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ABSTRACT

Disclosed is a method for producing an aromatic polycar-
bonate which comprises subjecting to a transesterification
reaction in a polymerizer at least one polymerizable material
selected from a molten monomer mixture of an aromatic dihy-
droxy compound and a diaryl carbonate, and a molten prepolym-
er obtained from the monomer mixture, wherein a liquid mass
of polymerizable material being transesterified in the polym-

erizer has an exposed surface, and wherein the transesterifi-

cation reaction of the liquid mass of polymerizable material
1is performed under reaction conditions such that the follow~
ing formula (1) is satisfied:

log (S/V) » 2 X 1072 X M™n + 0.8 (1)

e J

wherein S represents an evaporation surface area (m2) which
is defined as the area (mz) of the exposed surface of the

liquid mass of polymerizable material; V represents the

volume (m3) of the liquid mass of polymerizable material in

the polymerizer; and Mn represents the number average molecu-
lar weight of the aromatic polycarbonate to be produced. As

compared to the prior art method, this method is commercially
advantageous not only in that a high quality aromatic poly-

carbonate having high heat resistance can be obtained at high
polymerization rate without suffering discoloration, entry of
impurities and generation of a thermal decomposition product,

in that a very large motive power for agitation 1is

but alsc

not needed and a scale-up of the polycarbonate production can

be easily achieved.
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TITLE OF THE INVENTION

Method For Producing An Aromatic Polycarbonate

ACKGROUND OF THE INVENTION

Field of The Invention

The present invention relates to a method for

producing an aromatic polycarbonate. More particular-

ly, the present invention is concerned with a method
for producing an aromatic polycarbonate, comprising

subjecting to a transesterification reaction in a

polymerizer at least one polymerizable material select-
ed from the group consisting of a moclten monomer mix-
ture of an aromatic dihydroxy compound and a diarvyl
carbonate, and a molten prepolymer obtained by a pro-

cess comprising reacting an aromatic dihydroxy compound

with a diaryl carbonate, wherein the polymerizable
material is present in the form of a liquid mass in the
polymerizer and wherein the liquid mass of polymeriz-
able material being transesterified in the polymerizer
has an exposed surface, and wherein the transesterifi-
cation reaction of the liquid mass of polymerizable
material is performed under reaction conditions such

that an evaporation surface area S (m2) which is de-

fined as the area (m2) of the exposed surface of the

ligquid mass of polymerizable material, the volume V

(m3) Of the liquid mass of polymerizable material in
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the polymerizer, and the number average molecular
weight Mn of the aromatic polycarbonate to be produced
satisfy specific relationships. According to the
method of the present invention, not only can a high

quality aromatic polycarbonate having high heat resist-

ance be obtained at high polymerization rate without

suffering problems (such as discoloration, entry of

impurities and generation of a thermal decomposition
product) which are likely to be encountered in the

production by a conventional method, but also a very

large motive power for agitation is not needed and a

scale-up ot the polycarbonate production is easy.
Therefore, the method of the present invention is
commercially advantageous.

Prior Art

In recent years, aromatic polycarbonates have been

widely used 1n various fields as engineering plastics

having excellent heat resistance, impact resistance and

Cransparency. With respect to methods for producing

aromatic polycarbonates, various studies have hereto-

fore been made. Of the methods studied, a process

utilizing an interfacial polycondensation between an

aromatic dihydroxy compound, such as 2,2-bis(4-hydroxy-

phenyl )propane (hereinafter, frequently referred to as

"bisphenol A" ), and phosgene has been commercially
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practiced.

However, the interfacial polycondensation process

has problems in that it is necessary to use phosgene,
which 1s poisonous, that a reaction apparatus is likely
to be corroded with chlorine-containing compounds, such

as hydrogen chloride and sodium chloride, which are DY -

produced, and methylene chloride which is used as a

solvent in a large gquantity, and that difficulties are

encountered in separating and removing impurities, such
as sodium chloride, and residual methylene chloride,
which adversely affect properties of a produced poly-
mer.

With respect to a method for producing an aromatic

polycarbonate from an aromatic dihydroxy compound and a

diaryl carbonate, in a conventionally known transester-

1fication process, a polycarbonate is produced Dy

performing an ester exchange reaction between bisphenol

A and diphenyl carbonate in the molten state, while
removing a by-produced phenolic compound (phenol).
Unlike the interfacial polycondensation process, the

transesterification process has an advantage in that a

solvent need not be used. However, the transesterifi-
cation process has a serious problem, namely; since the
viscosity of polymer being formed increases during the

progress of the polymerization reaction, it becomes
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difficult to remove by-produced phenol from the polym-
erization reaction system efficiently, thus making it
difficult to achieve a high degree of polymerization
with respect to polycarbonate produced.

Various polymerizers have been known for use in
producing aromatic polycarbonates by the transesterifi-
cation process. A vertical agitation type polymerizer
vessel equipped with an agitator is widely used. The

vertical agitation type polymerizer vessel equipped

with an agitator is advantageous in that it exhibits

high volumetric efficiency and has a simple construc-

tion, so that polymerization on a small scale can be

efficiently carried out. However, the vertical agita-

tion type polymerizer vessel has a problem in that, as

p~ g~ g

mentioned above, the by-produced phenol becomes diffi-

cult to remove from the polymerization reaction system
efficiently in the production of aromatic polycar-

bonates on a commercial scale, so that the polyvmeriza-

tion rate becomes extremely low.

specifically, a large-scale vertical agitation

type polymerizer vessel generally has a greater ratio

of liguid volume to vaporization area than a small -
scale one. In other words, the depth of a reaction
mixture in the polymerizer is large and, hence, the

pressure 1n the lower part of the agitation vessel is
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large. In such a case, even if the degree of wvacuum of

the polymerization reaction zone is raised in order to
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achieve a high degree cf polymerization in the lower
part of the agitation vessel, the polymerization pro-

ceeds under virtually high pressure due to the weight

of the reaction mixture, so that phenol and the like
cannot be efficiently removed.

