation column by distillation, thereby enabling the
aro- matic carbonate or aromatic carbonate mixture to be produced
continuously. 5 2. The process according to claim 1, characterized In that
said catalyst Is a catalyst which Is soluble In said liquid phase, and is
present In a state dissolved in said liquid phase within the continuous
muiti-stage dis- tillation column: andor that said catalyst.is a solid.
catalyst which is substantially Insoluble .in said..liquid phase, and is
disposed, in a state undissolved in said liquid phase within the continuous
multi-stage dis- 10      tiliatlon column. 3. The process according to
claim 1, characterized in that said continuous multi-stage distillation
column is used as a first continuous multi-stage distillation column and
has a second continuous multi-stage dis- tillation column connected thereto
and that the starting material and the reactant which are continuously fed
to the first continuous multi-stage distillation column are, respectively,
a dialkyl carbonate represent- ed by R OCOR ,,20 0 and an aromatic
hydroxycompound represented byArlOH, the aromaticcarbonate
oraromaticcarbonate mixture contained in the produced high boiling poInt
reaction mixture continuously withdrawn from the 25      lower portion of
the first distillation column is an alkyl aryl carbonate represented by
R1OCOArl 1 30: in which R' and Ar' are as defined above, and ?he by-product
contained in the produced low boiling point reaction mixture continuously
withdrawn from the upper portion of the first distillation column Is an
all- phatic.alcohol represented by R10H, and which process further
comprises continuously feeding the pro- duced high boiling point reaction
mixture continuously withdrawn from the lower portion of the first dis-
tillation column and containing the alkyl aryl carbonate represented by R
OCOAr', 40~~~~~~~~ in which RI and Arn are as defined above, and an alkyl
aryl carbonate reactant represented by 45                  .
R30COAr3, 0 in which R3 is the same as or differentfrom RI and Ar3 is the
same as or differentfrom Ar1 with the proviso that R3 and Ar3 are,
respectively, not simultaneously the same as RI and Ar1i to the second
continuous multi-stage distillation column to effecta liquid phase
andlorgas-liquid phase transesterification reaction therebetween In the
presence of a catalyst in said second distillation column, thereby
producing a high. boiling point reaction mixture containing a diavyl
carbonate or diaryl carbonate mixture represented by 55 ArlOCOArl,
ArlOCOAr3 and/or Ar3OCOAr3, 45 



I  ilt  H E fl  ii 1111111 C   L   M   S *    EP 0 461 274 BI in which Ar1
and Ar are as defined above, and a low boiling point reaction mixture
containing a. dialkyl carbonate by-product represented by 5
R1OCOR3, R1OCOR3 0       ~0 10      and/or R30g0R3, 15
:O0 In which R1 and R3 are as defined above, wherein the produced high
boiling point reaction mixture is con- tinuously withdrawn In a liquid form
from a lower portion of said second distillation column and the low boiling
point reaction mixture Is continuously withdrawn in a gaseous form from an
upper portion of said 20      second distillation column by distillation.
4.  The process according to claim 3, characterized In that said catalyst
Is a catalyst which Is soluble In said liquid phase, and Is present In a
state dissolved In said liquid phase within at least one of the first
contin- uous multi-stage distillation column and the second continuous
multi-stage distillation column, and/or 25      that said catalyst is a
solid catalyst which is substantially Insoluble in said liquid phase, and
Is disposed, In a state undissolved in said liquid phase, within at least
one of the first continuous multi-stage distillation column and the second
continuous multi-stage distillation column. S. The process according to
claim 3 or 4, characterized in that R3 Is the same as R' and Ar3 is
different from Ar1, and which process further comprises recycling the low
boiling point reaction mixture withdrawn from the upper portion of the
second continuous multi-stage distillation column and containing a dialkyl
car- bonate represented by 35
R1OCOR3 40~~~~~~~~ *to the first continuous multi-stage distillation
column. 6. The process according to claim 1, characterized In that said
continuous multi-stage distillation column is used as a first continuous
multi-stage distillation column and has a second continuous multi-stage
dis- tillation column connected thereto and that the starting material and
the reactant which are continuously fed to the first continuous multi-stage
distillation column are, respectively, a dialkyl carbonate represent- ed by
45 R OCOR1 and an aromatic hydroxycompound represented byAr'OH, the
aromatic carbonate oraromatic carbonate mixture contained in the produced
high boiling point reaction mixture continuously withdrawn from the lower
portion of the first distillation column Is an alkyl aryl carbonate
represented by 58 46 I 11111111* 11111111111 1111 * C   L  M   S *    EP 0
461 274 81 R OCOAxC' 6                                             1 



0 in which R' and Arl are as defined above, and the by-product contained in
the produced low: boiling point reaction mixture continuously withdrawn
fromithe upper portion of the first distillation column is an all- 10
phatic alcohol represented by RIOH, and which process further comprises
continuously feeding the pro- ... duced high .bolling point reaction
mixture continuously.withdrawn from the lower portion of:the first dis-
tillation column and containing the alkyl aryl carbonate represented by 15
R OCOAr1, I in which R1 and Ar1 are as defined above, to the second
continuous multi-stage distillation column to ef- o20          feat a
