
EP 0 338 085 B1 Description Technical Field 5     The present invention
relates to a method for producing a crystallized aromatic polycarbonate and
a crystallized aromatic polycarbonate obtained thereby. More particularly,
the present invention in concerned with an effective method for producing a
crystallized aromatic polycarbonate, in which a prepolymer having a
specific molecular weight and having a specific proportion of terminal aryl
carbonate groups is prepared from a dihydroxydiaryl compound containing at
least 85 mole % of a dihydroxydiaryl alkane, and a diaryl 10  carbonate,
and after crystallization thereof, the crystallized prepolymer is subjected
to solid-state poly- merization. Also, the present invention is concerned
with a crystalized aromatic polycarbonate produced by the above-mentioned
method which does not contain impurities, has a low terminal hydroxyl group
content and is colorless and has further excellent properties, such as
resistances to heat and to boiling water. 15 Background Art In recent
years, particularly in the last five or six years, aromatic polycarbonates
have been widely employed in various fields as engineering plastics which
have excellent heat resistance, impact resistance and transparency. Various
studies have been made with respect to processes for producing aromatic 20
polycarbonates. Up to now processes, such as one utilizing interfacial
polycondensation of an aromatic dihydroxy compound, such as
2,2-bis(4-hydroxyphenyl)propane (hereinafter frequently referred to as
"bisphenol A"), with phosgene (hereinafter frequently referred to as the
"phosgene process"), have been commercially practiced. In the
above-mentioned process, a mixed solvent of water or an aqueous alkali
solution and a water-immiscible organic solvent is generally used.
Commercially, a mixed solvent of an 25 aqueous sodium hydroxide solution
and methylene chloride is employed. As a catalyst for polymerization, a
tertiary amine or a quaternary ammonium compound is employed. By-produced
hydrogen chloride is removed as a salt with a base. The weight average
molecular weight of the produced aromatic polycar- bonate is generally
about 23,000 to 70,000, normally 25,000 to 35,000. However, in the
interfacial polycondensation process employing phosgene, (1) phosgene
(which is toxic) 30  must be used, (2) due to the by-produced
chlorine-containing compounds, such as hydrogen chloride and sodium
chloride, the apparatus used is likely to be corroded, (3) it is difficult
to remove impurities which adversely influence the polymer properties, such
as sodium chloride from the polymer, and (4) since methylene chloride
(which is generally used as a reaction solvent) is a good solvent for
polycarbonate and has a strong affinity to polycarbonate, methylene
chloride inevitably remains in produced polycarbonate. To 35 remove the
remaining methylene chloride on a commercial scale is extremely costly, and
complete removal of the remaining methylene chloride from the obtained
polycarbonate is almost impossible. Further, it is noted that the methylene
chloride remaining in the polymer is likely to be decomposed, e.g., by heat
at the time of molding, thereby forming hydrogen chloride, which not only
causes corrosion of a molding machine but also lowers the quality of the
polymer. 40     As mentioned above, the phosgene process involves too many
problems to be practiced commercially. Meanwhile, various methods are known
in which an aromatic polycarbonate is produced from an aromatic dihydroxy
compound and a diaryl carbonate. For example, a process, which is generally
known as a transesterification process or a melt process, is commercially
practiced. In the process, a polycarbonate is produced by performing a
molten-state ester exchange reaction between bisphenol A and diphenyl 45
carbonate in the presence of a catalyst, while effecting elimination of
phenol. However, in order to attain the desired polymerization degree of
the final aromatic polycarbonate according to this process, phenol and,
finally, diphenyl carbonate need to be distilled off from a formed molten
polycarbonate of high viscosity (e.g., 8,000 to 20,000 poise at [err]), and
it is generally necessary to perform the reaction at a temperature as high
as [err] to [err]  in vacuo as high as 1 mmHg or less for a period of time
as long so as, e.g., 4 to 5 hours. Therefore, this process has many
disadvantages. For example, (1) both special apparatus (suitable for
reaction at high temperatures and under high vacuum) and a special stirrer
of great power (useful under the high viscosity conditions of the product
to be formed) are needed, (2) due to the 



high viscosity of the product, when a reactor or stirring type reactor
(which is usually employed in the plastic industry) is used, only a polymer
having a weight average molecular weight as low as about 30,000 55 is
obtained, (3) due to the high temperature at which the reaction is
performed, branching and crosslinking of the polymer are likely to occur,
thereby rendering it difficult to obtain a polymer of good quality, and (4)
due to long residence time at high temperatures, discoloration of the
polymer is likely to occur [see Mikio Matsukane et al, Purasuchikku Zairyo
Koza 5 "Porikaboneito Jushi" (Seminar on Plastic Materials 5, 2    EP 0 338
085 B1 "Polycarbonate Resin"), Nikkan Kogyo Shinbun Publishing Co.,
p.62-67, Japan (1969)]. Moreover, with respect to polycarbonate obtained by
the melt process, the content of terminal hydroxyl groups (-OH groups), for
example, 30 to 70 mole % based on the total number of moles of all the
terminal groups of the polymer is large due to the polymer structure.
Further, it is known that the molecular weight 5  distribution of the
polymer is broad, and that the proportion of branched structure is high.
Therefore, it is recognized that the polycarbonate produced by the melt
process is inferior to that produced by the phosgene process in properties,
such as mechanical strength, and that, particularly, the polycarbonate
produced by the melt process is disadvantageous because of its brittleness
and fracture properties, and it is also poor in moldability because of its
non-Newtonian flow behavior [see Mikio Matsukane, "Kobunshi" 10  (High
Polymer), Japan, Vol. 27, p.521 (1978)]. Especially, the high content of
terminal hydroxyl groups (-OH groups) in the melt process-produced
polycarbonate means that the polycarbonate is poor in properties, such as
resistance to heat and boiling water, required for engineering plastics.
Meanwhile, in the production of polyhexamethylene adipamide (nylon 66) and
polyethylene tereph- thalate (PET), which are examples of the most popular
condensation type polymers, polymerization is 15 generally conducted by a
melt polymerization process until the polymer has a molecular weight at
which mechanical properties sufficient for a plastic or a fiber are
exhibited. With respect to this production, it is known that the
polymerization degree of the thus produced polymer can be further increased
by solid-state polymerization in which the polymer is heated at a
temperature (at which the polymer can remain in solid- state) at a reduced
pressure or atmospheric pressure under a stream of, e.g., dry nitrogen. In
this 20 polymerization, it is believed that dehydration condensation is
advanced in the solid polymer by the reaction of terminal carboxyl groups
with adjacent terminal amino groups or terminal hydroxyl groups. Also, in
the case of polyethylene terephthalate, condensation reaction by the
elimination of ethylene glycol from the formed polymer occurs to some
extent simultaneously with a condensation reaction between functional
groups. 25     The reason why the polymerization degree of nylon 66 and
polyethylene terephthalate can be increased by solid-state polymerization
is that these polymers are inherently crystalline polymers having a high
melting point (e.g., [err] and [err]) and, hence, these polymers can remain
sufficiently in solid-state at a temperature at which solid-state
polymerization proceeds (e.g., [err]  to [err]). What is more important is
that, for the above-mentioned polymers, the compounds to be eliminated are
substances, such 30 as water and ethylene glycol, that have a low molecular
weight and relatively low boiling point and, therefore, can readily move
within and through the solid polymer so that they can be removed from the
reaction system as gases. On the other hand, it has been proposed to employ
a method for producing an aromatic polyester carbonate having a high
molecular weight in which a high melting temperature aromatic polyester
carbonate 35 having both an aromatic ester bond and an aromatic carbonate
bond is subjected to melt polymerization, and then subjected to solid-state
polymerization. According to this method, an aromatic dicarboxylic acid or
aromatic oxycarboxylic acid, such as naphthalene dicarboxylic acid,
p-hydroxybenzoic acid or terephthalic acid, is reacted with a dihydroxy
aromatic compound and a diaryl carbonate in their molten state to prepare 



a prepolymer. Then, the prepolymer is crystallized and subjected to
solid-state polymerization. If the 40 polymerization degree is increased to
some extent by melt polymerization at 260 to [err], when p- hydroxybenzoic
acid is used, the resultant product is no longer in a molten state but
becomes solid. Since the resultant solid is a prepolymer having high
crystallinity and a high melting temperature, it is not necessary to
crystallize the solid further (see Japanese Patent Application Laid-Open
Specification No. 48- 22593, Japanese Patent Application Laid-Open
Specification No. 49-31796, USP 4,107,143, Japanese 45 Patent Application
Laid-Open Specification No. 55-98224). However, these methods apply only to
the production of an aromatic polyester carbonate containing 30% or more,
generally 50% or more, of ester bonds, and it has been reported that,
although aromatic polyester carbonate containing less than 30 % of ester
bonds was intended to be produced, fusion of a prepolymer occurred at the
time of solid-state polymerization so that the solid-state polymerization
could not be conducted (Japanese Patent Application 50 Laid-Open
Specification No. 55-98224). On the other hand, it is known that the
presence of ester bonds as mentioned above promotes the carbonate
bond-forming reaction when an aromatic polyester carbonate is produced by a
melt condensation polymerization method (see Japanese Patent Application
Publication Specification No. 52-36797). According to the Japanese Patent
Application Publication Specification No 52-36797, when a high molecular
weight 55 aromatic polycarbonate having ester bonds is produced by melt
condensation polymerization, the melt condensation polymerization reaction
is markedly promoted by introducing ester bonds, in advance, into the
molecular chain of an aromatic polycarbonate having a low polymerization
degree. Naturally, it is believed that the above-mentioned effect of
promoting the condensation polymerization reaction by the ester bonds 3
EP 0 338 085 B1 may also be exhibited at the time of solid-state
polymerization. Therefore, it is relatively facile to increase the
polymerization degree by solid-state polymerization with respect to an
inherently crystalline aromatic polyester carbonate having a high melting
temperature, for example, a polymer having 40 mole % of ester bonds
obtained from p-hydroxybenzoic acid, hydroquinone and diphenyl carbonate,
or an aromatic 5  polyester carbonate (such as a polymer having 55 mole %
of ester bonds obtained from 2,6-naphthalene dicarboxylic acid, bisphenol A
and diphenyl carbonate) which can easily become a crystalline polymer
having a high melting temperature, by a simple crystallizing operation, for
example, by heating at a predetermined temperature lower than the melting
temperature. However, no attempt has been made to produce a high molecular
weight aromatic polycarbonate 10  containing no ester bond by a method in
which a prepolymer having a low molecular weight is first prepared by melt
polymerization, and then the polymerization degree of the prepolymer is
increased by solid-state polymerization, except for the case where a
specific highly crystalline polycarbonate having a melting temperature as
high as [err] or more has been produced by solid-state polymerization (see
Example 3 of Japanese Patent Application Laid-open Specification No.
52-109591). Japanese Patent 15  Application Laid-open Specification No.
52-109591 discloses a method in which melt polymerization of an aromatic
dihydroxyl compound comprising about 70 % of hydroquinone and about 30 % of
bisphenol A with diphenyl carbonate is conducted at [err]  under an
extremely reduced pressure, i.e., 0.5 mmHg to form a solidified prepolymer
having a melting temperature of more than [err] , and then the polymeriza-
tion degree of the prepolymer is increased by solid-state polymerization at
280 * C under 0.5 mmHg for 4 20  hours. However, with respect to a
substantially amorphous aromatic polycarbonate comprised mainly of a
dihydroxydiaryl alkane, such as bisphenol A, no attempt has been made to
produce a polymer having a high molecular weight by first forming a
prepolymer having a relatively low molecular weight and then subjecting the
preplymer to solid-state polymerization. For example, in the phosgene
process using an acid 



25  acceptor, which is the most representative method for producing an
aromatic polycarbonate, since a compound, such as sodium chloride, to be
removed from the reaction system to advance the condensation reaction is
generally solid in the absence of a solvent, the compound hardly moves
within and through solid polymer. Therefore, it is difficult to remove the
compound from the reaction system. It is thus infeasible to carry out this
method using phosgene in a solid-state system. 30     With respect to a
method for producing the most popular aromatic polycarbonate i.e., a
polycarbonate derived from bisphenol A by transeslerification between
bisphenol A and diphenyl carbonate, all of the studies have been directed
toward a melt polymerization process at high temperature under highly
reduced pressure. Studies have never been directed toward a method in which
a prepolymer having a relatively low polymerization degree is first
prepared, and then the polymerization degree of the prepolymer is increased
35  by solid-state polymerization to obtain a polycarbonate having a high
molecular weight. Because polycar- bonates derived from bisphenol A are
amorphous polymers having a glass transition temperature (Tg) of from 149
to [err] , it has been considered to be infeasible to subject
polycarbonates derived from bisphenol A to solid-state polymerization. In
other words, in order for a prepolymer to be susceptible to solid-state
polymerization, it is generally required that the prepolymer not be fused
but maintain its solid- 40  state at a temperature higher than the glass
transition temperature of the prepolymer (if the temperature is lower than
the glass transition temperature of the prepolymer, molecular motion does
not occur, thus precluding solid-state polymerization). Amorphous
polycarbonate which melts at a temperature of [err] or more is practically
not susceptible to solid-state polymerization. The present invention has
been made with a view toward obviating the various drawbacks of the 45
conventional methods for producing a polycarbonate, e.g., the phosgene and
melt processes, and with a view toward providing a method for effectively
producing a high-quality aromatic polycarbonate having a high molecular
weight, which substantially does not contain impurities, such as chlorine
compounds, and has a low terminal hydroxyl group content. 50  Disclosure of
The Invention The present Inventors have made extensive and intensive
studies with respect to a method for producing an aromatic polycarbonate in
which a transesterification reaction is utilized. As a result, it has been
found that a substantially amorphous prepolymer having a relatively low
molecular weight [as obtained 55  by effecting preliminary polymerization
of a) a dihydroxydiaryl compound comprising 85 to 100 mole % of a
dihydroxydiaryl alkane of formula (I), described later, and 0 to 15 mole %
of a dihydroxydiaryl derivative other than the alkane with b) a diaryl
carbonate] can readily be crystallized. It has also been found that, when
the crystallized prepolymer is heated at a temperature lower than the
melting temperature of the 4    EP 0 338 085 B1 crystals, i.e., at a
temperature at which the crystallized prepolymer can maintain its
solid-state, solid-state polymerization of the crystallized prepolymer can
easily proceed. It has further been found that an aromatic polycarbonate
having a high molecular weight can readily be produced by adjusting the
molecular weight and terminal group proportions of the prepolymer prior to
crystallization and adjusting the crystallinity of the 5 crystallized
prepolymer to specific ranges. The present invention has been completed on
the basis of these novel findings. Accordingly, in one aspect of the
present invention, there is provided a method for producing a crystallized
aromatic polycarbonate which comprises the steps of: (1) heating a mixture
of a dihydroxydiaryl compound and a diaryl carbonate at a temperature
sufficient 10    and for a period of time sufficient to prepare a
prepolymer having a weight average molecular weight of from 2,000 to 20,000
and having terminal aryl carbonate groups, said dihydroxydiaryl compound
comprising 85 to 100 mole % of a dihydroxydiaryl alkane repre- 