To solve the above-mentioned problem, wvarious

attempts have been made to remove phenol and the like
from high viscosity polymer being formed. For example
Examined Japanese Patent Application Publication No.

50-19600 (corresponding to GB-1007302) discloses the

use 0f a screw type polymerizer having a vent. Exam-
ined Japanese Patent Application Publication No. 52-
36159 discloses the use of an intermeshing twin-screw

extruder. Examined Japanese Patent Application Publi -

cation No. 53-5718 (corresponding to U.S. Patent No.

3,888,826) describes a thin film evaporation type

reactor, such as a screw evaporator and a centrifugal

film evaporator. Further, Unexamined Japanese Patent
Application Laid-Open Specification No. 2-153923 dis-

closes a method in which a combination of a thin film

evaporation type apparatus and a horizontal agitation

type polymerizer vessel is used.

Of these polymerizers, horizontal polymerizers,
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such as a screw evaporator and a horizontal agitation
type polymerizer vessel, are intended to increase, by

rotary agitation, the surface renewal of polymer (being

formed) to a level as high as possible in an attempt to

remove phenol and the like efficiently. For example,

Examined Japanese Patent Application Publication No.
00-15600 describes that "A relatively large, continu-
ously renewing interface is formed between the liquid
reaction system and the ambient gas or vapor, so that a

volatile reaction product formed in the liquid reaction

system is extremely smoothly removed." (see page 1,
right-hand column, lines 19 to 22 of the above patent

document). That is, the above patent document suggests

that phenol and the like can be efficiently removed by

the renewal of gas-liquid interface. Further, in

Examined Japanese Patent Application Publication No.
22-36159, surface renewal effect is defined as a func-
tion of the screw revolution rate, the screw surface
area 1n the reaction zone, the total screw pitch number

1n the reaction zone, the feed amount of raw material

and the effective volume per screw pitch in the reac-
tion zone, and it is described that it is important
that the value of the surface renewal effect be in a
specific range. However, these horizontal polymeriz-

ers need rotary agitation force provided by, for exam-
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ple, a screw or an agitator, for increasing the surface

-
p—

renewal. It should be noted that the viscosity of an

aromatic polycarbonate being formed extremely increases

in accordance with the increase in the molecular weight

thereof during the polymerization reaction, so that an
extremely large agitation force becomes necessary. 1In

addition, when a large agitation force is exerted on a

polymer having a high viscosity, the polymer sustains a
large shearing force and, hence, a breakage of the
molecular chain occurs, so that the increasing rate of

the molecular weight becomes low, making it impossible

to obtain an aromatic polycarbonate having a high

~molecular weight. Further, when an aromatic polycar-

bonate sustains a large shearing force, a discoloration

of the polycarbonate and a lowering of the heat resist-

S

ance thereof occur, so that the quality of the aromatic

polycarbonate is seriously adversely affected. Fur-
thermore, when the production of an aromatic polycar-
ponate by using an agitation type polymerizer is per -

formed on a commercial scale, the size of the agitation

type polymerizer is inevitably limited. This is be-
Cause when an increase in the size of the agitation
type polymerizer is intended, it is necessarily re-
quired to increase the strength of the agitator and the

motive power for agitation; however, it is limited to
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increase such strength and motive power. Therefore,

with the use of an agitation type polymerizer, the

production amount of the aromatic polycarbonate cannot

be easily increased. That is, agitation type polymer-

i1zers have also a problem in that a scale-up of the

production of an aromatic polycarbonate is difficult.

With respect to centrifugal film evaporators,

Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 2-153923 has a description to the effect

that, by using a centrifugal film evaporator as a

polycondensation reactor in the final stage of a tran-

sesterification reaction, the evaporation surface area

of the liquid reaction system per unit weight of the
liquid reaction system can be increased, thereby ena-
pling a decrease in the residence time of the liquid
reaction system in the reactor. However, the above
patent document also points out the following problems.

That 1is, when a centrifugal film evaporator is used, a

part of the polymer being formed sticks to the surfaces
of a driving shaft, a blade, a bearing for the driving

shaft, and the like, and is exposed to a thermal ex-

perience for a long period of time, so that the stick-
1ng part of the polymer is decomposed to form a black
decomposition product, and the black decomposition

product undesirably enters the polymer being produced.
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In order to obviate this problem, the above patent

document discloses a method in which a centrifugal film

evaporator 1s used in the middle stage of the transe-
sterification reaction, but not in the final stage of

the reaction. However, 1n this method, a film of

polymer is formed only on the inner wall surface of the

evaporator and, hence, the volumetric efficiency of the

evaporator as a polymerizer is extremely low, so that
a satisfactory reaction time cannot be obtained without

using a reactor which is too large. Thus, the centrif-

ugal film evaporator cannot be suitably used on a
commercial scale.