liquid phase and/or gas-liquid phase, same species-intermolecular
transesterification reaction be- tween molecules of the alkyl aryl
carbonate In the presence of acatalystin said second distillation column,
thereby producing a high boiling point reaction mixture containing a diaryl
carbonate represented by 25
ArzOCOAr1, 0 C>               in which Ar1 is as defined above, and a low
boiling point reaction mixture containing a dialkyl carbonate A.  30
by-product represented by R10COR1, 0 350 In which RI Is as defined above,
wherein the produced high boiling point reaction mixture Is continuously
withdrawn In a liquid form from a lower portion of said second continuous
multi-stage distillation column I  's,. and the low boiling point reaction
mixture Is continuously withdrawn In a gaseous form from an upper 40
portion of said second continuous multi-stage distillation column. 7.  The
process according to claim 6, characterized in that the process further
comprises recycling the low .. :                . . boiling point reaction
mixture withdrawn from the upper portion of said second continuous
multi-stage distillation column and containing the dialkyl carbonate
represented by 48 R OCOR to said first continuous multi-stage distillation
column. .8.  The process according to claim 6 or 7, characterized in that
said catalyst Is a catalyst which Is soluble in said liquid phase, and is
present in a state dissolved in said liquid phase within at least one of
the first 6continuous multi-stage distillation column anOi the second
continuous multi-stage distillation column, andor that said catalyst is a
solid catalyst which Is substantially insoluble in said liquid phase, and
is dis- posed, in a state undissolved In said liquid phase, within at least
one of the first continuous multi-stage distillation column and the second
continuous multi-stage distillation column. 47
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;.. ..    EP 0 461 274 B1 9.  The process
according to claim 8, characterized in that said catalyst Is a catalyst
which is soluble In said liquid phase, and is pr t in a state dissolved in
said liquid pr-ase within each of the first continuous multi-stage
distillation column and the second continuous multi-stage distillation
column, wherein the 5       respective catalysts used In the first and
second distillation columns are the same or different. .10. The process
according to claim 6 or 7, characterized in that part or all of the
catalyst used in the first continuous multi-stage distillation column is
present In a state dissolved in said liquid phase and that, in feeding to
the second continuous multi-stage distillation column the high boiling
point reaction mixture 10      withdrawn In liquid form from-the lower
portion of the first distillation column the withdrawn high boiling 



point reaction mixture in liquid form is Introduced to a first evaporator
to effect a separation of said reac- tion mixture into an evaporated
component containing the alkyl aryl carbonate represented by 15
~~~~~~R OCOAr' 0 20      and a residual liquid having the catalyst
dissolved therein, and part or all of said evaporated component Is fed to
the second continuous multi-stage distillation column, while recycling part
or all of the residual liquid containing the dissolved catalyst to the
first continuous multi-stage distillation column. 11. The process according
to claim 6 or 7, characterized In that part or all of the catalyst used In
the second 25      continuous multi-stage distillation column Is present in
a state dissolved in said liquid phase, and that the process further
comprises Introducing the high boiling point reaction mixture withdrawn In
liquid form from the lower portion of the second distillation column to a
second evaporator to effect a separation of said reaction mixture into an
evaporated component containing a dlaryl carbonate represented by 03 30
A1COA3r1I Ax 35      and a residual liquid having said catalyst dissolved
therein, and recycling part or all of the residual liquid containing the
dissolved catalyst to the second continuous multi-stage distillation
column. 12. The process according to claim 10, characterized In that
partorall of the catalyst used in thesecond con- tinuous multi-stage
distillation column Is present in a state dissolved In said liquid phase,
and that the process further comprises introducing the high boiling point
reaction mixture withdrawn in liquid form from the lower portion of the
second distillation column to a second evaporator to effect a separation of
said reaction mixture into an evaporated component containing a diaryl
carbonate represented by Ar OCOAzr1 45 0 and a residual liquid having said
catalyst dissolved therein, and recycling part or all of the residual
liquid containing the dissolved catalyst to the second continuous
multi-stage distillation column. 13. The process according to claim 1 or 2,
characterized in that said catalyst Is selected from the group con- sisting
of a lead compound, a copper family metal compound, an alkali metal
complex, a zinc complex, a cadmium complex, an Iron family metal comrpound,
a zirconium complex, a Lewis acid or Lewis acid- forming compound, an
organotin compound and an inorganic oxide. 55 14. The process according to
any one of claims 3 to 12, characterized in that said catalyst is selected
from the group consisting of a lead compound, a copper family metal
compound, an alkali metal complex, a zinc complex, a cadmium complex, an
Iron family metal compound, a zirconium complex, a Lewis acid or *   Z
1 1||1||1 ~~~~~~~~~111111 Xlie 111  11~ it l-.    EP 0 461 274 BI Lewis
acid-forming compound, an organotin compound and an inorganic oxide. 15.
