TI TLE OF THE | NVENTI ON Pol ycar bonat e Havi ng Heterounits And

Met hod For Produci ng The Sane’ BACKGROUND COF
THE LNVENTION 5 Field of The Invention - The present

i nvention relates to a pol ycarbonate havi ng heterounits and a

met hod for producing the sane. Moré particularly, the present

I nvention is concerned with a pol ycarbonate conprising a plurality
of aromatic 10 pol ycar bonate mai n chains, wherein the aronmatic poly-
carbonate main chains collectivel yTEBRE0F EHECINVENTION heterounits in
a specific anount in the _pol ycarbonate | mai n, chai ns, %gﬂr? met hod
for producing the Sanepojtg(garbonate HBeyipda HedeRaungrt s I?ﬁ“f)r%es iFR%ent i on

I s advant ageous }5 ._in _that not only does it have high transparency
Pesuring I068

and col o &™€3s hi gh nechanical strength, but

also it can exhibit high non-Ne | 0 hRRer | so that it
exhi bits high molding nelt flui a?ﬁdﬁ&..‘.’fﬁr"c%p NEION e
polycarbogﬁ;e of the RAr esetnd TeaHddd s 20 extrenely advant ageous
froma co rci al —pornt—of—vrew Prior Art

The present invention relates to a polycarbonate
having heterounits and a method for producing the same.
More particularly, the present invention is concerned
wifh a polycarbonate comprising a plurality of aromatic
'10 polycarbonate main chains, wherein the aromatic poly-
carbonate main chains collectively contain specific
heterounits in a specific amount in the polycarbonate
main chainé, and a method for producing the samé.' The
polycarbonate of the present invention is advantageous
15 ip that not only does it ha&é high transparency and
colorlessness as well as high mechanical strength, but
also it can exhibit high non-Newtonian flow properties,
so that it exhibits high molding melt fluidity. There-
fore, the polycarbonate 6f the present invention is
20 extremely advantageous from a commercial point of view.
Prior Art
Polycarbonates have been widely used in various
fields as engineering plastics having excellent heat
resistance, impact resistance and transparency. Pro-

25 duction of polycarbonates has conventionally been



Pol ycar bonat es have been wi dely used in various fields as

engi neering plastics having excell ent heat r.esi stance, i npact

resi stance and transparency. Pro- 25 duction of polycarbonates has
conventional ly been _ '
conducted by using the phosgene process. ngever pol ycar bonat es
produced by using the phosgene process have problens in that the
production thereof needs the use of phosgene, which is poisonous,

and that ‘they  Scona,eeBhaky TEshiuhaTEHANGENG ghkecide (ehiee), vl oh

not onIy adversely a ects t t he

pol ycar bonat es, ?bl?béQbBﬁ‘d%@% %a%banwf u%:.?i%l &he phosgen‘és‘iﬂ‘dcdgsst he
nol di ng of the pol ycarbonates erefore, recently, polycarbonates

produced by usingnilte praBsems 18 thatSkee bireduic®iopr esessdFavRdiRethe
drawi ng attention. . Wth respect to transesterification

pol ycar - tseabEsphbkgeaeknaiich is poisbhaiisgl abgt thehordness,
transparent transesterification can be obtained on a | aboratory
scal e; howsver, whentaib resitihalpmedhyileoe chlbrideediselventdt,i ahich
pol ycarbonates is conducted on a comercial scale, only those
havi ng ~ not only adversely affects the thermal stability of the
polycarbonates, but also causes corrosion of a mold
used for the molding of the polycarbonates. Therefore,
recently, polycarbonates produced by using the transe-
10 | sterification process have been drawing attention.
With respect to transesterification polycar-.
bonates, it is known:
that almost colorless, trénsparent transesterification
can be obtained on a laboratory scale; however, when
15 the production of transesterification polycarbonates is
conducted on a commercial scale, only those having -
slightly yellowish color can be obtained [see "Pura-
suchikku Zairyo Koza (5), Porikaboneto Jushi (Lecture
on Plastic Materials (5), Polycérbonate Resins)", page
20 66, published in 1981 by The Nikkan Kogyo Shimbun Ltd.,
Japan], and '
that transesterification polycarbonates have disadvan-
tages in that théy have many branched strﬁctures, so

that they have poor strength (danger of brittle frac-

25 ture is high), as compared to phosgene process polycar-



slightly yellow sh col or can be obtained [see "Pura- suchi kku

Zairyo Koza (5), Porikaboneto Jushi (Lecture - on Plastic Materials
(5), .Pol ycarbonate Resins)", page 20 66, published in 1981 by The

Ni kkan Kogyo Shi nbun Ltd., Japan], and t hat
transesterification polycarbonates have di sadvan- tages in that

t hey vhave nmany branched structures, so t hat they have poor strength
(danger of brittle frac- 25 ~ ture is high), as conEared t o phosgene
process pol ycar- bonates [see "Kobunshi (Polymer)“ 273 p. 521,
bonat es [see "Kobunshi (PoI{ner)" vol . 27, p. 521, ' July 1978)].
In order to alleWwke ¥Hé&8el probl ens of the tran- sesterification
pol ycar bonat es, various studi es have been nade on the structure and
production process of In orderifa ?*%ﬂgééF%rFF?E%tPBﬁbb8W§CSFbSH§t§§aHMIth
respect to the branched strictures of the transest%rlflcabepn

pol ycar bonat es, i$eFEeKhbIFRTHAR BALKCBFRARALESst YRELIOUS studipg,

fornmed as follows. EUrln t he neri zation

reaction i% the ‘??éd?% O%ngﬂegggruchﬁgl?nﬁnpfﬁguFE% i BEOSTECRE t he

pol ycar bonat e Chatﬁb transesterification polycarbonates. With respect
to the branched structures of the transesterification
polycarbonates, it is known that such branched struc—
tures are formed as follows. During the progress of

10 the polymerization reaction in the presence of an

alkali in the reaction system, the polycarbonate chain
being formed suffers a side reaction represeﬁted by the
reaction formula described below, which is similar to

the Kolbe—Schmitt reaction:

15 _ 0

CO— ﬁ

. OO O+O0t

As is apparent from the above-shown structure formed in

20

the main chain by the side reaction, a branched chain
grows and extends through ester bonds. In some cases,
such a branched chain forms a crosslinked structure in-

25 the final polycarbonate [see "Purasuchikku Zairyo Koza



being fornmed suffers a side reaction represented by the reaction
formul a described below, which is simlar to t he Kol be- Schm tt
reacti on: [err] 20 ~ As is apparent fromthe
above-shown structure forned in the main chain by the side
reaction, a branched chain grows angy extends through ester bonds.
In sene cases, . ) such a branched chain forns a crosslinked structure
in 25 the final polycarbonate [see "Purasuchi kku Zairyo Koza

4 (5), lPehi kpbeakadohetd JulsdGt YIRcturd i iradéddief iMdterials
(5), Polycarbonate Resins)", page 64, published in 1981 by The
Ni kkan Kogyo Shi npan, LiPdlyciibanateResheis )Kgbage 64, publeishedisin 1#8ilo
Bukku (Pol ycarbonate Resin Hand 5 Book) ", page 49, published in 1992
by The N kkan Koghg The NikkashiKogyo IShdmbulapdnrl.],. Japan; and "Porikabo-
neto Jushi Hando Bukku (Polycarbonate Resin Hand
5 Book)", page 49, published in 1992 by The Nikkan Kogyo
Shimbun Ltd., Japan ].
With respect to the structure of the transester-
ification polycarbonate, it has been attempted to
reduce the amount of branched structure in the polycar-

10 bonate. For éxample, Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 5-105751 and Unexam-
ined Japanese Patent Application Laid-Open Specifica-
tion No. 5-202180 (corresponding to U.S. Patent No.
5,468,836) disclose a technique to obtain a transester-

15 ification polycarbonate havihg no or an extremely small
amount of branched structure. Specifically, in these
prior art documents, the transesterification reaction
is conducted using a sbecific combination of catalysts,
to thereby obtain a colorless, transparent polycar-

20 bonate having no or an extremely small amount of
branched structure which is formed by the side reaction
during the polymerization. Unexamined Japanese Patent
Application Laid-Open Specification No. 7-18069 (corre-
sponding to U.S. Patent No. 5,418,316) proposes a

25 method for producing a polycarbonate, in which, by the



Wth respect to the structure of the transester- I fication

pol ycarbonate, it has been attenpted to reduce the anount of
branched structure in the polycar- 10 bonate. For exanpl e, :
Unexam ned Japanese Patent Appli - cation Lai d- Open Specification
No. 5-105751 and Unexam I ned Japanmgse. Pat ent Application

Lai d~Open Speci fi ca- tion No. 5-202180 (corresponding to U S

Pat ent No. 5,468, 836) disclose a technique to obtain a transester-
15 i ficationypel pFaabepaicd fiayidaddly s, dhe et YoSned above-
anount of branched structure. Specifically, in these prior art
docunents, the trasatibaed branched edaticttiure formed by cihelucidesl tsaag a
speci fic combi nati on of catalysts, to thereby obtain a colorless,
transparent pol yc&ion 2imilar hondthe KolibegSuhndrttarresctiorelis ssupt+ anount
of branched structure which is forned by the side reaction

during the pol ynmepressedn toUgsed@viede @) dovhése @pm or less. Ade cation
Lai d- Qpen Specification No. 7-18069 (corre-, sponding to U S.

Pat ent No.25, 418, BPdYycprbppades, dipelosed g AT PHHF Ry hfecuments

pol ycar bonate, in_ which, by the .

5 use oPaxesphdghf transPARRNCY A SHATHLISIGRS afiRieveT,

. these polycarbonétes have problems in that they exhibit
poor non-Newtonian flow properties, so that they disad-
vantageously exhibit low molding melt fluidity.

10 For solving the above problems, for example,
Unexamined Japanese Patent Application Laid-Open Speci-
fication Nos. 5-271400 and 5-295101 (each corresponding
to U.S. Patent No. 5,468,836) disclose a transesterifi-
cation .technique in which the formation of the above-

15 mentioned disadvantageous branched structure resulting
from the side reaction of the abbve reaction formula is
reduced by the use of a specific catalyst to thereby
achieve an improvement in transparency and colorless-
ness of the formed polycarbonate, whereas the non-

20 Newtonian flow properties of the polycarbonate are
improved by intentionally introducing another specific
branched structure to the polycarbonate by the use of a
multifunctional compound, to thereby improve the prop-
erties of the polycarbonate so that it can be advan-

25 tageously used for blow molding. Further, in U.S.



menti oned branched structure fornmed by the side reac- tion simlar
to the Kol be-Schmtt reaction is sup- pressed to a |l evel as |low as -
300 ppmor |less. The 5 pol ycar bonat es di sclosed in these prior art
docunent s have hi gh transparency and col orl essness; however,

t hese pol ycarbonates have problens in that g hey exhibit poor
non- Newt oni an flow properties, so that they disad- vant ageousl y
exhibit low nmolding nelt fluidity. 10 For solving the above

probl ems, for examieht No. 4,563aA)Ni Nedid aperesptedt tat idppbireathen
Lai d- Open Speci- - fication Nos. 5-271400 and 5-295101 (each

cor respondi ng moldind ndlS. f Raidity Nof thdGBoBAGarddsatesbyathe use
transesterifi- cation technique in which the formation of the
above- 15 renta e thetityhnp-dgedosz phamzhblisal oyl iceacddubsi Ag
fromthe side reaction of the above reaction fornmula is . reduced by
the use of a spedifdnclringlasento tHewensr, the usegefj Ehe BHlt#HEMBFenent
in transparency and col orl ess- ness of the formed polycarbonate,
wher eas thg non- tixgnhal conpowRds oas f RSNt pPRPer Pe¥ePafnBTBBLFRS: BBnat e
are | mproved by intentionally introducing angthﬁn specifig
branched struct urigrd’e ERRSPIFOBRPBBRE! RTBYOFRe2 USECFFLNKING Teaction

mul tifunctional conpound, to thereby ipprove th op: . i_es of
the pol ycar bonat 8%t 3% athe PR %Eyﬁﬂggﬂg' pAS En8t ?gﬁegﬁgF% 8828% %r bl ow

mol di ng. Furtrm”boﬁé%élgg likely to contain gel.

Therefore, it has been desired to develop a tran-

10 sesterification technique, in which the occurrence of
branching of the polycarbonate eructuré can be con-
trolled without using a multifunctional compound which
is likely to cause gelation, so as to produce a poly-
carbonate which not only has high transparency and

15 colorlessness as well as high mechanical strength, but
also exhibits high non-Newtonian flow properties, so
that the polycarbonate can exhibit high molding melt
fluidity, as compared to the'phosgene process polycar-
bonates.

20 Further, with respect to the process for producing
a transesterification polycarbonate, various improve-
ments have been proposed. For example, with respect to
a process in which use is made of a plurality of polym-
erizers which are connected in series, it has been

25 proposed to use a special type of polymerizer as a



6 Patent No. 4,562,242, it is attenpted to inprove the

nmolding nelt fluidity of the polycarbonate by the use of a

5- (di.net hyl - p- hydr oxybenzyl )salicylic acid as a branchi ng agent.
However, the use of the multifunc- 5 tional conmpounds as nentioned
above has problens in that these compounds pronote a crosslinking
reacti on during the polynerization, so that the final polycar-
bonate is likely to contain gel. Therefore, it has been

desired to devel ogiaall ¥tagel Yolymeradedf,i fduntl iad 4 efedtnle, type Vi ch t he
occurrence of branchi ng of the polycarbonate structure can be con-
trolled without utoidzontdll idgiteatiomn|tyaempalyhetizdr (see Unexamibedy to
cause gel ation, so as to produce a poly- carbonat e which not only
has hi gh transpar Japanese PEent Applddadsiomedsiidb-Opsn SpedificakidmiVeal
strength, but al so exhi bits high non-Newtonian flow properties, so
“that the pol ycar b@&rdt8923 @thisvitwin genaw denfefk|extruder (geg)Examined

conpared to the phosgene process polycar- . bonates. 20
Further, wbth resg@Penese Ratanic &ppligatics fikigcation No, 52-36159

transesterificationdpolycarQonate vari ous_i nprove- _ . . .
and Unexamined Japanese Patent Application Laid-Open

Specification No. 63-23926). However, the techniques
of the above-mentioned prior art documents are only
intended to promote the removal of phenol from the

10 polymerization reaction system. Therefore, by these
techniques, a polycarbonate having a high molecular
weight can be easily obtained; however, the obtained
polycarbonate is not satisfactory with respect to the
préperties thereof, such as mechanical properties and

15 molding melt fluidity.

The task of the present invention is to provide a
polycarbonate-which is advantageous in that not only
does it have high transparency and colorlessness as

lwell as high mechanical strength, but also it exhibits
20 high non-Newtonian flow properties, so that it can
exhibit high molding melt fluidity.

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
extensive and intensive studies with a view toward
25 solving the above-mentioned problems accompanying the

conventional polycarbonates. As a result, it has been



ments have been proposed. For exanple, with respect to a process in
which use is made of a plurality of polym erizers which are
connected in series, it has been 25 proposed to use a special type of
pol ynmeri zer as a : : 7 ,
final stage polynerizer, such as a special tgype of hori zont a
agi-tation type polynerizer (see Unexam ned Japanese Pat ent
Application Laid-Open Specification No. 2-153923) or a twin screw

vented extruder (feanBXafaftc@ polycarbohi@)etmpaisitg ADPIwAility of
Publ i cati on No. 52-36159 and Unexam ned Japanese Patent

Appl i cation Lai d-epematic polycagbonfateaimadn haifids,238wG)el Hovhey eaxyordne-

t echni ques of the above-nentioned prior art docunents are only

i ntended to pronpie pbdycembosnatef maienahafinesmadidecitively quuitadexi zati on

reaction system Therefore, by these t echni ques, a pol ycarbonate

having a hi gh nol epgrdfic heteroupditghtincan specddsia pmsunt fay; theeedr-

t he obtalned pol ycarbonate is not satisfactory with respect to the
properties>t her eoParE’GE‘ﬁt&s chedpsni d8 Lhespdmome Shgh@bopp-mentigned ng nel t

fluidity. The task of the present invention is to provide a
problems accompanying the conventional polycar onates,

and is advantageous in that not only does it have high
transparency and colorlessness as well as high mechani-
cal strength, but also it exhibits high non-Newtonian

10 flow properties, so that it can exhibit high molding
melt fluidity.

Accordingly, it is an object of the present inven-
tion to provide a polycarbonate wﬁich is advantageous
in that not only does it have high transparency and

15 colorlessness as well as hiéh méchanical strength, but
also it exhibits high non-Newtonian flow properties, so
that it can exhibit high molding melt fluidity.

It is another object of the present invention to
provide a method for producing the above-mentioned

20 excellent polycarbonate.

The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following detailed description and appended
claims taken in connectioﬁ with.the accompanying draw-

25 ing.



pol ycar bonat e which is advantageous in that not only does it have
hi gh transparency and col orl essness as wel | as hi gh nechani cal
strength, but also it exhibits 20 hi gh non- Newt oni an fl ow properti es,
so-that it can exhibit high nolding nmelt fluidity.