sented by the formula: 15    HO-[err]-Y-[err]-OH   (I) wherein each of
[err] and [err] independently represents a divalent carbocyclic or
heterocyclic aromatic group, and Y represents a divalent alkane group, and
0 to 15 mole % of a dihydroxydiaryl derivative other than said
dihydroxydiaryl alkane, 20       said terminal aryl carbonate groups being
present in an amount of greater than 50 mole % based on the total number of
moles of all the terminal groups of the prepolymer; (2) crystallizing said
prepolymer to a crystallinity of from 5 to 55 %; and (3) heating the
crystallized prepolymer at a temperature which is higher than the glass
transition temperature of said crystallized prepolymer and at which said
crystallized prepolymer is in a solid-state, 25   thereby increasing the
weight average molecular weight of the crystallized prepolymer to from
6,000 to 200,000 so that the resultant polymer has a weight average
molecular weight which is greater than that of said prepolymer obtained in
step (1). In another aspect of the present invention, there is provided a
crystallized aromatic polycarbonate having a weight average molecular
weight of from 6,000 to 200,000 and having a terminal hydroxyl group 30
content of not greater than 0.03 % by weight, based on the weight of the
polycarbonate, which is the same as that produced by the above-mentioned
method. As described above, in the present invention, solid-state
polymerization has for the first time been realized with respect to an
aromatic polycarbonate by preparing a substantially amorphous prepolymer
and then crystallizing the prepolymer prior to the solid-state
polymerization. By practicing the method of the 35 present invention, an
aromatic polycarbonate having a high molecular weight can readily be
produced. Generally, to render feasible solid-state polymerization for
increasing the polymerization degree of a prepolymer, it is necessary to
preclude melting or melt adhesion of the prepolymer at a temperature at
which polymerization proceeds. However, in solid-state polymerization, it
is necessary that motion of by- produced substances and reaction be
performed within a solid, and that the reaction temperature be 40 increased
to expedite reaction rate since such rate is generally not so high within
the solid. Therefore, the prepolymer must have a melting temperature as
high as possible, which is difficult to provide. According to the present
invention, this problem has successfully been resolved by prepolymer
crystallization prior to solid-state polymerization. In the conventional
transesterification process conducted in molten-state, final heating must
be per- 45 formed at a temperature as high as [err]  or more in an extreme
vacuo, i.e., 0.1 mmHg or less, to remove phenol and diphenyl carbonate from
a highly viscous molten mixture. By contrast, in the present method,
surprisingly, polymerization of prepolymer to a high molecular weight
polymer readily occurs at a temperature far lower than [err] while removing
an aromatic monohydroxy compound and a diaryl carbonate, each having a
relatively high boiling point, from a crystallized prepolymer in
solid-state. 50    In the method of the present invention, in step (1)
(hereinafter frequently referred to as the "pre- polymerization"), a
prepolymer having a weight average molecular weight of from 2,000 to 20,000
and having terminal aryl carbonate groups, the terminal aryl carbonate
groups being present in an amount of greater than 50 mole %, based on the
total number of moles of all the terminal groups of the prepolymer, is
prepared by heating a mixture of a dihydroxydiaryl compound and a diaryl
carbonate. 55    In the method of the present invention, a dihydroxydiaryl
compound is used as a starting material. From 85 to 100 mole % of the
dihydroxydiaryl compound is a dihydroxydiaryl alkane represented by the
formula: HO-[err]-Y-[err]-OH   (I) 5    EP 0 338 085 B1 wherein each of
[err] and [err] independently represents a divalent carbocyclic or
heterocyclic aromatic group, 



and Y represents a divalent alkane group. As each of [err] and [err], a
divalent carbocyclic or heterocyclic aromatic group having from 5 to 30 5
carbon atoms is preferred. As Y, a divalent alkane group having from 1 to
30 carbon atoms is preferred. Each of divalent aromatic groups [err] and
[err] is either unsubstituted or substituted with at least one substituent
which does not adversely affect the reaction. Examples of suitable
substituents include a halogen atom, a lower alkyl group, a lower alkoxy
group, a phenyl group, a phenoxy group, a vinyl group, a cyano group, an
ester group, an amide group and a nitro group. 10    As heterocyclic
aromatic, as used throughout this disclosure, aromatic rings having one or
more ring nitrogen atoms are preferred, and no other hetero ring atoms need
to be present. Representative examples of divalent aromatic groups include
a phenylene group, a naphthylene group, a biphenylene group and a
pyridylene group, each of which is unsubstituted or substituted with at
least one substituent, as mentioned above. 15     Representative examples
of divalent alkane groups include organic groups representative by the
formulae: [ERR] 25 wherein each of   [err]  and [err] independently
represents a hydrogen atom, a lower alkyl group, a lower alkoxy group, a
cycloalkyl group having from 5 to 10 ring carbon atoms, a carbocyclic
aromatic group having from 5 to 10 ring carbon atoms or a carbocyclic
aralkyl group having from 6 to 10 carbon atoms, and k represents an integer
of from 3 to 11, inclusive. 30 35 40 45 50 55 6    EP 0 338 085 B1
Preferred examples of dihydroxydiaryl alkanes include those of the
formulae: [ERR] 25 30 wherein each of [err] and [err] independently
represents a hydrogen atom, a halogen atom, a lower alkyl 35 group, a lower
alkoxy group, a cycloalkyl group having from 5 to 10 ring carbon atoms or a
phenyl group; each of m and n independently represents an integer of from 1
to 4; when m is an integer of from 2 to 4, each [err] may be the same or
different; and when n is an integer of from 2 to 4, each [err] may be the
same or different. Of these compounds, bisphenol A, i.e., 2,2-bis
(4-hydroxyphenyl)propane and a substituted bisphenol A 40 are particularly
preferred. The dihydroxydiaryl alkanes may be used individually or in
combination. When two or more different dihydroxydiaryl alkanes are used, a
final aromatic polycarbonate is generally obtained in the form of a
copolymer containing two or more different units derived therefrom. In
addition to the dihydroxydiaryl alkane there may be employed a
dihydroxydiaryl derivative other than the dihydroxydiaryl alkane in an
amount of from 0 to 15 mole %. There is no particular restriction with 45
respect to the structure of the dihydroxydiaryl derivative. However, it is
preferred to use a dihydroxydiaryl derivative represented by the following
formula: HO-[err]-Z-[err]-OH   (11) 



so     wherein [err] and [err] are as defined above and Z represents a
bond, -O-, -CO-, -S-, -SO-, -[err]-, or -CON(R')-, wherein [err] is as
defined above. Examples of dihydroxydiaryl derivatives other than
dihydroxydiaryl alkanes include dihydroxybiphenyls of the formulae: 55 7
EP 0 338 085 B1 [ERR] wherein [err], m and n are as defined above. In the
method of the present invention, a compound containing three or more
phenolic hydroxyl groups in the molecule may be added to the
dihydroxydiaryl compound in an amount of about 0.01 to 3 mole %, 30 based
on the moles of the dihydroxydiaryl compound. Examples of such a compound
containing three or more phenolic hydroxyl groups include phloroglucin;
phloroglucide; 4,6-dimethyl-2,4,6-tri(4'-hydroxyphenyl)- heptane-2;
2,6-dimethyl-2,4,6-tri(4'-hydroxyphenyl)-heptane-3;
4,6-dimethyl-2,4,6-tri(4'-hydroxyphenyl)-hep- tane;
1,3,5-tri-(4'-hydroxyphenyl)-benzene; 1,1,1-tri-(4'-hydroxyphenyl)-ethane;
2,2-bis-[4,4-bis(4'-hydrox- yphenyl) cyclohexyl]-propane;
2,6-bis-(2'-hydroxy-5'-methylbenzyl)-4-methylphenol: 2,6-bis(2'-hydroxy-5'-
35 isopropylbenzyl)-4-isopropylphenol;
bis-[2-hydroxy-3-(2'-hydroxy-5'-methylbenzyl)-5-methylphenyl]-methane;
tetra-(4-hydroxyphenyl)methane; tri-(4-hydroxyphenyl)phenylmethane;
bis(2,4-dihydroxyphenyl)ketone; 1,4-
bis-(4',4"-dihydroxytriphenylmethyl)benzene;
1,4-dimethyl-1,4-bis(4'-hydroxy-3-methylphenyl)-6-hydroxy-7-
methyl-1,2,3,4-tetralin; and 2,4,6-tri(4'-hydroxyphenylamino)-S-triazine.
In the method of the present invention, the dihydroxydiaryl compound is
reacted with a diaryl 40 carbonate. The diaryl carbonate is a carbonate
ester of an aromatic monohydroxy compound, which is represented by the
formula: [ERR] wherein each of [err] and [err] each independently
represents a monovalent carbocyclic or heterocyclic 50 aromatic group. As
each of [err] and [err], a monovalent carbocyclic or heterocyclic aromatic
group having from 5 to 12 carbon atoms is preferred. Each of monovalent
aromatic groups [err] and [err] may be unsubstituted or substituted with at
least one substitutent which does not adversely affect the reaction.
Examples of such substituents include a halogen 55 atom, a lower alkyl
group, a lower alkoxy group, a phenyl group, a phenoxy group, a vinyl
group, a cyano group, an ester group, an amide group and a nitro group.
Representative examples of monovalent aromatic groups include a phenyl
group, a naphthyl group, a biphenyl group and a pyridyl group, each of
which is unsubstituted or substituted with at least one 8    EP 0 338 085
B1 substituent, as mentioned above. Representative examples of diaryl
carbonates include diphenyl carbonates represented by the formula: [err] 0
10 wherein each of [err] and [err] independently represents a hydrogen
atom, a halogen atom, a lower alkyl group, a lower alkoxy group, a
cycloalkyl group having from 5 to 10 ring carbon atoms or a phenyl group; 



and each of p and q independently represents an integer of from 1 to 5;
with the proviso that when p is an integer of from 2 to 5, each R7 may be
the same or different, and when q is an integer of from 2 to 5, each 15
[err] may be the same or different. Of these diphenyl carbonates, there are
preferably used diaryl carbonates having a symmetrical configuration, such
as diphenyl carbonate, ditolyl carbonate and diphenyl carbonate substituted
with a lower alkyl group, e.g. di-t-butylphenyl carbonate. Of them,
diphenyl carbonate, which is a diaryl carbonate having the simplest
structure, is particularly preferred. 20     The above-mentioned diaryl
carbonates are used individually or in combination. However, when two or
more different types of diaryl carbonates are used, the reaction system
becomes complicated with little advantage. Therefore, it is preferred to
use one type of diaryl carbonate having a symmetrical configuration,
individually. In the method of the present invention, a prepolymer prepared
in the pre-polymerization step as step 25 (1) is crystallized in step (2),
and then the crystallized prepolymer is subjected to solid-state
polymerization in step (3). In the pre-polymerization step (1), a mixture
of a dihydroxydiaryl compound and a diaryl carbonate is heated, while
releasing a by-produced aromatic monohydroxy compound having a structure
such that a hydroxyl group is bonded to an aryl group derived from the
diaryl carbonate, to obtain a prepolymer. 30     The weight average
molecular weight of the prepolymer prepared in the pre-polymerization step
(1) is generally within the range of from 2,000 to 20,000, preferably from
2,500 to 15,000, more preferably from 4,000 to 12,000. When the weight
average molecular weight is less than 2,000, the solid-state polymeriza-
tion disadvantageously takes a long period of time. On the other hand, it
is unnecessary to prepare a prepolymer having a weight average molecular
weight of more than 20,000, because the increased weight 35 average
molecular weight of the prepolymer does not have any special effect on the
subsequent solid-state polymerization. The weight average molecular weight
of the prepolymer can be controlled by appropriately selecting reaction
conditions, such as temperature, time, pressure and agitation rate. The
pre-polymerization is preferably effected in molten state. Since the melt
viscosity of a prepolymer having a weight average molecular weight within
the above-mentioned range is not so high, it is facile to 40 effect the
pre-polymerization in molten state on a commercial scale. The
pre-polymerization is optionally performed in a solvent which is inert to
the pre-polymerization reaction, such as methylene chloride, chloroform,
1,2-dichloroethane, tetrachloroethane, dichlorobenzene, tetrahydrofuran,
diphenylmethane and diphenyl ether. However, in general, the
pre-polymerization is performed in a molten state in the absence of a
solvent. 45     The ratio of the diaryl carbonate to be charged to the
dihydroxydiaryl compound to be charged varies, depending on the types of
the employed diaryl carbonate and dihydroxydiaryl compound, the reaction
temperature and other reaction conditions. However, in general, the diaryl
carbonate is used in an amount of from 0.9 to 2.5 moles, preferably from
0.95 to 2.0 moles, more preferably from 1.01 to 1.5 moles per mole of the
dihydroxydiaryl compound. 50     The terminal groups of the prepolymer
prepared in the pre-polymerization are generally comprised of terminal aryl
carbonate groups represented, for example, by the formula: [ERR] 9    EP 0
338 085 B1 wherein Ar3 is as defined above, and terminal hydroxyl groups
derived from the dihydroxydiaryl compound, which is represented, for
example, by the formula HO-[err]- 5 



wherein [err] is as defined above. In order to have the proportion of the
terminal aryl carbonate groups (relative to all the terminal groups of the
prepolymer) greater than 50 mole %, it is necessary that the diaryl
carbonate be present in the reaction system in excess relative to the
dihydroxydiaryl compound. Therefore, it is preferred that the diaryl
carbonate be present in the reaction system in an amount of from 1.001 to
1.10 10  mole per mole of the dihydroxydiaryl compound. Under some reaction
conditions, a portion of either or both of the compounds to be reacted with
each other is distilled off in the course of the pre-polymerization
reaction. In such a case, it is preferred to add either of the compounds in
the course of the pre- polymerization reaction so as to adjust the ratio of
the compounds to a predetermined ratio. When the pre-polymerization is so
performed that a formed prepolymer has terminal aryl carbonate 15 groups in
an amount of greater than 50 mole %, based on the total number of moles of
all the terminal groups, not only the discoloration of the prepolymer
during the course of the pre-polymerization but also the discoloration of
the aromatic polycarbonate during the course of the solid-state
polymerization is greatly relieved, and, in addition the aromatic
polycarbonate finally obtained is excellent in resistance to heat and
boiling water due to the extremely small content of terminal hydroxyl
groups in the aromatic polycarbonate 20  as mentioned below. As mentioned
above, it is necessary that the proportion of the terminal aryl carbonate
groups relative to all the terminal groups of the prepolymer be greater
than 50 mole %. In addition, when the proportion (x, mole %) of the
terminal aryl carbonate groups relative to all the terminal groups of the
prepolymer and the weight average molecular weight (Mw) of the prepolymer
satisfy the following relationship (x, mole %), an 25  aromatic
polycarbonate which is free from discoloration and has excellent physical
properties, such as resistance to heat and boiling water, is readily
obtained. when 2,000[err]Mw[err]5,000, 30  50<x[err]100; and when
5,000<Mw[err]20,000 35 0.002Mw + 40[err]x[err]100 The reaction temperature
and the reaction time for the pre-polymerization vary depending on the
types and amounts of dihydroxydiaryl compound and diaryl carbonate, the
type and amount of catalyst, if any, the intended polymerization degree of
the prepolymer, and other reaction conditions. However, in general, the 40
reaction temperature is in the range of from 50 to [err], preferably from
100 to [err] , and the reaction time is in the range of from 1 minute to
100 hours, preferably from 2 minutes to 10 hours. For preparing a
prepolymer free from discoloration, it is preferred to effect the
pre-polymerization at a temperature as low as possible and for a period of
time as short as possible. For this reason, it is particularly preferred to
effect the pre-polymerization at a temperature in the range of from 150 to
[err] 45  and for a period of time in the range of from several minutes to
several hours. In the method of the present invention, the
pre-polymerization step is provided only for preparing a prepolymer having
a relatively low molecular weight. A prepolymer which has a desired degree
of polymerization and is colorless and transparent, can be readily prepared
under the above-mentioned reaction conditions. In the pre-polymerization in
step (1), as the reaction proceeds, an aromatic monohydroxy compound of so
a structure in which a hydroxyl group is bonded to an aryl group derived
from the diaryl carbonate, is formed. By removing the formed aromatic
monohydroxy compound from the reaction system, the reaction rate is
increased. Therefore, the aromatic monohydroxy compound is preferably
removed from the reaction system by a method in which an inert gas, such as
nitrogen, argon, helium or carbon dioxide, or a lower hydrocarbon gas is
introduced into the reaction system while agitating the reaction system, so
that the 55  aromatic monohydroxy compound is entrained by such gas and
removed from the reaction system together with the gas, or a method in
which the pre-polymerization is conducted under reduced pressure. These two
methods are optionally conducted in combination. 10 