The process according to claim 1, 2 or 13, characterized in that said
continuous multi-stage distillation 5       column is of a plate column
type, a packed column type or a mixed type of plate column and packed col-
umn. 16.. The process according to any one of claims 3jto 14, characterized
in that each of said first continuous multi-stage distillation column and
said second continuous multi-stage distillation column Is, indepen- 10
dently, of a plate column type, a packed column type or a mixed type of
plate column and packed column. Patentansprfche *1 *   1. Verfahren zur
Herstellung sines aromatischen Carbonate, umfassend die Umesterung sines
aus der Gruppe der Dialkylcarbonate, dargestellt durch 



C>                                   ~~~~~~~~~~RIOC0.01, 20
*                                         ~~~~~~~~~~0 Alkylarylcarbonate,
dargestellt durch 26                                        R20COAr2 0 C)
30       und Gemischen davon ausgewahIten Ausgangsmaterials mit einem
Reaktanten, der aus der Gruppe der aromatischen Hydroxyverbindungen,
dargestellt durch ArIOH, der Alkylarylcarbonate, dargestelit durch R30COAr3
35                                            II .0 und Gemischen davon
ausgewAhlt ist, wobei Jades von RI, R2 und R3 unabhangig fOr eins
Alkylgruppe mit 1 blb 10 Kohlenstoffatomen, eine alicyclische Gruppe mit 3
bls 10 Kohlenstoffatomen oder eine 4s0     Aralkylgruppe mit 6 bis 10
Kohlenstoffatomen steht und jedes von Arl, Ar2 und Ar3 unabhangig sine aro-
matische Gruppe mit 5 bis 30 Kohlenstoffatomen bedeutet, wobei,
entsprechend dem Ausgangamaterial und dem Reaktanten, sin aromatiaches
Carbonat oder sin Gemisch aromatischer Carbonate gebildet wird, dargesteilt
durch 46                             ROCOAr und/oder ArOCOAr, 0
0 vwobel R und Ar jeweils unter R1, R2 und R3, bzw. unter Ar', Ar2 und Ars,
entaprechend dem Ausgangsma- terial und dem Realtanten, gewahlt sind, und
wobel ale Nebenprodukt sin aliphatischer Alkohol, sin Di- alkylcarbonat
oder sin Gemisch davon gebildet wird, entsprechend dem Ausgangsmaterial und
dem Re- aktanten und die durch ROH undloder ROCOR 11 0 49 I I!1I11 0II1
11111 11111 I11 N    EP 0 461 274 B1 *dargesteilt sind, wobei R wie oben
definiert Ist, dadurch gekennzelchnet, daG das Ausgangsmaterial und der
Reaktant kontinuierlich in eine kontinuierliche
Mehrstufen-Destillatlonskolonne eingeleitet werden, so da3 zwischen diesen
In Gegenwart eines Katalysators in dieser Destillationskolonne elne
Fllssigpha- s       sen- und/oder Gas-Fltisuigphasen-Umesterungsreaktion
stattfindet, wahrend ein Reaktionsgemischrmit hohem Siedepunkt, das das
gebildete aromatische Carbonat oder Gemisch von aromatischen Carbona- ten
enthilt, kontinuierlich in flurssiger Form aus dem unteren Tell der
Destillationskolonne abgezogen wird und ein Reaktionsgemisch mit nlederem
Siedepunkt, das des Nebenprodukt enthalt, In Gasform aus dem oberen Tell
der Destiliatlonskolonne durch Destillation abgezogen wird, wodurch die
kontinulerliche 10      HerstIlung des aromatischen Carbonate oder des
Gemiches von eromatiechen Carbonaten ermogiicht wird. 2. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB der Katalysator ein In
derflfissigen Phase ls- Ildher Katalysator ist und Im gelOsten Zustand In
derflOssigen Phase Innerhalb der kontinuierlichen Mehr- 15
stufen-Destillatlonskolonne vorliegt und/oder daB der Katalysator ein
fester Katalysator Ist, der In dieser fflOssigen Phase. Im wesentlichen
unlOsllch Ist und innerhalb der kontinulerlichen Mehrstufen-Destillati-
onskoionne In elnem in der fifissigen Phase nicht gelosten Zustand
vorliegt. q_         3. Verfahren nach Anspruch 1, dadurch gekennzeichnet,
daB die kontinuierliche Mehrstufen-Destillations- * _,  20       kolonne
als elne erste kontinulerliche Mehrstufen-Destillationskolonne verwendet
wird und das mit ihr sine zwelte kontinulerliche
Mehrstufen-Destillationskolonne verbunden ist, und dag das Ausgangsma- 



terial und der Reaktant, die kontinuierlich in die erste
Mehrstufen-Destillationskolonne eingeleltet wer- den, sin durch 25
R1OCOR1 0 *      30       dargesteiltes, Dialkylearbonat bzw. sine durch
Ar1OH dargestellte aromatische Hydroxyverbindung sind, wobel das
aromatische Carbonat oder aromatische Carbonatgemisch, das In dem
geblideten Reaktlons- gemisch mit hohem Siedepunkt, das kontinuierlich aus
dem unteren Tell der ersten Destillationskolonne abgezogeh wird, enthalten
Ist, eln durch R1OCOArl IA 0 40      dargestelites Alkylarylcarbonat [st,
wobel R1 und Arl wie oben definiert sind, und daS das Nebenprodukt, das In
dem gebildeten Reaktionsgemisch mit niederem Siedepunkt, das kontinuierlich
aus dem oberen Tell der ersten Destillationskolonne abgezogen wird,
enthalten ist, sln durch RIOH dargestellter allpha- tischer Alkohol let,
wobel das Verfahren augerdem die kontinuierllche Zufflhrung des gebildeten
Reakti- ::: :          zonsgemlsches mit hohem Sbedepunkt, das
kontinuierlich aus dem unteren Tell der ersten Destillations- kolonne
abgezogen wird und das des Alkylarylcarbonat, dargestelit durch R1OCOArl 0
50 wobei R1 und Ar wMe oben definiert sind, und einen
Alkylarylcarbonat-Reaktanten enthlit, der durch R30COAr3 0 dargesteilt ist,
wobel R3 gleich wle oder versclieden von RI Ist und AP glelch wie oder
verschleden von 50 11111111 111111 111111111111111 *   C   L  M   S   *
EP 0 461 274 B1 Ar1 1st, mit der MaiSgabe; daB R3 und AP nicht gleichzeitig
die gleiche Bedeutung wie R1 und Ar1 haben, in die zweite kontinuierliche
Mehrstufen-Destillationskolonne umfallt, um sine Flussigphasen- und/oder