SUMVARY OF THE | NVENTI ON In this situation, the present

i nventors have nade extensive and intensive studies with a view
toward 25 sol ving the above-nenti oned probl éns acconpanyi ng t he
conventional polycarbonat es. BREER DESORIPTIONh@E DEENDRAWINGS

8 found that a pol ycarbonate conprising a plurality of

aromat i ¢ pol ycar bonat eImathe chodwsngwherei n t he aronmat - iC

pol ycarbonat e mai n chains coll ectively contain . specific
heterounits in a specifig- aholdtaidiagraposhowing the syatdonemplohadns, is
free fromthe above-nenti oned probl ens acconpanyi ng t he :
conventional pol yk@F HeFfedesing a polycapponatadianEseesls Ltn that not only
does it have hlgh .. transoarenc and colorlessness as well as high
mechani - 52 3 Qf | pu ts high non-Newt onian 10
flow properties, &% tha{)lt can exhlblt hi gh nDIdlng

1A - 6A : Numerals assigned in connection with first
vertical agitation type polymerizer vessel
(A) |
10 1B - 6B : Numerals assigned in connection with first
vertical agitation tyﬁé polymerizer vessel
(B)
1C - 7C : Numerals assigned in connection with second
| vertical agitation type polymerizer vessel
15 - | (c) "

1D - 7D

Numerals assigned in connection with third.
vertical agitation type polymerizer vessel
(D)
_ 101A - 109A : Numerals assigned in connection with
20 first wire-wetting fall polymerizer
101B - lOQB : Numerals assigned in connection with
second wire-wetting fall polymerizer
1A, 1B : Inlet for a starting polymerizable material
1C, 1D : Inlet for a prepolymer

25 2A, 2B, 2C, 2D : Vent



melt fluidity. Accordingly, it is an object of the present

i nven- tion to provide a pol ycarbonate which is advant ageous

in that not only does it have high transparency and 15 col orl essness
as well as high nmechanical strength, but also it exhibits high .
non- Newt oni an fl ow properties, so ipat it can exhibit high nolding
melt~fluidity. ' It is another object of the present invention
to provi de a nmethod for producing the above-nentioned 20

excel l ent pol ycardmnag®. : First verticalhggieatgehngypadpetpaerabjeect s,
features and advant ages of the present invention wll be apparent
fromthe foll ow ng detail edesl@estsi pA) oandn@Bappended cl ai ms taken
in connection with the acconpanying draw 25 i ng.

9 3C : SEBRET DESCRPT| i CEtTelRE DRAW NESymerizer vessell n

t he draw ng: Fig. 1 is a diagram show ng the system enpl oyed
for producing a pol ycat®bnate i n Exanple 1. 5 Descri ption of

Ref erence Nuneral s . )
5 3D : Third vertical agitation type polymerizer vessel

(D)
47, 4B, 4C, 4D : Molten prepolymer
5A, 5B, 5C, 5D : Outlet
6A, 6B, 6C, 6D : Agitator
10 7C, 7D, 8 :.Transfer pump
101A, 101B : Inlet for a prepolymer
102A, 102B : Perforated platé
103A, 103B : Wire
104A; 104B : Gas feed port
15 105A, 105B : Vent
106A : Transfer pump
106B : Discharge pump
107a, 107B : Outlet
108A, 108B : Main body of wire-wetting fall polymerizer
20 109A : Molten Prepolymer

109B : Molten Polymer

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is

25 provided a polycarbonate comprising a plurality of



(Fig. 1) 1A - 6A : Numerals assigned in connection with first

vertical agitation type polynerizer vessel (A 10
1B - 6B : Nuneral s assigned in connection with first
vertical agitation type polynerizer vessel (B)

1C - 7C : Nuneral s assigned in connection mp%g second
vertical agitation type polynerizer vessel (O
1D - 7D : Nunerals assigned in connection with third

vertical agitati oRyofRfiR0IpEBSdABondES dhain chains, each com§£331ng
101A - 109A : Nuneral s assigned in connection with 20

first wire-wettingdcidriiy Wrég &ach indepditidhtlsObEpredbnesal byasaegned

i n connection with second wire-wetting fal
pol yneri zer follAdwiltly fdrnela f@) A starting pol ynerizable nmateri al
1C, 1D : Inlet for a prepolyner 25 2A, 2B, 2C, 2D : Vent
10 . ﬁ _
5 ——0—ATr-0C—— (1)

wherein Ar represents a divalent Cg-Cgyqq
aromatic group,
wherein the plurality of aromatic polycarbonate main
chains collectively contain at least one heterounit (A)
10 and at least one heterdunit (B) in the polycarbonate
main chains,
the heterounit (A) being represented by a formula

selected from the following group (2) of formulae:

0
15 —é—o-ié—oé and |
=0
P
X
X
o T @
20 -@o—ﬁ\”—og
C=0
0 J
X

wherein Ar' represents a trivalent Cs-C200
aromatic group, Ar'' represents a tetravalent

25 Cg-Cyop aromatic group, and X represents a



3A, 3B First vertical agitation type polynerizer

vessels (A and (B) 3C Second vertical agitation type
pol ymeri zer vessel (O 5 3D : Third vertical agitation
type polynerizer vessel (D) 4A, 4B, 4C, 4D : Ml ten
pr epol yner ' 5A, 5B, 5C, 5D : Qutlet 14 6A, 6B, 6C, 6D :
Agitator 10 7C, 7D, 8 Transfer punp 101A, 101B : Inlet for
a prepol yner 102A, 102B Perforated plate 103A, 103B
Wre 104A, 104Bo1yeasrddiftdd BHainl having Gefsurd®bly ulkeed
106A  Transfer punp : 106B  Di scharge punp 107A, 107B
Qut | et 108A, 108B : Main body of wre-wetting fall @ol ynerizer 20
109A : Mol ten Prepol yner _ 109B : Mol ten Pol ynmer I
DETAI LED DESCRI PTI ON Oeabtt ddys$Er3¢d by the formul=c+EAr@CAPH—-t he present
invention, there is 25 provi ded a pol ycarbonate conprising a plurality
of . wherein Ar is as defined above and having a

5 weight average molecular weight of from 214

to 100,000, and
whe:fein, when the polycarbonéte main chains contain a
plurality of heterounits (A), the heterounits -(A) are
the same or different,
10 - the heterounit (B) being represented by a formula

selected from the following group (3) of formulae:

i )
—<‘O—Ar—0— Ar-0¢ ,
Yoo
(—O-A;’—Ar'—oc%— ,
i : .
0
C=0 0 B G <)
20 L, [
0-Ar-0-Ar-0C and _

15

25 0




aromati c pol ycarbonate main chains,” each conpri sing recurring units
each independently represented by the followng formula (1):

[err] 5 wherein Ar represents a divalent (Jerr]-Cerr]
aromati c group, wherein the plurality of aromatic pol ycarbonate

mai n chains collectively contain at jgast one heterounit (A) 10
and at | east one heterounit (B) in the polycarbonate mai n chai ns,
the heterounit (A) being represented by a fornul a selected fromthe

following group (2) of wher@ihA&r, Ar' and X are as defined add¥fd]| 15
. and Y represents a polycarbonate chain having
recurring units each represented by'the
0]
5 formula —£CO-Ar—0)— wherein Ar is as defined
above and having a weight average molecular

weight of from 214 to 100,000,_and

-wherein, when the polycarbonate main chains contain a
plurality of heterounits (B), the heterounits (B) are
o the same or different,
the sum of the amounts of the heterounit (A) and
the heterounit (B) being from 0.01 to 0.3 mole %,
based on the molar amount of the recurring units (1),
Wﬁerein each of X and Y optionally cbntains at |
'-15 least one heterounit selected from the group consisting
of heterounits (A) and (B), .
the polycarbonate having a weight average molecu-
lar weight of from 5,000 to 300, 000. |
20 For easy understanding of the present invention,

the essential features and various embodiments of the

present invention are enumerated below.

1. A polycarbonate comprising a plurality of aromatic

polycarbonate main chains, each comprising recurring
25

units each independently represented by the following



wherein Ar' represents a trivalent C5-C200 | aromati c group,

Ar'' represents a tetraval ent 25 Cerr]-Clerr] aromatic group, and
X represents a 2
pol ycarbonate chain having recurring units each represented
by the formula [err] wherein Aryis as defined above and
havi ng a 5 ' wei ght average nol ecul ar wei ght of from 214
to 100, 000, and wherei n, when the pol ycarbonate mai n chains
contain a foRimunal i(tey) :of  heterounits (A), the heterounits (A) are
the sane or different, 10 the heterounit (B) being represented
by a formula selected fromthe fa@l ow ng group (3) of fornul ae:
[err] 15 I

——0—-Ar—-0C—)— (1)

wherein Ar represents a divalent Cg-Cygq
5 aromatic group,

' wherein'the plurality of aromatic polycarbonate main
chains collectively contain at least one heterounit (A)
and at least one heterounit (B) in the polycarbonate
main chains,

10 the heterounit (A) being represented by a formula

selected from the following group (2) of formulae:

- 0
—(—o—Aé—og——)— and |

¢=0
15 !
‘ X
3 @
oo
—@o—/? —oc—%—
G=0
P )
20 X

wherein Ar' represents a trivalent Cs5-C200
aromatic group, Ar'' represents a tetravalent
C5-C200 aromatic group, and X represents a
polycarbonate chain having recurring units

25



13

and Y represents a pol ycarbonate chain having
each .represented by the 5

defi ned

wherein Ar, Ar' and X are as defined above

recurring units.
formula [err] wherein Ar is as
above and having a wei ght average nol ecul ar

wei ght of from 214 to 100, 000, and iyherein, when the

pol year bonate mai n chains contain a
‘the heterounits (B) are 10

sum of the anmounts of the heterounit (A) and
being from0.01 to 0.3 nole %

plurality of heterounits (B)
the sane or different, t he
t he heperounit (B)
based on the nol ar afount of the

recurring units (1), each representéd cby €héehfoimXlandeXrogbyenally

contains at 15

consi sting

pol ycar bonat e havi ng a wei ght average nvol ecu-
+ 5,000 to 300, 000.

i nvention,

| east one heterounit selected fromthe group
of Witdrsn i sig Ads adefildd above and havihgea
| ar wei ght of from
weight avérasgeasyleculbastwallghy of fhempRident
the essential features and various enbodi nents of the

present infention are crmnkdQuiQR0 bhedndy, :

10

15

20

25

wherein, when the polycarbonate main chains contain a
plurality of heterounits (A), the heterounits (A) are
the same or different,-

the heterounit (B) being represented by a formula
selected from the following group (3) of formulae:

-~

i
%O—Ar—O—Ar—oc# '
e
(—O-—A?—Ar—ocg— ,

| :

0

(I3=0 I(l) SR R )
AQO— Ar-0- Ar-0 C%‘ and _

J
wherein Ar, Ar' and X are as defined above:

and Y represents a polycarbonate chain having



1. A polycarbonate conprising a plurality of aromatic

pol ycar bonate mai n chai ns, each conprising recurring 25 units each
i ndependently represented by the follow ng

14 formula (1): [err]

wherein Ar represents a divalent Cerr]-C enp) 5 aromatic
group, wherein the plurality of aromatic pol ycarbonate nmain
chains collectively contain at | east one heterounit (A and at

| east one heterounit (Bpcuprihg pnliysachehatrepresented g rthehai ns, 10
the heterounit (A) being represented by a fornula selected from
the followi ng group (2) of fornubae: [err] 15

formula —+C04Ar—0+— and having a weight
average molecular weight of from 214 to
5 100,000, and
wherein, when the polycarbonate main chains contain a
plurality of heterounits (B), the heterounits (B) are
the same or different,
the sum of the amounts of the heterounit (A) and.
10 . the heterounit (B) being from 0.01 to 0.3 mole %,
based on the molar amount of the recurring units (1),
wherein each of X and Y optionally contains at
least one heterounit selected from the group consisting

of heterounits (A) and (B),

15 :
the polycarbonate having a weight average molecu-
lar weight of from 5,000 to 300,000. '
2. The polycarbonate according to item 1 above,
wherein 85 % or more of the recurring units (1) are
20

each represented by the following formula (1'):

. horody @



wherein Ar' represents a trivalent CJerr]-Clerr] aromatic

group, Ar'' represents a tetravalent Cerr]-Clerr] aromatic
group, and X represents a pol ycar bonat e chai n havi ng
recurring units 25 15

each represented by the fornula [err] 17 wherein Ar is as

defi ned above and having a : wei ght average nol ecul ar wei ght of
from214 5 to 100,000, and ' wher ei n, when the

pol ycarbonate main chains contain a . plurality of heterounits (A,
the heterounits (A) are the sane or different, t he
heterounit (B) befng rEPpeBeiYearbynateoppgpading to itsm| écebeverom t he
fol |l owi ng group (ggegéiggrnulae: [err]

the recurring units (1) are each represented by

5 the following formula (1'):
| i
{o0-+ol-} @
10 p

the heterounit (A) is reprééented by a formula-

selected from the following group (2') of formulae:

¥
0 : ]
15 G=0 ﬁ |
Lotk
X X ' (
| ' l (2’ )
0 0 . '
C=0 C=0gqg
il
o0

wherein X is as defined for formula (2), and
the heterounit (B) is represented by a formula

selected from the following group (3') of formulae:
25



20 wherein Ar, Ar' and X are as defined above 25
and Y represents a pol ycarbonate chain having

16 . recurring units each represented by the

formula [err] and having a wei ght average nol ecul ar wei ght of
from214 to 5 100, 000, and 18 wherein, when the

pol ycar bonat e mai n chains contain a plurality of heterounits (B)

the heterounits (B) are

¥ L (3")

| | 0 |
. AeOtO-cOtO

15

wherein X is as defined for formula (2), and

Y is as defined for formula (3). -

20 4. The polycarbonate according to any one of items 1
to 3 above, wherein the heterounit (B) is present in an
amount of from 0.1 to 30 mole %, based on the molar

amount of the heterounit (A).

25 5. The polycarbonate according to any one of items 1



the sanme or different, - t he sum of the anmounts of the
heterounit (A) and 10 the heterounit (B) being from0.01 to 0.3 nole %
based on the nolar anbunt of the recurring units (1), ~ Wherein
each of X and Y optionally contains at | east one heterounit
selected fromthe group consisting afg heterounits (A) and (B), 15
t he pol ycarbonate having a wei ght average nol ecu- I 'ar wei ght . of
from5,000 to 300, 000. 2. The polycarbonate according to iteml1
above, whepeidnadbvey, owhiohe isf pirioduwoedu firiong amistron@)i ardi -
each represented by the following formula (1'): _
[err] droxy compound and a carbbpic diester Dy tHemsesterifi-

pol ycar bonate according to item 1 above, wher ei n:
cation.

5 6. In a method for producing a polycarbonate which
comprises subjecting to a stepwise transesterification
reaction, in a plurality of reaction zones, at least
one polymerizable material selected from the group
consisting of :

10 a molten monomer mixture of an aromatic dihydfoxy
compound and a carbonic diester, and
a molten prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy compound with a
carbonic diester,
15 . the aromatic dihydfoxy'éompound being represented

by the following formula:
HO—Ar—QOH

wherein Ar represents a divalent Cs5-Cz00
20 : ' aromatic group,
the carbonic diester being represented by the

following formula:

0
|

Ar3—oCco-ard
25 _



the recurring units (1) are each represented by 5 the following formula

(1'): [err] 10 the heterounit (A
is represented by a formula selected fromthe follow ng group (2')
of fornul ae: [err] 15 20 wherein X is
as defined for formula (2), and tiye heterounit (B) is
represented by a formula selected fromthe followi ng group (3") of
formul ae: 25 : '

' wherein ars and Ar? are the same or different

and each represent a monovalent Cg-Cyqg
aromatic group,
the improvement in whiéh the stepwise transester-
ification reaction of the polymerizable material is
performed under reaction conditions which satisfy the

following formula (4):

n
0.2 ¢ T (ki x Ti x Hi) g 1.2 (4)
i=1

10
wherein:

i represents thelzone number éssigned in an arbi-
trary order among n reaction zones of the reaction
sysfem, |

15 _ Ti represents the averéée temperature (°C) of the
polymerizable materiai in the i-th reaction =zone,
Hi represents the average residence time (hr) of
the polymerizable material in the i-th reaction
zone,

20 ki represents a coefficient represented by the

following formula (5):
ki = 1/(a x Ti"P) (5)

wherein Ti is as defined above, and

25 a and b'depend on Ti, and wherein:



[err] 10 - wherein X is as defined for formula

(2), and Y is as defined for fornula (3). 20 4. ' The
pol ycar bonate according to any one of itens 1 to 3 above, wherein
the heterounit (B) i's present in an amount of fromO0.1 to 30 nole

% based on the nol ar amount of thegheterounit (A).

when Ti satisfies the formula:
Ti < 240 °C,
a'is 1.60046 x 10° and b is 0.472,
when Ti satisfies the formula:
5 ' 240 °C ¢ Ti < 260 °C,
a is 4 x 104° and b is 19.107, and
when Ti satisfies the formula:
260 °C g Ti,
a is 1 x 10122 and b is 49.082.
10
7. A polycarbonate which is'substantially the same

product as produced by the method of item 6 above.