EP 0 338 085 B1 It is preferred that the pre-polymerization be effected in
the absence of a catalyst. However, if desired, a polymerization catalyst
is optionally used in the pre-polymerization in order to increase the
polymerization rate. As the polymerization catalyst, any condensation
polymerization catalyst conventionarily used in the art can be used.
Examples of such catalysts include hydroxides of an alkali or alkaline
earth metal, such as 5 lithium hydroxide, sodium hydroxide, potassium
hydroxide and calcium hydroxide; hydrides of an alkali or alkaline earth
metal, such as lithium hydride, sodium hydride and calcium hydride; alkali
metal salts, alkaline earth metal salts and quarternary ammonium salts of
boron hydride or aluminum hydride, such as lithium aluminum hydride, sodium
boron hydride and tetramethyl ammonium boron hydride; alkoxides of an
alkali or alkaline earth metal, such as lithium methoxide, sodium ethoxide
and calcium methoxide; 10  aryloxides of an alkali or alkaline earth metal,
such as lithium phenoxide, sodium phenoxide, magnesium phenoxide,
LiO-Ar-OLi wherein Ar is an aryl group and NaO-Ar-ONa wherein Ar is as
defined above; organic acid salts of an alkali or alkaline earth metal,
such as lithium acetate, calcium acetate and sodium benzoate; zinc
compounds, such as zinc oxide, zinc acetate and zinc phenoxide; boron
compounds, such as boron oxide, boric acid, sodium borate, trimethyl
borate, tributyl borate and triphenyl borate; silicon compounds, 15 such as
silicon oxide, sodium silicate, tetraalkylsilicon, tetraarylsilicon and
diphenyl-ethyl-ethoxysilicon; germanium compounds, such as germanium oxide,
germanium tetrachloride, germanium ethoxide and germanium phenoxide; tin
compounds, such as tin oxide, dialkyltin oxide, diaryltin oxide, dialkyltin
carboxylate, tin acetate, tin compounds having an alkoxy group or aryloxy
group bonded to tin, such as ethyltin tributoxide and organotin compounds;
lead compounds, such as lead oxide, lead acetate, lead 20 carbonate, basic
lead carbonate, and alkoxides and aryloxides of lead or organolead; onium
compounds, such as a quaternary ammonium salt, a quaternary phosphonium
salt and a quaternary arsonium salt; antimony compounds, such as antimony
oxide and antimony acetate; manganese compounds, such as manganese acetate,
manganse carbonate and manganese borate; titanium compounds, such as
titanium oxide and titanium alkoxides and titanium aryloxides; and
zirconium compounds, such as zirconium acetate, 25 zirconium oxide,
zirconium alkoxides and aryloxides and zirconium acetylacetone. These
catalysts are used individually or in combination. The amount of catalyst
to be used is as follows. When a catalyst containing a metal is used, the
amount of the catalyst is in the range of from 0.5 ppm to 1 % by weight,
preferably from 1 ppm to 0.5 % by weight, in terms of the amount of the
metal contained in the catalyst, based on the weight of the aromatic
dihydroxydiaryl compound used as the starting material. 30 On the other
hand, when a catalyst containing no metal is used, the amount of the
catalyst is in the range of from 0.5 ppm to 1 % by weight, preferably from
1 ppm to 0.5 % by weight, in terms of the amount of the element contained
in the catalyst which is destined to become a cation, based on the weight
of the aromatic dihydroxydiaryl compound used as the starting material. The
catalysts as mentioned above usually remain in the final aromatic
polycarbonate. These residual 35 catalysts often have adverse effects on
the properties of the polymer. Therefore, it is preferred that the amount
of a catalyst be as small as possible. In the method of the present
invention, the pre-polymerization step is provided only for preparing a
prepolymer having a relatively low molecular weight. The intended
prepolymer can readily be prepared in the absence of any catalyst. This is
one of the main features of the present invention. In the present 40
invention, the terminology "in the absence of a catalyst" means that the
amount of a catalyst is substantially zero, or the amount a catalyst, if
any, is smaller than 0.5 ppm, that is the minimum in the above-mentioned
amount range. By the pre-polymerization described above, there is readily
prepared a prepolymer having a weight average molecular weight (Mw) of from
2,000 to 20,000 and containing terminal aryl carbonate groups in an 45
amount of greater than 50 mole %, based on the total number of moles of all
the terminal groups of the 



prepolymer. In the preferred mode of pre-polymerization, the
pre-polymerization is conducted in molten state in the absence of a
solvent. A prepolymer obtained by cooling the prepared prepolymer to room
temperature generally has low crystallinity and is substantially amorphous.
It is practically impossible to subject such an 50  amorphous prepolymer to
solid-state polymerization because the prepolymer is melted at temperatures
higher than the glass transition temperature of the prepolymer. For this
reason, it is necessary to effect step (2) i.e., crystallization of the
prepolymer (hereinafter often referred to as the "prepolymer
crystallization"). In the pre-polymerization step of the present invention,
a relatively low molecular weight prepolymer having a weight average
molecular weight of from 2,000 to 20,000 and having terminal aryl carbonate
55  groups in an amount of greater than 50 mole %, based on the total
number of moles of all the terminal groups of the prepolymer, is produced.
In the art, no attempt has been directed toward crystallization of a
prepolymer having such a relatively low molecular weight, although various
studies have been made on the crystallization of aromatic polycarbonates
having a high molecular weight prepared by the phosgene 11    EP 0 338 085
B1 process. With respect to step (2), the method of crystallizing the
prepolymer is not particularly limited. However, it is preferred that the
crystallization be effected by solvent treatment or by heat treatment. In
the solvent treatment method, the prepolymer is crystallized using a
suitable solvent. Examples of 5  solvent treatment methods include (1) a
method in which the prepolymer is dissolved in a solvent to prepare a
solution, and a crystallized prepolymer is then deposited from the
solution, and (2) a method in which the prepolymer is brought into contact
with a poor solvent (or the vapor of the poor solvent) for the prepolymer,
for example, a solvent in which the solubility of the prepolymer is about
10 % or less for a period of time sufficient to allow the solvent to
permeate into the prepolymer, crystallizing the prepolymer. 10    In method
(1) in which a crystallized prepolymer is deposited from the solution,
deposition of a crystallized prepolymer from the solution is performed, for
example, by removing the solvent from the solution by evaporation, or by
adding a poor solvent for the prepolymer to the solution. The solvent
removal process is preferred for its simplicity in operation. In method
(2), the period of time sufficient for the solvent to permeate the
prepolymer and to crystallize the prepolymer varies depending on the type,
molecular 15  weight and shape of the prepolymer, the type of the solvent,
the treatment temperature and the like, but it is generally in the range of
from several seconds to several hours. The treatment temperature is
generally in the range of from -10 to 200 * C. Solvents which are suitably
employed for the solvent treatment of the prepolymer include, for example,
aliphatic halogenated hydrocarbons, such as chloromethane, methylene
chloride, chloroform, carbon tetra- 20 chloride, chloroethane,
dichloroethane (position isomers), trichloroethane (position isomers),
trich- loroethylene and tetrachloroethane (position isomers); halogenated
aromatic hydrocarbons, such as chlorobenzene and dichlorobenzene; ethers,
such as tetrahydrofuran and dioxane; esters, such as methyl acetate and
ethyl acetate; ketones, such as acetone and methyl ethyl ketone; and
aromatic hydrocarbons, such as benzene, toluene and xylene. These solvents
are used individually or in combination. 25     The amount of solvent used
for the solvent treatment of the prepolymer varies depending upon the type
of the prepolymer, the type of the solvent, the desired crystallinity, and
the temperature for the solvent treatment. However, the solvent is
generally used in an amount of from 0.05 to 100 times by weight, preferably
from 0.1 to 50 times as large as the amount of the prepolymer. In the
present invention, even when a chlorine-containing solvent, such as
methylene chloride, is used 30 for the solvent treatment of the prepolymer,
it is relatively easy to prevent the crystallized pre-polymer from being
contaminated with the chlorine-containing solvent because the prepolymer
has a relatively low 



molecular weight. On the other hand, in the phosgene process, it is
necessary to distill off methylene chloride from a final aromatic
polycarbonate product having a high molecular weight. However, it is
difficult to completely remove methylene chloride from the final aromatic
polycarbonate product having a high 35 molecular weight. In contrast, in
the method of the present invention, even when methylene chloride is not
completely removed in the prepolymer crystallization step, methylene
chloride can be almost completely removed in the solid-state polymerization
step (3) subsequent to the crystallization of the prepolymer. Therefore, an
aromatic polycarbonate prepared by the method of the present invention
contains substan- tially no chlorine values ascribed to a
chlorine-containing solvent. The terminology "an aromatic polycar- 40
bonate containing substantially no chlorine values" used herein means an
aromatic polycarbonate whose chlorine atom content does not exceed about 1
ppm by weight, based on the aromatic polycarbonate. When a solvent
containing no chlorine atoms is used, it is, of course, possible to obtain
an aromatic polycarbonate containing no chlorine atoms as long as a
dihydroxydiaryl compound containing no chlorine atoms and a diaryl
carbonate containing no chlorine atoms are used as raw materials. 45    In
the heat crystallization method, the prepolymer is heated at a temperature
which is higher than the glass transition temperature of the prepolymer,
but lower than the melting temperature of the prepolymer, to crystallize
the prepolymer. According to this heat crystallization method, the
prepolymer is readily cry- stallized by simply keeping the prepolymer in a
heated environment. Accordingly, this crystallization method is readily
carried out on a commercial scale. It is surprising that a substantially
amorphous 50 prepolymer having a relatively low molecular weight and having
terminal aryl carbonate groups in an amount of greater than 50 mole %,
based on the total number of moles of all the terminal groups of the
prepolymer can be crystallized by the simple method as mentioned above.
There is no particular limitation with respect to the temperature (Tc,
[err]) for the heat crystallization method as long as Tc is in the
above-mentioned range, that is, in a temperature range which is higher than
55  the glass transition temperature of the prepolymer but lower than the
melting temperature Tm( C) of the prepolymer. However, because the
crystallization rate of the prepolymer is low at low temperature, it is
preferred that the temperature (Tc, [err]) for the heat crystallization
method be in the following range (IV). 12    EP 0 338 085 B1 Tm-50 [err] Tc
< Tm    (IV) The heat crystallization of the prepolymer is carried out,
e.g., by heating the prepolymer at a temperature kept constant within the
above-mentioned range or while changing the temperature continu- 5   ously
or discontinuously within the above-mentioned range. These temperature
controllings are optionally used in combination for crystallization of the
prepolymer. Because the melting temperature of the prepolymer generally
becomes higher as the crystallization proceeds, it is preferred to employ a
crystalliza- tion method in which a heating temperature is raised at the
same rate as the rising rate of the melting temperature of the prepolymer.
This heat crystallization method (in which a temperature is raised) is 10
effective not only for rapidly crystallizing the prepolymer but also for
elevating the melting temperature of the prepolymer, as compared to the
method in which a heating temperature is kept constant. The period of time
for the heat crystallization varies depending upon the chemical composition
of the prepolymer, the presence or absence of a catalyst, and the
temperature and method to be employed for the crystallization of the
prepolymer. The period of time is generally in the range of from 1 to 200
hours. 15     The crystallization of the prepolymer in the crystallization
step is readily confirmed, since the transparency of the prepolymer is lost
by crystallization and the prepolymer becomes opaque. The crystallization
of the prepolymer is also confirmed by X-ray diffraction. Since the
prepolymer prepared using bisphenol A as a dihydroxydiaryl compound and
diphenyl carbonate as a diaryl carbonate is amorphous, no peak representing
the crystalline structure of the prepolymer appears in the X-ray
diffraction pattern. On the 



20 other hand, with respect to the prepolymer which has been crystallized,
an X-ray diffraction pattern containing, as a main peak, a peak at about
[err](2[err]), which represents the crystalline structure of the polymer,
is obtained. As mentioned above, an amorphous prepolymer is crystallized in
the crystallization step. The crystal- linity of the prepolymer varies
depending upon the types of dihydroxydiaryl compound and diaryl carbonate
25 as raw materials, the polymerization degree of the prepolymer, the
presence or absence of a catalyst in the crystallization system and other
conditions in the crystallization step. The crystallinity is generally in
the range of from 5 to 75 %. It is possible to convert the crystallized
prepolymer having a crystallinity in the above-mentioned range to a polymer
having a high molecular weight in the subsequent step (3) (solid-state
polymerization step). In 30 commercially practicing crystallization of the
prepolymer, it is preferred to use a crystallized prepolymer having a
crystallinity of from 5 to 55 %. The use of a crystallized prepolymer
having a crystallinity of less than 5 % in the subsequent solid-state
polymerization is disadvantageous in that the melting temperature of the
prepolymer having such low crystallinity is still low, and hence the
prepolymer is likely to be melted in the course of the solid-state
polymerization. This means that solid-state polymerization cannot be
performed 35 or (even when it is possible to conduct the solid-state
polymerization by employing relatively low temperatures at which the
prepolymer maintains its solid state) the solid-state polymerization takes
an extremely long period of time. Therefore, it is practically
disadvantageous to use a crystallized prepolymer having a crystallinity of
less than 5 %. On the other hand, the use of a crystallized prepolymer
having a crystallinity of greater than 55 % is also disadvantageous; since
the rate of the solid-state polymerization 40 becomes low, the solid-state
polymerization must be conducted for an extremely long period of time.
Therefore, it is also practically disadvantageous to employ a crystallized
prepolymer having a crystallinity of greater than 55 %. For the
above-mentioned reasons, a crystallized prepolymer (to be employed) has a
crystallinity of from 5 to 55 %, preferably from 10 to 45 %. According to
the present invention, the crystallinity of the crystallized prepolymer is
determined by 45 using the powder X-ray diffraction patterns of a
completely amorphous prepolymer and a crystallized prepolymer (for example,
see the patterns shown in Fig. 1 and Fig. 2, and the patterns shown in Fig.
3 and Fig. 4). Generally, when a crystalline polymer is irradiated with an
X-ray, scattered X-rays are observed. The total intensity of the scattered
X-rays is a sum of the X-ray intensity of the crystalline scattering
ascribed to so the crystalline portion and that of the amorphous scattering
ascribed to the amorphous portion. When the weight of the crystalline
portion and that of the amorphous portion are expressed as [err] and [err],
respectively, and when the X-ray intensity of the crystalline scattering
corresponding to the weight of the crystalline portion and that of the
amorphous scattering corresponding to the weight of the amorphous portion
are expressed as [err] and [err], respectively, and [err] and [err] are
assumed to be able to be distinguished 55 from each other, the
crystallinity [err] (%) is calculated from the following equations: 13
EP 0 338 085 B1 [ERR] wherein [err] represents the X-ray intensity of a
crystalline scattering per unit weight of the perfectly 10  crystalline
portion and [err] represents the X-ray intensity of an amorphous scattering
per unit weight of the perfectly amorphous portion. However, in the present
invention, assuming that K = 1 with respect to all the crystallized
prepolymers, the crystallinity Xc (%) was calculated from the following
equation: 15 [ERR] 