Gas-FlOssigphasen-Umesterungsreaktlon zwischen dlesen in Gegenwart sines
Katalysators In dieser 5       zwelten Destillationskolonne durchzufulhren,
wobei ein Reaktionsgemisch mit hohem Siedepunktj das emn Dlarylcarbonat
oder Diaryicarbonat-Gemisch, dargestellt durch ArlO&OArl, 10
9 Ar1OCOAr3 und/oder Ar3OCOAr3, 15 0                         0 wobei Ar'
und Ar3 wle oben def inlert sind, enthfilt, und sin Reaktlonagemisch mit
niederem Sledopunkt 20      gebildet wird, welches ein
Dialkylcarbonat-Nobenprodukt, dargesteilt durch R1OCOR3, R1oCOR3 und/oder
R30COR3, 25                                     0                      0
wobei RI und R3 wie oben definiert sind, enthilt, wobel das gebildete
Reaktionsgemisch mit hohem Sle- depunkt kontinuierlich In flassiger Form
aus dem unteren Teil der zweiten Destillatlonskolonne abgezo- gen wird und
das Reaktlonsgemisch mit niederem Sledepunkt kontinulerlich In Gasform aus
dem oberen 30      Teil der zwelten Destillationskolonne durch Destillatlon
abgezogen wird. 4. Verfahren nach Anspruch 3, dadurch gekennzeichnst, das
der Katalysator ein In derflfissigon Phase 189- 



llcher Katalysator ist und in gelostem Zustand in der flOssigen Phase
innerhaib mindestens elner der or- sten kontinulerlichen
Mehratufon-Destillationskolonne und derzwelten kontinuieriichen
Mehratufon-De- 35      stillationskolonne vorliegt und/oder dal der
Katalysator ein fester Katalysator Ist, der Im wesentlichen un!Osilch in
der fliissigen Phase Ist und In mindestens elner der ersten
kontinuierlichen Mehrstufen-De- stillatlonskolonne und der zweiten
kontinulerlidhen Mehrstufen-Destillationskolonne Im In der fifissigen Phase
nicht gelosten Zustand vorliegt. 5. Verfahren nach Anspruch 3 oder 4,
dadurch gekennzelchnet, dal R3 und RI gleich sind und daB Ar ver- 40
schleden von Ar' !st, und daMi das Verfahren auferdem die RtickfUhrung des
Reaktlonsgemischeas mit nie- derem Sledepunkt, das aus dem oberen Tell
derzwelbtn kontinulerlichen Mehrstuten-Destillationskolon- ne abgezogen
wird und sin durch 46                                        R1OCOR3 0 50
dargestelltes Dialkylcarbonat enthilt, In die orate kontinulerliche
Mehrstufen-Destillationskdonne um- fast. 6. Verfahren nach Anspruch 1,
dadurch gekennzelchnet, daB die kontinuierilche Mehratufen-Destillations-
kolonne als sine erste kontinuierliche Mahrstufen-Destiliatlonskolonne
verwendet wird und dae elne zwelte kontinuierliche
Mehrstufen-Destillationskolonne mit Ihr verbunden ist und das
Ausgangsmaterial und der Reaktant, die kontinuierlich in die orate
kontinulrliche Mehrstufen-Destilationskolonne elnge- leltet worden, ein
durch 51    EP 0 461 274 B1 R1OCOR1 5
~~~~~~~~0 dargestelltes Dialkyicarbonat bzw. eine dUrch Ar'OH dargestelite
aromatische Hydroxyverbindung sind,c. daS das aromatische Carbonat oder
aromatische Carbonat-Gemisch, das in dem gebildeten Reaktions- *gemisch mit
hohem Siedepunkt vorliegt, welchies kontinulerlich aus dem unteren Tell der
ersten Destil- 10      latlonskolonne abgezogen wird, ein durch R1OCOArl 15
6 dargestelltes Arylcarbonat ist, wobel RI und Ar2 wie oben definlert sind,
und des Nebenprodukt, das in :dem gebildeten Reaktlonsgemisch mit nlederem
Siedepunkt vorlibgt, das kontinuierlich aus dem oberen Tell der ersaten
Destillationskolonne abgezogen wird, sin durch RIOH dargesteliter
aliphatischer Alkohol '',$*  20    Ist, wobel das Verfahren augerdem das
kontinuierliche Einfflhren des gebildeten Reaktionsgemisches mit hohem
Sledepunkt, das kontinulerlich aus dem unteren Tell der ersten
Destillationskolonne abgezo- gen wird und das durch 25
R1OCOArl, Ii 0 wobel R1 und Ar' wle oben definiert sind, dargestelite
Alkylarylcarbonat enthalt, in die zweite kontinuler- 30      liche
Mehrstufen-Destillationskolonne umfa~t, urn sine Flfssigphasen- undloder
Gas-Flflssigphasen-in-. termolekulare Umesterungsreaktion Innerhalb der
gleichen Spezies zwischen Molekilen des Alkylaryl- carbonats in Gegenwart
sines Katalysators in lieser zweiten Destillationskolonne
durchzuf'Uhren,wobel sin Reaktionsgemisch mit hohem Siedepunkt, welches sin
Diaryicarbonat, dargestelit durch 35. Ar3OCOArl', 0 



40      wobeiAr' wie oben definiert bt, enthalt und sin Reaktionsgemisch
mitniederem Sledepunktgebildetwird, welches als Nebenprodukt sin
Dialkyicarbonat, dargestellt durch R1OCOR1 46 0 enthalt, wobel RI wle oben
definiert Ist, wobei das gebildete Reaktionsgemlsch mit hohem Siedepunkt
kontinuierlich In fliOssiger Form aus dsm unteren Tell der zwelten
kontinulerlichen Mehrstufen-Destiila- so      tionekolonne abgezogen wird
und dms Remktionagemisch mit niederem Siedepunkt kontinuierlich In Gas-
form aus einem oberen Tell der zwelten kontinuierlichen
Mehrstufen-Destlllationskolonne abgezogen wird. 7. Verfahren nach Anspruch
6, dadurch gekennzeilchnet, dal das Verfahren augerdern die RlOckffihrung
des aus dem oberen Tell der zwelten kontinuierlichen
Mehrstufen-Destillatlonskolonne abgezogenen Reek- tlonagemisches mit
niederem Sledepunkt, welches das durch 52 *  C   L   M   S  *    EP.0 461
274 91 RLOCOR1 5                                               0
dargestellte Dialkylcarbonat enthalt, in die erste kontinuierliche
Mehratufen-Destillatbonskolonne umfalt. 8. Verfahren nach Anspruch 6 oder
7, dadurch geiennzelchnet, daM der Katalysator Bin in der flilssigen Pha- -
10   se l8slicher Katalysator ist und in mindestens einerder ersten
kontinuierlichen Mehrstuten-Destillations- kolonne und der zweiten
kontinuierlichen Melrstufen-Destillationskolonne in gel8stem Zustand In der
flOssigen Phase vorilegt und/oder dan derKatafysatorein fester Katalysator
