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J, Method for producing an aromatic polycarbonate

BACKGRQUND OF THE INVENTION

Field of The Invention

The present invention relates to a method for
producing an aromatic polycarbonate.
Prior Art

In recent years, aromatic polycarbonates have been
widely used in various fields as engineering plastics
having excellent heat resistance, impact resistance and
transparency. With respect to methods for producing
aromatic polycarbonates, wvarious sthdies have hereto-
fore been made. Of the methods studied, a process
utilizing an interfacial polycondensation between an
aromatic dihydroxy compound, such as 2,2-bis(4-hydrox-
yphenyl)propane (hereinafter, frequently referred to as
"bisphencl A"), and phosgene has been commercially
practiced. ‘

However, the interfacial polycondensation process
has problems in that it is necessary to use phosgene,
which is poisonous, that a reaction apparatus is likely
to be corroded with chlorine-containing compounds, such
as hydrogen chloride and sodium chloride, which are by-
produced, and methylene.chloride which is used as a

solvent in a large quantity, and that difficulties are

REPLACED SHEETS SG
Ihis Sheet Has Been Replaced D‘c.s:criplion tpaged . L 1o paged nr .
7} Claim(s) : p wed L4 paged .. 125
Hllu |I|"’"||l Il [ Drawing(s) paged ... k)pdécd ..........
[Zf Abstruct tpaged LTE to paged ...,
DATE(H:RELEWT"mmmm": ...............

~u




transparency. Wth respect to nethods for producing aromatic

pol ycar bonates, various sttdies have hereto- fore been made. O

t he net hods studi ed, a process utilizing an interfacia

pol ycondensati on between an 15 aromatig di hydroxy conpound, such as
2, 2-bi s(4- hydr ox- yphenyl ) propane (hereinafter, frequently
referred to as "bi sphenol A"), and phosgene has been commercially
practi ced. encountegpegdven , sepera ni vy f ard arepor yeontepeai tbas pr oeelss
20 has problems in that it is necessary to use phosgene,

whi ch is poi sonous2st sadinmrehterbde appad aresideal jretyylene chlorpdge
corroded with chlorjne-containing conpounds, such as hydrogen
chloride and sodi ufftefloRAUBTSRAY chffpet pproperties of a producéd poly-

mer.

- With respect to a method for producing an aromatic
polycarbonate from an aromatic dihydroxy compound and a
diaryl carbonate, in a conventionally known melt poly-
condensation process a polycarbonate is produced by
performing an ester exchange reaction between bisphenocl

10 A and diphenyl carbonate in the molten state, while

removing a by-produced phenolic compound (phenol).
Unlike the interfacial polycondensation process, the
melt polycondensation process has an advantage in that
a solvent need not be used. However, the melt polycon-
15 densation process has a serious problem, namely; since
the viscosity of polymer being formed increases during
the progress of the polymerization reaction, it becomes
difficult to remove by-produced phenol from the poly-
merization reaction system efficiently, thus making-it

20 difficult to achieve a high degree of polymerization

with respect to polycarbonate produced.

Various polymerizers have been known for use in
producing aromatic polycarbonates. An agitation type
polymerizer vessel equipped with an agitator is widely

25 used. The agitation type polymerizer vessel equipped
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produced, and nethylene chloride which is used as a 25 solvent in a
| arge quantity, and that difficulties are

2 encountered in separating and renoving inmpurities, such

as sodium chloride, and residual nethyl-ene chlgride, whi ch
adversely affect properties of a produced poly- mer .

Wth respect to a nethod for producing an aronmatic pol ycar bonat e

froman aromatic dthﬂEHX¥n09@P9¥BQraﬂ§ &dvantageous HAl¥ha€afPOBRhEpiLE @
conventionally known nelt poly-

high volumetric efficiency and has a simple construc-
tion, so that polymerization on a small scale can be
efficiently carried out. However, the agitation type

polymerizer vessel has a problem in that, as mentioned

w

above, the by-produced phenol becomes difficult to
remove from the polymerization reaction system effi-
ciently in the production of aromatic polycarbonates on
a commercial scale, so that it is difficult to achieve

10 a high degree of polymerization with respect to pro-
duced polycarbonate.