20  The total X-ray diffraction intensity of a sample obtained by X-ray
diffractometry is obtained as a sum of the crystalline scattering
intensity, the amorphous scattering intensity and the background intensity
due to the scattering by air, the scattering ascribed to the thermal motion
of atoms, the Compton scattering and the like. Therefore, for obtaining the
crystallinity of the sample, it is necessary to separate the total X-ray
diffraction intensity into the component intensities mentioned above. 25
In the present invention, the total X-ray diffraction intensity is
separated into the component intensities as follows. An explanation is
given referring to Figs. 1 and 2. On the powder X-ray diffraction pattern
of a crystallized prepolymer (shown in Fig. 2), straight line P-Q (base
line) is drawn between the point (P) of [err] (2[err]) and the point (Q) of
[err] (2[err]). The point corresponding to [err] (2[err]) on the
diffraction intensity curve and the point corresponding to [err](2[err]) on
the base line, at 30  each of which points the crystalline scattering
intensity is considered to be zero, are designated R and S. respectively.
On the other hand, on the powder X-ray diffraction pattern of a completely
amorphous prepolymer (shown in Fig. 1) (obtained by melting the prepolymer
at a temperature of from 280 to [err] , shaping the molten prepolymer into
a sheet form having a thickness of about 1 mm, and rapidly cooling the
sheet to 0 35  [err], straight line K-L (base line) is drawn. Further, the
point corresponding to [err](2[err]) on the diffraction intensity curve and
the point corresponding to [err](2[err]) on the base line are designated M
and N, respectively. The following identities are given: [err]    = the
diffraction intensity at point M 40    [err]    = the diffraction intensity
at point N [err]    = the diffraction intensity at point R [err]    = the
diffraction intensity at point S Y     = the area of the portion surrounded
by diffraction intensity curve K-M-L and straight line K-L, and 45    Z
= the area of the portion surrounded by diffraction intensity curve P-R-Q
and straight line P-Q. The crystallinity Xc (%) is calculated from the
following equation: [ERR] For example, the crystallinity of the
crystallized prepolymer obtained in Example 1 was about 30 %, as calculated
according to the above-mentioned method. 55     The crystallized prepolymer
prepared in the prepolymer crystallization step is readily converted to an
aromatic polycarbonate having a high molecular weight by the treatment in
step (3) (hereinafter frequently referred to as the "solid-state
polymerization"), in which the crystallized prepolymer is heated at a
temperature which is higher than the glass transition temperature of the
crystallized prepolymer and at 14    EP 0338085 B1 which the crystallized
prepolymer is in a solid state. In the solid-state polymerization, it is
believed that polycondensation proceeds through two different types of
reactions between the two types of terminal groups contained in the
crystallized prepolymer, i.e., terminal aryl carbonate groups and terminal
hydroxyl groups. One of the reactions is a reaction of a terminal 5
hydroxyl group with a terminal aryl carbonate group, by which
polycondensation proceeds while releasing an aromatic monohydroxyl compound
having its hydroxyl group bonded to the aryl group of the diaryl carbonate.
The other reaction is a self-condensation reaction of a terminal aryl
carbonate group with another terminal aryl carbonate group, by which
polycondensation proceeds while releasing a diaryl carbonate. It has been
found that, in the temperature range for the solid-state polymerization,
the reaction rate of 10   the polycondensation which releases an aromatic
monohydroxyl compound is generally from several times 



to several tens of times as high as the reaction rate of the
polycondensation which releases a diaryl carbonate. Therefore, according to
the present invention (in which a crystallized prepolymer having terminal
aryl carbonate groups in a specific amount, i.e., in an amount of greater
than that of terminal hydroxyl groups, is 15  subjected to solid-state
polymerization), it is feasible to lower the amount of terminal hydroxyl
groups significantly in the final aromatic polycarbonate having a desired
molecular weight. The amount of terminal hydroxyl groups in the aromatic
polycarbonate prepared by the method of the present invention depends upon
the molecular weight of a crystallized prepolymer to be used; the amount of
terminal aryl carbonate groups in a crystallized prepolymer to be used; the
conditions for the solid-state polymerization, such as a 20  solid-state
polymerization temperature, a solid-state polymerization time and a
solid-state polymerization method; and the molecular weight of the desired
aromatic polycarbonate. However, the amount of terminal hydroxyl groups in
the desired aromatic polycarbonate is generally not greater than 0.03 % by
weight, preferably not greater than 0.01 % by weight, and more preferably
not greater than 0.005 % by weight, based on the weight of the desired
aromatic polycarbonate. By the method of the present invention, an 25
aromatic polycarbonate in which hydroxyl terminal groups are present in a
small amount as mentioned above, is readily obtained. This means that an
aromatic polycarbonate (having excellent properties in which most or all of
the terminal groups are stable aryl carbonate groups) is readily obtained
by the method of the present invention. 30     In the solid-state
polymerization, the polymerization reaction is accelerated by removing a
by-produced aromatic monohydroxyl compound and/or a diaryl carbonate from
the polymerization reaction system. For acceleration of the polymerization
reaction, it is preferred to employ a method in which an inert gas, such as
nitrogen, argon, helium or carbon dioxide; a lower hydrocarbon gas; or the
like is introduced into the polymerization reaction system, so that the
by-produced aromatic monohydroxyl compound and/or diaryl 35  carbonate is
entrained by the introduced gas and removed together from the
polymerization reaction system, or a method in which the polymerization
reaction is carried out under reduced pressure. These methods are
optionally conducted in combination. In the case where an entraining gas is
introduced into the polymerization reaction system, it is preferred to heat
the gas preliminarily to around the polymerization reaction temperature. 40
There is no particular limitation with respect to the form of the
crystallized prepolymer to be subjected to solid-state polymerization.
However, when the crystallized prepolymer is a bulky mass, the polymeriza-
tion reaction rate of the crystallized prepolymer is low and the handling
of the crystallized prepolymer is difficult. Therefore, it is preferred to
use a crystallized prepolymer in the form of a pellet, a bead, a granule, a
powder or the like. Further, a crystallized prepolymer obtained by crashing
a bulky crystallized 45  prepolymer into pieces having appropriate sizes is
also preferably employed. A crystallized prepolymer prepared by solvent
treatment is generally in the form of a porous granule or powder. It is
particularly preferred to use such a porous prepolymer because an aromatic
monohydroxy compound and a diaryl carbonate, which are by-produced in the
solid-state polymerization, can readily be removed from the polymerization
reaction system. 50     The reaction temperature (Tp, [err]) and the
reaction time for the solid-state polymerization vary depending upon the
chemical structure, molecular weight, crystallinity, melting temperature
(Tm', [err]) and form of the crystallized prepolymer; the presence or
absence of a catalyst in the crystallized prepolymer; the type and amount
of a catalyst, if any in the crystallized prepolymer; the type and amount
of a catalyst if added to the polymerization system; the polymerization
degree of the desired aromatic polycarbonate; and 55  the like. But, the
solid-state polymerization must be conducted at a temperature which is
higher than the glass transition temperature of the crystallized prepolymer
and at which the crystallized prepolymer is not melted but in a solid
state. It is more preferred that the solid-state polymerization be
conducted at a temperature (Tp, [err]) satisfying the following
relationships: 15 



EP 0 338 085 B1 Tm' - 50 [err] Tp < Tm' (V) wherein Tp and Tm' are as
defined above. The reaction time for the solid-state polymerization
reaction 5  is generally in the range of from one minute to 100 hours,
preferably in the range of from 0.1 to 50 hours. For example, when a
polycarbonate is prepared from bisphenol A, the temperature for the
solid-state polymerization is in the range of from about [err] to about 260
*C, preferably from about 180  to about [err] . The solid-state
polymerization is advantageously conducted while stirring in order to heat
the 10  prepolymer uniformly and/or in order to facilitate the removal of
by-products, such as an aromatic monohydroxy compound and a diaryl
carbonate, from the polymerization reaction system. The stirring is
optionally conducted by blowing a heated gas through the polymerization
system or by mechanically stirring with, for example, a stirrer or a
rotating reactor. In the case of heat crystallization of a prepolymer,
after the prepolymer has been crystallized to a 15  desired crystallinity
by heating, the system is, e.g., directly subjected to solid-state
polymerization of the crystallized prepolymer while removing by-produced
aromatic monohydroxy compound and diaryl car- bonate from the
polymerization reaction system by reducing the pressure of the
polymerization reaction system or by introducing thereinto a heated gas for
purging the by-products. The solid-state polymerization is carried out at a
satisfactory reaction rate without a catalyst. This is the 20  most
preferred mode of the present method. However, a catalyst may be added in
order to accelerate the polymerization reaction rate. When a catalyst is
used in the pre-polymerization step, since the catalyst generally remains
in the resultant prepolymer, a further catalyst need not be added to the
solid-state polymerization system. However, in the case where the catalyst
is removed or inactivated in the course of the pre-polymerization and/or
the crystallization of the prepolymer, an appropriate catalyst is
optionally 25  added to the solid state polymerization reaction system. In
this case, a catalyst in a liquid or gas form may be added to the
prepolymer. As such a catalyst, the same types of catalysts as used in the
pre- polymerization step, are useful. The amount of such a catalyst to be
added is substantially the same as in the pre-polymerization step. The
crystallization prepolymer is converted by the solid-state polymerization
to an aromatic polycar- 30  bonate having a desired degree of
polymerization degree. An aromatic polycarbonate having a weight average
molecular weight which is higher than that of the prepolymer obtained in
step (1) is thus prepared. The weight average molecular weight of the
aromatic polycarbonate which is practically useful is from about 6,000 to
about 200,000, preferably from about 10,000 to about 200,000, more
preferably from about 10,000 to about 50,000, most preferably from about
15,000 to about 40,000. An aromatic polycarbonate having a 35  weight
average molecular weight in the above-mentioned range is readily obtained
by the solid-state polymerization according to the present invention. The
form of the aromatic polycarbonate prepared by the solid-state
polymerization in the present invention depends upon the form of the
crystallized prepolymer. The aromatic polycarbonate is generally in a
powdery, granular or bead form. The aromatic polycarbonate obtained by
subjecting the crystallized 40  prepolymer to solid-state polymerization
generally has a crystallinity higher than that of the crystallized
prepolymer. Therefore, the aromatic polycarbonate obtained by the method of
the present invention is generally a crystallized polymer having a powdery
or granular form. The powdery or granular aromatic polycarbonate having a
desired molecular weight formed in the solid- state polymerization, can be
directly introduced, without cooling, into an extruder and pelletized, or
can be 45  directly introduced, without cooling, into a molding machine and
molded. According to the present invention, an aromatic polycarbonate
having the desired weight average molecular weight is obtained through the
steps of pre-polymerization and solid-state polymerization. In the 



present method, a prepolymer having a weight average molecular weight of
from 2,000 to 20,000 is prepared in step (1), and an aromatic polycarbonate
having a weight average molecular weight of from 50  6,000 to 200,000 is
prepared in step (3). The ratio of the contribution of the
pre-polymerization to the contribution of the solid-state polymerization
toward attaining the desired weight average molecular weight is optionally
varied. In all the steps of the present method, i.e., the
pre-polymerization, the crystallization of the prepolymer and the
solid-state polymerization, the reaction is carried out in a batch-wise
manner or in a continuous 55 manner. Both manners may be employed in
combination. In the pre-polymerization step, since only a prepolymer having
a relatively low molecular weight is prepared, there is no need to use an
expensive reactor for handling a high viscosity fluid, such a reactor being
needed in a melt polymerization conducted at high temperatures, for
example, in the tran- 16    EP 0 338 085 B1 sesterification method known as
melt process. In the crystallization step, since the prepolymer is cry-
stallized simply by subjecting the prepolymer to solvent treatment or heat
treatment, there is no need to employ any special devices. In the
solid-state polymerization, the polymerization can be practiced in a simple
device as long as the device is capable of heating the crystallized
prepolymer and is capable of 5  removing the by-products, i.e., an aromatic
monohydroxyl compound and a diaryl carbonate. As described above, the
method of the present invention can be carried out using a simple device
without any special means, and therefore the method of the present
invention is practical and extremely advantageous. According to the method
of the present invention, a wide variety of aromatic polycarbonates,
including io  aromatic polycarbonates having a broad molecular weight
distribution and aromatic polycarbonates having a narrow molecular weight
distribution, can be prepared. When a prepolymer having a narrow molecular
weight distribution is used, an aromatic polycarbonate having a narrow
molecular weight distribution can be obtained. On the other hand, when a
prepolymer having a broad molecular weight distribution is used, an
aromatic polycarbonate having a broad molecular weight distribution can be
obtained. This is one of the 15  remarkable features of the present
invention. As a criterion of a molecular weight distribution, a ratio of a
weight average molecular weight (Mw) to a number average molecular weight
(Mn), i.e., Mw/Mn, is generally used. With respect to a polymer prepared by
a condensation polymerization reaction, there has been established a theory
that, when the Mw/Mn is 2, the polymer has the narrowest molecular weight
distribution. A polymer having a narrow molecular weight distribution is
generally preferred from the view- 20  point of desired properties of the
polymer, such as flowability in molding, mechanical strength and
elongation. However, it is practically difficult to prepare a polymer
having an Mw/Mn of not greater than 2.5, particularly not greater than 2.4.
In conventional polymerization methods, such as the transesterification
method which is known as a melt process, a polymerization reaction system
becomes very viscous at the final stage of the polymerization reaction so
that the polymerization reaction is likely to proceed in a non- 25  uniform
manner. According to this method, it is infeasible to obtain an aromatic
polycarbonate having a narrow molecular weight distribution. The aromatic
polycarbonate obtained by the conventional tran- sesterification method
generally has an Mw/Mn of more than 2.6. In the phosgene process carried
out on a commercial scale, the obtained aromatic polycarbonate has an Mw/Mn
of from 2.4 to 3.5, generally from 2.5 to 3.2. In contrast, an aromatic
polycarbonate having an Mw/Mn as low as from 2.2 to 2.5 is readily 30
prepared by the method of the present invention. The reason for this is
believed to be that a polymer having a narrow molecular weight distribution
can readily be obtained from the prepolymer having a relatively low
molecular weight. The crystallized aromatic polycarbonate of the present
invention, for example a crystallized polycar- 



bonate prepared using bisphenol A, (which is one of the most important
polycarbonates to be prepared by 35  the method of the present invention),
is white and opaque. However, when this crystallized aromatic polycarbonate
is heated at a temperature higher than its crystalline melting point or is
subjected to melt molding, an amorphous aromatic polycarbonate having good
transparency can be obtained. This is an important feature of the aromatic
polycarbonate prepared by the method of the present invention. When an
aromatic polycarbonate is prepared from bisphenol A and diphenyl carbonate
by the conventional melt 40  process, it is necessary to react the highly
viscous raw materials with each other at a high temperature, i.e., about
300 C, under extremely reduced pressure, i.e., 1 mmHg or less, for a
prolonged period of time. Consequently, the obtained polycarbonate
inevitably has a light yellow color due to the thermal decomposi- tion of
the polymer or due to the oxidation of the polymer by the oxygen present in
a small amount. In contrast, in the present invention, not only can the
pre-polymerization step be performed at a relatively low 45  temperature,
i.e., [err] or less, preferably [err] or less, in a short period of time,
but also both the crystallization step and the solid-state polymerization
step can be performed at a relatively low temperature, i.e., [err] or less.
Consequently, in the method of the present invention, there is no danger of
deteriorating the polymer, as in the conventional melt process, such as the
transesterification method. Therefore, the crystallized polycarbonate
obtained by the solid-state polymerization in the present invention 50  is
not yellowish, but white. When this polycarbonate is heated at a
temperature higher than the melting temperature of the polymer, the
crystallized polymer is readily converted to an amorphous polymer which is
a colorless, transparent polycarbonate of bisphenol A type. By the method
of the present invention, various types of high molecular weight aromatic
polycarbonates [having a skeleton derived from a dihydroxydiaryl compound
comprising from 85 to 100 mole % of a 55  dihydroxydiaryl alkane
represented by formula (I) and from 0 to 15 mole % of a dihydroxydiaryl
derivative] are readily produced. Of these aromatic polycarbonates, a
powdery or granular crystallized aromatic polycarbonate having a weight
average molecular weight (Mw) of from 6,000 to 200,000 and having a
terminal hydroxyl group content of not greater than 0.03 % by weight can
easily be molded through 17    EP 0 338 085 B1 pelletization or directly
molded without pelletizing to provide a molded article of an aromatic
polycarbonate having excellent properties. Moreover, the powdery or
granular crystallized aromatic polycarbonate obtained by the present
invention can be readily kneaded with another polymer in order to form a
polymer alloy. Therefore, the powdery or granular crystallized aromatic
polycarbonate is particularly important as a raw 5  material for the
production of a polymer alloy on a commercial scale. A powdery or granular
aromatic polycarbonate containing no chlorine atoms can be obtained from a
dihydroxydiaryl compound containing no chlorine atoms and a diarylcarbonate
containing no chlorine atoms. The powdery aromatic polycarbonate containing
no chlorine atoms is particularly important as a material for an optical
instrument and a material for electronic equipment. 10 Best Mode for
Carrying Out the Invention The present invention will be described in more
detail with reference to the following Examples, which should not be
construed as limiting the scope of the present invention. 15
Incidentally, the molecular weight is expressed in terms of a weight
average molecular weight (Mw) as measured by gel permeation chromatography
(GPC). The calibration curve for the GPC is one prepared using standard
polystyrene. The ratio of the weight average molecular weight to the number
average molecular weight (Mn) (Mw/Mn) is also expressed in terms of a value
as obtained through measurements by GPC. With respect to the reactors for
the pre-polymerization and for the solid-state polymerization, attention 20
was drawn to deoxidation and drying of the reactors before use. Also,
attention was drawn so as to choose 