ist, der in derflOssigen Phase Im wesentlichen unloslich ist und der In
mindestens elner der ersten kontinuierlichen Mehrstufen-Destll-
lationskolonne und der zwelten kontinulerlichen
Mehrstufen-Destillationskolonne Im In der flfissigen 15      Phase nicht
gel8sten Zustand vorliegt. 9.  Verfahren nach Anspruch 8, dadurch
gekennzeichnet, daS der Katalysator eln In derflOssigen Phase los- licher
Katalysator ist und in jeder der ersten kontinulerilchen
Mehrstufen-Destillatlonskolonne und der zwelten kontinuierlichen
Mehrstufen-Destillationskolonne Im In der fifssigen Phase gelOsten Zustand
*    >   20     vorilegt, wobel die In der ersten und der zwelten
Destillatlonskolonne verwendeten jewelligen Katalysa- toren glelch oder
verschleden sind. 10. Verfahren nach Anspruch 6 oder 7, dadurch
gekennzeichnet, dal ein Tell oder die Gesamtheit des in der ersten
kontinuierlichen Mehrstufen-Destillationskolonne vorilegenden Katalysators
im In der flissigen Phase gelOsten Zustand vorliegt und daM bel der
Zufuhrung des Reaktionsgemisches mit hohem Siede- 25 punkt, das In
flOssiger Form aus dem unteren Tell der ersten Destillationskolonne
abgezogen wird In die zwelte kontinulerliche
Mehrstufen-Destillatlonskolonne, das abgezogene Reaktlonsgemisch mit hohem
Sledepunkt In flUssiger Form In eonen ersten Verdampfer elngefflhrt wird,
um esne Trennung des Reaktl- onsgemisches In elne verdampfte Komponente,
wie das durch R1O q0Arl 0 * ~~~.35 dargestelito Aikylarylcarbonat enthAltj
und elne ROckstandsflfssigkeUt, die den Katalysator gelost enthalt, zu
erreichen, und dai eln Teil oder die Gesamtheit der verdampften Komponente
der zweiten kontinu- .ierlichen Mehrstufen-Destillationskolonne zugef~hrt
wird, wahrend el Tell oder die Gesamtheitder den gelOsten Katalysator
enthaltenden Ruckstandslfl~ssigkelt In die erste kontinuierliche
Mehrstufen-Destil- lationskolonne zuruckgeffhrtwird. 



40 11. Verfahren nach Anspruch 6 oder 7, dadurch gekennzelchnet, dal6 en
Tell oder die Gesamthelt des In der zwelten kontinulerllchen
Mehrstufen-Destillstionskolonne vorliegenden Katalysators im In
derfiissigen Phase gelosten Zustand vorilegt und dal das Verfahren
aulierdem die ZufGhrung des In flfissiger Form aus dem unteren Tell
derzwelten Destillationskolonne abgezogenen Reaktionsgemisches mit hohem
Sie- depunkt In elnen zwelten Verdampfer umfalit, um esine Trennung des
Reaktionsgemisches in eine ver- dampfte Komponente, die eln durch Ar1OCOArl
50                                             II 0 dargestelltes
Diarylcarbonat enthalt, und sine RflckstandsflUssigkeit, die den
Katalysator gelost enthalt, durchzufflhren, und die Rilckfflhrung eines
Tells odor der Gesamtheit der den gelosten Katalysator ent- haltenden
Rfckstandsflflssigkelt in die zwelte kontinuierliche
Mehrstufen-Destillationskolonne umfai~t. 12. Verfahren nach Anspruch 10,
dadurch gekennzelchnet, daS en Tell oder die Gesamthelt des In derzwel- ten
kontinulerlichen Mehrstufen-Destillationskolonne vorllegenden Katalysators
im in derflflssigen Pha- 53 1111111111111111111 *   C   L   M   S   *    EP
0 461 274 B1 so gel6sten Zustand vorliegt und daS das Verfahren auSerdem
das Zufflhren des In fiOssiger Form aus dem unteren Tell der zwelten
Destillationskolonne abgezogenen Reaktionsgemisches mit hohem Slede- punkt
in sinen zweiten Verdampfer, um sine Trennung des Reaktionsgemisches in
sine verdampfts Kom- s       ponente, die ein durch ArlOCOArl ;0,
. 10 dargestelites Diarylcarbonat enthilt, und sine RAfckstandsflOssigkeit,
die den Katalysator gelost enthilt, durchzufflhren und die ROckffhrung
sines Tells oder der Gesamtheit der Rickstandsfliissigkeit, die den
gelosten Katalysator enthalt, in die zwelte kontinuierliche
Mehrstufen-Destillatbonskolonne umfalt. 165 13. Verfahren nach Anspruch I
oder2, dadurch gekennzelchnet, daB derKatalysatoraus derfolgenden Grup- pe
ausgewlhit lst siner Bleiverbindung, elner Verbindung sines Metalls der
Kupfergruppe,' inem Alkali- metalikomplex, elnem Zhnkkomplex, elnem
Cadmiumkomplex, einer Verbindung elnes Motalls der Elsen- gruppe, elnem
Zlrkoniumkomplex, elner Lewis-Sfure oderelnerelne Lewis-NSure bildenden
Verbindung, 20      elner Organozinnverbindung und elnem anorganischen
Oxid. 14 Verfahren nach einem der Ansprfiche 3 bbs 12, dadurch
gekennzeichnet, daB der Katalysator aus folgen- derGruppe ausgewdhit ist
elnerBlelverbindung, einerVerbindung sines Metalls der Kupfergruppe, ehnem
Alkalimetallkomplex, einem Zinkkomplex, elnem Cadmiumkomplex, elner
Lewls-Slure odor elner sine 25      Lewis-Sfure bildenden Verbindung, elner
Organozinnverbindung und elnem anorganischen Oxid. 15. Verfahren nach
Anspruch 1, 2 oder 13, dadurch gekennzeichnet, dall die kontinuierliche
Mehrstufen-De- stlllationskolonne dem Bodenkolonnen-Typ, dem
FOllkdrperkolonnen-Typ oderdem Mischtyp aus Boden- kolonne und
Ffllik6rperkolonne angeh~rt. 30  16. Verfahren nach einem der AnsprOche 3
bis 14, dadurch gekennzelchnet, daB Jewells die erste kontinu- lerliche
Mehrstufen-Destillationskolonne und die zweite kontinulerliche
Mehrstufen-Destilationskolon- no unabhgnglg voneinander dem
Bodenkolonnen-Typ, dem Fflikdrperkoionnen-Typ oder dam Mlschtyp aus elner
Bodenkolonne und elner F~lIkdrperkilonne angehoren. 35 



Revendications 1. Proced6 de production d'un carbonate aromatique, qui
consists a transest6rifier une matllre de d6part choisie parmi les
dialcoylcarbonates representes par 40 R'.OCOR1, 0 45 les
alcoylarylcarbonates repr6sentls par R2OCOAr2 50
1!~~~~~~~ et leurs melanges, avec un r6actif cholsl paimi les composes