Specifically, a large-scale a§itation type poly-
merizer vessel generally has a greater ratio of liquid
volume to vaporization area than a small-scale one. In

15 other words, the depth of a reaction mixture in the
polymerizer is large. 1In such a case, even if the
degree of vacuum of the polymerization reaction zone is
raised in order to achieve a high degree of polymeriza-
tion in the lower part of the agitation vessel, the

20 polymerization proceeds under virtually high pressure
due to the weight of the reaction mixture, so that
phenocl and the like cannot be efficiently removed.

To solve the above-mentioned problem, various
attempts have been made to remove phenol and the like

25 from high viscosity polymer being formed. For example,
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condensat i on process a pol ycarbonate is produced by perform ng an
ester exchange reaction between bi sphenol 10 A and di phenyl carbonate
in the nolten state, while renovi ng a by-produced phenolic conpound
(phenol). Unli ke the interfacial pol%condensation process, the
mel t pol ycondensati on process has an advantage in that a sol vent
need not be used. wever, .the nelt polycon- 15 . densation process has
a serious problem WATRtYed sigRanese Patenf AppLicREISR Fub §RELCBelAg
formed increases dugjn : the progress of the polynerization
reaction, it beconeéb #9500 LTI %F7%n5$¥9t89{#¥%ﬁkéﬁrp BRIt fom

t he poly- Lzat] t] i cj | thus Lng-it
200 " Vairicult «EAER o RRE RSt O B TR da SN P BT O 6

respect to pol ycar bgpat g3 08 piyIcetsc10ses a thin £38h QVSpHPLYIBRT 2§58 have

been known for use iIn
5 reactor, such as a screw evaporator and a centrifugal

film evaporator. Further, Unexamined Japanese Patent
Application Laid-Open Specification No. 2-153923 dis-
closes a method in which a combination of a thin film
evaporation type apparatus and a horizontal stirring

10 polymerization vessel is used. These polymerizers,
including those of an agitation type polymerizer ves-
sel, have a common drawback in that they have a rotary
driving part in the main body, which rotary driving
part cannot be completely sealed, so that when the

15 polymerization is conducted under high vacuum, a small
amount of oxygen inevitably leaks into the reaction
system, leading to discoloration of final polymer.
When a sealant is used to prevent the leak-in of oxygen
into the reaction system, the sealant unavoidably gets

20 mixed into the final polymer, so that the quality of
the final polymer is lowered. These polymerizers also
have a serious maintenance problem in that, even if the
seal effect is high at the beginning of the operation
of the polymerizer, the seal effect is inevitably

25 lowered during the continuous operation for a prolonged
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produci ng aromati c pol ycarbonates. An agitation type pol ymeri zer
vessel equipped wth an agitator is wdely 25 used. The agitation
type polymerizer vessel equipped

3 with an agitator is advantageous in that it exhibits

hi gh volunetric efficiency and has a sinple construc- tion, so
that polynerization an a snall scale can be efficiently carried
out. However, the pggiitast iagh ttiyrse pol ymeri zer vessel has a
problemin that as nenti oned above, the by-produced pheno

beconmes difficult to A free-fall polymerization process, in which

polymerizing material is allowed to pass downwardly
through a perforated plate and fall freely, so that

5 polymerization of the polymerizing material is effected
during the free-fall (in this process there is no need
of using a polymerizer having a rotary driving part in
a main body thereof), is known as a method for produc-
ing resins other than aromatic polycarbonates. For

10 example, U.S. Patent No. 3,110,547 discloses a method

- for producing a polyester having desired molecular

weight, in which polyester having & low degree of
polymerization is allowed to fall freely in the form of
filaments through a vacuum zone. In the technique of

15 this U.S. Patent, since recirculation of the fallen
polymer and repetition of the free fall causes a lower-
ing of the quality of the final polyester, the polymer-
ization is finished upon one-time free-fall without
recirculation. However, with respect to such a method,

20 many drawbacks have been pointed out. For example,
concerning a method of spinning a polyester having a
low degree of polymerization through a spinneret into a
vacuum zone to effect polycondensation thereof, Exam-
ined Japanese Patent Application Publication No. 48-