reactors capable of preventing either oxygen or water from entering the
reactors during the reactions. The ratio of the amount of terminal aryl
carbonate groups to the amount of terminal hydroxyl groups in each of the
prepolymer and aromatic polycarbonate was determined by high-performance
liquid chromatog- raphy and by a method of A. Horbach et al [which is a
method for determining the amount of phenolic 25 hydroxyl group, in which a
prepolymer or polymer is dissolved in an acetic-acidified methylene
chloride and [err] is then added so as to form a red complex, and then the
amount of the red complex is determined by colorimetry at a wave length of
546 nm; see Makromol. Chem., 88, 215 (1965)]. The crystallinity was
determined according to the method utilizing the powder X-ray diffraction
patterns of an amorphous prepolymer and a crystallized prepolymer, as
described hereinbefore. 30 Example 1 68.4 g of
2,2-bis(4-hydroxyphenyl)propane (hereinafter referred to as "bisphenol A")
and 77.0 g of diphenyl carbonate were put into a 500 ml three-necked flask
provided with a stirrer, a gas inlet and a gas 35  suction port. Deaeration
by applying vacuum and introduction of dry nitrogen were performed five to
six times. Then, the flask was immersed in an oil bath kept at from [err]
to [err] , thereby melting the content of the flask. Again, deaeration by
applying vacuum and introduction of dry nitrogen were performed.
Thereafter, the temperature of the oil bath was elevated up to [err] , and
dry nitrogen was introduced into the flask at a rate of 25 [err]/hr (volume
at normal temperature and pressure) while stirring so as to distill off 40
formed phenol. About 50 minutes later, the reaction system was evacuated,
and the reaction mixture was stirred at from 2 to 5 mmHg for about 15
minutes, thereby distilling off phenol and diphenyl carbonate. As a result,
there was obtained 76 g of a colorless, transparent prepolymer having a
weight average molecular weight of 6,200. The prepolymer had terminal
groups of the formula [ERR] wherein Ph represents a phenyl group, and
terminal -OH groups in amounts of 72 mole % and 28 mole %, 50
respectively, based on the total number of moles of all the terminal groups
of the prepolymer. The prepolymer was taken out of the flask and
pulverized. The resultant powdery prepolymer was immersed in 250 ml of
acetone, thereby effecting crystallization of the prepolymer. The
crystallization of the prepolymer occurred immediately after the immersion.
30 Minutes after the immersion, sufficient crystal- linity was obtained,
but immersion was further continued for 1 hour. The resultant white powdery
55  crystallized prepolymer was filtered off and dried. The powder X-ray
diffraction patterns of the prepolymer before and after the crystallization
are shown in Fig. 1 and Fig. 2, respectively. From the powder X-ray
diffraction patterns, it has been found that the crystallized prepolymer
had a crystallinity of 30 %. With respect to the ratio of each of the
terminal groups, there was substantially no change between the 18
EP0338085B1 prepolymer before the crystallization, i.e., amorphous
prepolymer, and that after crystallization, i.e., crystallized prepolymer.
The powdery crystallized prepolymer, the crystallinity of which was
obtained using Figs. 1 and 2 by the above-mentioned method and found to be
about 30 %, was put into the same flask as that used in the 5  prepolymer
preparation. While introducing a little amount of dry nitrogen into the
flask which was under 2 to 5 mmHg, the flask was put in an oil bath kept at
[err] . While stirring the content of the flask, the temperature of the oil
bath was elevated at a rate of [err]/hr. After the temperature of the oil
bath reached 220  C, stirring of the content of the flask was continued at
this temperature for 8 hours under a reduced pressure of 2 to 5 mmHg while
introducing a little amount of dry nitrogen, thereby effecting solid-state
10 polymerization. As a result, there was obtained a white powdery
crystallized polycarbonate having a weight average molecular weight of
28,000 (Mw/Mn=2.4). The thus obtained crystallized polycarbonate had a 



hydroxyl terminal group content of 0.001 % by weight, based on the weight
of the polymer. In contrast, with respect to commercially available
polycarbonates, the content of terminal hydroxyl groups is in the range of
from about 0.01 to 0.05 % by weight. 15     Test pieces were obtained by
subjecting the white crystallized polycarbonate to customary injection
molding. The testing pieces were colorless, transparent and tough. The test
pieces were subjected to testing for boiling water resistance by putting in
an autoclave containing water and heating at [err]  for 50 hours. As a
result, although the weight average molecular weight had been slightly
reduced to 25,000, no occurrence of crazing or discoloration was observed.
20 Comparative Example 1 Substantially the same procedure for producing a
prepolymer as in Example 1 was repeated. That is, a reaction was conducted
230 * C for about 50 min under agitation while introducing dry nitrogen at
a rate of 25 25 [err]/hr (volume at normal temperature and pressure). The
reaction system was then evacuated to 2 to 5 mmHg and a reaction was
further conducted for about 15 minutes. The temperature was elevated to 280
* C, at which a reaction was further conducted under 1 mmHg for 1 hour, and
then reaction was still further conducted at 300 *C and 1 mmHg for 3 hours.
After cooling the reaction system, there was obtained an amorphous
polycarbonate having a weight average molecular weight of 26,000 (Mw/Mn =
2.8). The polycar- 30 bonate was slightly yellowish and had a hydroxyl
terminal group content of 0.08 % by weight based on the weight of the
polymer. Test pieces obtained by customary injection molding of the
above-obtained polycarbonate were subjected to testing for boiling water
resistance in the same manner as in Example 1. As a result, not only the
weight average molecular weight was reduced to 18,000 but also occurrence
of some crazing was 35 observed, and the yellowish color was thickened.
Examples 2 to 7 and Comparative Examples 2 to 3 11.4 Kg of bisphenol A and
11.6 Kg of diphenyl carbonate were put into a 25 [err] glass-lined reactor.
40 Deaeration by applying vacuum and introduction of dry nitrogen were
repeated five to six times. Subse- quently, the reactor was heated up to
180 to 190 *C, thereby melting the content of the reactor. Again,
deaeration by applying vacuum and introduction of dry nitrogen were
repeated five to six times. The internal temperature of the content of the
reactor was elevated to from 230 to [err]  and dry nitrogen was introduced
into the reactor at a rate of 200 [err]/hr (volume at normal temperature
and pressure) for 2 hours 45 while stirring. The reaction system was
evacuated, and then a reaction was conducted at from 5 to 10 mmHg for 2
hours, thereby distilling off phenol which contained diphenyl carbonate.
Thereafter, the prepolymer formed was discharged from the lower part of the
reactor into a nitrogen atmosphere by pressurizing the reactor to 2 to 3
Kg/[err] with dry nitrogen. The thus obtained prepolymer was colorless and
transparent and had a weight average molecular weight of 6,000 and had
terminal groups of the formula 50 [ERR] 55 in an amount of 70 mole %, based
on the total number of moles of all the terminal groups of the prepolymer.
19    EP 0 338 085 B1 The prepolymer was pulverized, and using 100 g each
of the pulverized prepolymer, crystallized prepolymers having various
crystallinities were obtained in substantially the same manner as in
Example 1. Then, the crystallized prepolymers were individually subjected
to solid-state polymerization in substantially the same manner as in
Example 1. At the solid-state polymerization in each of Example 2 and
Comparative 



5  Example 2, the employed temperature profile was such that the reaction
temperature was kept at [err] for 5 hours and then elevated to [err]  at a
rate of [err]/hr, and the temperature of [err]  was kept for 10 hours. The
results of the solid-state polymerization are shown in Table 1. In
Comparative Example 2, fusion of the pulverized prepolymer occurred during
the solid-state polymerization to such a degree that the polymerization
could not be continued. In Example 2, although a portion of the prepolymer
fused, solid-state 10 polymerization could be completed. Table 1 15
Crystallinity (%)             Mw                        Mw/Mn Example 2
5                    19,000                     2.48 Example 3
10                    21,100                     2.44 Example 4
19                    26,300                     2.35 20   Example 5
33                    27,000                    2.33 Example 6
45                    20,800                     2.36 Example 7
55                    11,000                     2.28 25   Comparative
Example 2      3        Solid-state polymerization could not be performed
due to occurrence of fusion Comparative Example 3     59
8,200                     1.86 30     Comparative Example 3 shows that in
forming a prepolymer having a crystallinity of more than 55 %, the
solid-state polymerization speed is extremely low. Prepolymers having a
crystallinity of 19 % or less were produced by keeping an amorphous
prepolymer in acetone-saturated vapor, and prepolymers having a
crystallinity of 45 % or more were produced by keeping a crystallized
prepolymer having a crystallinity of 33 % (obtained by immersion of an 35
amorphous prepolymer in acetone) in a nitrogen atmosphere at [err]  for a
predetermined period of time (30 hours for Example 6 and 50 hours for
Example 7). The amorphous prepolymers in these Examples and Comparative
Examples were completely amor- phous and were obtained by discharging into
a nitrogen atmosphere at room temperature. With respect to amorphous
prepolymers before crystallization, the amorphous nature was confirmed as
follows. The powder 40 X-ray diffraction patterns of the amorphous
prepolymers were compared with that (Fig.3) of a powder of completely
amorphous prepolymer, as obtained by fusing a prepolymer at [err]  and then
quickly cooling it in ice water, thereby confirming that the patterns were
identical. The X-ray diffraction pattern of the powdery crystallized
prepolymer having a crystallinity of 33 % obtained in Example 5 is shown in
Fig. 4. 45 Example 8 Substantially the same procedure for producing an
amorphous prepolymer as in Example 1 was repeated to obtain an amorphous
prepolymer having a weight average molecular weight of 6,200 and having
terminal groups of the formula 50 -OCOPh 0 55 in an amount of 71 mole %.
Then, the oil bath temperature was lowered to [err] , and the flask
containing the amorphous prepolymer in a dry nitrogen atmosphere under
atmospheric pressure was allowed to stand in the oil bath for 36 hours,
thereby effecting crystallization of the prepolymer. As a result, there was
20    EP 0 338 085 B1 obtained a crystallized prepolymer having a
crystallinity of about 17 %. The crystallized prepolymer was taken out of
the flask and pulverized. The resultant powdery prepolymer was subjected to
solid-state 



polymerization in the same manner as in Example 1, thereby obtaining a
white powdery crystallized polycarbonate having a weight average molecular
weight of 25,500 (Mw/Mn = 2.35) and a hydroxyl terminal 5 group content of
0.002 % by weight, based on the weight of the polymer. Further, when test
pieces obtained by injection molding the above obtained polycarbonate was
subjected to the same testing for boiling water resistance as in Example 1,
although the weight average molecular weight was slightly reduced to
23,000, no occurrence of crazing or discoloration was observed. 10 Example
9 Substantially the same procedure for producing an amorphous prepolymer as
in Example 1 was repeated, except that 68.4 g of bisphenol A and 90 g of
diphenyl carbonate were employed, to obtain a colorless, transparent
prepolymer having a weight average molecular weight of 4,000. The
prepolymer was 15 pulverized and then immersed in methyl ethyl ketone,
thereby effecting crystallization of the prepolymer. The resultant
crystallized prepolymer had a crystallinity of about 28 % and had terminal
groups of the formula [ERR] wherein Ph represents a phenyl group, and
terminal -OH groups in amounts of 95 mole % and 5 mole %, 25  respectively,
based on the total number of moles of all the terminal groups of the
prepolymer. The crystallized prepolymer was subjected to solid-state
polymerization in substantially the same manner as in Example 1, except
that the reaction at [err]  was conducted for 20 hours. As a result, there
was obtained a white powdery crystallized polycarbonate having a weight
average molecular weight of 21,000 (Mw/Mn = 2.2). With respect to the
polycarbonate, substantially no terminal hydroxyl groups were 30  detected.
Example 10 Substantially the same procedure for producing an amorphous
prepolymer as in Example 1 was 35  repeated except that 68.4 g of bisphenol
A and 70.6 g of diphenyl carbonate were employed, to obtain a colorless,
transparent prepolymer having a weight average molecular weight of 8,100
(Mw/Mn = 1.82). The prepolymer (at [err] ) was discharged from the nozzle
at the lower part of the flask into a 1 [err] flask provided with an
agitating element and containing 500 ml of acetone, followed by agitation,
thereby effecting crystallization and pulverization simultaneously. The
resultant crystallized prepolymer had a 40 crystallinity of 31 % and had
phenyl carbonate terminal groups [ERR] in an amount of 62 mole %, based on
the total number of moles of all the terminal groups of the prepolymer. The
resultant powdery crystallized prepolymer was subjected to solid-state
polymerization in the same 50 manner as in Example 1, thereby obtaining a
white powdery crystallized polycarbonate having a weight average molecular
weight of 32,000 (Mw/Mn = 2.45) and having a terminal hydroxyl group
content of 0.002 % by weight, based on the weight of the polymer. Example
11 55 Substantially the same procedures for producing an amorphous
prepolymer and for crystallization of the prepolymer as in Example 1 were
repeated, except that 68.4 g of bisphenol A and 67.5 g of diphenyl
carbonate were employed and that the time for reaction under vacuum in the
amorphous prepolymer 21    EP 0 338 085 B1 production was changed to about
10 minutes, thereby obtaining a crystallized prepolymer having a weight
average molecular weight of 2,300 (Mw/Mn =1.5), a crystallinity of 35 % and
terminal phenyl carbonate groups in an amount of 52 mole %, based on the
total number of moles of all the terminal groups of the 



prepolymer. 5     The crystallized prepolymer was pulverized and subjected
to solid-state polymerization in substantially the same manner as in
Example 1, except that reaction was conducted at [err]  for 4 hours and
then at [err]  for 4 hours and then at [err]  for 4 hours, thereby
obtaining a white powdery crystallized polycarbonate having a weight
average molecular weight of 25,000 (Mw/Mn = 2.33). The polycarbonate had a
terminal hydroxyl group content of 0.02 % by weight, based on the weight,
of the polymer. 10 Example 12 Substantially the same procedures for
producing an amorphous prepolymer and for crystallization of the prepolymer
as in Example 1 were repeated, except that 68.4 g of bisphenol A and 68.5 g
of diphenyl 15 carbonate were employed and that the time for reaction under
vacuum in the amorphous prepolymer production was changed to about 20
minutes, thereby obtaining a crystallized prepolymer having a weight
average molecular weight of 7,800, a crystallinity of 31 % and phenyl
carbonate terminal groups in an amount of 58 mole %, based on the total
number of moles of all the terminal groups of the prepolymer. The
crystallized prepolymer was pulverized and subjected to solid-state
polymerization in substantially 20 the same manner as in Example 1, except
that the reaction temperature was elevated from [err]  to 220 [err] at a
rate of [err]/hr and kept at [err]  for 5 hours, thereby obtaining a white
powdery crystallized polycarbonate having a weight average molecular
weight, of 75,000 (Mw/Mn = 3.0). The polycarbonate had a terminal hydroxyl
group content of 0.003 % by weight, based on the weight of the polymer. 25
Comparative Example 4 Substantially the same procedures for producing an
amorphous prepolymer and for crystallization of the prepolymer as in
Example 1 were repeated, except that 68.4 g of bisphenol A and 65.4 g of
diphenyl carbonate were employed, thereby obtaining a crystallized
prepolymer having a weight average molecular 30 weight of 3,500, a
crystallinity of 38 % and terminal phenyl carbonate groups in an amount of
40 mole %, based on the total number of moles of all the terminal groups of
the prepolymer. The crystallized prepolymer was pulverized and subjected to
solid-state polymerization in substantially the same manner as in Example
1, except that reaction was conducted at [err]  for 12 hours, thereby
obtaining a powdery crystallized polycarbonate having a weight average
molecular weight of 11,000 35  (Mw/Mn = 1.9). The polycarbonate had a
terminal hydroxyl group content as high as 80 % by weight, based on the
weight of the polymer. Moreover, the polymer was discolored in a slight
yellowish color. Example 13 40     Substantially the same procedure for
producing an amorphous prepolymer as in Example 1 was repeated, except that
distilling-off of phenol formed was conducted at [err]  under a stream of
dry nitrogen, and the reaction system was stirred at 2 to 5 mmHg for about
30 minutes, thereby distilling off phenol and diphenyl carbonate. As a
result, there was obtained a colorless, transparent prepolymer having a
weight average molecular weight of 15,000. The prepolymer was dissolved in
methylene chloride for 45  effecting crystallization and then the methylene
chloride was distilled off, thereby obtaining a white crystallized
prepolymer having a crystallinity of 35 % and terminal phenyl carbonate
groups in an amount of 80 mole %, based on the total number of moles of all
the terminal groups of the prepolymer. The crystallized prepolymer was
pulverized and subjected to solid-state polymerization in the same manner
as in Example 1, thereby obtaining a white powdery crystallized
polycarbonate having a weight so  average molecular weight of 38,800
(Mw/Mn=2.65). With respect to the polycarbonate, substantially no terminal
hydroxyl groups were detected. Example 14 55     Substantially the same
procedure for producing an amorphous prepolymer as in Example 1 was
repeated, except that the time for stirring at 2 to 5 mmHg was changed to
about 5 minutes, thereby obtaining a colorless, transparent prepolymer
having a weight average molecular weight of 2,900. The thus obtained
prepolymer was immersed in tetrahydrofuran, thereby effecting
crystallization of the prepolymer. 22 