aromatiques hydroxy representes par Ar'OH , les alcoylaryl- carbonates
representea par 55 54    EP 0 461 274 B1 3       3 R OCOAr 5 et leurs
melanges, chacun de R1, R2 et Ra representant Ind6pendamment un groupe
alcoyle, ayant de I A 10 atomes de carbone, un groups allcyclique ayant de
3 A 10 atomes de carbone ou un groups aralcoyle ayant do Ba 10 atomes de
carbone, et ohacun leAr1, Ar2etAr representant independammentun groupe 10
aromatique ayant de 5 a 30 atomes de carbone, pour produirorboncarbonate
aromatiqus ou un melange deocarbonates aromatiques correspondant A la
matiere de d6part et au r6actif et repr6sent6 par ROCOAr et/ ou ArOCOAr, 15
I 0                 0 dans lesquelles R et Ar sont respectivement cholsis
parmi R1, R2 et R3, et choisia parmi Arl, A2 at ArO, en correspondance avec
la matire de depart et avec le r6actif, et pour produire un aicool
allphatique, 7k.  20       -un dialcoylcarbonate ou leurs m6langes
correspondant a la matlireode dpart et au r6actif et repr6sent6 par ROH
et/ou ROcOR, 25                                           I dans lesquelles
R est tel quo dWfinl ci-dessus, en tint quo sous-produit, caracteris6 en ce
qu'll consists - (Th          A charger on continu la matiere de depart et
le r6actif dons une colonne de distillation continue A etages 30
multiples pour effectuer entre eux une r6action de transest6riflcation en
phase liquide et/ou en phase gaz-iiqdide; en la pr6sence d'un catalyseur
dans la colonne de distillation, tout en soutirant on continu un melange de
reaction A point d'6builitlon bleve, contenant le carbonate aromatique ou l
mtlange de carbonates aromatiques prodult sous une forme liquids, de la
partle Inferieure de la colonne de distilla- tion, et en soutirant on
continu un m6lange de r6action A bas point d'6bullitlon, contenant le
sous-produit 3a      sous formo gazeuse, de la partie superieure de la
colonne de distillation par distillation, ce qui permet de-produire en
continu Is carbonate aromatique ou le m6lange de carbonates aromatiques. 2.
Procede sulvant la revendicatlon 1, caracterisO en ce quo le catalyseur eat
un catalyseur qul eat soluble dans ia phase liquids et qul eat present, A
I'etat dissous dans la phase liquids, dons la oolonne de distil- 40
tat ion continue A etages multiples et/ou le catalyseur eat un catalyseur
solide qui eat sensiblement inso- luble dans ia phase liquide et qui eat
mis, A l'etat non dissous dons la phase liquide, dans la colonne de
distillation continue A btages multiples. -          3.  Procedb suivantla
revendication 1, caract6rise en ce quo la colonne de distillation continue
a etages mul- 



- *5          tiples eat utilis6e comme premiere colonne de distillation
continue A etages multiples et est retlie A uns 45 deuxieme colonne de
distillation continue A etages multiples, et quo la matiere de d6part et le
r6actif, qui sont charges en contlnu A la premlbre colonne de distillation
continue a 6tages multiples, sont re- pectivement un dialcoylcarbonate
repr6sent6 par 80                                        R  O0R1 etun
composb aromatique hydroxy reprasenteparAr1OH, le carbonate aromatique ou
ts m6iange de car- cs  boiates aromatiques contenu dons lemelange
r6actionnel a hautpolntd'6bullilon produit, qul estsoutir6 de la partle
Infbrieure de la premlere colonne de distillation, eat un
alcoylaryliarbonato repr6sent6 par !~~~~~~~~            almi II II 1II
EP 0 461 274 Bi R1.COAr1 5                                              0
dans laquelle R1 et Ar' sont tel que dbfinis ci-dessus, et le sous-prodult,
conbenu dans lem~iangesr6ac- tionnel a bee point d'ebuiltlon produit
soutir6 en continu de la partie sup6rieure de.la premlere colonne
.dedistillation, est un alcool aliphatique represent6 par R1OH, et le
proced6 consiste en.outre a.charger.. 10      en continu le mblange
reactionnel A point d'6luliltion elev6 produit et soutire en continu do la
partle in- f6rieure de la premiere colonne de distillation et contenant
I'alcoylaryle carbonate repr6sente par R1oCOAr1, 15
II dans laquelle RI et Ar' sont teis que dhfinis ci-dessue, et un
alcoylaryle carbonate servant do reactif re- pr6sent6 par R3OCOAr3, 25-
dans laquelle R3 est Identique ou diff6rent do R1, et Ar3 est identique ou
different de Ar, sous reserve ;              quo RJ at AP ne solent pas
respectivement simultanement Identiques a RI et a Ar', dans Ia deuxibme
colonne de distillation continue a etages multiples pour effectuer entre
eux une reaction de transesteri- flcatloh en phase liquids etlou en phase
gaz-liquide en la presence d'un catalyseur dane ia deuxitme co- :.: c }
30    lonne de distillatlon, de manibre A produire un melange rbactionnel A
haut point d'Abuilltion contenant un diarylcarbonate ou un melange de
diarylcarbonates repr6sent6s par Ar1OCOAr , ArOCOhr3 et/ou Ar3OCOAr3, 35
.       -                                                    II 0
~~~~~~0 dans lesquelles Arl etAr3 sont teis que dMfinis cl-dessus et un
melange r6actionnei A bas point d6ebullition contenant comme sous-produit
un dialcoylcarbonate repr6sent6s par .40 RIOCQR3, 0 I ,_,   '.,  45 R OCOR3
et/ou R30fOR3, 0                  0 dans lesquelles RI et RS sont teis que
d6flnis cl-dessus, le m61ange rbactionnel a haut point d'6builitlon produHt
btant soutir6 en contlnu sous une forma liquide de la partie infbrieure de
la deuxilme colonne de distillation, et le m6lange rbactionnel a bas point
d'6builition etant soutire en continu sous forme gazeuse do Ia partie
superleure de la deuxieme colonne de distillation par distillation. ..55 4.