The polycarbonate of thelpresent invention com-
15 p;ises a plurality of aromafic ﬁblycarbonate chains,
each comprising recurring units each independently_“
represented by the formula (1) above, wherein the
aromatic polycarbonate chains collectively contain at
least one heterounit (A) and at least one heterounit
20 (B). The heterounit (A) is represented by a formula
selected from the above-mentioned formulae of group
(2). When the aromatic polycarbonate chains contain a
plurality of the heterounits (A), the heterounits (A)-
may be the same or different. The heterounit (B) is

25 represented by a formula selected from the above-men-



25 5. The pol ycarbonate according to any one of itens 1

19 to 4 above, which is produced froman aromatic di hy-

droxy conpound and a carbonic diester by transesterifi- cation.
5 6. In a nmethod for producing a polycarbonate which

conpri ses subjecting to a stepw se transesteyjfication reaction
in a.plurality of reaction zones, at |east - one polynerizabl e
mat eri al sel ected fromthe group - consisting of 10 a

mol ten monomer mi %&%@aoff&%ﬂw%f GrEJY APXY When the CFBHUELL apsh -

carbonic diester, a nolten prepol ymer obtained by a

pr ocess conpris- carbona‘l:eI Rohd 18RS IddHkaih & PRIl TS e aspetdEn it h
carboni c diester, 15 t he aromati c di hydroxy conpound

bel ng represented(B), the Haytetzhﬁuﬁaié QB Ngndyorball the same or different.
HO Ar - OH wherein Ar represents a divalent CJerr]-Clerr]
In the formula (1), the formulae of group (2) and

the formulae of group (3), each Ar independently repre-
sents a divalent Cg-Cygqg aromatic group, each Ar'
independently represenfs a trivalent Cg-Cygqo aromatic
group which has a structure equivalent to a mono-sub-
stituted Ar, and each Ar'' independently represents a

10 tetravalent Cg-Cyqg aromatic group which has a struc-

ture equivalent to a di-substituted Ar. Examples of
divalent aromatic groups Ar include phenylene, naphthy-

lene, biphenylene, pyridylene and a divalent aromatic

group répresented by the formula: —Arl—Q—Arz—, wherein

1 2

each of Ar~ and Ar“ independently represents a divalent

15 _
C5-Cyg carbocyclic or heterocyclic aromatic group, -and
Q represents a divalent C;-Czp alkane group.

1 and Arz, at

In the divalent aromatic groups Ar
least one hydrogen atom may be replaced by a substitu-
20 ent which does not adversely affect the reaction, such
as a halogen atom, an alkyl group having from 1 to 10
carbon atoms, an alkoxy group having from 1 to 10
carbon atoms, a phenyL group, a phenoxy group, a vinyl
group, a cyano group, an ester group, an amide group or

25 a nitro group.



20 aromati c group, ~the carbonic diester being
represented by the follow ng fornul a: '

[err] 25 : 20

wherein Arferr] and Ar[err] are the sanme or different _
and each represent a nonovalent Clerr]-CerrB aromatic
group, the i nprovenent in which the stepw se transester- 5

ification reaction of the polynerizable material is per f or med
under reaction conditi Speciifich exampdies bﬁéheterocychhdIanmma;ﬂhngndup44)

n

represents t he zoABCAUMBeRNaSTiOREd S grampahigiving in a Skeletdnwﬂhenﬁuﬁﬂ

[err] 10 : wher ei n:

anong n reaction zones of the reaction syst em

10

15

20

25

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

Examples of divalent aromatic groups arl and ar?
include an unsubstituted or.substituted phenylene
group, an unsubstituted or substituted biphenylene
group and an unsubstituted or substituted pyridylene
group. Substituents for arl ana Afz are as described
above.

Examples of divalent alkane groups Q include

organic groups respectively represented by the follow-

ing formulae:

R R' RS RS
—C— —C—C— aa (¢ (Z)s

l I I \\\__)// \\\\

R* . R' R* | RS

wherein each of Rl, Rz, R3 and R4 indepen-
dently represents.a hydrogen atom, an alkyl
group having from 1 to 10 carbon atoms, an
alkoxy group having from 1 to 10 carbon
atoms, a cycloalkyl group having from 5 to 10

ring-forming carbon atoms, a carbocyclic



15 Ti represents the average tenperature ([err]C) of the

pol yneri zable material in the i-th reaction zone, : Hi
represents the average residence tine (hr) of t he

pol ymeri zable material in the i-th reaction zone, 20

ki represents a coefficient represented by ghe . fol |l ow ng
formula (5): ki = 1/(a x Ti-b) (5)

wherein Ti is as defined above, and 25° ' ) a and b depend on
Ti, and wherein: aromatic group having from 5 to 10 ring2l

when Ti satisfies the formula: - Ti < 240 [err]C,
ais 1.60046 x 10[err]fetmihgi 8aPbdr2atoms or a carbocycliwvhemalkydati sfies
t he forml a: 5 240 [err]C [err] Ti < 260 [err]C,
ais 4 x 10[err] and bgrsupShd®ingafidom 6 to 10 ring-formwhgnca@irbsati sfies
the formul a: 260 [err]C [err] Ti,

ais 1 x 10[err] and batem#9 Bspepregents an integer of from 3 to

5 11; each Z represents a carbon atom and has
R® and R® bonded thereto; each RO indepen-
_dently represents a hydrogen atom or an alkyl
group having from 1 to 6 carbon atoms, and
each R® independently represents a hydrogen
10 . - atom or an alkyl group having from 1 to 6
carbon atoms; and )
wherein at least one hydrogen atom of each of
Rl,_Rz, R3, R4, R5 and R6 may be independent-
ly. replaced by a substituent which does not
15 . adversely affect the reaction, such as a
halogen atom, an alkyl group having from 1 to ..
10 carbon atoms, an alkoxy group having from
1 to 10 carbon atoms, a phenyl group, a
phenoxy group, a vinyl group, a cyano group,
20 an ester group, an amide group or a nitro
group.
Specific'examples of divalent aromatic groups Ar
include groups respectively represented by the follow-

ing formulae:

25



7. A pol ycarbonate which is substantially the sane

produced by the nethod of item 6 above.

of the present
pol ycar bonat e chai ns,
i ndependent |y

formul ae of group

contain a

may be the sane or different.

i nvention com 15

each conprising recurring units each

represented by the fo&
- aromatic pol ycarbonate chains collectively contain at
het erounit (A) and at
is represented by a formul a

| east one heterounit

la (1) above, wherein the

| east one

20 (B). The heterounit (A
sel ected fromthe above-nenti oned

(2). Wen the aromatic pol ycarbonate chai ns

plurality of the heterounits (A),
The heterounit (B) is 25

a formul a sel ected fromthe above-nen-

22

carbonate chains contain &R

tioned fornul ae of group (3).

When the aromatic poly-
Dhurality®Pnthe heterBDaits R®% (B,
In the fornul a

het erounits (B) may be t same or ferent.
(1), the fgrmul ae of e} t-he q‘)-- p (3),
_ |

Ar i ndependently repre-

10

15

20

25

O+
@@@

RDm CFrs  (ROn

HL&-

N (R®)n

OO

~O0-

CHs
RNm cHz; R

~O--0)-
©
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©

(R7m (R8)n

CHs
CHs CHs

(RDm R8)n.

-@—CHz—CHZ—@-

product as
The pol ycar bonat e
prises a pIurallty of aromatic

the heterounits (A
represented by



sents a divalent CJerr]-Clerr] aromatic group, each Ar'

i ndependently represents a trivalent CJerr]-Clerr] aronmatic group
whi ch has a structure equivalent to a nono-sub- ' stituted Ar, and
each Ar'' independently represents a 10 tetravalent Cerr]-Cerr]
~aromatic - -group which has a struc- t#ée equivalent to a

di -substituted Ar. Exanpl es of divalent aromatic groups Ar include
phenyl ene, napht hy- | ene, bi phenyl ene, pyridylene and a dival ent

aromatic gr ouq'%ﬂ ﬁe%ﬁﬂﬁma‘}&rﬁm Eﬁdé%%’?éﬁhg Arferr]-,
€3

wherein 15° each o rierr err] independ y represents a

di val ent G- C7Q, i & RFaREGER 05Y¥EhI CadhaIBhLA AEBHP. and
Q represents a dival ent err]-Cerr] al kane group. In the

di val ent aromatic groupsn A11e¢I | gPGep AMdeing, £86m 1 to 10 t&gbbnone
hydrogen atom may be repl aced by a substitu- 20 ent whi ch does not

adversely affect the resgdmod),asusikoxy groupalsawihgl fgem at oy 1an al kyl
group having from1l to 12 . carbon atons, an al koxy group havi ng
from1l to 10 csatinon s tomss, aa phpoybalkplipgrauphbavinggfoop, a

vi nyl group, a cyano group, an ester group, an am de group or 25
a nitro group. 5 to 10 ring-forming carbon atoms23o0r an

Speci fi c exanpl es of heterocyclic aronatic groups .
phenyl group; each of m and n independently
'represents an integer of from 1 to 4, with
the proviso that when m is an integer of from
10 . 2 to 4, the R’'s are the same or different,
and when n is an integer'of from 2 to 4, the .
R8's are the same or different.
,Fufther examples §f divalent aromatic groups Ar
include-those which are reppesented by the following

15 ' formula:

—Arl-gz'-arZ_

1 2

wherein Ar and Ar“ are as defined above; and
Z' represents a single-bond or a divalent
group, such as -0-, -CO-, -S-, ~-805, -S0-,

20 -C00-, or -CON(RY)-, wherein R! is as defined

above.

Examples of such divalent aromatic groups Ar
include groups respectively represented by the follow-

25 ing formulae:



include an aromatic group having in a skel eton thereof - at | east one

hetero atom such as a nitrogen atom an oxygen atomor a sul fur
atom 5 Exanpl es of divalent aromatic groups Ar[err] and Ar[err]
i ncl ude an unsubstituted or substituted phenyl ene group, an
unsubstituted or substituted bi phenylene - 39 group and an unsubstituted
or substituted pyridyl ene group. Substituents for Ar[err] and
Ar[err] are as described 10 above. Exanpl es of dival ent
al kane groups Q i ncl ude organi ¢ groups respectively represented by
the follow ing fornul ae: [err] 15 20
wherein each of Rlerr], Rerr], Rerr] and Rl err] indepen-
dently represents a hydrogen atom an al kyl group having from
1 to 10 carbon atons, an al koxy group having from1 to 10
car bon at ons, gyclo group ha fro to 10 25
ring-formng carbon atons Ggqcarb ef#¥|C tkﬁg Wﬁé)
: ~“O—O- @—
R (R8)n RN (R8)q
-0+~ %C_’D}H O~
10 (BR7)m £8)n (R8),
(R®)a
—@_CONH—@—- ‘@_ 0_@_
15 ,
®RDm cHz R D CH3 (Ra)n

~O- OO @ @

20

25



24 aromatic group having from5 to 10 ring-

form ng carbon atons or a carbocyclic aral kyl group having
from6 to 10 ring-form ng carbon atons; k represents an
integer of from3 to 5 11; each Z represents a carbon atom and
has Rlerr] and R err] bonded pBereto; each R5 indepen-
dently represents a hydrogen atom or an al kyl group having
from1l to 6 carbon atons, and each Rl err] independently
represents a hydrogen wn@reln rR7, rR8atwmnaond anazkkgks deddpedaving from1l to
6 car bon atons; and wherein at |east one
hydrogen at om of each @ajpove. Rlerr], Rerr], Rerr] , Rerr],
Rlerr] and Rl err] may be i ndependent - l'y replaced by a
substituent which doesIhothe1Bresent invepgiepselthegtf agpmefdcr gEOMRsh AT
such as a hal ogen_atom an al kyl rouB having from1 to

10 carbon atons, IﬁﬁYa?%o%?eﬁrbﬁﬁlﬁbgPﬁblfr9ﬁ1ln com 1natl°n1 t #S1@ car bon
atons, a phenyl gp up, genox 9: vi nyl %roup,
cyano group, 20 PTe érred SRaBRLG OF BEFUTLHRG Bé §r85ptBF Formude (1)
group. in the polycarbonate of the present invention, there

can be mentioned a unit represented by the above-men-
ltioned formula (1'), which is derived from bisphenol A.
It is preferred that 85 mole % or more of the recurring
10 units (1) are the units. of the formula (1').
With respect to the heterounit (A), it is pre-
ferred that the heterounit (A) is one which is repre-
- sented by a formula selected from tﬁe formulae of the

following group (2') of formulae:

15
)
O 3
c=0 0 -
I
—%0@—{—@%% (2')-(a)
20
| X (2)
0 0 |
C=0 C=0¢ . |
I
Lo@ oo e

25



Speci fi ¢ exanpl es of dival ent aromatic groups Ar I ncl ude groups
respectively represented by the foll ow ing formul ae: 25
25 [err] 5 ' 10 [err] 15

29

wherein X is as defined for formula (2).

In the polycarbonate of the present invention, it
is necessary that the aromatic polycarbonate chains
collectively contain at least one heterounit (A).

With respect to the heterounit (B), it is pre-

5
ferred that the heterounit (B) is one which is repre-
sented by a formula selected from the following group
(3') of formulae: |
10 R '
{0 OO0 Ot
0-Y 0
0 © I
1*0t0g b e
15 \ % |
0 @)
C=0 ?‘
{oOHO-OF+O0t @
20 ' ﬂ
AL 0-O+O- OO0 @@
C/’
I J
0

25



25 26 wherein
each of R7 and R8 independently represents a hydrogen atom a
hal ogen atom an al kyl group having from1l to 10 carbon
atons, an al koxy group having from1 to 10 5 _ carbon atons, a
cycl oal kyl group having from 36 to 10 ring-form ng carbon
atons, or an phenyl group; each of mand n independently
represents an integer of from1l to 4, with t he proviso that
when mis an integer ofhéreim I0is as defin@dt fo#, folrmuRper2])',s amde t he
sane or different, and when n is an integer of from2 to 4,
t he R er¥]is asedefignednEoor farmbdpehB) . ~ Further
exanpl es of divalent aromatic groups Ar i ncl ude those which are
represented by the folI®wFhg pabycarbongtsupd: the present invention, it
-Ar[err]-Z -Arferr]- wherein Ar[err] and Ar[err] are as
defined above: antf necessary that the aromatic polycarbonate chains

5 collectively contain at least one heterounit (B).

In the polycérbonate of the present invention, it
is necessary that the sum of the amounts of the hetero-
unit (A) and the heterounit (B) be in the range. of from
0.01 to 0.3 mole %, based on the molar amount of the

10 recurring units (1).

When the sum of the amounts of the heterounit (A)
and the heterounit (B) is less than 0.01 mole %, the
non-Newtonian flow properties of the polycarbonate
lowers, so that the molding melt fluidity, (i.e., the

15 fluidity of the polycarbonaté at a high shear rate) is
caused to lower. When the sum of the amounts of the
heterounit (A) and the heterounit (B) is more than 0.3
mole %, the mechanical properties (such as tensile
elongation and Izod impact strength) of the polycar-

20 bonate lower.

In the present invention, the sum of the hetero-
unit (A) and the heterounit (B) is preferably in the
range of from 0.02 to 0.25 mole %, more preferably from

0.03 to 0.2 mole %, based on the molar amount of the

25 recurring units (1). In the present invention, for



Z' represents a single bond or a divalent group, such as -0,

-CO, -S, -Sgerr], -SO, 20 . -COO, or -CON(Rerr])-, wherein
Rlerr] is as defined above. Exanpl es of such
di vatent aromatic groups Ar i ncl ude groups respectively
represented by the follow 25 ing formy ae: 27
[err] 5 10 [err] '

achieving a good balance of the molding melt fluidity
and the mechanical strength, it is preferred that the
polyéarbonate contains the heterocunit (B) in an amount
of from_O.l to 30 mole %, more preferably from 0.1 to
5 10 mole %, based on the molar amount of the heterounit
(A).
In the present invention, the determination of each
- of the recurring units (1), and the heterounits (A) and
(B) can be conducted, for example, by a method in which
10 the polycarbonate is completely hydrolyzed, and the
resultant hydrolysis mixture is analyzed by reversed
phase liquid chromatography (the analysis by reversed
phase liquid chromatography can be conducted under the
conditions as described below in the Examples). With
15 respect to the hydrolysis of the polycarbonate, it is
preferred that the hydrolysis be conducted at room. .
temperature by the method described in Polymer Degrada-
tion and Stability 45 (1994), 127-137.  The hydrolysié
by this method is advantageous in that the complete
20 hydrolysis of a polycarbonate can be achieved by éimple
operation, wherein it is free from the danger of occur-
rence of side reactions during the hydrolysis.
The polycarbonate of the present invention has a
weight average molecular weight of from 5,000 to

25 - 300,000. WwWhen the weight average molecular weight is



15
28
above.

[err] 20 25 _
~wherein Rerr], R[grr], m and n are as defined

In the present invention, these aronmatic groups Ar

may be used individually or in conmbination. As a 5 preferred exanple
of recurring units of the formula (1) 32n the polycarbonate of the

present invention,

above- nen-

10

15

20

25

t here can be nmentioned a unit represented by the
tioned fornmula (1'), which is derived from bi sphenol A.
lower than 5,000, the mechanical strength of the poly-

carbonate lowers. When the weight average molecular
weight is higher than 300,000, the molding melt fluidi-
ty of the polycarbohate lowers. In the present inven-
tion, the weight average molecular weight of the poly-
carbonate is preferably from 7,000 to 100,000, more
preferably from 10,000 to 80,000.

Inuthé present invention, the terminal structure
bf the pélycarbonate is not particularity limited. The
terminal group of the pblycarbonate may be at least one
group selected from a hydroxyl group, an aryl carbonate
group and an alkyl carbonate group. The above-men-
tioned terminal hydroxyl group is derived from the
aromatic dihydroxy compound used in the polymerizable
material. |

The tefminal aryl carbonate group is represented

by the following formula:

—0—C—0-Ar3

0

3 represents an unsubétituted or

- wherein Ar
substituted monovalent Cg-Cgp aromatic group.
Specific examples of terminal aryl carbonate

groups include groups respectively represented by the



It is preferred that 85 nole % or
are the units of the formula (1').
heterounit (A), it is pre-

nore of the recurring 10 units (1)
Wth respect to the
ferred that the heterounit (A) is one

which is repre-

sented by a fornmula selected fromthe fornul ae of

t he follow ng group (2') of formulaeizz 15
20 (2') [err] 25

29
t he pol ycarbonat efgl 1bhenpr eeeniulizreention, it

[err]

wherein X is as defined for fornmula (2).

i s necessary that
| east

t he aromatic pol ycarbonate chains
one heterounit (A).