EP 0 338 085 B1 After distilling off the tetrahydrofuran, there was
obtained a powdery crystallized prepolymer having a crystallinity of 26 %
and having terminal phenyl carbonate groups in an amount of 60 mole %,
based on the total number of moles of all the terminal groups of the
prepolymer. The powdery crystallized prepolymer was subjected to
solid-state polymerization in the same manner 5  as in Example 1, thereby
obtaining a white powdery crystallized prepolymer having a weight average
molecular weight of 21,000 (Mw/Mn =2.23) and a terminal hydroxyl group
content of 0.008 % by weight, based on the weight of the polymer. Example
15 10 0.5 g of sodium methoxide was added to 1 kg of bisphenol A and the
resultant mixture was fused while stirring uniformly, to obtain a catalyst
mixture. Substantially the same procedure for producing an amorphous
prepolymer as in Example 1 was repeated, except that 0.5 g of the
above-obtained catalyst mixture, 68.4 g of bisphenol A and 77.0 g of 15
diphenyl carbonate were employed, thereby obtaining a colorless,
transparent prepolymer having a weight average molecular weight of 8,800.
The prepolymer was allowed to stand at from [err] to [err]  for 15 hours,
thereby effecting heat crystallization of the prepolymer. The resultant
crystallized prepolymer had a crystallinity of 36 % and had terminal phenyl
carbonate groups in an amount of 75 mole %, based on the total number of
moles of all the terminal groups of the prepolymer. The crystallized
prepolymer was 20  pulverized and then subjected to solid-state
polymerization in the same manner as in Example 1, thereby obtaining a
white powdery crystallized polycarbonate having a weight average molecular
weight of 31,000 (Mw/Mn = 2.3). The polycarbonate had a terminal hydroxyl
group content of 0.005 % by weight. Example 16 25 Substantially the same
procedure for producing an amorphous prepolymer as in Example 1 was
repeated, except that 68.4 g of bisphenol A and 78.5 g of
di-p-tolylcarbonate were employed, thereby obtaining a colorless,
transparent prepolymer having a weight average molecular weight of 6,000.
The prepolymer was pulverized and charged in a flask, and acetone vapor was
then introduced into the 30 flask, thereby effecting crystallization of the
prepolymer. The resultant crystallized prepolymer had a crystallinity of 27
% and terminal groups of the formula [ERR]
0 in an amount of 58 mole %, based on the total number of moles of all the
terminal groups of the prepolymer. The crystallized prepolymer was
subjected to solid-state polymerization in the same manner as 40  in
Example 1, except that the vacuum employed was 1 to 2 mmHg, thereby
obtaining a white powdery crystallized polycarbonate having a weight
average molecular weight of 26,000 (Mw/Mn = 2.3). The polycar- bonate had a
terminal hydroxyl group content of 0.003 % by weight. Example 17 45
Substantially the same procedures for producing an amorphous prepolymer and
for crystallization of the prepolymer as in Example 1 were repeated, except
that 80.4 g of 1,1-bis(4-hydroxyphenyl)cyclohexane and 70.7 g of diphenyl
carbonate and that the reaction temperature for the amorphous prepolymer
production was [err] , thereby obtaining a crystallized prepolymer having a
weight average molecular weight of 8,500 50  and a crystallinity of 26 %
and having terminal phenyl carbonate groups in an amount of 80 mole %,
based on the total number of moles of all the terminal groups of the
prepolymer. The powdery crystallized prepolymer was put into the same flask
as that used in Example 1. While introducing a little amount of dry
nitrogen into the flask which was under 2 to 5 mmHg, the flask was put in 



an oil bath kept at [err] . While stirring the content of the flask, the
temperature of the oil bath was 55  elevated at a rate of [err]/hr. After
the temperature of the oil bath reached [err] , stirring of the content of
the flask was continued at this temperature for 4 hours under a reduced
pressure of 2 to 5 mmHg while introducing a little amount of dry nitrogen,
thereby effecting solid-state polymerization. As a result, there was
obtained a white powdery crystallized polycarbonate having a weight average
molecular weight of 23    EP 0 338 085 B1 29,000 (Mw/Mn = 2.44). The thus
obtained crystallized polycarbonate had a terminal hydroxyl group content
of 0.004 % by weight, based on the weight of the polymer. Example 18 5
Substantially the same procedures for producing amorphous prepolymer and
for crystallization of the prepolymer as in Example 1 were repeated, except
that 85.2 g of 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)- propane and 77.0 g of
diphenyl carbonate were employed, thereby obtaining a white crystallized
prepolymer having a weight average molecular weight of 5,800 and a
crystallinity of 25 % and containing 10  terminal phenyl carbonate groups
in an amount of 70 % by mole, based on the moles of all the terminal groups
of the prepolymer. The crystallized prepolymer was pulverized and subjected
to solid-state polymerization in substantially the same manner as in
Example 1, thereby obtaining a white powdery crystallized polycarbonate
having a weight average molecular weight of 28,000 (Mw/Mn=2.40). The
polycarbonate had a terminal hydroxyl 15 group content of 0.005 % by
weight, based on the weight of the polymer. Example 19 Substantially the
same procedures for producing an amorphous prepolymer and for
crystallization of the 20  prepolymer as in Example 1 were repeated, except
that 68.4 g of bisphenol A, 8.16 g of 2,2-bis(3,5-
dibromo-4-hydroxyphenyl)propane and 80 g of diphenyl carbonate were
employed, thereby obtaining a crystallized prepolymer having a weight
average molecular weight of 6,800 and a crystallinity of 29 % and having
terminal phenyl carbonate groups in an amount of 73 mole %, based on the
total number of moles of all the terminal groups of the prepolymer. 25
The crystallized prepolymer was pulverized and subjected to solid-state
polymerization in substantially the same manner as in Example 1, thereby
obtaining a random copolycarbonate having a weight average molecular weight
of 29,000 (Mw/Mn =2.3) and containing two types of units respectively
represented by the following formulae (A) and (B) in a molar ratio of
approximately 95/5: [ERR] 45 The copolycarbonate had a terminal hydroxyl
group content of 0.008 % by weight, based on the weight of the polymer.
Example 20 50 Substantially the same procedures for producing an amorphous
prepolymer and for crystallization of the prepolymer as in Example 1 were
repeated, except that 68.4 g of bisphenol A, 9.09 g (0.045 mole) of 4,4'-
dihydroxyphenyl ether and 80 g of diphenyl carbonate were employed, thereby
obtaining a crystallized prepolymer having a weight average molecular
weight of 7,300 and a crystallinity of 27 % and having 55 terminal phenyl
carbonate groups in an amount of 75 mole %, based on the total number of
moles of all the terminal groups of the prepolymer. The crystallized
prepolymer was pulverized and subjected to solid-state polymerization in
substantially the same manner as in Example 1, thereby obtaining a powdery
crystallized random copolycarbonate 



24    EP 0 338 085 B1 having a weight average molecular weight of 28,500
(Mw/Mn=2.36) and containing two types of units respectively represented by
the following formulae (A) and (C) in a molar ratio of approximately 86/14:
10                                          [ERR] 20  The copolycarbonate
had a terminal hydroxyl group content of 0.005 % by weight, based on the
weight of the polymer. Example 21 to 24 25     Substantially the same
procedures for producing an amorphous prepolymer and for crystallization of
the prepolymer as in Example 1 were repeated, except that 68.4 g (0.3 mole)
of bisphenol A, 80 g (0.37 mole) of diphenyl carbonate and 0.033 mole of
each of the dihydroxy diaryl compounds indicated in Table 2 were employed.
The results are shown in Table 2. With respect to all of the resultant
crystallized prepolymers, the crystallinity was in the range of from 20 30
to 38 % and the content of terminal phenyl carbonate groups was in the
range of from 60 to 80 mole %. Further, all of the resultant powdery
crystallized copolycarbonates comprised about 90 % of bisphenol A as
skeleton. 35 40 45 50 55 25    EP 0 338 085 B1 Table 2 5
Weight average molecular weight (Mw) Example    Dihydroxy diaryl
After Nos.             compound                            Prepoly-
solid-state mer            polymeriza- 10
tion 21                         [err]                        5,900
28,300 15 20 22             [err]          6,300
29,500 25                          [err] 23        [err]
5,200             26,400 30 35         24          [err]
6,800              30,200 0 40 Example 25 Substantially the same procedures
for producing an amorphous prepolymer and for crystallization of the 45
prepolymer as in Example 1 were repeated, except that 68.4 g (0.3 mole) of
bisphenol A, 0.15 g of tri-(4- 



hydroxyphenyl)-phenylmethane and 77.0 g of diphenyl carbonate were
employed, thereby obtaining a crystallized prepolymer having a weight
average molecular weight of 6,500 and a crystallinity of 28 % and
containing terminal phenyl carbonate groups in an amount of 70 mole %,
based on the total number of moles of the whole terminal groups of the
prepolymer. 50 The crystallized prepolymer was pulverized and subjected to
solid-state polymerization in substantially the same manner as in Example
1, thereby obtaining a powdery crystallized aromatic polycarbonate having a
weight average molecular weight of 33,000 (Mw/Mn = 3.2). The polycarbonate
had a terminal hydroxyl group content of 0.002 % by weight based on the
weight of the polymer. It is noted that the aromatic polycarbonates
obtained in Examples described above contained substan- 55 tially no
chlorine atoms. 26    EP 0 338 085 B1 Brief Description Of The Drawings
Figs. 1 and 2 respectively show the powder X-ray diffraction patterns of
the prepolymers before and after crystallization, as obtained in Example 1;
and Figs. 3 and 4 respectively show the powder X-ray 5  diffraction
patterns of the prepolymers before and after crystallization, as obtained
in Example 5. Industrial Applicability In the conventional phosgene process
for producing an aromatic polycarbonate on a commercial scale, 10
by-products including electrolytes, such as sodium chloride, and chlorine
are formed as impurities; these impurities are disadvantageously and
inevitably contained in the final resin. Further, a chlorine-containing
compound, such as methylene chloride, which is used as a solvent in a large
amount, is also likely to be contained as an impurity in the resin. Such
impurities adversely affect the properties of resin in which they are
present. Conventionally, in order to decrease the amount of impurities
contained in the resin, washing 15 and other operations have been
conducted. However, these are troublesome and expensive, and it is
infeasible to remove impurities completely from the resin. By contrast, the
aromatic polycarbonate produced according to the present invention does not
contain such impurities. Further, the amount of unstable terminal groups
(OH groups) in the aromatic polycarbonate is small, and the aromatic
polycarbonate is colorless and has excellent properties, such as excellent
20 resistance to heat and boiling water. Moreover, naturally, any
troublesome process for removing impurities from the resin is not required.
Accordingly, the method of the present invention is commercially advanta-
geous. Further, in the transesterification melt process, which is another
conventional method, an expensive high viscosity reactor is
disadvantageously required for attaining a high temperature and a high
degree of 25 vacuum; due to the high temperature, the polymer is likely to
be deteriorated and yellowing of the polymer is likely to occur. By
contrast, according to the method of the present invention, such a special
reactor is not required, and the aromatic polycarbonate produced by the
present invention has excellent properties as described above. 30 Claims 1.
A method for producing a crystallized aromatic polycarbonate which
comprises the steps of: (1) heating a mixture of a dihydroxydiaryl compound
and a diaryl carbonate at a temperature sufficient and for a period of time
sufficient to prepare a prepolymer having a weight average 35
molecular weight of from 2,000 to 20,000 and having terminal aryl carbonate
groups, said dihydroxydiaryl compound comprising from 85 to 100 mole % of a
dihydroxydiaryl alkane represented by the formula: HO-[err]-Y-[err]-OH
(I) 40 



wherein each of [err] and [err] independently represents a divalent
carbocyclic or heterocyclic aromatic group, and Y represents a divalent
alkane group, and from 0 to 15 mole % of a dihydroxydiaryl derivative other
than said dihydroxydiaryl alkane, said terminal aryl carbonate groups being
present in an amount of greater than 50 mole %, 45        based on the
total number of moles of all the terminal groups of the prepolymer; (2)
crystallizing said prepolymer to a crystallinity of from 5 to 55 %; and (3)
heating the crystallized prepolymer at a temperature which is higher than
the glass transition temperature of said crystallized prepolymer and at
which said crystallized prepolymer is in a solid state, thereby increasing
the weight average molecular weight of the crystallized prepolymer to from
50        6,000 to 200,000 so that the resultant polymer has a weight
average molecular weight which is greater than that of said prepolymer
obtained in step (1). 2. A method according to claim 1, wherein the heating
of the mixture in step (1) is performed in the absence of a catalyst. 55 3.
A method according to claim 1, wherein the heating of the crystallized
prepolymer in step (3) is performed in the absence of a catalyst. 27    EP
0 338 085 B1 Brief Description Of The Drawings Figs. 1 and 2 respectively
show the powder X-ray diffraction patterns of the prepolymers before and
after crystallization, as obtained in Example 1; and Figs. 3 and 4
respectively show the powder X-ray 5  diffraction patterns of the
prepolymers before and after crystallization, as obtained in Example 5.
Industrial Applicability In the conventional phosgene process for producing
an aromatic polycarbonate on a commercial scale, 10  by-products including
electrolytes, such as sodium chloride, and chlorine are formed as
impurities; these impurities are disadvantageously and inevitably contained
in the final resin. Further, a chlorine-containing compound, such as
methylene chloride, which is used as a solvent in a large amount, is also
likely to be contained as an impurity in the resin. Such impurities
adversely affect the properties of resin in which they are present.
Conventionally, in order to decrease the amount of impurities contained in
the resin, washing is  and other operations have been conducted. However,
these are troublesome and expensive, and it is infeasible to remove
impurities completely from the resin. By contrast, the aromatic
polycarbonate produced according to the present invention does not contain
such impurities. Further, the amount of unstable terminal groups (OH
groups) in the aromatic polycarbonate is small, and the aromatic
polycarbonate is colorless and has excellent properties, such as excellent
20  resistance to heat and boiling water. Moreover, naturally, any
troublesome process for removing impurities from the resin is not required.
Accordingly, the method of the present invention is commercially advanta-
geous. Further, in the transesterification melt process, which is another
conventional method, an expensive high viscosity reactor is
disadvantageously required for attaining a high temperature and a high
degree of 25  vacuum; due to the high temperature, the polymer is likely to
be deteriorated and yellowing of the polymer is likely to occur. By
contrast, according to the method of the present invention, such a special
reactor is not required, and the aromatic polycarbonate produced by the
present invention has excellent properties as described above. 30  Claims
1. A method for producing a crystallized aromatic polycarbonate which
comprises the steps of: (1) heating a mixture of a dihydroxydiaryl compound
and a diaryl carbonate at a temperature 