Procede sulvant la revendication .3 caract&nis6 en ce quo le catalyseur Set
un catalyseur qui eat soluble 



dane la phase liquids et est pr6sent a I'etat dissous dane la phase
liquids, dane au moins. une des pre- miere et douxieme colonnes de
distillation continue A etages multiples etlou le catalyseur est un cataly-
seour solide qui est sensiblement insoluble dane Ia phase liquide et qui
est ms, a l'6tat non dissous dans ..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
S    EP 0 461 274 B1 Ia phase liquids, dans au moins lune des premeire et
deuxibme colonnes de distillation continue a etages multiples. 5   5.
Procede suivant la revendication 3 ou 4, caract6ris6 en ce quo R3 eat
Identique a RI, etAr3 est diff6rent de Ar', et le proc6de consists en outre
A recyclor le m6lange r6actionnel a bas point d'6buliltion soutlr6 de la
partle sup6rieure de la deuxilme colonne de distillation continue A 6tages
multiples et contenant un dialcoyl- carbonate represente par R..0  ..OCOR3
0 15      A la premibre colonne de distillation continue a etages
multiples. i 6. Procd6 suivant la revendlcatlon 1, caract6ris6 en ce que la
colonne de distillation continue A etages mul- tiples est utilis6e comme
premiere colonne de distillation continue a etages multiples et est reilb6
A une deuxilme colonne de distillation continue a etages multiples, et que
la matlere de d6part et le reactif qui 20      sont charges en continu a lI
premlbre colonne de distillation conthnue A 6tages multiples sont respecti-
vement un dialcoylcarbonate represent6 par R OCOR. .25 et un composb
aromatique hydroxy repr6sent6 par ArOH, le carbonate aromatique ou Ie
melange de car- bonates aromatiques contenu dons le m6lange r6actlonnel A
haut point d'6bullltion prodult et soutire en continu de la partle
Inferieure de la premibre colonne de distillation etant un
alcoylarylcarbonate repre- sentf par R OCOAr- 35
1 0 dans laquelle R1 etAr' sont tels quo definis cl-dessus, et le
sous-prodult, contenu dons le melange r6ac- tlonnel prodult A bas point
d'6buliltion soutlre en continu de la partle sup6rleure de la premibre
colonne de distillation, est un alcool aliphatique repr6sente par RIOH, et
le proc6d6 consists en outre A charger en continu le melange r6actionnel A
haut point d'6buliition prodult et soutir6 en continu de la partie Infe-
rieure de la premlere colonne de distillation et contenant
l'alcoylarylcarbonate reprmsentA par R OCOAr1 45
t dans laquelle R' etArl sont tels quo ddflnls cl-dessus, dons la deuxibme
colonne de distillation continue A etages multiples, pour effectuer une
r6action de transesterification en phase liquide ethou en phase gaz-liquide
Intermoleculalre entre les memes especes, entre des molecules de
l'alcoyiaryicarbonat en la pr6sence d'un catalyseur dons la deuxibme
colonne de distillation, de manibre A produire un m6lange r6actlonnel a
haut point d'6bullltlon contonant un diaryicarbonate repr6sente par
Ar1OCOAr1 0 57 8 111111111 111!1 1141! 11 11!l   



EP 0 461 274 B1 dens laquelle Arl esttel que dMfini ci-dessus, et un
melange reactionnel A bas point d'ebullltion contenant un dlalcoylcarbonate
A titre de sous-prodult represent6 par k1OBOR1, 0 . 10       dans laquelle
R1 eat tel quo dbfini ci-dessus, Is melange reactionnel A haut point
d'Abullition prodult, etant soutire en continu sous une forms liquids de la
partie inferieure de la deuxilme colonne de distillation continue A etages
multiples, et le m6lange r64ctionnel A bas point d'6bullitlon etant soutire
en continu sous forms gazeuse de la partle sup6rieure de Ia deuxieme
colonne de distillation continue A 6tages mul- tiples. 15 7.  Proc6d6
sulvant la revendication 6, caract6risg en ce qu'il consists en outre A
recycier le meiange r6ac- tionnel a bas point d'6bullitlon, soutir6 de la
partie sup6rieure de la deuxieme colonne de distillation conti- nue a
etages multiples et contenant le dialcoylcarbonate repr6sent6 par 20
R1OCORI, 0 A la premlere colonne de distillation continue a 6tages
multiples. 25 .-8,  Proc6de suivant la revendication 6 ou 7, caracterisA en
ce quo le catalyseur eat un catalyseur qui eat so- * -            luble
dans la phase liquids et eat present, A l'6tat dissous dons la phase
liquide, dans une au moins des ; .    .       premibre et deuxibme colonnes
de distillation continue A htages multiples et/hu lo cataiyseur eat un ca-
- r          ~~~~talyseur solide qul est sensiblement Insoluble dans le
phase liquide et qul est mis, A I btat non dissous V       30       dans la
phase liquids, dans lNune au moins des premiAre et deuxieme colonnes de
distillation continue A Aetges multiples. 9.  Proced6 sulvant Ia