5
0
0
10
0
15
—0—¢-0
o
20

coll ectively contain at

0o

The terminal alkyl carbonate group is represented

by the following

formula:

—0—C—-0-R7

25

|
0

In



5 Wth respect to the heterounit (B), it is pre- ferred

that the heterounit (B) is one which is repre- sented by a formul a
selected fromthe follow ng group (3") of fornul ae: 10

[err] 15 [err] 25

30 _ : 34

wherein R’ represents a straight chain or

branched alkyl group having 1 to 20 carbon

atoms.

Specific examples of terminal alkyl carbonate
groups include groups respectively represented by the

following formulae:

—0_(":—0_C8H 17 , —O—ﬁ—o-cl 2H2 5 and
o 0
10
—0—C—-0—-C; gHgy

|
0

Amohg these terminal groups, a phenyl carbonate

15 group, a p-t-butylphenyl carbonate-group and a p-cumyl-
' phenyl carbonate group are preferred. With respect.to
the molar ratio of the terminal hydroxyl group to other
terminal groupé, there is no particular limitation.
However, the molar ratio is generally selected in the
20 range of from O : 100 to 100 : O depending on the

use. From the viewpoint of improving heat resistance

and hot water resistaﬂce, it is preferred that the

amount of the terminal hydroxy gfoﬁp be as small as

possible.

25 Hereinbelow, the method of the present invention



wherein X is as defined for formula (2), and Y is as defined
for formula (3). In the pol ycarbonate of the present

invention, it is necessary that the aromatic pol ycarbonate chai ns
5 " collectively contain at |east one heterounit (B). In

t he pol ycarbonate of the present invention, gg IS necessary that
the sum of the anounts of the hetero- _ unit (A) and the heterounit
(B) be in the range of from 0.01 to 0.3 nole % based on the nol ar
amount of the 10for piredwding] alpdlydakbonate is explaidffesh. t he sum of the
amounts of the heterounit (A and the heterounit (B) is less than
0.01 nole % the Thenoethiog of dihe Ipnegardpdnveagstigin t¢ampmol sesir bonat e
| owers, so that the nolding nelt fluidity, (i.e., the 15 fluidity of

t he pol ycar bonat esgbjecitiigiy dires stepyises transestemifigption gieactiven
the sum of the ampunts of the heterounit (A) and the heterounit (B)
is more than 0.3 in a plupgldty ofheeastHan &ANeFoftT t192ST QRS RRLYRESST | e
el ongation and |zqd inpact strength). of the polycar- 20 bonat e | ower.
In the pre8ent ind&RPLENMaEeTrigimsslagted -the group gansis§ing Pthe

heterounit (B) is preferabl t he range. of from Q.02 25 nol e

. ' 0
% nore preferably frofh morten’ PP, T2 YRS gaﬁ,@arbﬁreodn%iﬁ.q h‘%ﬂ%qﬁ?xy
amount of the ZSCompoh%%urarn@% ‘H&'xrb%n(ﬁ:) 'dié&cet;h,e Jyfgsent i nvention, for

a molten_prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy compound with a
10 carbonic diester,.
the aromatic dihydroxy compound being represented

by the following formula:
“HO—-Ar—OH

15 wherein Ar represehts a divalent Cg-Cyqq
aromatic group,
the carbonic diester being represented by the

following formula:

0]

20 |
Ar3—oco-ar?

3 4

wherein Ar® and Ar™ are the same or different
and each represent a monovalent'c5—czoo
aromatic group,

25 wherein the stepwise transesterification reaction



31 achi eving a good bal ance of the nolding nelt fluidity

and the nechanical strength, it is preferred that the

pol ycarbonate contains the heterounit (B) in an anount of fromO.1
to 30 nole % nore preferably fromO0.1 to 5 10 nole % based on the .
nol ar anmount of the heterounit (A .36 In the present

i nvention, the determ nation of each . - of the recurring units (1),
and the heterounits (A and (B) can be conducted, for exanple, by

a nethod in whi choflQhe polyifeRCiaerd pdEdLidE £ONPELESEHeAdYGhabYZ88acand
t he resultant hydrolysis mxture is anal yzed by reversed :

phase |iquid chroraiRyIcHHBA didies anpiosi SabisfeVEfieetollowing fopmakal i quid
chr omat ogr aphy can be conducted under the conditions as descri bed
below in the Exanglaes). Wth 15 respect to the hydrolysis of the

pol ycarbonate, it is preferred that the hydrolysis be conducted at
room tenperature by the nmethod described in Polyner Degrada-

tion and Stability 45 (1994), 127-137. The hydrol ysis by this

met hod i s mdvantageous in that the complete 20 hydrol ysis of a

pol ycar bonat e can be achi eved Q)yzﬁnﬁlile (ki x Ti x Hi) g 1. (4)
1=

wherein:
i represents_the zone number assigned in an arbi-
trary order amongfn reaction zones of the reaction
10 system, .
Ti represents the average teﬁperature (°C) of the
polymerizable material in the i-~th reaction zone,
Hi_represents the average residence time (hr) of -
the polymerizable material in the i-th reaction
15 . zone, “
ki represents a coefficient repreéented by the.

following formula (5):
ki = 1/(a x Ti™P). (5)

20 wherein Ti is as defined above, and
a and b depend on Ti, and wherein:
when Ti satisfies the formulé:

Ti < 240 °C,
a is 1.60046 x 10% and b is 0.472,

25 _ when Ti satisfies the formula:



operation, wherein it is free fromthe danger of occur- rence of
side reactions during the hydrolysis. : The pol ycarbonat e of

t he present invention has a . wei ght average nol ecul ar wei ght of
fromb5,000 to 25 300, 000. When the wei ght average nol ecul ar wei ght
IS 3732 | ower than 5,000,
t he pechanical strength of the poly- carbonate | owers. Wen the
wei ght average nol ecul ar wei ght is higher than 300, 000, the

mol ding nelt fluidi- -ty afot he polmicar keoate,l owers. In the
present inven- 5 tion, the weight average nol ecul ar wei ght of the
pol y- car bonat e isapdsfdrabﬂ¢4ﬁramu7b0&& 19 .1@7, 0@hd nor e
.preferably from 10, 000 to 80, 000. In the present invention,
the terminal structure when §fi shé&ipdipsatbendoemudanot particularity
limted. The 10 term nal group of the pol ycarbonate may be at | east
one group sel ected from &6RydFoxyMigr oup, an aryl carbonate

group and an al kyl carbonate group. The,gbove-nen- tioned term na
hydr oxyl gPoup is derived fRofSt Rex 10 angr dmasi ¢9i08¢dr oxy conpound

used in the polynerizagle 15 materi al . .
n the present invention, the term "aromatic

dihydroxy compound" means a compound represented by the
formula: HO-Ar—OH wherein Ar is as defined above. In
the present invention,'the aromatic.dihydroxy compound
10 may be a single type of aromatic dihydroxy compound or
a combination of 2 or more types of aromatic dihydroxy
compounds. It is preferred to use an aromatic dihy-
droxy compound in which the contents of.a chlorine
atom, an alkali metal and an alkaline earth.metal are
15 low. It is more preferred to use an aromatic dihydroxy
compound substantially free from a chlorine atom, an
alkali metal and an alkaline earth metal.
‘The carbonic diester used in the present invention

is represented by the following formula:

20
i
Ar3—oco-aré

3 4

wherein Ar~ and Ar*® are the same or different
and each represent a monovalent C5-Copg aro-

25 matic group.



The termnal aryl carbonate group is represented by the foll ow ng

fornmul a: [err] 20 wherein Arf[err]
represents an unsubstituted or substituted nonoval ent
Cerr]-Clerr] aromatic group. Speci fic exanples of term na
aryl carbonate 25 groups include groupsggrespectively represented by
the _ 33 foll ow ng fornul ae:

[err] CH3 1g 4 [err] 15 [err]

In each of Ar” and Ar~, which independently repre-
sents a monovalent ca%bocyclic or heterocyclic aromatic
group, at least one hydrogen atom may be replaced by a
substituent which does not adversely afféct the reac-

5 tion, such as a halogen atom, an alkyl group having
from 1 to 10 carbon atoms, an alkoxy group having from
1 to 10 carbon atoms, a phenyl group, a phenoxy group,
a vinyl group, a cyano group, an ester group, an amide

4

group or a nitro group. Ar3 and Ar may be the same or

10 different.
Representative examples of monovalent aromatic

groups‘Ar3 4

_and Ar~® include a phenyl group, a naphthyl
group, a biphenyl group and a pyridyl grdup. These |
groups may or may not be substituted with the above-

15 mentioned substitutent or sﬁﬁstituents.

Preferred examples”of monovalent aromatic groups

3 4

as Ar~ and Ar~ include those which are respectively

represented by the following formulae:

20 | CHs

A AL .

O e o
CHs

CHs CHs CHs=

H3 CHz



20

follow ng fornul a:

34

The term nal al kyl carbonate group is represented

[err] 25

wherein R7 represents a straight chain or

branched al kyl group having 1 to 20 carbon atons. 5

Specific exanples of termnal alkyl carbonatg
respectively represented by the

[err]
phenyl

10

car bonat e

10

15

20

25

foll ow ng fornul ae:

by the

[err] Anong these term nal groups,

Representative examples of carbonic diesters

compounds represented by the following formula:

o™

wherein each of R? and R0 independently
represents a hydrogen atom, an alkyl groﬁp
having from 1 to 10 carbon atoms, an alkoxy
gfoup having from 1 to 10 carbon atoms, a
cycloalkyl group having from 5 to 10 ring-
forming carbon atoms or a phenyl group; each
of p and g independently represents an inte-
ger of from 1 to 5, wifh the proviso that’
when p is an integer of 2 or more, the RY's
are the same or different, and when q is an
integer of from 2 or more, the R10's are the

same or different.

in-

clude di(unsubstituted or substituted)phenyl carbonate

Of these diphenyl carbonate compounds, preferred

are those having a symmetrical configuration, for

example di(unsubstituted)phenyl carbonate and di(lower

groups incl ude groups

a



15 group, a p-t-butyl phenyl carbonate group and a p-cunyl -

phenyl carbonate group are preferred. Wth respect to t he nol ar
ratio of the term nal hydroxyl group to other term nal groups,
there is no particular limtation. However, the nolar ratio is
generally selected in the 20 range of gpom O : 100 to 100 : O
dependi ng on the use. Fromthe viewpoint of inproving heat

resi stance and hot water resistance, it is preferred that the

anount of the terdlikal - SyskOxyuBE@YPhECy BScsHBbhadés, e.g., Bo%silklle. 25
Her ei nbel ow, the nethod of the present i1nvention

35 for qurishrea g @ndodicerbotpl phesyexpaabondte. ParticularlyThe

nmet hod of the present invention conprises: subjecting to a stepw se

transesterificat ipprefesantd obs diphenyl carbopéteawhighohaseabei simpdest, at
- |l east one pol yner - 5 I zable material selected fromthe group

consi sting of: structure. a nolten nononer m xture of an aronmatic

di hydr oxy conpound and a.carbonic diester, and

mol ten prepol yner obt RSP BREOQRER cdbeebapsi Bay be used ipgdivédeeildy an

aromatic dlhydrOﬁy %ﬂm%%ﬁﬁkﬁgéibﬁ; lgt is prgégggég ghg%tgaese carbonic

diesters have a low content of a chlorine atom, an
alkali metal or an alkaline earth metal. It is most
preferred that these carbonic diesters are substantial-

10 ly free from a chlorine atom, an alkali metal and an
alkaline earth metal.

The ratio in which the aromatic dihydroxy compound
. and the garbonic diester are used (i.e., a charging
ratio) may be varied depending on the types of the

15 aromatic dihydroxy compound énd carbonic diester em-
pldyed; the polymerization temperature and other polym-
erization conditions, and the desired molecular weight
of a polycarbonate to be obtained and the desired
proportions of the terminal groups in the polycar-

20 bonate. The carbonic diester is generally used in an
amount of from 0.9 to 2.5 moles, preferably from 0.95
to 2.0 moles, more preferably from 0.98 to 1.5 moles,
per mole of the aromatic dihydroxy.compound.

In the present invention, the heterounit (A) and

25 the heterounit (B) are formed during the polymerization



the aromati c di hydroxy conpound bei ng represented by the foll ow ng

formul a: HO Ar-OH 15 ~ Wwherein Ar
represents a divalent Cerr]-Cerr] aromatic group,

t he carbonic diester being represented by the foll owi ng formul a:
20 [err] 41 wherein Ar[err] and
Ar[err] are the same or different ~and each represent a
nonoval ent Clerr]-Cerr] aromatic group, 25

wherei n the stepwreactiansestethéitcéheodinedcpiodiycarbonate contains the

36 of the polynerizable material is perfornmed under reac-

tion conditions wWwaeERrewRisf (A)hanfothewheferoumita (B) . (4): 5

n

In the present invention, for the purpose of
introducing é branched structure to the polycarbonate,
5 an aromatic poly(tri or more)hydroxy compound may be

used in a small amount in the production of the poly-
carbonate, as long as the polycarbonate satisfying the
above-mentioned requirements'of the present invention
.can be obtained. Also, an aromatic monohydroxy com-

10 pound or an aliphatic alcohol may be used for changing
the terminal groups, or adjusting the molecular weight
of the polycarbonate. |

In thé present inventioh, the production of a

polycarbonate is conducted by a transesterification

15 process which is a process ﬁﬁerein a condensation
poiymerization of the polymerizable material is per-
-formed by transesterification in the molten state or
solid state while heating in the presence or absence of
a catalyst under reduced pressure, under an inert gas

20 flow or.under both reduced pressure and an inert gas
flow. The mode of the transesterification process, the
polymerization equipment and the like are not specifi-
cally limited. For example, when a molten-state tran-
sesterification is employed, examples of reactors

25 employable for performing the transesterification



[err] wher ei n: i represents the zone nunber

assigned in an arbi- trary order anong n reaction zones of
the reaction 10 system Ti represents the average
tenperature ([err]C) of the pol ynmeri zable material in the
I-th reaction zone, H represg@ts the average residence tine
(hr) of the polynerizable material in the i-th reaction 15
. ZOone, ki represents a coefficient represented by the
fol l ow ng fornul argdbtion include an agitation Kiype Wdsttor idedsdl, a
(5) 20 wherein Ti is as defined above, and
a and b depend onwIpedattdlwhey@eNreactor, a centrifugaihenipid stitimfies the
formul a: Ti < 240 [err]C, a
is 1.60046 x 10[ eevhpamdtions t¥ypé/Zeactor, a surface rengval Tiypatiwines
the formul a: 37

screw kneading reactor, a twin-screw horizontal agita-
tion type reactor, a wall-wetting fall reactor, a free-
fall polymerizer having a perforated plate, and a wire-
wetting fall polymerizer having a perforated plate and
at least one wire provided in association with the
perforated plate; These various types of reactors can
10 be used individually or in combination. Further, for
example, the transesterification reaction can also be
performed by a method in which a molten-state transe-
sterification is first conducted to obtain a prepolym-
er, and the obtained prepolyﬁer is then subjected to a
15 solid-state pqumerization ﬁhder reduced pressure,
under an inert gas flow or under both reduced pressure
and an inert gas flow, using a solid-state polymerizer.
With respect to materials‘for constructing these
polymerizers used in the present invention, there is no
50 particﬁlar limitation. However, stainless_Steel,

nickel or glass is generally used as a material for at

least inner wall portions of polymerizers.

25



240 [err]C [err] Ti < 260 [err]C, ' ais 4 x 10[err] and b
s 19. 107, and. when Ti satisfies the fornmula:

260 [err]C [err] Ti, 5 ais 1l x 10[err] and b is 49.082.
In the present invention, the term"aromatic di hydr oxy conpound”
means a conpound represented by the a3formula: HO Ar-COH wherein Ar

I s as defined above. In the present invention, the aromatic

di hydroxy conpound 10 may be a single type of aromatic di hydroxy

conpound or awe eRbiragpet @b Zher vERhieukyRepedf oFf eeRlidtord sr oxy
conpounds. It is preferred to use an aromatic dihy- dr oxy conpound

in which the contpsigmerizeehl Abhttoned abovegdt espeariadllyala freiedifald an
al kaline earth nmetal are 15 low. It is nore preferred to use an
aromat i ¢ di hydr oxpolymerizerchapdngd as pestfarsitald plitee andom avictd-oratne
atom an al kali metal and an al kaline earth netal

The carboni ¢ di esténgufedli poilymepisesnhavingne perforated plateemrskat ed
by the following fornula: 20 ' - [err]

wherein Ar3 and Ateagkeonhewizgre seferrneeepen be made, for gxampeh to

represent a nonoval ent C5-C200 aro- 25 _ matic group
: EP-0 738 743 Al. -

In the method of the present invention, any of the
above-mentioned transesterification reaction modes can
be used as long as the transesterification is performed

10 under the reaction conditions defined abqve.