sufficient and for a period of time sufficient to prepare a prepolymer
having a weight average 35        molecular weight of from 2,000 to 20,000
and having terminal aryl carbonate groups, said dihydroxydiaryl compound
comprising from 85 to 100 mole % of a dihydroxydiaryl alkane represented by
the formula: HO-[err]-Y-[err]-OH   (I) 40 wherein each of [err] and [err]
independently represents a divalent carbocyclic or heterocyclic aromatic
group, and Y represents a divalent alkane group, and from 0 to 15 mole % of
a dihydroxydiaryl derivative other than said dihydroxydiaryl alkane, said
terminal aryl carbonate groups being present in an amount of greater than
50 mole %, 45        based on the total number of moles of all the terminal
groups of the prepolymer; (2) crystallizing said prepolymer to a
crystallinity of from 5 to 55 %; and (3) heating the crystallized
prepolymer at a temperature which is higher than the glass transition
temperature of said crystallized prepolymer and at which said crystallized
prepolymer is in a solid state, thereby increasing the weight average
molecular weight of the crystallized prepolymer to from 50        6,000 to
200,000 so that the resultant polymer has a weight average molecular weight
which is greater than that of said prepolymer obtained in step (1). 2. A
method according to claim 1, wherein the heating of the mixture in step (1)
is performed in the absence of a catalyst. 55 3. A method according to
claim 1, wherein the heating of the crystallized prepolymer in step (3) is
performed in the absence of a catalyst. 27    EP 0 338 085 B1 4. A method
according to claim 1, wherein both the heating in step (1) and the heating
in step (3) are performed in the absence of a catalyst. 5. A method
according to claim 1, wherein the heating in step (1) is performed at a
temperature at which 5      said dihydroxydiaryl compound and said diaryl
carbonate are in a molten state. 6. A method according to claim 5, wherein
the heating in step (1) is performed at a temperature of from [err] to
[err]. 10  7. A method according to claim 1, wherein the amount (x, mole %)
of terminal aryl carbonate groups relative to the total number of moles of
all the terminal groups of the prepolymer and the weight average molecular
weight (Mw) of the prepolymer satisfy the following relationships: when 15
2,000 S Mw S 5,000, 50 < xS 100; and when 20     5,000 < Mw [err] 20,000,
0.002 Mw + 40 [err] x [err] 100. 8. A method according to claim 1, wherein
said crystallinity is in the range of from 10 to 45 %. 25  9. A method
according to claim 1, wherein said crystallization in step (2) is performed
by solvent treatment. 10. A method according to claim 9, wherein said
solvent treatment comprises dissolving the prepolymer in a solvent and
removing the solvent from the resultant solution. 30 11. A method according
to claim 9, wherein said solvent treatment comprises contacting the
prepolymer 



with a liquid or vaporized poor solvent for the prepolymer for a period of
time sufficient to allow the solvent to permeate thereinto, causing the
prepolymer to be crystallized. 35  12. A method according to claim 1,
wherein said crystallization in step (2) is performed by heating the
prepolymer at a temperature sufficient to crystallize the prepolymer. 13. A
method according to claim 1, wherein each divalent aromatic group
independently has from 5 to 30 carbon atoms, and said divalent alkane group
has from 1 to 30 carbon atoms. 40 14. A method according to claim 13,
wherein each divalent aromatic group is independently a member selected
from the group consisting of a phenylene group, a naphthylene group, a
biphenylene group and a pyridylene group, each of which is unsubstituted or
substituted with at least one member selected from the group consisting of
a halogen atom, a lower alkyl group, a lower alkoxy group, a 45     phenyl
group, a phenoxy group, a vinyl group, a cyano group, an ester group, an
amide group and a nitro group; and wherein said divalent alkane group is a
group represented by one of the formulae: [ERR] wherein each of   [err]
and [err] independently represents a hydrogen atom, a lower alkyl group, a
lower alkoxy group, a cycloalkyl group having from 5 to 10 ring carbon
atoms, a carbocyclic aromatic 28    group having from 5 to 10 ring carbon
atoms or a carbocyclic aralkyl group having from 6 to 10 carbon atoms, and
k is an integer of from 3 to 11, inclusive. 15. A method according to claim
14, wherein said dihydroxydiaryl alkane is 2,2-bis(4-hydroxyphenyl)- 5
propane. 16. A method according to claim 1, wherein said dihydroxydiaryl
derivative other than said dihydroxydiaryl alkane is a compound represented
by the formula: 10     HO-[err]-Z-[err]-OH   (II) wherein each of [err] and
[err] independently represents a divalent carbocyclic or heterocyclic
aromatic group, and Z represents a bond, -0-, -CO-, -S-, -SO-, -[err]-, or
-CON([err])- wherein R1 represents a hydrogen atom, a lower alkyl group, a
lower alkoxy group, a cycloalkyl 15     group having from 5 to 10 ring
carbon atoms a carbocyclic aromatic group having from 5 to 10 ring carbon
atoms or a carbocyclic aralkyl group having from 6 to 10 carbon atoms. 17.
A method according to claim 16, wherein said dihydroxydiaryl derivative is
a compound of one of the formulae: 20 [ERR] 45 wherein each of [err] and
[err] independently represents a hydrogen atom, a halogen atom, an alkyl
group having from 1 to 4 carbon atoms, an alkoxy group having from 1 to 4
carbon atoms, a cycloalkyl 55     group having from 5 to 10 ring carbon
atoms or a phenyl group; each of m and n independently represents an
integer of from 1 to 4; when m is an integer of from 2 to 4, each R5 may be
the same or different; and when n is an integer of from 2 to 4, each [err]
may be the same or different. 29    EP 0 338 085 B1 18. A method according
to claim 1, wherein said diaryl carbonate is a compound represents by the 



formula: [ERR] 10        wherein each of [err] and [err] independently
represents a monovalent carbocyclic or heterocyclic aromatic group. 19. A
method according to claim 18, wherein said diaryl carbonate is a compound
represented by the formula: 15 [ERR] 25         wherein each of [err] and
[err] independently represents a hydrogen atom, a halogen atom, a lower
alkyl group, a lower alkoxy group, a cycloalkyl group having from 5 to 10
ring carbon atoms or a phenyl group; and each of p and q independently
represents an integer of from 1 to 5; with the proviso that when p is an
integer of from 2 to 5, each [err] may be the same or different, and when q
is an integer of from 2 to 5, each [err] may be the same or different. 30
20. A method according to claim 19, wherein said diaryl carbonate is
diphenyl carbonate, ditolyl carbonate or diphenyl carbonate substituted
with a lower alkyl group. 21. A method according to claim 20, wherein said
diaryl carbonate is diphenyl carbonate. 35 22. A method according to claim
1, wherein the heating of the mixture in step (1) is performed at a
temperature in the range of from [err] to [err]  for a period in the range
of from 1 minute to 100 hours. 40  23. A method according to claim 1,
wherein the heating of said crystallized prepolymer in step (3) is
performed at a temperature (Tp, [err]) satisfying the following
relationships: Tm' - 50 S Tp < Tm' 45        wherein Tm' represents the
melting temperature ( C) of the crystallized prepolymer, for a period of
from 1 minute to 100 hours. 24. A method according to claim 12, wherein the
heating for crystallizing the prepolymer is performed at a temperature (Tc,
[err]) satisfying the following relationships: 50 Tm - 50 [err] Tc < Tm
wherein Tm represents the melting temperature ([err]) of the prepolymer. 55
25. A method according to claim 23, wherein the heating of said
crystallized prepolymer in step (3) is performed at a temperature of from
[err] to [err] . 30    EP 0 338 085 B1 26. An aromatic polycarbonate having
a weight average molecular weight of from 6,000 to 200,000 and having a
terminal hydroxyl group content of not greater than 0.03 % by weight, based
on the weight of the polycarbonate, prepared from a mixture of a
dihydroxydiaryl compound and a diaryl carbonate, said dihydroxyldiaryl
compound comprising from 85 to 100 mole % of a dihydroxydiaryl alkane
represented 5      by the formula: HO-[err]-Y-[err]-OH   (I) wherein each
of [err] and [err] independently represents a divalent carbocyclic or
heterocyclic 10     aromatic group, and Y represents a divalent alkane
group, and from 0 to 15 mole % of a dihydroxydiaryl derivative other than
said dihydroxydiaryl alkane, which aromatic polycarbonate has a
crystallinity of at least 5%. 27. A crystallized aromatic polycarbonate
according to claim 26, wherein each of said dihydroxydiaryl 



15     compound and said diaryl carbonate contains no chlorine atoms, so
that the crystallized aromatic polycarbonate contains no chlorine atoms.
28. A crystallized aromatic polycarbonate according to claim 26, wherein
said terminal hydroxyl group content is not greater than 0.01 % by weight.
20 PatentansprUche 1. Verfahren zur Herstellung eines kristallisierten
aromatischen Polycarbonats, das folgende Stufen urn- faBt: 25       (1)
Erhitzen eines Gemisches aus einer Dihydroxydiarylverbindung und einem
Diarylcarbonat auf eine Temperatur und w~hrend einer Dauer, die ausreichend
zur Herstellung eines Prepolymeren mit einem Gewichtsmittel des
Molekurlargewichts von 2 000 bis 20 000 sind, das endstandige Arylcar-
bonatgruppen enthalt, wobei die Dihydroxydiarylverbindung 85 bis 100 Mol-%
eines Dihydroxydiarylalkans, das durch 30        die Formel HO-Ar'-Y-Ar2-OH
(I) dargestellt ist, worin jedes von Ar' und Ar2 unabh~ngig eine
zweiwertige carbocyclische oder 35        heterocyclische aromatische
Gruppe bedeutet und Y eine zweiwertige Alkangruppe darstellt, und 0 bis 15
Mol-% eines von diesem Dihydroxydiarylalkan verschiedenen
Dihydroxydiaryiderivats enthalt, wobei die endstandigen Arylcarbonatgruppen
in einer Menge von mehr als 50 Mol-%, bezogen auf die Gesamtmolzahl aller
endstandigen Gruppen des Prepolymeren vorhanden sind, 40       (2)
Kristallisieren des Prepolyineren bis zu einer Kristallinitat von 5 bis 55
% und (3) Erhitzen des kristallisierten Prepolymeren auf eine Temperatur,
die hoher ist als die Glasuber- gangstemperatur des kristallisierten
Prepolymeren, und bei der das kristallisierte Prepolymere sich im festen
Zustand befindet, wobei das Gewichtsmittel des Molekulargewichts des
kristallisierten Prepolymeren auf 6 000 bis 200 000 erhoht wird, so daB das
gebildete Polymere ein Gewichtsmittel 45        des Molekulargewichts hat,
daB groBer ist als das des in Stufe (1) erhaltenen Prepolymeren. 2.
Verfahren nach Anspruch 1, bei dem das Erhitzen des Gemisches in Stufe (1)
in Abwesenheit eines Katalysators durchgefUhrt wird. 50  &  Verfahren nach
Anspruch 1, bei dem das Erhitzen des kristallisierten Prepolymeren in Stufe
(3) in Abwesenheit.eines Katalysators durchgefUhrt wird. 4. Verfahren nach
Anspruch 1, bei dem sowohl das Erhitzen in Stufe (1), als auch das Erhitzen
in Stufe (3) in Abwesenheit eines Katalysators durchgefUhrt werden. 55 5.
Verfahren nach Anspruch 1, bei dem das Erhitzen in Stufe (1) bei einer
Temperatur durchgefUhrt wird, bei der die Dihydroxydiarylverbindung und das
Diarylcarbonat im geschmolzenen Zustand vorliegen. 31    EP O 338 085 B1
I ! 11111 lli!   l 6. Verfahren nach Anspruch 5, bei dem das Erhitzen in
Stufe (1) bei einer Temperatur von 150- bis 280 * C durchgefOhrt wird. 7.
Verfahren nach Anspruch 1, bei dem die Menge (x, Mol-%) der endstandigen
Arylcarbonatgruppen, 5      bezogen auf die Gesamtmolzahl aller
endstandigen Gruppen des Prepolymeren, und das Gewichtsmit- tel des
Molekulargewichts (Mw) des Prepolymeren die folgenden Zusammenhange
erf(llen: wenn 2 000S9 MwS 5 000, 10     50 < xS '100, und 



wenn 5 000 < Mw S 20 000, 15     0,002 Mw + 40 S x S 100. 8. Verfahren nach
Anspruch 1, wobei die Kristallinitait im Bereich von 10 bis 45 % ist. 9.
Verfahren nach Anspruch 1, bei dem die Kristallisation in Stufe (2) durch
L6sungsmittelbehandlung 20     durchgef0hrt wird. 10. Verfahren nach
Anspruch 9, bei dem die L6sungsmittelbehandlung darin besteht, daB das
Prepolymere in einem L6sungsmittel gel6st und das L6sungsmittel aus der
gebildeten Losung enffemt wird. 25  11. Verfahren nach Anspruch 9, bei dem
die Losungsmittelbehandlung darin besteht, daB das Prepolymere mit einem
flOssigen oder verdampften schlechten Losungsmittel fOr das Prepolymere
wahrend einer Dauer behandelt wird, die zum Eindringen des L6sungsmittels
in dieses ausreicht, wodurch die Kristallisation des Prepolymeren
verursacht wird. 30 12. Verfahren nach Anspruch 1, bei dem die
Kristallisation in Stufe (2) durch Erhitzen des Prepolymeren auf eine
Temperatur, die zum Kristallisieren des Prepolymeren ausreicht,
durchgefUhrt wird. 13. Verfahren nach Anspruch 1, bei dem jede zweiwertige
aromatische Gruppe unabhangig 5 bis 30 Kohlenstoffatome enthalt, und die
zweiwertige Alkangruppe 1 bis 30 Kohlenstoffatome hat. 35 14. Verfahren
nach Anspruch 13, bei dem jede zweiwertige aromatische Gruppe unabh~ngig
ein Mitglied aus der Gruppe ist, die besteht aus einer Phenylengruppe,
einer Naphthylengruppe, einer Biphenylen- gruppe und einer Pyridylengruppe,
wobei jede dieser Gruppen unsubstituiert ist oder mit mindestens einem
Mitglied aus der aus einem Halogenatom, einer niederen Alkylgruppe, einer
niederen Alkoxy- 40     gruppe, einer Phenylgruppe, einer Phenoxygruppe,
einer Vinylgruppe, einer Cyangruppe, einer Ester- gruppe, einer Amidgruppe
und einer Nitrogruppe bestehenden Gruppe substituiert ist, und worin die
zweiwertige Alkangruppe eine Gruppe ist, die durch eine der Formeln 45
R1                         . R1 R  3 -C-, 'C (CH 2             -tudC-C - 12
1 22tmd     1 i4 RRR 60 dargestellt ist, worin jedes von RI, R2, R3 und R4
unabhangig voneinander ein Wasserstoffatom, eine niedere Alkylgruppe, eine
niedere Alkoxygruppe, eine Cycloalkylgruppe mit 5 bis 10 Ringkohlen-
stoffatomen, eine carbocyclische aromatische Gruppe mit 5 bis 10
Ringkohlenstoffatomen oder eine 55     carbocyclische Aralkylgruppe mit 6
bis 10 Kohlenstoffatomen bedeutet und k eine ganze Zahl von 3 bis
einschlieBlich 11 ist. 15. Verfahren nach Anspruch 14, bei dem das
Dihydroxydiarylalkan 2,2-Bis(4-hydroxyphenyl)-propan ist. 32    EP 0 338
085 BI                111111     111 ! 16. Verfahren nach Anspruch 1, be!
dem das von Dihydroxydiarylalkan verschiedene Dihydroxydiarylderivat eine
Verbindung ist, die durch die Formel HO-Arl-Z-Ar2-OH    (11) 5 dargestellt
ist, worin jedes von Ar' und Ar2 unabhangig eine zweiwertige carbocyclische
oder heterocyclische aromatische Gruppe bedeutet und Z eine Bindung, -0-,
-CO-, -S-, -SO-, -SO2-, oder -CON(R1)- darstellt, worin R' ein
Wasserstoffatom, eine niedere Alkylgruppe, eine niedere Alkoxygruppe, eine
Cycloal- 10     kylgruppe mit 5 bis 10 Ringkohlenstoffatomen, elne
carbocyclische aromatische Gruppe mit 5 bis 10 