25 8355 contains a description such that when polymerizing
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renove fromthe polynerization reaction systemeffi- ciently in
t he production of aromatic pol ycarbonates or a commercial scal e,
so.that it is difficult to achieve 10 a high degree of polynerization
Wi th respect to pro- duced pol ycar bgnat e.
Specifically, a large-scale agitation type poly- merizer vesse
generally has a greater ratio of liquid vol unme to vapori zation
area than a snul | - sedlegriade.(nlot hd¥ing a chhds faatdsilyhéidéptipiohadnili-
reaction mxture in the ~ polynerizer is large. |In such a case, even
if the dedvde i fesc dmboor tiea gfoiryndiilaaenss bedog oo lymes iized
raised in order to achieve a high degree of polyneriza- . tion in
the |lower part of A ddikedii &9 Pesdalokerhe sophat thgoluadiityarifor
proceeds under virtually hjigh pressure ) due to the weight of the
reacti on mxture, §5>yﬁépdensate 1s drastically lowered. Low molecular
5 weight polycondensate scattering from the filaments
sticks to the surface of the spinneret to smudge the
spinneret and, hence, it becomes difficult for the
filaments to fall straight down through the spinneret,
so that the filaments are caused to contact each other
10 to bring about breakage of the filaments or are caused
to join one another, thus hindering the polymerization
reaction. Further, observation windows easily get
clouded and, hence, observation becomes difficult, so
that an observer has difficulty in ascertaining an
15 appropriate time for replacement of smudged spinnerets
with fresh ones. 1In the above Japanese patent docu-
ment, it is further described that, for the above
reasons, when producing a polyester and a polyamide, it
is preferred to employ a non-free-fall process in which
20 a polymer having a low degree of polymerization is al
lowed to flow down along and in contact with a porous
material arranged vertically in a reaction vessel.
However, the above Japanese patent document contains no

description about aromatic polycarbonates.

25 Aside from a polymerization method, with respect
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phenol and the |ike cannot be efficiently renopved. To sol ve

t he above-nenti oned problem various attenpts have been nade to
renove phenol and the like 25 from high viscosity polymer being
formed. For exanpl e, 7 4

Exam ned Japanese Patent Application Publication No. 50- 19600

di scl oses a screw type polynerizer having a vent. Exam ned
Japanese Patent Appld GalicthoduRLiCakh®Ring a residal5avhbhe Jisdnsen A
thin filmevaporation type react or, such as a screw evaporator and
a centrifugal merization products, U.S. Patent No. 2,719,776 proposes

a process of spinning a lactam polymerization product,
which comprises allowing the product to pass through a
5 perforated plate and fall freely in the form of fila-
ments, whereby the residual monomer is removed by
evaporation. However, many disadvantages accompanying
this method have been pointed out. For example, Unex-
amined Japanese Patent Application Laid-Open Specifica-
10 tion No. 53-17569 points out that the methoed of U.S.
Patent No. 2,719,776 has various disadvantages. That
is, in the method of the above-mentloned U.S. Patent,
when the evaporation of the volatiles is small, fila-
ments can be formed, whereas when the evaporation of
15 the volatiles is large, filaments unfavorably suffer
foaming, making it difficult to carry out the monomer-
removing operation smoothly. Further, this method can
be applied only to a polymerization product having a
viscosity in a relatively narrow range suitable for~
20 forming filaments. Moreover, in this method, when an
inert gas is introduced into a column in which this
method is practiced, filaments are caused to contact
and join one another due to the turbulence of the flow
of inert gas. To solve such disadvantages, Unexamined