The reaction temperature of the transesterifica-
tion.for producing a pdiycarbonate is generally in the
range of from 50 to 350°C, preferably from 100 to
300°C. .it is well known that when the reaction temper-
15 ature is higher than the abo&e-mentioned range, the
produced polycarbonate is likely to suffer serious ..
discoloration and tends to have poor thermél stability,
and that when the reaction temperature is lower than
the above-mentioned range, the polymerization proceeds
20 so slowly that such a low temperature cannot be practi-

caliy employed.
In the method of the present invention for produc-
ing a polycarbonate, as mentioned above, it is required

that, in a stepwise transesterification reaction of a

25 polymerizable material, the relationship between the



38 In each of Ar[err] and Ar[err], which independently repre-

sents a nonoval ent carbocyclic or heterocyclic aromatic group, at
| east one hydrogen atom nmay be replaced by a ' substituent which does
not adversely affect the reac- 5 tion, such as a hal ogen atom an
al kyl group havi ng _ from1l to 10 carh atons, an al koxy group
havi ng from 1 to 10 carbon atons, a phenyl group, a phenoxy group,
a vinyl group, a cyano group, an ester group, an amde group or a
nitro group. Ar3 %@ﬁp@%%ﬂﬂ%élﬁit SHE Usiddhce tihd {&f ele polymeriz-
Representative exanpl'es of nonovalent aromatic ~groups Ar3 and Ar4
include a phenyl gD maddiBR M the reactiichPzomedi Phemyd BEHRiIGRD a
pyridyl group. These groups nmay or nmay not be substituted with the
above- 15 e Riyistea bl s trs1aMd o Wwsto st $£y the following
Preferred exanpl es of nonoval ent aromatic groups as Ar[err] and
Ar[err] include tfesmula (it )xre respectively represented by the
follow ng formul ae: 20 [err]
5 :
n .
0.2 ¢ ¥ (ki x Ti x-Hi) g 1.2 (4)
i=1
wherein:
i fepresents the zone number assigned in an arbi-
10 trary order among n reaction zones of the reaction
system,
Ti represents the average temperature (°C) of the
polymerizable material in the i-th reaction zone,
Hi represents the average residence time (hr) of
15 . the polymerizable material in the i-th reaction
zone,
ki represents a coefficient represented by the
following formula (5):-
ki = 1/(a x Ti™P) (5)
20

whe;ein Ti is as defined above, and
a and b depend on Ti, and wherein:
when Ti satisfies the formula:

Ti <240 °C,

25 a is 1.60046 x 10° and b is 0.472,



[err] 25 39

Represent ati ve exanpl es of carbonic diesters in- cl ude

di (unsubstituted or substituted)phenyl carbonate 5 conmpounds
represented by the follow ng fornmnula: [err] 10
wherein each of Rlerr] and Rlerr] independendy represents a
hydrogen atom an al kyl group aving from1l to 10 carbon

atons, an al koxy

group having frogned @ilQdti¥Fies the formulafOrmng carbon
atonms or a phenyl

cycl oal kyl

10

15

20

25

group having from1l to 10 carbon atons, a 15

group; each
240 °C ¢ Ti < 260 °C,

a is 4 x 104% and b is 19.107, and
when Ti satisfies the formula:
260 °C g Ti,
a is 1 x 10122 ang b is 49.082.
n :

When the value of iil(ki X Ti x Hi) in formula (4),
which is determined by the relationship between the
above-mentioned temperature and residence time, is
greatef than 1.2, the produced polycarbonate has a
disadvantage in that the mechanical pfopertieslof the
polycarbonate, such as elongation at break and Izod
impact.strength, become poof; When the value of

(ki x Ti x Hi) is smaller than 0.2, the produced.
1

(X E-D

i
polycarbonate shows a disadvantage in that the molding
melt fluidity of the polycarbonate is poor. The pre-

ferred range of the value of
i

(ki x Ti x Hi) is
1

L ~ B

from 0.3 to 1.0.

Generally, in a process for continuously producing
a polycarbonate by transesterification reaction, the
transesterification reaction of the polymerizable

material is stepwise conducted in a plurality of- reac-



of p and q independently represents an inte- ger of from1l to
5 wth the proviso that when p is an integer of 2 or nore,
the Rlerr]'s 20 are the sane or different, and when g is an
integer of from2 or nore, the Rerr]'s are the same or
different. O these di phenyl d&#rbonate conpounds, preferred
are those having a symetrical configuration, for 25 exanpl e

di (unsubsti tut ed) phenyl carbonate and di (| ower

40 . al kyl tsobszonesedyperain thebaegcddone tgmpefiatying, residence
carbonate and di-t-butyl phenyl carbonate. Particularly preferred is
di phenyl car bonat Biffi @Rdhasackdor| ppeesure are steppjgechangeyl over
These carbonic diesters nax be used individually or._ i n _conbination.
It is preferred tRag PheZelii¥pshi geaction 4$W%ﬁéW§Q%¥ﬁ9z%q(ﬁv%ontent of
a chlorine atom an al kali metal or an alkaline earth netal. It is

nost preferred that hese car bani (%Iestgrs a@F)subst ntial- 10
ly free froma chPBPFRBSat of*SaN2APRaPE . et aline earth

met al . 5 The ratio in which t'he aromatic di hydroxy conpound
formula (4) represents the sum of the values of (k x T

®x H) for all of the reaction zones. For example, when
a continuous polymerization is performed by using a
system in which a‘vessel for melting and mixing an

10 ~aromatic dihydroxy compound and a carbonic diester, an
agitation type reactor vessel, a centrifugal wiped film
evaporation type reactor and a surface renewal type
twin screw kneading reactor-are'serially connected

. n :

through conduits, T (ki x Ti x Hi) is the sum of (k x

15 ‘ . i=1
T 2 H in the'melting and mixing vessel), (k x T x H in
the conduit connecting the melting and mixing vessel to
the agitation type reactor vessel), (k x T x H in the
agitétion fype reaction Vessél), (k x T x H in the

20 conduit connecting the agitation type reactor vessel to
the centrifugél wiped film evaporation type reactor),
(k x T x H in the centrifugal wiped film evaporation
type reactor), (k x T x H in the conduit connecting the
centrifugal wiped film evaporation type reactor to the

25 surface renewal type twin screw kneading reactor), (k x



and the carbonic diester are used (i.e., a charging rati o) may be
vari ed depending on the types of the 15 aromati ¢ di hydroxy conpound
and carbonic diester em: pl oyed, the polynerization tenperature and
ot her polym erization conditions, and the desired nol ecul ar wei ght
of a polycarbonate to be obtained and the dagired proportions of
the termnal groups in the polycar- 20 bonate. The carbonic diester
is generally used in an anount of fromO0.9 to 2.5 noles, preferably
fromO0. 95 Tt® B. Inmbhessumireeprehewall yypeorowd.rO&dmew . knead &sg

per nole of the aromatic di hydroxy conpound. In the present

i nvention, the hereaoctar) @Al &Kdx 25x H inhd&hkeicondwiit qaBinegteingrme
during t he pol ymeri zati on 41
reaction, so thatSvﬁéaﬁﬁnﬁﬁnBUﬁ}c§YE§n§Wénc§ﬁF§Mh§Hﬁﬁ§lng reactaowrte® cuni t
(A) and the heterounit t he present invention, for the

pur pose of noz?%?rSHEcWﬁ§h§rBW§Hcﬁ§dt§Pr@ﬁ99q9QQ)H9%¥%Rﬂbméﬁbﬁﬁate

5 an aronatlc tri_or dr oxy onpound y. be used in
a smal|l ambunt in* he ?oﬁH@tP %Ué K% Wﬁﬁ&ﬁwﬁ%ﬁu%? ®e | ong

as the polycarbongégc%aglsg neg Eﬁgludlng the conduits. The term "i-th

reaction zone" means a reaction zone falling on the
number i which is determined by the numbering system in
which all reaction zones including conduits, such as a

10 mixing vessel, a reactor or a conduit which connect
these apparatuses, are assigned their respective
numbers in the arbitrary order. When a heater is
disposed on a conduit connecting two reactors to each
other, the conduit segment between one of the reactors

15 tq the heater, the heater, and the conduit segment
between thé heater and the other reactor are each
regarded as a reaction zone. The average temperature
of the polymerizable materidl means the average temper-
ature of the polymerizable material in the i-th reac-

20 tion zone. When the polymerizable material in the. i-th
reaction zone has a temperature distribution wherein
differept portiqns have distinctly different temper-
atures, each of such different portions may be sepa-
rately regarded as an i-th reaction zone. With respect

25 to the measurement of the average temperature, various



above-nenti oned requirenents of the present invention can be
obt ai ned. Al so, an aronatic nonohydroxy com 10 pound or an aliphatic
al cohol may be used for changing the term nal groups, or adjusting
t he nol ecul ar wei ght of the pol ycarbonate. In the
present invention, the production of a 48 polycarbonate is conducted
by a.transesterification 15 process which is a process wherein a
condensati on pol ymeri zati on of the polynerizable naterial is per-
formed by transestethe¢dgamapnbenemhdoretit enForapxample, the ssmzapstate
whil e heating in the presence or absence of a catal yst under
reduced pressure, teRERFaERrenERR Basobipined pyo@veragider anst lon athrsed
pressure and an inert gas flow. The node of the transesterification
process, the temp%ﬁ??ﬁﬁ??zﬁ??ﬁﬂréaupﬁnﬁﬁF Qﬁdmpﬁé thieememe tasts speci fi -

cally limted. F j &xanpl e when a nolten-state
sesterification | n%éeét Exﬁﬁﬁ?ﬁgroPrr@aEPBPEltZS Wheng pq FhaAmeRQyT

per form ng the tr Lcatio

a0 95 P L CRREE HEE ) GhEBRRCH PE P BROESRE PEad: SRRV the ten-
W ped f|In1type r6&8FLPhre ofegtﬁégggﬂﬁ WeRgHnl thmy jacket may be used as

the average temperature. Alternatively, the average
temperature of the inlet and outlet of a jacket for
circulating a heating medium, or the temperature which

10 has been set for a heater or a heating medium maj,be
employed as the average temperature of the polymeriz-
able material in the i-th reaction zone. The average
residencg time is calculated by dividing the volume of
the polymerizable material held in the i-th reaction

15 zone by the volume of the pdiymérizable material pass-
ing through or withdrawn from the i—fh reaction zone
per unit time.

A suitable reaction pressure is selected depending

on the molecular weight of the polycarbonate in the

20 reaction system. When the number average molecular
weight of the polycarbonate in the reaction system is
less than 1,000, a reaction pressure in the range of
from 50 mmHg to atmospheric pressure.is generally
employed. When the number average molecular weight of

25 the polycarbonate in the reaction system is in the



evaporation type reactor, a surface renewal type tw n- SCrew

kneadi ng reactor, a tw n-screw horizontal agita- tion type
reactor, a wall-wetting fall reactor, a free- fall polynmerizer
having a perforated plate, and a wire- wetting fall polynerizer
having a perforated plate and at | 4®st one wre provided in
association with the perforated plate. These various types of
reactors can be used individually or in conbination. Further, for
10 exanpl sangkeofr §momsile 0O ¢tat 20000sact irgactdralpredmure in

performed by a nmethod in which a nolten-state transe-
sterification is thesrapgrdaét Egomo3ommiion te BOepwiignis generallsy emnd t he

obt ai ned prepolymer is _then subjected to a solid-state
pol yneri zati on unBéPYREduc¥hepr Ebgupembes average ped@cwpy mgighihsof| ow
or under both reduced pressur and an inert gas flow, using a

e , /
sol i d-state pol ymEPfzBplycarbonate in the gessdiort syFHam ¢S 41Qe gyhan
constructing thes '

' I ' d th t i tion,
there is né 20 S’OOBar?iEﬁggFXg%Lb%§%%8%%F aébgﬁ?ﬁéﬁifﬁﬁg%§Y§ﬁg' é}—

et hort: e BRPEnE Aok B8 AL P erorea. I east e
A transesterification reaction can be carried

out in the absence of a catalyst. However, if it.is
desired to accelerate the polymerization, the polymeri-

10 zation can be effected in the presence of a catalyst.
Thelpolymerization catalysts which are customarily used
in the art can be used without particular limitation.
Examples of such catalysts include hydroxides of aﬁ
alkali metal and of an alkaline earth metal, such as

15 l;thium hydroxide, sodium hfdroxide, potassium hydrox-
idé and calcium hydroxide; alkali metal salts of,
alkaline earth metal salts of and quaternary ammonium
salts of_boron hydride and of aluminum hydride, such as
lithium aluminum hydride, sodium boron hydride and

20 tetramethyl ammonium boron hydride; hydridés of an
alkali metal and.of an alkaline earth metal, such as
lithium hydride, sodium hydride and calcium hydride;
alkoxides of an alkali metal and of an alkaline earth
metal, such as lithium methoxide, sodium ethoxide and

25 calcium methoxide; aryloxides. of an alkali metal and of



43 Wth respect to the various types of reactors or

pol ynmeri zers menti oned above, especially a free-fall pol yneri zer
having a perforated plate and a w re-wet - ting fall polynmnerizer
having a perforated plate and at 5 | east one wire, reference can be -
made, for exanple, to EP-0 738 743 54 . ' I n the nethod
of the present invention, any of the above- nenti oned
transesterification reaction nodes can be used as long as the
transesterificatian aikpéiher medthletal, snwddy ashelirtguioim gphenodidepns
defined above. The reaction tenperature of the
transesterifica- sodium phengxifle, pegaesivg Phssiokifhonsi@Ax-Qkheral |y
in the range of from50 to 350[err]C,_ preferably from 100 to
300[err]C. It is VBEFekRoR FREFORRETS: @ SEFFENSh FRMer -and NaO-ArzPNae
I s higher than the above-nentioned range,_ the roduced -
pol ycar bonat e i s VYRRERYDt fTsdfr 87 d& above; ong AEtd oFRhRY PEnds
to have poor thernal hat, when the reaciion

ilit d
tenperatur® is IoﬁBraiﬁgga metal athEfaﬁ%C§= IEh&RTHhgeet3he Such as
| i ti | ow t hat h | t t
Dot bo pr oot |- REERREm &erare S Ra3CY ddita ! Sha' Pt F BEASRIES,

the present invengign EBfng%?;?%%?‘ such as zir¥ kiRl Y AIBONH LS ang

nentioned above, It I's ret a ‘'stepw s
transesterificati ginpeBaEhBR18E;8boron compounds, such as boron oxide,

boric acid, sodium borate, trimethyl borate, tributyl

10 borate, -triphenyl borate, ammonium borates represented
by the formula: (R! RZ R3 rR%)NB(R! R? R3 R%), and
phosphonium borates rep?esented by the formula:

(R! r2 r3 R4)pB(R! RZ R3 R%), wherein R! R? R3® and R4
are as defined above; silicon compounds, such as sili-

15 con oxide, sédium silicate,lfetraélkylsilicon, tetraar-
yléilicon and diphenyl-ethyl-ethoxysilicon; germanium

~compounds, such as germanium oxide, germanium tetrach-
loride, germanium ethoxide and germanium phenoxide; tin
compounds, such as tin oxide, dialkyltin oxide, dia-

20 lkyltin 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
carbonate, basic lead carbonate, and alkoxides and

25 -aryloxides of lead or organolead; onium compounds, such



25 - pol yneri zable material, the relationship between the

44 tenperature of and the residence tine of the polyneriz-

able material in the reaction zones of the reaction syst em be
controlled so as to satisfy the foll ow ng formula (4): 5

n [err] saher ei n:

represents the zone nunber assigned in an arbi- 10 trary order
anong n reaction zones of the reaction system

Ti represents theaavar qgateenpeyabmmenifuar o)t ,ofa thmternary phosphonium
pol ynmeri zable material in the i-th reaction zone, H
represents the aveaidyeandspdquederingey( rscrfiunl $alt; antimgime com-

pol ymeri zable material in the i-th reaction . zone,

ki represents a cPeRPfi§; eAtiChepSe8aHia@ryy axigle and antimony fatetakag
formula (5): : ki = 1/(a x Ti-[err]) (5)

manganese compounds, such as manganese acetate, manga-

.5 nese carbonate and manganese borate; titaniﬁm com-
pounds, such as titanium oxide and titanium alkoxides
and titanium aryloxide; and zirconium cdmpounds, such
as zirconium acetate, zirconium oxide, zirconium alkox-
ide, zirconium aryloxide and zirconium acetylacetone.

10 The catalysts can be used individually or in
combination. The amount of fhe catalysts used is
generally in the range of from 1078 to 1 % b§ weight,
preferably from 1077 to 10l % by weight, based on the
weight of the aromatic dihydroxy compound.

15 _ By virtue of the preséﬁée of a plurality of spe-
cific heterounits in a specific aﬁount, the polycar-
bonate of the present invention is advantageous in that
not only does it have high transparency and colorless-
ness as well as high mechanical strength, but also it

20 exhibits high non-Newtonian flow properties, so that it
exhibits high molding melt fluidity. Therefore, the
polycarbonate of the present invention can be advan-
tageously used in various application fields.

The polycarbonéte of the present invention may

25 contain additives dependiﬁg on the use of the polycar;



20 wherein Ti is as defined above, and

a and b depend on Ti, and wherein: when Ti satisfies the
f or mul a: Ti < 240.[err]C, 25 a
is 1.60046 x 10[err] and b is 0.472,

45 when Ti satisfies tBa fornula:

240 [err] Clerr] Ti < 260 [err]C, - ais 4 x 10[err] and
b is 19.107, and when Ti satisfies the formnul a: 5

260 [err]C [err] Honate. Examples of additives incduder p &hermnals RIpigo.
Wien the value of [err] (ki x Ti x H) in formula (4), which is
det ermi ned by thel¥%¢§1|®ﬂsﬁnbl%§%ﬁééﬁ t Bewegtheringhgkabidizegne® UV

t enperature and re5|dence time, i greater than 1.2, the produced
pol ycar bonat e has %ght absorbGFsaﬂv&ﬁ%ggéeﬂﬁaﬁﬁan?ﬁ§ n@cﬂ&HQﬁﬂaQ#kuﬁﬂties
of the %carbonate such as elongatlon at break and |z

i npact strength, BREHFERHLSra9%REN RhRLPSEIEIGRT158 resin othgr (ﬂﬁﬂ & Ti

X H) is sgaller thfyCarbéna@e Loguc gymer such as a rubber, a pigment,

"a dye, a filler, a reinforcing agent, and a flame
retardant.