As described hereinabove, in the production of an
aromatic polycarbonate by the transesterification
process (which is free from the problem that impurities
and residual methylene chloride are contained in the

produced polycarbonate and these unfavorable substances

cannot be completely removed therefrom), when the
transesterification process is performed by the conven-

tional production methods using a vertical agitation

type polymerizer, a horizontal agitation type polymer-
izer, a centrifugal film evaporator, or the like,

various problems arise such that phenol cannot be

removed efficiently, that a very large motive power for

agitation i1s needed, that the molecular chain of a
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polymer being formed 1s broken by the shearing force

due to the very large motive power for agitation,

¥

resulting in a lowering of the increasing rate of the

molecular weight and in a discoloration of the polvymer,

that a thermal decomposition product of a polymer is
generated due to a long-term thermal experience, and
the thermal decomposition product undesirably enters

the polymer being produced, that the volumetric effi-

ciency of a polymerizer is extremely low, and that a

scale-up of the production of an aromatic polycarbonate

1s difficult.
It has been desired to develop a new method for

producling an aromatic polycarbonate, which method

solves all of the problems of the prior art simultane-

ously, namely, to develop a method which is commercial-

ly advantageous not only in that a high quality aromat-
ic polycarbonate having high heat resistance can be ob-
tained at high polymerization rate without suffering
serious problems (such as discoloration, entry of
impurilties and generation of a thermal decomposition
product) which are likely to be encountered in the
production by a conventional method, but also in that a
very large motive power for agitation is not needed and
a scale-up of the polycarbonate production can be

easily achieved.
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SUMMARY OF THE INVENTION

In these situations, for solving the above-men-

tioned problems of the prior art, the present inventors
made extensive and intensive studies. As a result,

they have unexpectedly found that, in a method for

producing an aromatic polycarbonate which comprises
subjecting to a transesterification reaction in a

polymerizer at least one polymerizable material select-

ed from the group consisting of:

a molten monomer mixture of an arcomatic dihydroxy

compound and a diaryl carbonate, and

a molten prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy compound with a
diaryl carbonate,

wherein the polymerizable material is present in

the form of a liquid mass in the polymerizer and wher-

ein the liquid mass of vpolymerizable material being

transesterified in the polymerizer has an exposed

surface,
the above-mentioned serious problems can be obviated by
performing the transesterification reaction of the

liquid mass of polymerizable material under reaction

conditions such that the following formula (1) is

satisfied:

log (S/V) » 2 ¥ 1072 X Mn + 0.8 (1)
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wherein:

S represents an evaporation surface area (mz)

ey

= the exposed

which 1s defined as the area (mz) O

surface of the liquid mass of polymerizable mate-
rial;

V represents the wvolume (m3) of the liguid
mass of polymerizable material in the polymeriz-
er; and

Mn represents the number average molecular

welght of the aromatic polycarbonate to be pro-

duced.

Based on this novel finding, the present invention has
been completed.

Accordingly, it is a primary object of the present
invention to provide a method for producing an aromatic
polycarbonate, which method solves all of the problems
of the prior art simultaneously, and which is commer-
cially advantageous not only in that a high quality
aromatic polycarbonate having high heat resistance can
be obtained at high polymerization rate without suffer-
ing discoloration, entry of impurities and generation
of a thermal decomposition product, but also in that a
very large motive power for agitation is not needed and

a scale-up of the polycarbonate production can be
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easily achieved.

The foregoing and other objects, features and

advantages of the present invention will be apparent

from the following detailed description and appended

claims taken in connection with the accompanying draw-

ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 (a) is a diagrammatic view of one mode of
the polymerization method of the present invention,

eXxplaining the evaporation area S (m2) which is one of

the requirements used for defining the present inven-
tion;

Fig. 1 (b) is a diagrammatic view showing how to

define the evaporation area S (mz) 1n the mode of Fig.
1 (a);

Fig. 2 (a) is a diagrammatic view of another mode
Of the polymerization method of the present invention,
explaining the evaporation area S (mz) which i1s one of
the requirements used for defining the present inven-
tion;

Fig. 2 (b-1) is a diagrammatic view showing how to

define the evaporation area S (m2) in the mode of Fig.

2 (a);

Fig. 2 (b-2) is another diagrammatic view show-
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i1ng how to define the evaporation area S (m2) in the
mode of Fig. 2 (a), as viewed from above the polymeriz-
er shown in Fig. 2 (b-1);

Fig. 3 (a) is a diagrammatic cross-sectional view
of one form of polymerizer usable in the method of the
present i1nvention;

Fig. 3 (b) is a diagrammatic cross-sectional view
of the polymerizer of Fig. 3 (a), taken along the line
III(b)-I1II(b);

Fig. 4 (a) is a diagrammatic cross-sectional view

of another form of polyvmerizer usable in the method of
the present invention;

Fig. 4 (b) is an enlarged diagrammatic cross-

sectional view of the polymerizer of Fig. 4 (a), taken
along the line IV(b)-IV(b);

Fig. 5 1s a diagrammatic cross-sectional view of
still another form of polymerizer usable in the method

of the present invention;

Fig. 6 (a) is a diagrammatic cross-sectional view
of a further form of polymerizer usable in the method
of the present invention:

Fig. 6 (b) is a diagrammatic cross-sectional view
of the polymerizer of Fig. 6 (a), taken along the line
VI(b)-VI(b);

Fig. 7 (a) 1s a diagrammatic cross-sectional view
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of a further mode of the polymerization method of the
present invention, explaining the evaporation area S
(m2) which 1s one of the requirements used for defining
the present invention; and

Fig. 7 (b) is a diagrammatic cross-sectional view

showing how to define the evaporation area S (mz) in

the mode of Fig. 7 (a).
Description of Reference Numerals
1 Polymerizer
2 Agitator
3 Polymerizing material
4 Horizontal liquid surface (evaporation surface)
or flowing liquid surface (evaporation surface)
O Inlet for a polymerizable material
6 Distributing plate
/7 Plate-shaped guide
7A Column-shaped guide
7B Cone-shaped guide
/7C Cylindrical tubular guide
8 Gas feed port
9 Vent
10 Outlet

11 Shell chamber (space to be filled by Heating

medium )

12 Heating medium feed port
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13 Heating medium outlet port

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is

provided a method for producing an aromatic polycar-

bonate, comprising subjecting to a transesterification

reaction 1in a polymerizer at least one polymerizable

gD

material selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy

compound and a diaryl carbonate, and
a molten prepolymer obtained by a process compris-

ing reacting an aromatic dihydroxy compound with a

diarvl carbonate,

wherein the polymerizable material is present in

the form of a liquid mass in the polymerizer and wher-
ein the liquid mass of polymerizable material being

transesterified in the polymerizer has an exposed

surface, and

wherein the transesterification reaction of the
liquid mass of polymerizable material is performed
under reaction conditions such that the following

formula (1) is satisfied:
log (S/V) » 2 X 1072 X WMn + 0.8 (1)

wherein:

S represents an evaporation surface area (mz)
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which is defined as the area (m2) of the exposed
surface of the ligquid mass of poclymerizable mate-
rial;

V represents the volume (m3) of the liguid

mass of polymerizable material in the polymeriz-

er:; and

Mn represents the number average molecular
welght of the aromatic polycarbonate to be pro-
duced.