Ringkohlenstoffatomen oder eine carbocyclische Alalkylgruppe mit 6 bis 10
Kohlenstoffatomen bedeu- tet. 17. Verfahren nach Anspruch 16, bei dem das
Dihydroxydiarylderivat eine Verbindung einer der nachste- 15     henden
Formeln ist: s ~~~~~~~~~5 6 20   (R5Jm   (r6)n
In sm~~~~~~~(  (  J 20
w             0             m 25 (R5          (R5
(R6 30             w            S4 -                       HO    isS0X :O,
35 5     6 ~~~~~~~~~(5 40                (5m              sn)
R5m            f) o O           SO2              CHo,    no -6  CO    CH
and 45 (R5             (R6) 50   H6aw                               CH
worin jedes von R5 und R6 unabhangig ein Wasserstoffatom, ein Halogenatom,
eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen, eine Alkoxygruppe mit 1 bis
4 Kohlenstoffatomen, ein Cycloalkylgruppe 55      mit 5 bis 10
Ringkohlenstoffatomen oder eine Phenylgruppe bedeutet, jedes von m und n
unabhangig eine ganze Zahl von 1 bis 4 darstellt, wenn m eine ganze Zahl
von 2 bis 4 !st, jedes R5 gleich oder verschieden sein kann, und wenn n
eine ganze Zahl von 2 bis 4 ist, jedes R6 gleich oder verschieden sein
kann. 33    EP O 338 085 BI           I  IIIII I 111111110111111 * C   L  M
S* 1& Verfahren nach Anspruch 1, wobei das Diarylcarbonat eine durch die
Formel 5                                          rAr3-OCO-Ar4 0
dargestellte Verbindung ist, worin jedes von Ar3 und Ar4 unabhangig eine
einwertige carbocycli- 10     sche oder heterocyclische aromatische Gruppe
darstelit. 19. Verfahren nach Anspruch 18, wobei das Diarylcarbonat eine
durch die Formel 15
8 (R)                           (Rq oc /  20 dargestelite Verbindung ist,
worin jedes von R7 und Rs unabhangig ein Wasserstoffatom, ein Halogenatom,
eine niedere Alkylgruppe, eine niedere Alkoxygruppe, eine Cycloalkylgruppe
mit 5 bis 10 25     Ringkohlenstoffatomen oder eine Phenylgruppe bedeutet
und jedes von p und q unabhangig eine ganze Zahl von 1 bis 5 darstellt, mit
der Maegabe, daB dann, wenn p eine ganze Zahl von 2 bis 5 ist, jedes R7
gleich oder verschieden sein kann, und wenn q eine ganze Zahl von 2 bis 5
ist, jedes R8 gleich oder verschieden sein kann. 30  20. Verfahren nach
Anspruch 19, wobei das Diarylcarbonat, Diphenylcarbonat, Ditolylcarbonat
oder Diphe- nylcarbonat, das mit einer niederen Alkylgruppe substituiert
ist, bedeutet. 21. Verfahren nach Anspruch 20, wobel das Diarylcarbonat
Diphenylcarbonat ist. 35 22. Verfahren nach Anspruch 1, bei dem das
Erhitzen des Gemisches in Stufe (1) bei einer Temperatur im 



Bereich von 50 bis 350 *C wahrend einer Dauer im Bereich von 1 Minute bis
100 Stunden durchgef0hrt wird. 23. Verfahren nach Anspruch 1, bei dem das
Erhitzen des kristallisierten Prepolymeren in Stufe (3) bei 40     einer
Temperatur (Tp, IC), welche den folgenden Zusammenhang erfUllt, Tm' - 50 S
Tp < Tm' worin Tm' die Schmelztemperatur ( C) des kristailisierten
Prepolymeren bedeutet, 45     wihrend einer Dauer von 1 Minute bis 100
Stunden durchgefUhrt wird. 24. Verfahren nach Anspruch 12, bei dem das
Erhitzen zum Kristallisieren des Prepolymeren bei einer Temperatur (Tc, *
C) durchgef0hrt wird, die den folgenden Zusammenhang erfUllt: 50     Tm -
50S Tc < Tm worin Tm die Schmelztemperatur (IC) des Prepolymeren darstellt.
25. Verfahren nach Anspruch 23, wobei das Erhitzen des kristallisierten
Prepolymeren in Stufe (3) bei einer 55     Temperatur von 150 I bis 260 * C
durchgef0hrt wird. 26. Aromatisches Polycarbonat mit einem Gewichtsmittel
des Molekulargewichts von 6 000 bis 200 000 und mit einem Gehalt an
endstandigen Hydroxylgruppen von nicht mehr als 0,03 Gew.%, bezogen auf 34
EP O 338 085 B1| 11111111111111 * C   L  M   S* das Gewicht des
Polycarbonats, hergestellt aus einem Gemisch aus einer
Dihydroxydiarylverbindung und einem Diarylcarbonat, wobei die
Dihydroxydiarylverbindung 85 bis 100 Mol-% elnes Dihydroxydia- rylalkans,
das durch die Formel 6      HO-Ar'-Y-Ar2-OH   (I) dargestelit ist, worin
jedes von Ar' und Ar2 unabhangig eine zweiwertige carbocyclische oder
heterocyclische aromatische Gruppe bedeutet und Y eine zweiwertige
Alkangruppe darstelit, und 0 bis 15 Mol-% eines von diesen
Dihydroxydiarylalkan verschiedenen Dihydroxydiarylderivats 10     enthalt,
wobei das aromatische Polycarbonat eine Kristallinitat von mindestens 5%
hat. 27. Kristallisiertes, aromatisches Polycarbonat nach Anspruch 26,
wobei sowohl die Dihydroxydiarylverbin- dung als auch das Diarylcarbonat
keine Chloratome enthalt, so daB das kristallisierte aromatische
Polycarbonat keine Chloratome aufweist. 15 28. Kristallisiertes
aromatisches Polycarbonat nach Anspruch 26, dessen Gehalt an endstandigen
Hydroxyl- gruppen nicht mehr als 0,01 Gew. % betragt. Revendlcations 20 1.
Procede de preparation d'un polycarbonate aromatique cristallis6, qui
consiste: (1) A chauffer un melange d'un compose dihydroxydiaryle et d'un
carbonate de diaryle A une temperature suffisante et pendant une duree
suffisante pour prdparer un pr6polymbre ayant une masse moleculaire moyenne
en poids de 2000 & 20 000 et ayant des groupes d'extremite carbonate 26
d'aryle, le compose dihydroxydiaryle comprenant de 85 A 100 % en mole d'un
dihydroxydiaryl alcane de formule HO-Ar'-Y-Ar2-OH   (I) 30 dans laquelle
chacun de Ar' et Ar2 represente independamment un groupe aromatique
divalent carbocyclique ou hdterocyclique, ot Y represente un groupe alcane
divalent, et de 0 A 15 % en mole d'un d6rivd dihydroxydiaryle autre quo le
dihydroxydiaryl alcane, 



les groupes d'extremite carbonate d'aryle etant presents en une quantit6
reprdsentant plus de 35        50 % on mole du nombre total de moles de
tous les groupes d'extrdmit6 du pr6polymere; (2) A cristalliser ce
prdpolymbre A une cristallinite de 5 & 55 %; et (3) A porter le pr6polymbre
cristallise & une temperature qui est superieure A la temperature de
transition vitreuse du prdpolymbre cristallis6 et A laquelle le prdpolymbre
cristallis6 est A l'etat solide, de maniere A porter la masse moleculaire
moyenne en poids du prdpolymbre cristallise A 40        une valeur comprise
entre 6000 et 200 000, en sorte quo le polymbre obtenu a une masse
mol6culaire moyenne en poids qui est superieure a cello du prepolymbre
obtenu au stade 1. 2. Proced6 suivant la revendication 1, qui consiste A
effectuer le chauffage du melange au stade (1) en l'absence d'un
catalyseur. 45 3. Proced6 suivant la revendication 1, qui consiste A
effectuer le chauffage du prdpolymbre cristallis6 au stade (3) en l'absence
d'un catalyseur. 4. Procedd suivant la revendication 1, qui consiste A
effectuer A la fois le chauffage au stade (1) et le 50     chauffage au
stade (3) en l'absence d'un catalyseur. 5. Procedd suivant la revendication
1, qui consiste A effectuer le chauffage au stade (1) A une temperature a
laquelle le compose dihydroxydiaryle et le carbonate de diaryle sont &
l'etat fondu. 56  6. Procdd suivant la revendication 5, qui consiste a
effectuer le chauffage au stade (1) A une temperature de 150- A 280C. 35
7. Procede suivant la revendication 1, dans lequel la quantite (x, % en
mole) de groupes d'extr6mite carbonate d'aryle par rapport au nombre total
de moles de tous les groupes d'extremite du pr6polymb- re et la masse
moleculaire moyenne en poids (Mw) du prdpolymbre satisfont aux relations
suivantes: quand 5 2000 S Mw S 5 000, 50wxS 100;et quand 10 5000 < Mw S 20
000, 0,002 Mw + 40 S x ' 100. 8. Procede suivant la revendication 1, dans
loquel la cristallinite est comprise entre 10 et 45 %. 15 9. Procede
suivant la revendication 1, qui consiste a effectuer la cristallisation au
stade (2) en traitant par un solvant. 10. Procede suivant la revendication
9, dans lequel le traitement par un solvant consiste a dissoudre le 20
prdpolymbre dans un solvant et a 1liminer un solvant de la solution
obtenue. 11. Proced6 suivant la revendication 9, dans loquel le traitement
par un solvant consiste a mettre le prepolymbre en contact avec un solvant
mediocre, liquide ou & I'6tat de vapeur, pour le pr~polymbre pendant une
dur6e suffisante pour perrmettre au solvant d'y permeer en provoquant la
cristallisation du 25     prepolymere. 12. Procede suivant la revendication
1, qui consiste & effectuer la cristallisation au stade (2) en portant le
prepolymere a une temperature suffisante pour cristalliser le prepolymbre.
30  13. Procede suivant la revendication 1, dans loquel chaque groupe
aromatique divalent a inddpendamment de 5 A 20 atomes de carbone, et le
groupe alcane divalent a de 1 a 30 atomes de carbone. 14. Proc6de suivant
la revendication 13, dans lequel chaque groupe aromatique divalent est
ind6pendam- 



ment choisi parmi un groupe phenylbne, un groupe naphthyline, un groupe
biphenylbne et un groupe 35     pyridylene, chacun d'entre eux 6tant non
substitue ou substitue par au moins un dldment choisi parmi un atome
d'halogbne, un groupe alcoyle inferieur, un groupe alcoxy inferieur, un
groupe phdnyle, un groupe phenoxy, un groupe vinyle, un groupe cyano, un
groupe ester, un groupe amide et un groupe nitro; et le groupe alcane
divalent est un groupe reprdsentd par I'une des formules: 40 Ri
R1   R3 -C-, > Cj3H2) k et -C  - C- * I                 ~~~~~~~~~~I 1: R2
R2   R4 50 dans lesquelles chacun de RI, R2, R3 et R4 reprdsente
ind6pendamment un atome d'hydrogbne, un groupe alcoyle inferieur, un groupe
alcoxy inferieur, un groupe cycloalcoyle ayant de 5 a 10 atomes de carbone
dans le cycle, un groupe aromatique carbocyclique ayant de 5 & 12 atomes de
carbone dans le cycle ou un groupe aralcoyle carbocyclique ayant de 6 & 10
atomes de carbone, et k est un nombre 55     entier de 3 & 11 inclus. 15.
Procedd suivant la revendication 14, dans lequel le dihydroxydiaryl alcane
est le 2,2-bis(4-hydroxyph6- nyl)propane. 36    16. Procede suivant ia
revendication 1, dans lequel le derive de dihydroxydiaryle autre que le
dihydroxyaryl alcane est un compose de formule: HO-Ar-Z-Ar2-OH 5 dans
laquelle chacun de Ar' et Ar2 represente independamment un groupe
aromatique divalent carbocyclique ou hdt~rocyclique, et Z repr~sente une
liaison, -0-, -CO-, -S-, -SO-, -S02-, ou -CON(R')- dans laquelle R1
represente un atome d'hydrogene, un groupe alcoyle inferieur, un groupe
alcoxy inferieur, un groupe cycloalcoyle ayant de 5 a 10 atomes de carbone
dans le cycle, un groupe 10     aromatique carbocyclique ayant de 5 a 10
atomes de carbone dans le cycle ou un groupe aralcoyle carbocyclique ayant
de 6 a 10 atomes de carbone. 17. Procede suivant la revendication 16, dans
loquel le derive de dihydroxydiaryle est un compos6 ayant I'une des
formules (R                           5~~~~()     R n
In 20           110                    ,              I 10          0
OH, CR 5        R 6                        CR )R(R 25           HO
S          CO            HO           so           Of 5         ~       ~66
(75,   (n6)                    sas~~CR)      (  I 30 52 4k.'
HO        -,CO (R5            (R 35                              NOOH )
CR) dans lesquelles chacun de R5 et R6 represente ind6pendamment un atome
d'hydrogbne, un atome d'halogbne, un groupe alcoyle ayant de 1 & 4 atomes
de carbone, un groupe alcoxy ayant de 1 A 4 atomes de carbone, un groupe
cycloalcoyle ayant de 5 a 10 atomes de carbone dans le cycle ou un 40
groupe phdnyle; chacun de m et n represente independamment un nombre entier
de 1 A 4; quand m 



est un nombre antier de 2 a 4, chaque R5 pout 8tre identique ou different;
et quand n est un nombre ontier de 2 a 4, chaque R6 peut 8tre identique ou
different. 18. Proc6de suivant la revendication 1, dans lequel le carbonate
de diaryle est un compos6 de formule: 45 Ar3-OCO-AR4 50 dans laquelle
chacun de Ar3 et Ar4 repr6sente independamment un groupe aromatique
monovalent carbocyclique ou heterocyclique. 55 37    EP 0 338 085 B1
1 I!IIIIJ I I 1111 li ii 19. Procede suivant la revendication 18, dans
lequel le carbonate de diaryle est un compos6 de formule 7
8 5                             (RP                           (R )q oc 0 10
dans laquelle chacun de R7 et Rs represente independamment un atome
d'hydrogbne, un atome d'halogbne, un groupe alcoyle inferieur, un groupe
alcoxy inferieur, un groupe cycloalcoyle ayant de 5 a 10 atomes de carbone
dans le cycle ou un groupe ph6nyle, et chacun de p et q repr6sente
independamment un nombre entier de 1 a 5; sous r6serve que, lorsque p est
un nombre entier de 2 a 15     5, chaque R7 peut etre identique ou
different et que, lorsque q est un nombre entier de 2 a 5, chaque Rs peut
etre identique ou different. 20. Proced6 suivant la revendication 19, dans
lequel le carbonate de diaryle est un carbonate de diphenyle, un carbonate
de ditolyle ou un carbonate de diphenyle substitue par un groupe alcoyle
inf6rieur. 20 21. Procede suivant la revendication 20, dans lequel le
carbonate de diaryle est un carbonate de diphenyle. 22. Procede suivant la
revendication 1, qui consiste a porter le melange au stade (1) a une
temperature comprise entre 50 * et 350 * C pendant une duree de 1 minute &
100 heures. 25 23. Procede suivant la revendication 1, qui consiste A
porter le prepolymbre cristallise au stade (3) A une temperature (Tp, I C)
satisfaisant aux relations suivantes: Tm'-505Tp<Tm' 30 dans laquelle Tm'
represente le point de fusion ( C) du prepolymbre cristallise, pendant une
dur6e de 1 minute & 100 heures. 24. Proced6 suivant la revendication 12,
qui consiste & effectuer le chauffage pour cristalliser le prepolymb- 35
re & une temperature (Tc, I C) satisfaisant aux relations suivantes: Tm
-505  Tc < Tm dans lesquelles Tm represente le point de fusion (I C) du
prepolymbre. 40 25. Procede suivant la revendication 23, qui consiste A
porter le prepolymere cristallis6 au stade (3) & une temperature de 150 * A
260 *C. 26. Polycarbonate aromatique ayant une masse moleculaire moyenne en
poids de 6000 a 200 000 et ayant 45     une teneur en groupes hydroxyle
d'extrdmitd qui ne represente pas plus de 0,03 % du poids du polycarbonate,
prepare a partir d'un m6lange d'un compose dihydroxydiaryle et d'un
carbonate de 



diaryle, le compos6 dihydroxydiaryle comprenant de 85 & 100 % en mole d'un
dihydroxydiaryl alcane de formule 50     HO-Ar'-Y-Ar2-OH   (I) dans
laquelle chacun de Ar1 et Ar2 repr6sentent ind6pendamment un groupe
aromatique divalent carbocyclique ou heterocyclique, et Y represente un
groupe alcane divalent, et de 0 a 15 % en mole d'un derive de
dihydroxydiaryle autre que le dihydroxydiaryl alcane, ce 55
polycarbonate aromatique ayant une cristallinite d'au moins 5 %. 27.
Polycarbonate aromatique cristallise suivant la revendication 26, dans
lequel ni le compos6 de dihydroxydiaryle, ni le carbonate de diaryle ne
contiennent d'atome de chlore de sorte que le 38    EP 0 338 085 B11
I 1lia11 111111 1 IlilI D 1II polycarbonate aromatique cristallis6 ne
contient pas d'atome de chlore. 2& Polycarbonate aromatique cristallis4
suivant la revendication 26, dans lequel la teneur en groupe hydroxyle
d'extrdmit4 nWest pas Sup~rieure a 0.01 % en poids. 5 10 15 20 25 30 35 40
45 50 55 39    