. These additives may bé mixed with the polycar-
bonate obtained in the molten state. Alternatively,

10 the mixing of additives may be performed by a method in
which the polycarbonaté is first pelletized, the addi-
tives are mixed with the pelletized polycarbonate and
the resultant mixture is again subjected to melt-knead-
.ing. |

15

20

25



pol ycar bonat e shows a di sadvantage in that the nol ding mel t

fluidity of the polycarbonate is poor. The pre- . 20 ferred range of
the value of [err] (ki x Ti x H) is fromO0.3 to 1.0.

Generally, in a process for continuously producing a pol ycarbonate
by transesterification reaction, the 53 transesterification reaction
of the polynerizable 25 ~material is stepwi se conducted in a plurality
of reac- 46 tion zones,
wherein the reaction tenBEB3t MOBPE FORI GARB¥ING OUT THENSNNENTISACt i on
pressure are stepw se changed over the plurality of reaction zones

i nvol ved in the The presyst ifrenvpior will aroy K&ifwrihex Hy in the
5 i1 formul a (4) represents the sum of

the val ues of (k bustrated in,mgge fdptall Wwith Hee¥ERRFDNTS okl . fRbiow-
exanpl e, when ] a continuous_pol ynerjzation is perforned b¥ gging a
systemin which dnedaneiRs @19 i GrRPRARR e framPlee. whighoslppcd not
di hydroxy conpound and a carbonjc, djester, an agitatiopn type
reactor veSsel, £XEMTIILPT i&?ﬁ%ﬁ?ﬁl?ﬁe SCope of the present liben-

tion.

In the following Examples and Comparative Exam-
ples, various properties were measured and evaluated as
follows. |

10 (1) Measurement of the weight average molecular weight
of a polycarbonate:

The weight average mqlecular weight of a polycar-
bonate was measured by gel permeation chromatography
(GPC).

15 (2) Evaluation of the color gf a polycarbonate:

The color of a polycarbonate was evaluated, using
a test specimen having a 3.2 mm thickness which was
obtained by injection molding at 280 °C, in accordance
with.the CIELAB method (Commission Internationale de 1°

20 Eclairage 1976 L*a*b* Diagram). The yellowness of the
specimen was expressed in terms of the b*-value.
(3) Measurement of the elongation at break of a poly--
carbonate:

The elongation at break of a polycarbonate was

25 measured, using a test specimen having a 3.2 mm thick-



‘evaporation type reactor and a surface renewal type twin screw
kneadi ng reactor are serially connected t hrough conduits, [err]

(ki x Ti x H) is the sumof (k x 15 Tx Hin the nelting and

-m xing vessel), (k x Tx Hin t he conduit connecting the nelting
and m xi ng vessel to the agitation %* e reactor vessel), (k x T x H
in the agitation type reaction vessel), (k x Tx Hin the 20
conduit connecting the agitation type reactor vessel to t he

centrifugal w pedn%g%%‘i%‘ih%%é b thRfed §RF i Jection mold#ng dtX2dbi fct he

centrifugal w ped m evapor at 1 on type reactor), (kX T x Hin the

conduit connecti ngnt Aecordance §8RAH iZg1gplpedgred fil m evaporation type
reactor to the 25 surface renewal type twi n screw kneadi ng reactor),

(k x (4) Measurement of the Izod imphct strength oflanpéhe-
surface renewal type tw n screw kneadi ng reactor) and (k x T x Hin
the conduit conneetrbonate: surface renewal type tw n screw kneadi ng
- reactor to a nozzle for wthdrawal of the produced pol yner), that
5 is, 5he sum of vaheegzuld (Impack stfergih drlotathadke of a polyeaxti on
zones including the conduits. The term"i-th
bonate was measured, using a test specimen having a 3.2
mm thickness which was obtained by injection molding at
280 °C, in accordance with ASTM D256.
(5) Evaluation of the molding melt fluidity of a poly-
10 carbonate:
As a yardstick of the fluidity at a high shear
rate, the HMI (which is a melt flow rate under a load
of 21.6 kg) at 280 °C was measured in accordance with
ASTM D1238.
15 (6) Determination of recurring unit (1), heterounit (A)
and heterounit (B) in a polycarbonate:
55 mg of a polycarbonate was dissolved in 2 ml of
tetrahydrofuran. To the resultant solution, 0.5 ml.of
5 N solution of potassium hydroxide in methanol was
20 added, and the solution was stirred at room temperature
for 2 hours to completely hydrolyze the polycarbonate.
The obtained mixture was mixed with 0.3 ml of con-
centrated hydrochloric acid and then, was subjected to

reversed phase liquid chromatography.

25 The reversed phase liquid chromatography was



reaction zone" means a reaction zone falling on the nunber i which
I's determ ned by the nunbering systemin which all reaction zones

i ncl.udi ng conduits, such as a 10 m Xi ng vessel, a reactor or a conduit
whi ch connect these apparatuses, -are assigned their respective
nunbers in the arbitrary order. When a heat e§5|s di sposed on a
conduit connecting two reactors to each ot her, the conduit segnent
bet ween one of the reactors " 15 to the heater, the heater, and the

conduit segment Formd "R 'S MRAE UL LSOk hﬁﬁaﬁ@f’&é@uré&eaﬁéCh

regarded as a rea tlon Zone. e average tenperature

pol yneri zabl e mat ehdl pPAEcdAE c%ieﬂcﬁ%:itcﬁmi’fﬁ 'S.A) and ﬁﬁé‘f@sﬂi @bs 3
polynerlzable material in the i-th reac- tion zone. Wen the

pol ymeri zabl e nmat eolaimn N ddifidtdded trade :iaeﬂct | ZERetiesd aah@ npelat by e
di stribution wherein different portions have distinctly different

t enper - aclr seietarh Infc.suctaphd ¥ eates ptei | casmbheyube sEpmetha-
rately regarded as an i-th reaction zone. Wth respect 25 to the
measur emens of theodvensdy® .tlemeEigiiturie aqueouwrissolution of phosphoric
48 met hods may be enpl oyed. For exanple, the average
acid was used 'as an eluent, and measurement was carried
out by gradient elution technique at a gradient such
that the volume ratio fmethanol/ 0.1 weight % aqueous
solution of phosphoric acid] is changed from 20/80 at
10 the start to 100/0.
The absorbance at 300 nm was measured using the UV
detector. Absorbance coefficients for determining
recurring unit (1), heterounit (A)'and heterounit (B)
were obtained by using standard compounds [as standard
15 - compounds, hydroxy compounds having structures formed

by hydrolysis of recurring unit (1'), heterounit (2')

and heterounit (3') wefe used].

Example 1

20 A polycarbonate was produced by melt transester-
ification in accordance with a system as shown in Fig.
1. The system of Fig. 1 comprises first stage, second
stage and third stage agitation polymerizations, and
first stage,'and second stage wire-wetting fall polym-

25 ' erizations.



tenperature can be obtained by averagi ng one or nore t enper at ures
nmeasured by one or nore thernoneters di sposed at a reactor or a
conduit. Wen no thernone- 5 ters are disposed at a reactor or a
conduit, the tem perature of a heating nmediumin a jacket nmay be
used as ' the average tenperature. Al sgrnatively, the average
tenperature of the inlet and outlet of a jacket for circulating a
heati ng medi um or the tenperature which 10 has been set for a heater
or a heating nedi um ma¥hbefirst stagepbgjedtdsnt pelynerdgatiienpammtfimestof

t he polyneri z- able material in the i-th reaction zone. The average
resi dence tinme isagatatianetybg polidendgzelevesiseds SA and 3B (idech

pol ynmeri zable material held in the i-th reaction 15 zone by the vol unme
of the pol yneri zalppeingt ar tapagasy- of 100 liftegst kndu@qudppsic htirdhwarf r om
the i-th reaction zone . per unit tine. A suitable
reaction pressureagktéﬁPécPéﬁlﬁgpéﬁatﬁglng bladegn offh @ngdioac (Hvae wataght  of
t he polycarbonate in th reacti on system \Wen the nunber_ average

nol ecul ar 3 ?\E?B‘I’ﬂ-sﬁf CPHQ“EGF?wWB&ﬁ&?@ Chet FeCPrRA: StHges P i

| ess than 1,000, a_reactio ressure i n the range  of from 50 nmHg
to atmospheric pr%ggﬂ?eagégagﬁBPaPP ymerizatig I&?e&ecﬂﬁgnapﬁbqhhﬁﬂy

aver age nol ecul ar f t he oncarbo ate. in th act|on
systemis in the a&§£gbiog tygé polymd?i28ry¢853213 %c S0 435

having a capadity of 50 liters and equipped with an
agitator having agitating blades of anchor type) were
10 continuously conducted. |
-The first stage and second stage wire-wetting fall
polymerizations in first and second wire-wetting fall
polymerizers 108A and 108B were continuously conducted.
Each of. the first and second wire-wetting fall polymer-
15 izéré is equipped with a pefforated plate which has 50
holes having a diameter of 7.5 mm and arranged in a..
zigzag configuration. 1In each of the first and secohd
wire-wetting fall polymerizers, 50 strands of 1 mm¢ SUS
316 L wires are hung vertically f?om the respective
20 holes of the perforated plate to a reservoir poftion at
the bottom of wire-wetting fall polymerizer 108 so that
a polymerizable material will not fall freely (not
free-fall) but fall along and in contact with the wires
(wire-wetting fall). Illustratively stated, each wire

25 103 is secured at the upper end thereof to a support



49 range of from 1,000 to 2,000, a reaction pressure in

the range of from3 mtHg to 80 mMHg is generally em pl oyed. When

t he nunber average nol ecul ar wei ght of t he pol ycarbonate in the
reaction systemis nore than 5 2,000, a reaction pressure of 10 mmHg -
or less, prefer- ably 5 mmHg or |ess7is generally enpl oyed.

A transesterification reaction can be carried : out in the absence of
a catal yst. However, if it is desired to accelerate the

pol yneri zation, tiedpchytreshewn)Oprovidatii ahoventhe pbkiréotratedn plllace 102
presence of a catal yst. The pol ynerization catalysts which are
customarily used and extengstf@ewavarddy btbraovgh @i hbdet (pertt sbowar) of
limtation. Exanpl es of such catal ysts include hydroxi des of an

al kali nmetal and ©teaperfRuptead Bhrte ABRal , IBueRchsofithe fiisithiame
hydr oxi de, sodi um hydroxi de, potassi um hydr ox- . i de and cal ci um
hydroxi de; al kal i S¢ePRt whreswetting fall ppk¥mprézezsyhthet Wireamwedténdand
guat er nary anmoni . salts of boron hydride and of al um num hydri de,
such as 3 I#giﬁLﬁﬁ%Wﬁﬂ?ﬁuﬁ?h dfr de, sodi um boron hydride and 20

U aTet ) Ao U gt g0 Y DI 9880RL R ongrge? S T
and CalCiu”]hydrif§§st agitation type polymerizer vessels 3A and 3B were
as follows: the reaction temperature was 180 °C, the
reaction pressure was atmospheric pressure, and the
10 flow rate of nitrogen gas was 1 liter/hr.
In operation, 80 kg of polymerizable materials
[i.e., bisphenol A as an aromatic dihydroxy compound
and diphenyl carbohate as.a carbonic diester (the molar
ratio of diphenyl carbonate to bisphenol A : 1.04)]
15 . were charged together withlé'disodium salt of bisphenol
A és a catalyst (the amount of the disodium salt of..
bisphenol A in terms of the amount of sodium atom: 25
ppb by weight, based on the weight of the bisphenol A
as a polymerizable material) into first agitation type
20 polymerizer vessel 3A. The monomer mixture in polymer-
izer 3A was polymerized in a molten state for 4 hours
- while agitating, to obtain prepolymer 4A. Outlet 5A
was opened, and prepolymer 4A was fed to second agita-
tion type polymerizer vessel 3C, having a capacity of

25 50 liters, at a flow rate of 5 kg/hr.



al koxi des of an alkali netal and of an al kaline earth metal , such
as |ithium nmet hoxi de, sodi um et hoxi de and 25 . cal ci um net hoxi de;
aryl oxi des of an alkali metal and of

50 an al kaline earth netal, such as |ithium phenoxide,

sodi um phenoxi de, magnesi um phenoxi de, Li O Ag- OLi “wherein Ar
represents an aryl ene group, and NaO Ar- ONa wherein Ar is as

defi ned above; organic acid salts of 5 an alkali netal and of an

al kaline earth netal, Whiheafeeding prepoflymem dacbditteined dnumiacat ate and
sodi um benzoat e; zi nc conmpounds, such as zinc oxide, zinc acetate
and zi ncaghtatiodetyber pplyorpizeds vessell 33 ltor secoxiddegita-
boric acid, sodiumborate, trinmethyl borate, tributyl 10 bor at e,
triphenyl bor at e, taAFOEYEM bodymerirepr é’@éﬁﬁéd3c first pgittedibor ryps

NB(R[err] Rerr] Rerr] Rerr]), and
hosphoni um bor o BSLYBRF43eRt BESyL AE PeFn@pazared to polkmeriReRtbe

PB wh err] Rerr]
and Rerr]s ) om Eé{n% R&?E{s FRedTaBbPEReBPl BoAnEofBtRaY] SacRoRStS: || -

15 con oxi de umsilicate tetraatﬁéIS|l tetraar-

yl silicon and dlp%% ﬁ SePRYF- 8?ﬁ8§§s?ﬁlé8n eFﬁéﬁP%ﬁPn polymerdgatdends,
such as gernan'unlﬁxfﬁfstggﬁgggkfght%&Egcgolymerizer vessel 3A, to

obtain prepolymer 4B.
When first agitation type polymerizer vessel 3A
10 became empty, outlet 5A of polymerizer 3A was closed
and, instead, outlet 5B of polymerizer 3B was opened,
so that prepolymer 4B was fed from first agitation type
polymerizer vessel 3B to second agitation type polymer-
izer vessel 3C at a flow rate of 5 kg/hr. In this
15 insténce, the same polymeriééble materials and catalyst
aslmentioned above were chargéd into polymerizer 3A..
While feeding prepolymer 4B obtained in first agitation
type polymerizer vessel 3B to second agitation type
polymerizer vessel 3C, polymerizer vessel 3A was oper-
20 ated, so that the monomer mixture charged therein was
polymerized in the same manner as mentioned above.
With respect to a batchwise polymerization in
first agitatién type polymerizer vessels 3A and 3B and
the alternate feedings of prepolymers 4A and 4B from

25 polymerizers 3A and 3B to second agitation type polym-



| ori de, germani um et hoxi de and ger mani um phenoxide; tin . conpounds,
such as tin oxide, dialkyltin oxide, dia- 20 | kyltin carboxylate, tin
acetate, tin conmpounds having an al koxy group or aryl oxy group
bonded to tin, such as ethyltin tributoxide, and organotin
conpounds; | ead conpounds, such assigead oxi de, |ead acetate, |ead
carbonate, basic | ead carbonate, and al koxi des and 25 aryl oxi des of

| ead or organol ead; oni um conpounds, such

51 - as a guakernaegsainBai, uthealkhmea opeatadrinar \sp hesienddnabove
salt and a guat ernary arsonium salt; antinony com pounds, such as

anti nony oxide andaanrepeayedcesatehat the prepodymese (@dmbheun gesesiigimens
manganese acetate, nanga- 5 nese carbonate and nanganese borat e;

titani umcom 4A orppygepeolymerh4Bs ailtemnarmedyi)deasndonttianiawslat K®d des
and titanium aryl oxide;, and zirconi um conpounds, such as zirconium
acet at e, Z|rconluﬁPoﬁPG@ndz?géGﬁt&ﬁPaﬁw@ﬁ-POlymerlﬁeGeveﬁﬂﬁdo@GbnlarylOX|de

and zirconi um acetyl acet one. The catal ysts can be used
i ndi vi dual By or in In seESﬁBlﬁgﬁtéﬁlo?h§Y§ﬁD@ﬁ@ygﬁrﬂﬁgrb§ﬁﬁ§ﬁﬂn§qbséﬁ is

generally in the %&Qggegfaga g%%g erghyhgrizétg%n ofgprepolymers 4A and

4B, alternately fed from first agitation type polymer-
izer vessels 3A and 3B, was continuously carried out:
under polymerization reaction conditions wherein the
10 reaction temperature was 230 °C, the reaction pressure
was 100 mmHg and the flow rate of nitrogen gas was 2
liters/hr, thereby obtaining prepolymer 4C.
When the volume of prepolymer 4C in second agita-
tion type polymerizer vessei 3C reached 20 liters; a
15 part of prepolymer 4C was céﬁtinuously fed to third
agitation type polymerizer wvessel 3b so that the volume
of prepolymer 4C in second agitation type polymerizer
vessel 3C was constantly maintained at 20 liters.
In third agifation type polymerizer vessel 3D,'a
20 further agitation polymerization of prepolymer 4C fed
from second agitation type polymerizer vessel 3C was
continuously carried out under polymerization reaction
- conditions wherein the reaction temperature Was 240 °cC,
the reaction pressure was 10 mmHg and the flow rate of

25 nitrogen gas was 2 liters/hr, thereby obtaining prepo-



preferably from 10[err] to 10[err] % by wei ght, based on the . wei ght
of the aromatic di hydroxy conpound. 15 By virtue of the presence
of a plurality of spe- cific heterounits in a specific anmount, the
pol ycar - bonate of the present invention is advantageous in that
not only does it have high transparency andggol orl ess- ness as wel |
as high nechanical strength, but also it 20 exhi bits high
non- Newt oni an fl ow properties, so that it exhi bits hi gh nol di ng
melt fluidity. Theyeéerep.the pol ycarbonat e of the present

I nvention can be advan- tageously used in various application
fields. TWhepotipearbbnateodf pirepofyesentdD dvertthiond regd t#25
contain additives depending on the use of the polycar- _

52 bonat tioExtupeepodymatdzeirvvessrd 38e reachedn0 dtidisirs, a
lizer, an antioxidant, a weathering stabilizer, a W |'i ght
absorber, a nol d per&aeé ag@aplyaeruép|waﬁtcoaﬁlnuously &8 Satigeagent, a

plast|C|zer a resin other than a R carbonate - or a polyner such
as a rubber a pi§@ERLINg fall PO&Yﬂ?€1Z§rf OB8r sop theithfthecivid ulitferRf and a

flanme retardan& . . . .
prepo ymer 4D in second agitation type polymerizer

vessel 3D was constantly maintained at 20 liters. The
feeding of prepolymer 4D to first wire-wetting fall
polymerizer 108A was conducted through inlet 101A.