For an easy understanding of the present inven-

tion, the essential features and various preferred
embodiments of the present invention are enumerated

below.

1. In a method for producing an aromatic polycar-
bonate which comprises subjecting to a transesterifica-

tion reaction in a polymerizer at least one polymeriz-

able material selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy

compound and a diaryl carbonate, and

a molten prepolymer obtained by a process compris-
ing reacting an aromatic dihyvdroxy compound with a
diaryl carbonate,

wherein the polymerizable material 1s present in
the form of a liquid mass in the polymerizer and wher-

ein the liquid mass of polymerizable material being
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transesterified in the polymerizer has an exposed

surface,

the improvement in which the transesterification

reaction of the liquid mass of polymerizable material

i1s performed under reaction conditions such that the

following formula (1) is satisfied:
log (S/V) » 2 X 1072 X ¥™n + 0.8 (1)

wherein:

S represents an evaporation surface area (m2)

griig

which 1s defined as the area (mz) of the exposed

surface of the liquid mass of polymerizable mate-
rial;
V represents the volume (m3) of the liguid mass

of polymerizable material in the polymerizer; and

Mn represents the number average molecular

welght of the aromatic polycarbonate to be pro-

duced.

2 . The method according to item 1 above, wherein the

transesterification reaction of the liquid mass of

|

polymerizable material is performed in a wetting fall

mode such that the liquid mass of polymerizable materi-
al 1s caused to fall along and in contact with a sur-

face of a solid object selected from the group consist-
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ing of an inner wall of the polymerizer and a guide

provided 1n the polymerizer.

3.

The method according to item 1 or 2 above, wherein

the volume v (m3) of the liguid mass of polymerizable

Q

material 1s 5 % or more, based on the internal volume

of the polymerizer.

4.

The method according to any one of items 1 to 3

above, wherein the evaporation surface area S (m2) of

the liquid mass of polymerizable material satisfies the

following formula (2):

J.

S > 0.03 0O

(2)

wherein ( represents the rate (kg/hr) at which the

aromatic polycarbonate is produced.

The method according to item 4 above, wherein the

rate Q (Kg/hr) at which the aromatic polycarbonate is

produced is 1 kKg/hr or more.

In conventional methods for producing an aromatic

polycarbonate by the transesterification process, for

removing by-produced phenol and the like from the

liquid reaction syst

em efficiently, it has been at-

tempted to increase the surface renewal of the polymer
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(being formed) by a very powerful rotary agitation,
using horizontal polymerizers as mentioned above.
However, 1t has surprisingly been found that, by per-
forming the transesterification process, using a polym-

erizer suitable for achieving and maintaining reaction

conditions satisfying the relationship defined by

formula (1) above, a high quality aromatic polycar-

bonate having high heat resistance can be obtained at

high polymerization rate without suffering discolora-

tion, entry of impurities and generation of a thermal

decomposition product, and there is no need for a very

large motive power for agitation. This is one of the

major aspects of the advantages of the present invention.
In the present invention, the terminology "aromat-
1C dihydroxy compound" means a compound represented by
the following formula:
HO—Arr—OH

wherein Ar represents a divalent aromatic group.

Preferred examples of divalent aromatic groups as

Ar include a group represented by the following formu-

la:

~Arl-y—aré—

1 2

wherein each of Ar~ and Ar“ independently

represents a divalent carbocyclic or heterc

cyclic aromatic group having from 5 to 70
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carbon atoms, and Y represents a divalent
alkane group having from 1 to 30 carbon

atoms.

In the divalent carbocyclic or heterocyclic aro-

matic groups as arl and Ar?

, at least one hydrogen atom

may be substituted with a substituent which does not

adversely affect the reaction, such as a halogen atom,
an alkyl group having from 1 to 10 carbon atoms, an

alkoxy group having from 1 to 10 carbon atoms, a phenyl

group, a phenoxy group, a vinyl group, a cyano group,

an ester group, an amide group and/or a nitro group.

Illustrative examples of heterocyclic aromatic

1 2

groups as Ar—- and Ar

include an aromatic group having

at least one hetero atom, such as a nitrogen atom, an
oxygen atom or a sulfur atom.

Examples of divalent aromatic groups as Art and

Ar?4 include an unsubstituted or substituted phenylene

group, an unsubstituted or substituted biphenylene

group and an unsubstituted or substituted pyridylene
group. Substituents for Ar® and Ar? are as described
above.