revendication 8, caract&rlse en ca qus le catalyseur est un catalyseur qui
est soluble dons la phase liquide et qul eat present A I'etat dissous dans
la phase liquids dans:chacune des premlbre et deuxieme colonnes de
distillation continue s btages multiples, les catalyseurs respectifs
utills6s dons la. premlere et-dans .la deuxleme colonne de distillation
btant les memos ou btant diff6rents. :10. Procedb sulvant la revendlcation
6 ou 7, caracterise en ce quo tout ou partle du catalyseur utilIs6 dans -
~      ia premiere colonne de distillation continue a stages multiples eat
present A l'tat dissous dens la phase liquids et, forsque l'on charge dans
la deuxleme colonne de distillatIon continue A etages multiples le me- f
40  lange reactlonnel a haut point d'6builition soutire sous formo liquids
de Ia partle infbrieure de la premlire colonne de distillation, on envoie
le melange reaotlonnel soutire a haut point d'6bullitlon sous forms li-
quids A un premier 6vaporateur pour effectuer une separation du m6lange
r6actlonnel en un constituant .vapore contenant l'alcoylarylcarbonate
repr6sent6 par 46 R OCOAr I 50~~~~~~~~ et un liquids residuel ayant le
catalyseur dissous en son sein, et on envoie tout ou partle du constituant
evapor6 a la deuxieme colonne de distillation continue A etages multiples,
tout en recyciant tout ou partie du liquide r6siduel contenant-le
catalyseur dissous a la premiere colonne de distillation continue A etages
multiples. 55 I 11. Procd6 sulvant la revendlcatfon 6 ou 7, caradtdrlsd en
ce quo tout ou partle du catalyseur utllse dens ladeux
mecolonnededistillationcontinue a 6tages multiplesestpresental
Ftatdissousdanslaphase liquids, et le procede consists en outre A
introduire le m6lange reactlonnel A haut point d'6builitlon, soutir6 sous
forms liquids de la partie Inf6rieure de la deuxieme colonne de
distillation, dans un deuxlems 6va- 58 - -l 1!II111111 HE 111l! 11 1111 



EP 0 461 274 B1 poratbur pour effectuer dine separation du m6lange
r6actionnel en un constltuantevapor6 contenant un diarylcarbonate
repr6sent6 par Ar OCOAr '.t;.:.::'. 10      ot un liquide r6siduei ayant le
catalyseur dissous en son sein et A recycler tout ou partie du liquide
r6siduel *... - .       contenant le catalyseur dissous A la
deuxibmeocolonne de distillation continue a etages multiples, 12. Proced6
sulvant la revendication 10, caract6-fis6 en ce quo tout ou partle du
catalyseur utiiis6 dans la deuxilme colonne de distillation continue a
6tages multiples est pr6sent A I'btat dissous dans la phase t*
liquide, et le proc6de consisat en outre A introdulre 1s m6lange
r6actionnel A haut pointd'ebuilltion, soutirh sous form. liquid. de la
partle Inf6rieure de laodeuxibme colonne de distillation, dans un deuxilme
6va- porateur pour effectuer une s6paratlon du m6lange r6actbonnel en un
constituant 6vapore contenant un >              diarylcarbonate repr6sent6
par L    20                                 1A      OAr et en un liquido
r6siduel 26      ayant le catalysour dissous en son sein, et A recycler
tout ou partie du liquid. r6slduel contenant le ca- talyseur dissous a la
deuxibme colonne de distillatlon continue A etages multiples. 13.
Proc6d6suivantla revendIcation I ou2, caractari6sen ce quo
lecatalyssurestcholsi parmilescompos6s de plomb, lea compos6s metalliques
de la famille du cuivre, lea complexes de metal acaliln, lea complexes K)
30       de zinc, lea complexes de cadmium, lea composes mbtailiques de Ia
famille du ferles complexes.de zir- conium, lea acides de Lewis ou lea
composes formant des acides de Lewis, les composas organo-zincl- ques. et
lea oxydes mineraux. 14. Procede suivantl 'unedesquelconques revendications
A 12, caract6rls6.en co quele.catalyseur-estchol- sl parmi les composes de
plombi les composes'n6talliques de lafamilie du cuivre, les complexes do
metaI alcalin, les complexes de zinc, les complexes de cadmium, les
composes metalliques de la famille du fer, lea complexes de zirconium, lea
acides de Lewis ou les compos6s formant des acides de Lewis, lea composes
organozinclques et lea oxydes min6raux. 15. Procede suivant la
revendication 1, 2 ou 3, caractena6 en ce quo la colonne de distillation
continue A 40      stages multiples eat du type colonne A plateaux, du type
colonne garnle ou du type mixte colonne A pla- teaux et colonne garnie. 16.
Proc6de suivant lune des quelconques revendicatbons 3 A 14, caractiris6 en
ce quo chacune des pre- miere et deuxieme colonnes de distillation continue
A Gtages multiples eat independamment du type co- 45      lonne a plateaux,
du type colonne garnie ou du type mixte colonne A plateaux et colonne
garnie. 55 *  C   L  M   S  *    