10 In first wire-wetting fall polymerizer 108A, a
wire-wetting fall polymerization of prepolymer 4C was
continuously carried out under polymerization reaction
conditiops wherein the reaction temperature was 245 °C,
and the. reaction pressure was 1.5 mmHg and the flow

15 rate of nitrogen gas was 4 iiter/hr, thereby obtaining
prepolymer 109A. |

When the volume of prepolymer 109A at the bottom
of first wire—wetting fall polymerizer.lOBA reached 10
liters, a part of prepolymer 109A was continuously fed

20 to second wire~wetting fail polymerizer 108B so that
the volume of prepolymer 109A in first wire-wetting
fall polymerizer 108A was constantly maintained at 10
liters. |

In second wire-wetting fall polymerizer 108B, a

25 wire-wetting fall polymerization reaction was continu-

l This Sheet Has Been Rep
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These additives may be m xed wth the polycar- bonate obtained in

the nolten state. Alternatively, 10 the m xing of additives may be
performed by a nmethod in whi ch t he pol ycarbonate is first

pel I'eti zed, the addi - tives are mxed with the pelletized

pol ycar bonat e and the resultant m xtgwe is again subjected to
mel t.- knead- “ing. 15 20 25

53 - BEST MODE FOR CARRYI NG OUT THE I NVENTI ON

The present invenbuaslywiddrmied it uwrider pdlymerization reaction condi-
tions wherein the reaction temperature was 245 °C, and
the reaction pressure was 0.3 mmHg and the flow rate of
nitrogen gas was 2 liter/hr, thereby obtaining polycar-

5 bonaté 109B.

When the volume of polycarbonate 109B at the
bottom of second wire-wetting fall polymerizer 108B
reached 10 liters, polycarbonate 109B was continuously
withdrawn in the form of a strand from second wire-

10 wetting fall polymerizer 108B through outlet 107B by
means of discharge pump 106B so that the volume of
polycarbonate 109B in second wire-wetting fall polymer--
izer 108B was constantly maintained at 10 liters. The
obtained strand was cut into pellets by means of a

15 strand cutter. i

The temperature, the residence time and the value
of (Ki x Ti x Hi) in each of the agitation type polym-
erizer vessels, in each of the wire-wetting fall polym-
erizers and in each of the conduits are shown in Table

20 n

1, together with the value of =
i=1

(Ki x Ti x Hi).

With respect to the obfained polycarbonate pellets,
evaluation of various properties was made in accordance
with the above-mentioned methods. Results are shown in

25 Table 2. As can be seen from Table 2, the obtained



lustrated in nore detail wth reference to the foll ow I ng Exanpl es
and Conparati-ve Exanpl es, which should not =~ 5 construed as limting

t he scope of the present inven- tion. In the foll ow ng
Exanpl es and Conparati ve Exam pl es, various properties were
measured and eval uated as follows. gk (1) Measurenent of the
wei ght average nol ecul ar wei ght : of a pol ycarbonat e:

The wei ght average nol ecul ar wei ght of a pol ycar- bonat e was

nmeasured by gel pepolgalarbordteoddga@lient propdr@#iags. 15 (2)

Eval uati on of the color of a pol ycarbonate: The color of a

pol ycar bonat e was eval Fatsthemsiasy a result of dste spasumenenlyiby =e3. 2 nm
~thickness which was . obt ai ned by injection nolding at 280 [err]C, in
accor dance vegsed mhasg ELMBIWetQmﬂ(aZEQQ‘ﬁ@m Jthtweashafo | ehafe 1'

20 Ecl ai rage 1976 L*a*b* D a The yel | owness of the _
speci men was expr &5€e@H ﬁ@#ﬂﬁané%YQQﬁ?Q?aﬁﬁﬂQRPtalned unity QfLFEimt of
el ongat | onSat  br e4R ar (& oSy BRRRRHY kS . SE s A PTG st
speci men having a(%) anhé%erounlt (B), whereln the units of formula
(3')-(d) were present in an amount of 0.50 mole %,
based on the molar amount of the units of formula (2')-
(a), and wherein the sum of the amounts of the units of
10 formula (2')-(a) and the units of formula (3')-(4d) was
0.09 mole %, based on the molar amount of recurring
units (1).

Comparative Example 1

A polycarbonate was produced in substantially the
15 same manner as in Example 1; except that the temper-
atures in some of the reaction zones were changed as
shown in Table 3.
With respect to the obtained polycarbonate, eval-
uation of various properties was made in accordance
20 . with the_above—mentioned methods. Results are shown in
Table 2. As can be seen from Table 2, the obtained
polycarbonate had excellent molding melt fluidity;
however, the color, tensile elongation and Iiod impact
strength of the obtained polycarbonate were poor.

25 Comparative Example 2




54 ness whi ch was obtained by injection nolding at 280 [err]C,

I n accordance with ASTM D638. (4) Measurenent of the |zod inpact
strength of a poly- car bonat e: 5 The | zod i npact
strength (notched) of a polycar- bonate was neasured, using a test
speci nen having a 3.2 mm t hi-cknessg®ahi ch was obtai ned by injection
nol di ng at 280 [err]C, in accordance with ASTM D256. (5)
Eval uation of the nolding nelt fluidity of a poly- 10 car bonat e:

As a yardstick of the X|poli¢yriabnatdniwhs speaduced in subatantib2liiMche
(which is a nelt flowrate under a | oad of 21.6 kg) at 280 [err]C
was nmeasured in &g dearenidd) in ExampléSTM €4e88t that a cefifrifugal
Determ nation of recurring unit (1), heterounit (A) and heterounit
(B) in a pol ycar btmad: £ilm evaporat10155ty@eoreac‘p@ry@adbgnhoglmgtal
dissolved in 2 m of tetrahydrofuran. To the resultant solution,
0.5 m of IR FRNIDHEBFL Pt BeRe upe hyBeBiFer Wﬁrﬁevﬁaﬁonnﬁmadzo
added, and the SOL@ on mas stirred at roomtenperature

hours to conpl et & IWTﬁtm@cﬁ?%nﬁ?Hmerlzer 108hcapgt §f3ﬁ@§d

mXxture was nlxed\¥ér%é%tlng £€lf:polymer1zer 108B, respectively, and

that the reaction conditions were changed as shown in
Table 4.
With respect to the obtained polycarbonate, eval-

10 uation of various properties was made in accordance

with the above-mentioned methods. Results are shown in

Table 2. As can be seen from Table 2, the obtained

polycarbgnate had excellent molding melt fluidity;

however, the color, tensile elongation and Izod impact
15 strength of the obtained.pol§carbonate were poor. -

Comparative Example 3

With respect to a commercially available phosgene
process polycarbonate (the Mw of the polycarbonate:
26,800), evaluation of various properties was made in

20 accordance with the above-mentioned method. Results
are shown in Table 2. Although the poycarbonate used
in this Comparative.Example had the same Mw as that of
the polyéarbonate obtained in Example 1, the polycar-
bonate of this Comprarative Example had poor molding

25 melt fluidity, as compared to the polycarbonate of



centrated hydrochloric acid and then, was subjected to reversed
phase |iquid chromatography. 25 The reversed phase |iquid

chr omat ogr aphy was 55

performed, using a 991L WV detector (nanufactured and sol d by
Waters Corporation, U S. A and Inertsil ODS- colum (registered
trade mark, manufactured and sol d by G Science Inc., Japan) at 25
[err]C. A m xture of metha- 5 nol and 0.1 wei ght % aqueous sol ution
of phosphoric Exampl@Ciid was used as an el uent, .and neasurenent was
carried ) out Dby gradient elution technique at a gradi ent such

that the vol unme rgkihapieetzhanol/ 0.1 wei ght % aqueous sol ution of
phosphoric acid] s changed from 20/80 at 10 the start to 100/0.

The absorbance at 300 ampsayoEsaRinat WrisPprdiuddd in substaletially . the
Absor bance coefficients for determning. recurring unit (1),

het erounit (A) anedahet elammen asB)in Example \igr exdspt nethbyths i repctboniar d
conmpounds éas standard 15 conpounds, hydroxy conpounds havi ng -
st.ruct ur es? f or nedconditionshwenedalianged @fs rslvwn idny Takle (3¢ ), heterounit

(2") and ‘heterounit (3') were used].
With respect to the obtained polycarbonate, eval-

uvation of various properties was made in accordance
with the above~mentioned methods. Results are shown in
Table 2. As can be seen from Table 2, the obtained

10 polycarbonate had excellent properties.

15

20

25



1. The

stage and third

first stage,

and second stage-

second

A pol ycarbonate was produced by nelt transester-
and
25 erizati onés

Ification in accordance with a systemas shown in Fig.
pol ym

systemof Fig. 1 conprises first stage,

stage agitation polynerizations,

wire-wetting fall

Exanple 1 20

ach
i ng
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pol yneri zers 108A and 108B were continuously conduct ed. Each of the

first and second wire-wetting fall polymer- 15 I zers i s equi pped with
a perforated plate which has 50 hol es having a dianeter of 7.5 nm
and arranged in a zigzag configuratiggn. In each of the first and
second wire-wetting fall polynerizers, 50 strands of 1 nmmjerr] SUS
316 L wires are hung vertically fromthe respective 20  holes of the
perforated plate to a rleservpir portfion af t hel bot{ om of
wire-wetting fall polynerizef 108 sq that | a pol ynefizalpl e materi al
will not fall freely (naof o frieeofal®) but flad| j@akonfeand in contact
with the wires (%irefwetting f811) . I|ustiatiN®l y[stafed, each
wire 25 103 is seduged pt @'he Uppdr ¢R/d ttherdof tjo a pupport
57 rod (not shﬁmn) provi dgd aboye the paqrforjated| plaje 102
and extends downwardly |t hrough a holle (no{ sho¢wn) jof i he
perforated plate 102. Ijngeach of thg firs{ and second{w re-wetting
fall polynmerizers, the [wkrg-petting 5 fall distance |s 8fm
The pol ynerization readt#on topditigns in|8oth_ of firgt agitation
. o] © N &~ [ee]
type polynerizer vessel[s§3& hn > 3B ere |9 - - R o
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as follows: the reaction tenperature was 180 [err]C, the reaction

pressure was atnospheric pressure, and the 10 flowrate of nitrogen
gas was 1 liter/hr. In operation, 80 kg of polynerizable
materi al s [i.e., bisphenol A as an aromatic di hydroxy conpound
and di phenyl carbonate as a carbonic diesteg7(the nol ar rati o of
di phenyl carbonate to.bisphenol A : 1.04)] 15 wer e charged together
with a disodiumsalt of bisphenol A as a catal yst (the anmount of
the di sodiumsalt of bi sphenol A in ternms of the anmount of sodium
atom 25 ppb by wei ght, based on the weight of the bisphenol A
as a pol yneri zabl epret-eratr—+rte—H+st—agHaten—type—20———poelyreni zer
vessel 3A. The nohomsr ‘gn'xture i n pol yner - i zer 3A was pol yngri zed
in a molten state forg4 fourls whil e agitating, to obtain prepdl ymer
4A. Qutlet 5A Nwagoopened and prepolynmer 4A was fed to second
agita- tioph typedpoliymerizer vessel 36, having a capacity of |25
.50 liters, at a flpwenat@pofl 5 kg/ hr. it
58 Whi & e i'&(ﬂ:l ng prepol ymer 4A%obtained in first
agitation type pol ynegi zgggiessel 3A to second agita-
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tion type polynerizer vessel

vessel

bi sphenol A and di phenyl carbonate

3B was operated to polynerize the

agitation polynerization

vessel 3A to

agitation type polynerizer vessel

obt ai

pol yireri zer 3A was cl osed

was opened,

3C, first agitation type pol ymeri zer
5 nononer m xture of
in the sane manner as in the

in first agitation type polynerizer
n prepol ymer 4Bgg When first
3A 10 outl et 5A of
and,

becane enpty,
i nst ead,

outl et 5B of polynerizer 3B

so that prepolyner 4B was fed fromfirst agitation type

ned
on

ed

and

pol yneri zer vessel 3B to second agitation type pol yner- I zer vessel
3C at aflowrate f 5 kg/hr ln this 15 instance the sanp
pol yneri zabl e mat efi aks “and [cat al yst as nentioned above were
charged into polymarigermBA.. Wi | e feeding prepol yner 4B obt ai
In first agitation @, type pol ynmeri zer vessel 3B to second agitati
type pol ymari’ﬁero@essel 3C, polynerizer vessel 3A was oper- 2C
ated, so that the porg@mef 3 |xture charged therein was pol yneri 7
in the sane manner asxneﬁlggmed above. n Wth respect to a
bat chwi se pol yneri zatri_'on_é’ig% first agitation type polynerizer
vessels 3A and~3B andé + g'§| the alternate feedings of prepolyners 4A
4B from 25 :po vigTiZ8% 3A and 3B to second agitation type polym
,_l
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59
was repeat ed,

pol ymeri zer vessel
prepol yners 4A and
pol yrer -

the flow rate of ni
pr epol yner 4C.

agita- tio
part of prepol yner
pol yneri zer vessel

agitation type pol
20 liters.
20 further agi

second agitation t
carried out under
reaction tenperatu

Table 5
[Reaction Conditions in Example 2]

erizer vessel
so that the prepol yner
prepol ymer 4B, alternately) was continuously fed
agitation type polynerizer vessel

3C, a

3C, the sane operation as nentioned above
(either prepol yner 4A o
to second

3C. . 5 In second agitatio
further aggtation polynerization of

r

n type

4B, alternately fed fromfirst agitation type

i zer vessels 3A and 3B, was continuously carried out
under polynerization reaction conditions wherein the
tenperature was 230 [err]C,

10 reaction
the reaction pressure was 100 nmmHg and
444¥¥¥L4¥¥;4Na° 2 it ng
When t he vol une of prepolyner 4C in second
1t§pempo ymeri zer- vessel 3C reached 20 liters, a [15
4G, wa bnt i nuously fed to third. agitation type
3QLsotxhat t he vol une ~ of prepolyner 4C in second
ek Z vessel 3C%was constantly maintained at
v third agitation ©&pe polynerizer vessel 3D, a
atlon;pghynerlzatlon of . prepol yner 4C fed from
/pegpogy bri zer vessel 3C was conti nuously
helgyie éatlon reaction condi ti ons wherein fhe
e was 24p—fer e
a
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the reaction pressure was 10 nmHg and the flow rate of 25 ni trogen gas
was 2 liters/hr, thereby obtaining prepo-

Substitute sheet - .8/1/99 | ymer 4D. When t he

vol uime of prepolyner 4D in third agita- tion type pol ynerizer

vessel 3D reached 20 liters, a . part prepol yner 4D was
contjnuously fed to wire- 5 wetting fall polynerizer 108A so that the
vol une of third prepol yner 4D in third

agitation type polynerizer INBOSERIABDAYRS TEARTTAAY! Y nai nt ai ned at
20 liters. The feeding of "prepol’ymer 4D (o 11rst wire-wetting fal

pol ymeri zer 108A was ceRdugireehd OUMe iptederddd Aof dfbcific hetétolnits
wire-wetting fall polynerizer 108A a wire-wetting fal

pol ynmeri zation of ipy epEps@rfid amsunt in the @dlyearisdryatarmaba chainsder
pol yneri zation reaction conditions wherein the reaction tenperature
was 245 [err]C, +the polyhrbmnatsacif orthermssserct wasvdntiomtis sadivaiba+ | ow
15 rate of nitrogen gas was 4 liter/hr, thereby obtaining

prepol ymer 3109A. geous in thatVmot tdrelwalegse of haepdrighrtuaggparendy
bott om

and colorlessness as well as high mechanical strength,
but also it can exhibit extremely high molding melt

fluidity. Therefore, the polycarbonate of the present
invention can be used in a wide variety of application

10 fields.

15

20

25



of first wwre-wetting fall polynerizer 108A reached 10 liters, a
part of prepolynmer 109A was continuously fed 20 to second wre-wetting
fall polymerizer 108B so that t he vol une of prepolyner 109A in
first wire-wetting fall polymerizer 108A was constantly nai ntained
at 10 liters. In secongw re-wetting fall polynerizer
108B, a 25 wre-wetting fall polynerization reaction was continu- -

61 ously carried out under polynerization reaction condi-

tions wherein the reaction tenperature wascgdpugerr] C, and t he
reaction pressure was 0.3 mmHg and the flowrtate of . nitrogen gas
was 2 liter/hr, thereby obtaining polycar- 5 bonate 109B.