Examples of divalent alkane groups as Y include

organic Jgroups respectively represented by the follow-

1ng formulae:
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\/’\/
/\_/\

R =
o
— — C — C — and
-
R R

wherein each of Rl, R2, R and R% independ-
ently represents a hydrogen atom, an alkyl

group having from 1 to 10 carbon atoms, an

alkoxy group having from 1 to 10 carbon

10

atoms, a cycloalkyl group having from 5 tc

ring-forming carbon atoms, a carbocyclic
aromatic group having from 5 to 10 ring-
forming carbon atoms and a carbocyclic aral-
Kyl group having from 6 to 10 ring-forming
carbon atoms; Kk represents an integer of from
3 to 11; each X represents a carbon atom and
has R® and R® bonded thereto; each R inde-
pendently represents a hydrogen atom or an
alkyl group having from 1 to 6 carbon atoms,
and each RP® independently represents a hydro-
gen atom or an alkyl group having from 1 to 6

6 are the same

carbon atoms, wherein R5 and R
or different:;
wherein at least one hydrogen atom of each of

Rl, RZ, R3, R4, R5 and R6 may be substituted

with a substituent which does not adversely
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affect the reaction, such as a halogen atom,
an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10
carbon atoms, a phenyl group, a phenoxy

group, a vinyl group, a cyano group, an ester

group, an amide group and/or a nitro group.

pF_ %

Specific examples of divalent aromatic groups as
Ar i1nclude groups respectively represented by the

following formulae:
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wherein each of R’/ and R® 1ndependently
represents a hydrogen atom, a halogen atom,
an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10
carbon atoms, a cycloalkyl group having from

o to 10 ring-forming carbon atoms, or a

TN

phenyl group; each of m and n independently

represents an integer of from 1 to 4, with

the proviso that when m is an integer of from

2 to 4, the R7's are the same or different,

and when n is

(})

n integer of from 2 to 4, the

RS

S are the same or different.

Further, examples of divalent aromatic groups as

Ar also include those which are represented by the

following formula:

—Ari—Z—Arl_

1 2

wherein Ar—- and Ar

are as defined above: and

Z represents a single bond or a divalent

N

group, such as -0-, -CO-, -S-, -50,, -50-,
~-C0O0-, or —CON(Rl)-, wherein Rl 1s as defined

apove.

Examples of such divalent aromatic groups as Ar

include groups respectively represented by the follow-

ing formulae:
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(R")m (R®)n (R")m (R®)n
“O—0- OO~
(R (R®)n (R7)rm (R%)n

RNn  cHy RO o ®RDa ch; ®9:
~Or—O-t-Or-4- OO
CH3 CHs3

wherein R7, R8, m and n are as defined above.
In the method of the present invention, the aro-

matic dihydroxy compounds can be used individually or



1

10

15

20

25

CA 02232427 1998-03-17

27

matic

in combination. Representative examples of arc
dihydroxy compounds include bisphenol A.

Th

F

e diaryl carbonate used in the present invention

1s represented by the following formula:
O
Il
Ar3—-0Cco-ar?

3 4

wherein each of Ar~Y and Ar~ independently

represents a monovalent aromatic group.

3 4

In each of Ar~Y and Ar~, which independently repre-

sents a monovalent carbocyclic or heterocyclic aromatic

group, at least one hydrogen atom may be substituted

wlth a substituent which does not adversely affect the
reaction, such as a halogen atom, an alkyl group having

from 1 to 10 carbon atoms, an alkoxy group having from

1 to 10 carbon atoms, a phenyl group, a phenoxy group,

a vinyl group, a cyano group, an ester group, an amide

group or a nitro group. AT and Ar? are the same or

different.

Representative examples of monovalent aromatic

3 4

groups as Ar>~ and Ar

include a phenyl group, a
naphthyl group, a biphenyl group and a pyridyl group.

These groups may or may not be substituted with the

above-mentioned substitutent or substituents.

Preferred examples of monovalent aromatic groups
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3 4

as Ar- and Ar~ are those respectively represented by

the following formulae:

CHa
0 6= &l
CHa
7N T L N
@ C‘Z @ @ c‘: CH2———(I: CH:
CHs CH: CH:

Representative examples of diaryl carbonates
include a substituted or unsubstituted diphenyl car-

bonate compound represented by the following formula:

wherein each of R® and RO independently
represents a hydrogen atom, an alkyl group
having from 1 to 10 carbon atoms, an alkoxy
group having from 1 to 10 carbon atoms, a

cycloalkyl group having from 5 to 10 ring-
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forming carbon atoms or a phenyl group; each

of p and g independently represents an inte-

ger of from 1 to 5, with the proviso that

when p is an integer of 2 or more, the Rg's

are the same or different, and when g is an
integer of 2 or more, the Rlo’s are the same

or different.

Of these diphenyl carbonate compounds, preferred

are diaryl carbonates having a symmetrical configura-

tion, such as (unsubstituted) diphenyl carbonate and a
diphenyl carbonate substituted with a lower alkyl
group, e.g., ditolyl carbonate and di-t-butylphenyl
carbonate. Particularly preferred is diphenyl car-
bonate, which is the diaryl carbonate having the sim-
plest structure.

These diaryl carbonates may be used individually

Or 1n combinatic

.
The ratio in which the aromatic dihydroxy compound

and the diaryl carbonate are used (i.e. a charging

dihydroxy compound and diary]l carbonate employed, the
polymerization temperature and other polymerization
conditions. The diaryl carbonate is generally used in
an amount of from 0.9 to 2.5 moles, preferably from

0.95 to 2.0 moles, more preferably from 0.98 to 1.5
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moles, per mole of the aromatic dihydroxy compound.

The number average molecular weight of the aromat-

1c polycarbonate obtained according to the method of

the present invention is generally from 500 to 100, 000,

preferably from Z,000 to 30, 000.

As mentioned above, in the present invention, as a

raw material, use 1s made of at least one polymerizable

material selected from the group consisting of:
a molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, and

a molten prepolymer obtained by a process compris-

ing reacting an aromatic dihydroxy compound with a

diaryl carbonate.

Even when a monomer mixture of an aromatic dihydroxy

compound and a diaryl carbonate is simply melted by

heating, a polymerization reaction proceeds to some

extent. Therefore, a molten monomer mixture of an
aromatic dihydroxy compound and a diaryl carbonate is
substantially equivalent to a molten prepolymer. In

this sense, the polymerizable material is hereinafter,

frequently referred to as "prepolymer". Further, when
the prepolymer is one which is having its polymeriza-
tion degree increased by the method of the present

invention, the prepolymer is hereinafter, occasionally

referred to simply as "polymer".
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The molten prepolymer used in the present inven-
tion as a polymerizable material may be one obtained by

any conventional polymerization method.

In the present invention, the evaporation surface

area S (mz) 1s an i1ndex of the area of the interface

between the polymer liquid phase and the gas phase, and

1s defined as the area of the exposed surface of the

liquid mass of polymerizable material. Usually, a gas-
liquid interface assumes a wavy, complicated configura-
tion due to the agitation, turbulence, foaming or the

like, so that 1t 1s difficult to measure the area of

the gas-liquid interface precisely. However, in the
present invention, the area of the exposed surface of

the liquid mass, that is, the evaporation surface ares

|

S (m?), is determined on the assumption that the liquid

polymer 1s 1n a stationary state in which there is no

agitation, turbulence, foaming or the like.

Illustrative explanation will be made below on how

to determine the evaporation surface area S (mz) de-
fined in the present invention.

In the method of the present invention, even when
the surface of the polymer liquid in the polymerizer is
in a wavy state due to the agitation, turbulence,
foaming or the like, assuming that the horizontal or

flown-down liquid surface is in a stationary smooth
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state in which no agitation, turbulence, foaming or the

like occurs, the area of the horizontal or flown-down

smooth liguid surface (mz) 1s taken as the evaporation

surface area S (mz).

When the reaction is performed in a wetting fall
mode, the polymer liquid in the polymerizer is caused

to fall along and in contact with a part or entire of a

surface (hereinafter, frequently referred to as "polym-
er-flowing wall surface”) of a solid object selected

from the group consisting of an inner wall of the

polymerizer and a guide. In this case, it is assumed
that the polymer ligquid has a uniform thickness and

forms a flowing liquid surface having a configuration

which is congruent with or homothetic to the configura-
tion of the polymer-flowing wall surface. (For exam-
ple, when a high viscosity polymer liquid is caused to
flow down along a wire, the flowing polymer liquid has
a peripheral configuration larger than and homothetic
to the peripheral configuration of the wire.). The
area (m2) of such a flowing liquid surface of the

polymer liquid is taken as the evaporation surface area

S (mz) of the flowing polymer liquid. Specifically,
when the polymer-flowing wall surface is a plane, the
area (mz) of a planar flowing liquid surface is the

evaporation surface area S (mz) of the flowing polymer
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liquid. When the polymer-flowing wall surface is

2

cylindrical, the area (m of a cylindrical flowing
ligquid surface i1is the evaporation area S (mz) of the
flowing polymer ligquid. It should be noted that when
the area of the flowing liquid surface of the polymer

liquid (1.e., the evaporation surface area S of the

flowing polymer liquid) is directly obtained from the

area of the polymer-flowing wall surface, possible tiny
pumps and dents (of a size of up to several hundred um)
on the polymer-flowing wall surface are disregarded,
and the polymer-flowing wall surface is assumed to be
smooth. Further, in the determination of the area of

the flowing liquid surface of the polymer liquid (i.e.,

the evaporation surface area S of the flowing polymer
liquid), it is also assumed that, when the polymer
flows down along the polymer-flowing wall surface, the
liquid mass of the polymer does not become widened in a

direction perpendicular to the flow direction, but

flows while maintaining the same width as at the start-
ing point of the flowing down. For example, in the
determination of the area of the flowing ligquid surface
of the flowing polymer liquid (i.e., the evaporation
surface area S of the flowing polymer liquid), it is
assumed that, wheﬁ a prepolymer is fed to a cylindrical

polymerizer through a prepolymer inlet positioned at an
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upper side-wall of the polymerizer, the polymer flows

down along the inner wall surface of the polymerizer to

the bottom of the polymerizer while maintaining the
same width as at the time the polymer flows out from
the 1nner opening of the prepolymer inlet. The width

of the flowing polymer liquid at the time the polymer

flows out from the inner opening of the prepolymer
inlet varies depending on the viscosity of the prepo-
lymer, the feeding rate of the prepolymer and the
design of the prepolymer inlet. In the present inven-

tion, when the polymer liquid falls freely in the

N

polymerizer in the form of a filament or a droplet
(wherein the polymer liquid does not fall along and in

contact with an inner wall surface of the polymerizer

or the surface of a guide), the gas-ligquid interface of
the freely falling polymer liquid is not included in
the evaporation surface area S (m2) defined in the
present invention. Further, when the falling liquid

mass of polymer has a portion which does not fall along

and in contact with an inner wall surface of the polym-
erizer Or the surface of a guide but falls freely, the

area o0f the exposed surface of the liquid mass of the

polymer in such a portion is not included in the evapo-
ration surface area S (m2) defined in the present

invention. When a plurality of guides provide a plu-
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rality of flowing liquid surfaces, the total area S
(m2) of all of the plurality of flowing liqgquid surfaces
1s the evaporation surface area S (m2) defined in the

present invention.

When a polymer liquid having a horizontal liquid
surface 1s present in the bottom portion of the polym-

erizer 1n addition the a polymer liquid flowing down

along the polymer-flowing wall surface and having a

flowing ligquid surface, the total area of the horizon-
tal liquid surface and the flowing liquid surface is
the evaporation surface area S (mz) defined in the

present invention.

Further, in the determination of the evaporation
surtace area S, when one flowing liquid surface (on one

polymer-flowing wall surface) interferes with another

flowing liquid surface (on another polymer-flowing wall
surface) to thereby produce respective portions of both
the flowing liquid surfaces which portions are not

exposed to the gas phase, the areas of such portions of

the flowing liquid surfaces are not included in the
evaporation surface area S (m2) defined in the present
invention [see, for example, Figs. 7(a) and 7(b)].