When t he vol une of pol ycarbonate 109B at the _ bott om of second
wire-wetting fall 1pol yarepolgratBdbate comprisdaghed pliraltictys of aromatic
pol ycar bonate 109B was conti nuously wi thdrawn in the formof a
strand from secongobiycerbobate maimeichiaigsf,aldagholopmpriissmgl &R Ui h
outl et 107B by means of di scharge punp 106B so that the vol une of:
pol ycar bonat e 1098niksseschd independently fepressntes by the following

fbrmula (1):
0 .
;f—O—Ar—Ol—+— (1)
wherein Ar represents a divalent Cs-C200

10 aromatic group,
wherein said plurality of aromatic polycarbonate main
chains collectively contain at least one heterounit (2a)
and at least one heterounit (B) in said polycérbonate
main chains,

15 _ said heterounit (A) beihg represented by a formula

selected from the following group (2) of formulae: ..

20 =0

: (2)

P
o
Q=

T

H—OoO—> — cl'lao-M H—o
(=
o

[
o

25
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i zer
strand was cut

The tenperature,
H)

108B was constantly maintained at 10 liters.
into pellets by neans of a 15

the residence time and the val ue
In each of the agitation type polym

of the wire-wetting fall polym

The

eri zer vessel s,
erizgrs and in each of the

obt ai ned

strand cutter.

x Ti X
in each

of (Ki

conduits are shown in Table 20 n

1, together with the value of E (Ki x Ti x H).

i =l Wth respegiefein fr Dhiepiresenos yaatbbralenpeCEeCsgg

eval uation of various properties was nmade in accordance with the

above- nenti oned net hodsardestic sgreowp shamh' | nepPé&sents a’abe’eravals.stcan be

seen from Tabl e 2,

chr omat ogr aphy,

contai ned units of fornul a
(d) as heterounit (B),

fornula (39)-

t he obt ai ned
62 pol ycar bor@g<Cigg axeratimtgpreperan@sX represents a
as a result of the neasurenent by

re-

Furt her,

_ versed phase liquid
it was DOANREXbeRate chain hawing: HeAVETHRYYERIESNat e

) (2')-(a) as heterounit (A) and units of

50 nol e

mherein the untts of fornula

(3")-(d) were present n anmount of g

each represented by the formula —ATOCO—
wherein Ar is as defined above and having a
weight average molecular weight of from 214
to 100,000, and |
10 wherein, when said polycarbonate main chains contain a
plurality of heterounits (A), the heteiounits (A) are
the same or different,
said heterounit (B) being represented by a formula

selected from the following gfoup (3) of formulae:

13 - 0« )

0\
pr 0
(—-—O—Ar—Ar—oc%» ,
20 )l( _
0 _ '
(I3 =0 I(l) e
—<—o Ar—0- Ar—OG—)- and
. . 0
25 0L |
O—Ar\ /Ar—OC

A

(3)




based on the nolar amount of the units of formula (2')- (a), and

wherein the sumof the anounts of the units of 10 = formula (2')-(a)
and the units of formula (3")-(d) was ' 0.09 nole % based on the
mol ar anmount of recurring units (1). Conpar ati ve Exanpl e
1 A pol ycarbonate was producedzgn substantially the 15

sanme -manner as in Exanple 1, except that the tenper- atures in
sonme of the reaction zones were changed as shown in Table 3.

Wth respect to the obtained pol ycarbonate, eval - uati on of
various properties was nmade in accordance 20 wi th the above-nenti oned
nmet hods. Results are shown in Table 2. As can be seen from Tabl e
2, the obtained pol ycarbonate had excellent nolding nmelt fluidity;
however, the color, tensile elongation and |zod inpact strengt h of
t he obt ai ned pol ycarbonate were poor. 25 Conpar ati ve Exanple 2

63 A pol ycarbonate was produced in substantially the

same nmanner as i n ExanpihereinedoptAt handg kX ane igggigfined above

and Y represents a polycarbonate chain having
recurring units each represented by the
o
{ formula —+gO—Ar—Q+— wherein Ar is as defined
1 above and having a weighf average molecular |
’ weight of from 214 to 100,000, and
wherein, when said polycarbonate main chains contain a
plurality of heterounits (B), the heterounits (B) are
the same or different,
15 ‘ the sum of the amountsubf said heterounit (A).and
said heterounit (B) being from 0.01 to 0.3 mole %, ..
based on the molar amount of said recurring units (1),
wherein each of said X and said Y optionally con-
- tains at least one heterounit selected from the group
20 consisting of heterounits (A) and (B),
said polycarbonate having a weight average molecu-

lar weight of from 5,000 to 300,000.

2. The polycarbonate according to claim 1, wherein

25 85 % or more of said recurring units (1) are each

* ¢ L M S *



wi ped fil mevaporation type reactor and a hori zontal tw n-screw

agitation type polynerizer were used instead 5 of first wire-wetting
fall polymerizer 108A and second wire-wetting fall polynerizer
108B, respectively, and that the reaction conditions were changed
as shown in Tabl e 4. 24 th respect to the obtained
pol ycar bonate, eval- 10 uation of various properties was nmade in
accor dance with the above-nenti oned nmethods. Results are shown in
Table 2. As can bgepeesehted Tavlthe? £dlibwiliqifednula (1') pol ycarbonate
had excellent. nolding nelt fluidity; however, the color, tensile
el ongation and |zod inpact 15 strength of the obtained pol ycarbonate
were poor. Conpar ati ve Exanpl e Wth respect to a
comercially avail abl e hosgene Ipr ess pol ycarbonat e (%ﬁegNM/of
the pol ycarbonat e: S 6¥ n of various properti€s was
made in 20 accordagﬁé) ‘ 3 ntioned method. Results

are shown in Table 2. AIthough t he poycarbonate used inthis
Conpar ati vé Exanpl e had the sane Mv as that of t he pol ycarbonat e
obtained in Exanple 1, the polycar- bonate of this Conprarative
Exanpl e had poor nDIdlng 25 melt fluidity, as conpared to the

pol ycar bonat e of

3. The polycarbonate according to claim 1, wherein:
said recurring units (1) are each represented by

10 the following formula (1'):

{_.|._% | .<1')

"said heterounit (A) is represented by a formula

selected from the following group (2') of formulae:

T
| 0 ’
C=0 0
20 : {l
{-o@—{—@oc% and
X X Il ,
| | ' 2)
0 0 .
C=0 C=0¢
I
25 {-o@—\—@oc—}
J

R R



64 Exanpl e 1.
was produced in substantially the
except that the reaction 5

5. Wth respect to the obtained pol ycarbonate,

uation of various properties was
above- nenti oned net hods. Results
seen from Tabl e 2, the obtained

A pol ycar bonat e
sane manner as in Exanple 1,
conditions were changed as shown in Table
eval - .
made in ac¢grdance w th the
are shown in Table 2. As can be
10 pol ycar bonat e had excel | ent

Exanpl e 2

properties.

10

15

20

25

—_—

15 20

wherein X is as defined for formula (2),
said heterounit (B) is represented by a formula

selected from the following group (3') of formulae:

wherein X is as defined for formula (2),

Y is as defined for formula (3).

and

~and

and

3)

4. The polycarbonate according to any one of claims 1

—_—

1N O



25 65 [err] - 66 [err]

76

‘to 3, wherein said heterounit (B) is present in an
amount of from 0.1 to 30 mole %, based on the molar

amount of said heterounit (A).

5 5. The polycarbonate according to any one of claims 1
to 4, which is produced from an aromatic dihydroxy

compound and a carbonic diester by transesterification.

6. In a method for producing a polycarbonate which
10 comprises subjecting to a stepwise transesterification
reaction, in é plurality of reaction zones, at least
one polymerizable material selected from the group
consisting of : |
a molten monomer mixtu;e of an aromatic dihydroxy
15 . compqynd and a carbonic diesfer, and
a molten prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy compound with a
carbonic diester,
said aromatic dihydroxy compound being represented

20 by the following formula: .
HO—Ar—QH

wherein Ar represents a divalent Cs5-Co00
aromatic group,

25 said carbonic diestgr being represented by the

_—

M



67 “[err] 68 [err]
69 [err]

77
following formula:

0]

|
Ar3—oco-ar?

3 4

5 wherein Ar” and Ar™ are the same or different
aﬂd each represent a monovalent Cs5-Ca00
aromatic group,

the improvement in which said stepwise transester-
ification ieaction of the polymerizable material is

10 performed under reaetion conditions which satisfy the

following formula (4): -

0.2 g ;:1 (ki x Ti x Hi) g 1.2 - (4)
i=1
15 _ wherein:
i represents the zone number assigned in an arbi-
trary order among n reaction .zones of the reaction
system,
Ti represents the average temperature (°C) of the
20 polymerizable material in the i-~th reaetion zone,
Hi represents the average residence time.(hr) of
the polymeriiable material in the i-th reaction
zone,
ki represents a coefficient represented by the

25 following formula (5):

A



70 | NDUSTRI AL APPLI CABI LI TY By

virtue of the presence of specific heterounits In a specific
amount in the polycarbonate main chains; t he pol ycarbonate of the
present invention is advanta- 5 geous in that not only does it have
hi gh transparency and col orl essnes s well as high nechanica
strength, ' but also it can exhibit extrenely high nolding nelt
fluidity. Therefore, the polycarbonate of the present i nvention
can be used in a wde variety ofpappli £ed ispnpi19) fieldgs) 15
20 .

wherein Ti is as defined above, and
a and b depend on Ti, and wherein:

when Ti satisfies the formula:

5
Ti < 240 °C,
a is 1.60046 x 10° and b is 0.472,
when Ti satiéfies the formula:
240 °C ¢ Ti < 260 °C,
1o ais 4 x 10%4% and b is 19.107, and
when Ti satisfies the formula:
260 °C g Ti,
a is 1 x 10122 ap9 b is 49.082.
is 7. A polycafbonate which is substantially the same
product as produced by the method of claim 6.
20
25
\

—_—

A O o



25 71

CLAI V5 1. A pol ycarbonate conprising a plurality of aromatic
pol ycarbonate main chains, each conprising recurring 5 units each

i ndependently represented by the follow ng formula (1):

[err] wherein Ar represents g divalent Clerr]-Clerr] 10
aromati c group, wherein said plurality of aromatic pol ycarbonate
mai n chains collectively contain at | east one heterounit (A

and at | east one heterounit (B) in said paBgeaagenat e mai n chai ns,
15 said heterounit (A) being represented by a formula

Disclosed is a polycarbonate comprising a plurali-
ty of aromatic polycarbonate main chains, wherein the
aromatic polycarbonate main chains collectively contain

5 | -specific heterounits in a specific amount in the poly-
carbonate main chains. The polycarbonate of the pres-
ent invention can be obtained by.controlling the tem-
perature of and the residence time of the polymerizable
material in the reaction zones of the reaction system

10 so as to satisfy the specific requirements. The poly-
carbonate of the preseht invention is advantageous in
that not only does it have high transparency and color-
lessness as well as high mechanical strength, but also
it can-exhibit.high non-Newtonian flow properties, so

15 . that it exhibits high mbldiﬁg melt fluidity. There-
fore, the polycarbonate of the present invention is.

extremely advantageous from a commercial point of view.

20

25



AFoL4( 25

sel ected fromthe follow ng group (2) of fornulae:

[err]” - 72 wher ei AfEd' (P
represents a trivalent err]-Clerr] aromatic group, Ar'
represents a tetraval ent Cerr]-Clerr] aromatic group, and X
represents a pol ycar bonate chain having recurring units 5

each represented by the fornmula [err] wherein Ar is as defined
above and having a wei ght average nol ecul ar wei ght of from 214
to 100,000, and 10 wher ei n, when said pol ycarbonate main chai ns '
contain a plurality of heterounits (A), the heterounits (A) are

the sanme or different, said heterounit (B) being represented by
a fornul a selected fromthe following group (3) of fornulae: 15

[err]

- FORMAL DRAWING(S)



25 i [err] 73

wherein Ar, Ar' and X are as defined above 5 and Y represents
a pol ycarbonate chain having recurring units each represented
by the formula [err] wherein Ar is as defined
above and having a wei ght average nol ecul ar 10 wei ght of from
214 to 100, 000, and wher ei n, when sai dypol ycarbonate nmai n chains
contain a plurality of heteropnits (g?,éghe het erounits (B) are

28] — m

—
puaas

\ S

101B

101A

FIG.T




the sane or different, 15 t he sum of the anmounts of said
heterounit (A) and said heterounit (B) being from0.01 to 0.3 nole
% based on the nolar anount of said recurring units (1),

wherein each of said X and said Y optionally con- tains at |east
one heterounit selected fromthe group 20 consi sting of heterounits
(A) and (B), sai d polycarbonate hay ng a wei ght average

nol ecu- | ar weight of from5,@P0 to 8D0S000. 2. The
pol ycarbonate according to claimd, wh§ein & = 85 % an nore of said

recurring units (1) are each iR 74
represented by the follow ng foriu 3. The
pol ycarbonate according to claiml ,‘-E
(@)
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said recurring units (1) are each represented by 10 the foll ow ng

formula (1'): [err] 15 said heterounit (A is
represented by a fornul a selected fromthe follow ng group (2') of
f or mul ae: [err] 20 25
75 wherein X is as defined for formula (2), and
sai d heterounit (B) is represented by a formula . sel ected fromthe
followi ng group (3") of fornul ae: 5Sm Qo X

m N 8 = m

8 2 3

101B

FIG.1
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5A 4B
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1A
4A



[err] 10 20 wherein X is as defined for

formula (2), and Y is as defined for fornula (3). 25 4.
The pol ycarbonate according to any one of clains 1
76 to 3, wherein said heterounit (B) is present in an
2 8
m
g 8 &7 e
- \ \

107B

101B

101A

FIG.T




f

anmount of. fron10 1 to 30 mole % based on the nol ar amount of said
het er ouni t (A). 5 5. The pol ycarbonate according to any ojptp /Zéb
clainms 1 to 4, which is produced froman aromatic di hydrox

conpound and a carbonic diester by transesterification. 6L Aoy
a nmethod for producing a polycarbonate which 10 conpri ses subjecting '
to a stepwi se transesterification - reaction, in a plurality of
reaction zones, at | east one polynerizable nmaterial selected from

t he group consi sting of a nolten nononer m xture of

an aromatic di hydroxy 15 conmpound and a carbonic diester, and

a nolten prepol ynmer obtained by a process conpris- i ng reactlng an
aromati ¢ di hydroxy conpound with a carboni c diester,

said aromati c di hydroxy conpound being represented 20 by the foll ow ng

f or mul a: - HO Ar- OH © wherein Ar
represents a divalent Cerr]-Cerr] aromati c group, 25

sai d carbonic diester being represented by the

INFORMAL DRAWING(S)



77, foll owi ng formul a: [err] 5
wherein Ar[err] and Ar[err] are the sanme or different

and each represent a nonovalent C[err]-Cerr] aromatic
group, the inmprovenent in which said stepw se transester-

i fication reaction of the polynerizable material is 10 per f or med
under reaction conditions which satisfy the m followng formula (4):
n [err] 15 m vmarg n: [
represents the zone nunber assigged i nShn ar bg — m trary order

anong n reaction.zones of the redtion—
Ti represents the average tenperat irg
pol ymeri zable material in the i-th _re3
represents the average residegge
pol ynmeri zabl e material in theB-

syste
B\ 20 T\

FIG.T
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zone, | ki re r%ﬁ@ﬁﬂ%“é‘boe¢f c%ent r epr esent By
fol |l ow ng Tormula (5): F ' 78

ki = 1/{a x Ti[err]) . -} Q5)¢§gfﬁg i ‘ wherein Ti i
defi ned above, and : U ajand b depeﬁﬂﬁﬁﬁﬁﬂﬁhgﬁﬁﬂﬁngﬂﬁéﬁn:

when Ti satisfies the f or julta——->. Ti < 240
[err]C, qru ‘&%1&‘&1250'@6 x!_lO&err] and b is 0.472,

when Ti satisfies the fornut=a: 240 [err]C [err]
Ti < 260 [err]C, ' ais 4 x 10[err] and b is 19.107, and
10 28 Ti satisfies the formul a:

260 [err]C [err] Ti+ymer ais 1 x 10[err] and b is 49.082.

F ocumel by TRt U gh 4I5S 20Tk BT PHEE 120 1n shiraPRBeSC 2
tion type polymerizer vessel 3D reached 20 liters, a
part of prepolymer 4D was continuously fed to wire-

S wetting fall polymerizer 108A so that the volume of
prepolymer 4D in ;Egggé agitation type polymerizer
vessel 3D was constantly maintained at 20 liters. The
feeding of prepolymer 4D to first wire-wetting fall
polymerizer 108A was conducted through inlet 101A.

10 . In first wire-wetting falllpolfmerizer 108A, a

40

wire-wetting fali polymerization of prepolymer 4€- was

continuously carried out under polymerization reaction
&5 conditiops wherein the reaction temperature was 245 °C,
’ and the. reaction pressure was 1.5 mmHg and the flow
15 rate of nitrogen gas was 4 iiter/hr, thereby obtaining
prepolymer 109A.
When the volume of prepolymer 109A at the bottom
of first ﬁireQWétting fall polymerizer 108A reached 10
liters, a part of prepolymer 109A was continuously fed
20 to second wire-wetting fail polymerizer 108B so that
the volume of prepolymer 109A in first wire-wetting
fail polymerizer 108A was constantly maintained at 10
liters.

In second wire-wetting fall polymerizer 1088, a

25 wire-wetting fall polymerization reaction was continu-
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