In the present invention, the volume V (m3) of the
ligquid mass of polymerizable material means the volume

of polymer which is present in the polymerizer and
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substantially participates in the reaction. The volume
Vv (m3) of the liquid mass defined in the present inven-
tion does not include the volume of the polymer liquid

which 1s present in the pipes and the like which are

connected to the polymerizer and used for transporting

or temporarily accumulating the polymer liqguid.
Referring to Figures, more illustrative explana-

tion will be made below on how to determine the evapo-

ration surface area S (mz) and the volume V (m3) of the

liquid mass of polymerizable material, both defined in
the present invention.
Fig. 1 (a) is a diagrammatic view of a vertical

agitation type polymerizer, showing a polymerization

process 1n which a prepolymer is fed in a volume of V
(m3) in the form of a filament through inlet 5 into

the polymerizer, while agitating the prepolymer in the

polymerizer, so that a wavy, complicated gas-l1liqguid

interface is formed by agitation and foaming. Fig. 1

(b) shows an imaginary state, in which a prepolymer

having the same V (m3) as in Fig. 1 (a) 1s not agitat-

ed, and there is no foaming, so that a stationary
smooth gas-liquid interface is formed in the polymeriz-
er. In the present invention, when the polymerization
1s performed by a process as shown in Fig. 1 (a), the

evaporation surface area S (m2) 1s determined on the
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assumption that the evaporation surface is stationary
smooth surface 4 as shown in Fig. 1(b).

In the polymerization process shown in Fig. 1 (a),

when the polymerization is performed in a continuous
manner, the volume V (m3) can be obtained by a method
in which the weight of the polymer liquid in the polym-

.

erizer 1s obtained by subtracting the total weight of a

polymer withdrawn from the polymerizer, an evaporated

substance, such as a by-produced, evaporated aromatic

monohydroxy compound, and a prepolymer in the conduits
(arranged in the polymerizer) and the like from the
weight of the prepolymer fed to the polymerizer; and

the weight of the polymer liguid in the polymerizer is

then converted to the volume thereof, using the specif-
ic gravity of the polymer liquid as measured at the
polymerization temperature. [In addition to the evapo-
rated monohydroxy compound, the above-mentioned evapo-
rated substance may also contain small amounts of a
diaryl carbonate, an aromatic dihydroxy compound and an

extremely low molecular weight prepolymer (oligomer),

depending on the polymerization conditions.] The
amount of the evaporated aromatic monohydroxy compound

can be obtained by measuring the weight of a condensate

of the whole of the evaporated substance (including the

by-produced aromatic monohydroxy compound) distilled
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off through a vent of the polymerizer. In the present
invention, the specific gravity of the polymer liguid
(at the polymerization temperature) in the polymerizer

is assumed to be 1,100 kg/m3. When the polymerization

1s performed in a batchwise manner, the volume V (m3)

can be obtained by a method in which the weight of the

polymer liquid in the polymerizer is obtained by sub-

tracting the total weight of an evaporated substance,

such as a by-produced, evaporated aromatic monohydroxy
compound, and a prepolymer in the conduits and the like

from the weight of the prepolymer charged to the polym-

erizer; and the weight of the polymer liguid in the
polymerizer is then converted to the volume thereof,

using the specific gravity (1,100 kg/m3) of the polymer

liquid as measured at the polymerization temperature.

Fig. 2 (a) shows one mode of a wall-wetting fall

polymerization process, in which a prepolymer falls
along and in contact with an inner wall of a cylindri-
cal polymerizer. In Fig. 2 (b-1) and Fig. 2 (b-2), the

process of Fig. 2 (a) is illustrated on the assumption

that the prepolymer of the same volume as in Fig. 2
(a), which falls along and in contact with the inner
wall of the cylindrical polymerizer, is present in the
form of a liquid mass having a uniform thickness and

having a flowing liquid surface 4 having an arc config-
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uration 1in cross-section, but not in the form of a wavy

igulid mass as shown in Fig. 2 (a). In the present

invention, when the polymerization is performed by &

|

process as shown in Fig. 2 (a), the evaporation surface

area S (mz) 1s determined on the assumption that the

evaporation surface is flowing ligquid surface 4 having

an arc configuration in cross-section as shown in Fig.

2 (b-1) and Fig. 2 (b-2). The areas of the side sur-
faces of the liquid mass shown in Fig. 2(b-2), which
side surfaces extend along the thicknesswise direction
of the liquid mass and are substantially perpendicular
to flowing liquid surface 4, are not included in the
evaporation surface area S (mz), because each of these
side surfaces does not have a configuration which is
congruent with or homothetic to the polymer-flowing

wall surface of the polymerizer. Further, as in Fig. 2

(b-2), in the present invention, it is assumed that the

prepolymer fed through the prepolymer inlet to the

polymerizer falls down along the inner wall surface of

the polymerizer while maintaining the same width as at

the time the prepolymer flows out from the inner open-

1ing of the prepolymer inlet, and without spreading in

the direction along the curvature of the inner wall

surface of the polymerizer.

In the polymerization process shown in Fig. 2 (a),
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when the polymerization is performed in a continuous

manner, the volume V (m3) can pe obtained by a method

in which the weight of the polymer liguid in the polym-

erizer 1s obtained by subtracting the total weight of a

polymer withdrawn from the polymerizer, an evaporated

substance, such as a by-produced, evaporated aromatic

monohydroxy compound, and a prepolymer in the conduits
(arranged in the polymerizer) and the like from the
weight of the prepolymer fed to the polymerizer; and
the weight of the liquid in the polymerizer is then
converted to the volume thereof, using the specific
gravity (1,100 kg/cm3) of the polymer liguid as meas-
ured at the polymerization temperature. When the
polymerization is performed in a batchwise manner, the
voiume V (m3) can be obtained by a method in which the
weight of the polymer ligquid in the polymerizer is
obtained by subtracting the total weight of an evapo-

rated substance, such as a by-produced, evaporated

aromatic monohydroxy compound, and a prepolymer in the
conduits and the like from the weight of the prepolymer
fed to the polymerizer; and the weight of the polymer
liquid 1in the polymerizer is then converted to the
volume thereof, using the specific gravity (1,100

kg/m3) of the polymer liquid as measured at the polym-

erization temperature.
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Fig. 7 (a) 1is a diagrammatic horizontal cross-

sectional view of a polymerizer, showing a polymeriza-

tion process performed by allowing a polymer liguid to

fall along and in contact with each of mutually adja-
cent two column-shaped guides, wherein the respective

wavy flowing ligquid surfaces on the two column-shaped

guides /A interfere with each other to thereby produce
respective portions of both the wavy flowing liqgquid
surfaces which portions are not exposed to the gas
phase. In Fig. 7 (b), the process of Fig. 7 (a) is
1llustrated on the assumption that the polymer liguid
ot the same volume as in Fig. 7 (a) falls along and in
contact with the column-shaped guides 7A in the form
Oof mutually overlapping two cylindrical ligquid masses

of polymer, but not in the form of a wavy liquid mass

as shown in Fig. 7 (a). In the present invention, the

respective portions of both the cylindrical flowing

liquid surfaces shown in Fig. 7 (b), which are indicat-

ed by using the broken lines, are not included in the

evaporation surface area S (m2), because these portions

are not exposed to the gas phase. In the present

invention, the area of the exposed surface 4 of the

polymer ligquid, indicated by using the solid line in

Fig. 7 (b), is taken as the evaporation surface area S

(mz).
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In the present invention, the polymerization is
performed under reaction conditions such that the
evaporation surface area S (mz), the volume V (m3) of
the liquid mass o0f polymerizable material in the polym-

erizer, and the number average molecular weight (Mn) of

the aromatic polycarbonate to be produced satisfy the

relationships represented by the following formula (1):

log (S/V) 2 2 x 107 x Mn + 0.8 (1) .

[ It should be noted that formula (1) above is wvalid

only when the unit of the evaporation surface area S is

m? and the unit of the volume V of the ligquid mass is

3]

m The formula (1) is an empirical formula obtained
by the present inventors in their production of poly-

carbonates having various average molecular weights

under various polymerization conditions in which the S
(m2)/V (m3) ratio was varied. When the polymerization
1s performed under conditions in which the S (m2)/v

(m3) ratio is outside the range as defined in the

formula (1), it becomes difficult to produce a high

quality polycarbonate having high heat resistance at

nigh polymerization rate without suffering discolora-

tion, entry of impurities and generation of a thermal

decomposition product.
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With respect to the type of the polymerizer used
in the present invention, there is no particular limi-
tation as long as reaction conditions which satisfy the
apove-mentioned formula (1) can be achieved and main-
tained. However, it is especially preferred to use a
polymerizer designed for performing a polymerization by
allowing a polymer liquid to fall along and in contact

with a surface of a guide. It is more preferred that

the above-mentioned type of polymerizer have a plurali-

ty of guides. Examples of the shapes of the guide used

1n such a polymerizer include a plate, a cylinder, a
cone, a chain and the like. Further, for example, the
guide may be hollow. In the case of the hollow guide,
for example, the polymerization may be performed by

allowing a polymer liquid to fall along and in contact
with an outer wall surface of the hollow guide, while
introducing a heating medium to the hollow portion of

the guide, or the polymerization may be performed by

allowing a polymer liquid to fall along and in contact
with an inner wall surface of the hollow guide, while
applying a heating medium to the outer wall of the
hollow guide.

In the production of an aromatic polycarbonate by
the method of the present invention, a single polymer-

izer which is constructed so as to achieve and maintain
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reaction conditions satisfying the formula (1) may be
used, or a plurality of such polymerizers may be used.

Further, a polymerizer which is constructed so as to

achieve and maintain reaction conditions satisfying the

requirements of the present invention may be used in
combination with other polymerizers for producing an

aromatic polycarbonate. The method of the present

invention 1s advantageous especially when the polymer-

l1zable material used has a relatively high viscosity

(specifically, a polymerizable material having a number

average molecular weight of about 1,500 or more).

=

Therefore, in one preferred mode of the method of the

present invention, a prepolymer having a number average
molecular weight not less than about 1,500 is produced

by reacting an aromatic dihydroxy compound with a

diaryl carbonate using, for example, a vertical agita-

tion type polymerizer, and then the obtained prepolymer

1s polymerized using a polymerizer which is constructed

SO as to achieve and maintain reaction conditions

satisfying the requirements of the present invention.

Hereinbelc

w, explanation is made with respect to
specific examples of polymerizers usable in the present
invention with reference to Figs. 3(a) and 3(b), Figs.
4(a) and 4(b), Fig. 5, and Figs. 6(a) and 6(b). Howev-

er, 1in the present invention, the polymerizer is not
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limited to those specific examples.

Fig. 3 (a) and Fig. 3 (b) show polymerizer 1

having a plurality of plate-shaped guides 7, along and
1in contact with which polymer 3 is to be allowed to

fall. Fig. 3 (a) is a diagrammatic vertical cross-

sectional view of polymerizer 1, showing longitudinal
cross-sections of the plate-shaped guides 7 taken in a

thicknesswise direction thereof. Fig. 3 (b) is a

diagrammatic cross-sectional view of the polymerizer of

Fig. 3 (a), taken along the line III(b)-III(b). In
Fig. 3 (a), prepolymer 3 is fed through inlet 5 onto

distributing plate 6 having holes, an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>