25 Japanese Patent Application Laid-Open Specification No.
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filmevaporator. Further, Unexam ned Japanese Patent Application
Lai d- Open Specification No. 2-153923 dis- cl oses a nethod in which
a-conbination of a thin film evaporation type apparatus and a

hori zontal stirring 10 pol ymeri zation 8essel is used. These

pol ymeri zers, including those of an agitation type polynerizer ves-
sel, have a commopn _drawback in that they have a rotary driving
part in the main b8dyl’wALcATPBPEL arnvnnéree-fall PﬁaFﬁséaWﬁéthéom—
conpletely seal ed, so that when the nerization is conduited
under hi gh vacuum P&* §ﬁﬁIPr°VLdlng a bﬁFan éEﬁ ?EE9P9§SIYGF§&F§ (0

the reaction o di scglora l.ynmer

When a seal ant is aggdaﬁzoggégeﬁtgfﬁg V&8RP A Xfmaﬁﬁﬁéﬁ €6 rEallloorlrf’(‘j“":‘the
reaction system 1064558l BBheYBRVYL BAPLK 9% Rear support. This Japanese

5 patent document proposes this non-free-fall process as
a method for producing polyesters, such as polyethylene
terephthalate and polybutylene terephthalate, and
polyamides, such as nylon 6 and nylon 66. However, in
this Japanese patent document, there is no mention of

10 aromatic polycarbonates.

Examined Japanese Patent Application Publication

No. 4-14127 has a description to the effect that, as a
continuous polycondensation process for producing a
polyester, there have been known two types of free-fall

15 polycondensation processes, namely: a spinning process
in which a polymerizing material is spun through a
spinneret and a process in which a polymerizing materi-
al is extruded in the form of a film through a slit to
effect polymerization thereof, and that, however, both

20 processes have difficulties in obtaining a polymer
having a satisfactorily high molecular weight. This
Japanese patent document proposes a non-free-fall
method in which a polymerizing material is allowed to
pass through a slit-shaped feed port, and the resultant

25 film is supported between at least two wires which are
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20° m xed into the final polyner, so that the quality of t he
final polynmer is | owered. These polynerizers al so have a serious
mai nt enance problemin that, even if the seal effect is high at
t he begi nning of the operation of the polynerizer, the seal effect
Is inevitably 25 | owered during the continuous operation for a
pr ol onged 5 period of
tinme. varfieelflgl bngobgperazaliyoarpangedsandnabdibebd to move
polynmerizing material is allowed to pass downwardly
downwardly between the wires, thereby effecting poly~
condensation of the polymerizing material. 1In this
Japanese patent document, no mention is made of aromat-
5 ic polycarbonates.

As described above, a free-fall polymerization
process, in which polymerizing material is allowed to
pass through a perforated plate and fall freely, is
known as a method for producing polyesters and polya-

10 mides, but such a process is not known at all as a
method for producing aromatic polycarbonates. Further,
many drawbacks have been pointed out with respect to
the free-fall polymerization processes for producing
polyesters and polyamides. Therefore, various types of

15 non-free-fall polymeriiatién processes have been pro-
posed for producing polyesters and polyamides.

It is a primary object of the present invention to
provide a melt polycondensation process for producing a
colorless and high quality aromatic polycarbonate at a

20 high polymerization rate and stably for a prolonged
period of time, using apparatus which is excellently
sealed under high vacuum conditions, and easy to main-

tain.

SUMMARY QF THE INVENTION

25 The present inventors have made extensive and
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t hrough a pertorated plate and fall freely, so that 5 pol ymeri zati on
of the polynerizing material is effected during the free-fall (in
this process there is no need of using a polynerizer having a
rotary driving part in a main body ;thereof), is known as a nethod
for prduc- i ng resins other than aromatic pol ycarbonates. For 10
exanple, U S. Patent No. 3,110,547 discloses a nethod for

produci ng a pol yesirefertivien @ tiiSiclse e i eCwliaty toward soWelight ,cHen which
pol yester having a | ow degree of pol ymeri zation is allowed to fal
freely in the formmfve-mentionek lpamirifemst ifothle driacuamtzonas lan ddie
techni que of 15 this U S Patent, since recirculation of the fallen
pol ymer and repetitilgh dft thee funexpkaltieddaudesna foewdr that by addptgnaf a he
qgallty of the flr§¥e4¥¥gf¥ﬁggi§mggizg%!%g?%;thod in which a polymerizing
5 material is allowed to pass through a perforated plate
and fall freely, the object of the present invention
can be attained.
The essential features and preferred embodiments
of the present invention are enumerated below.
10 (1) A method for producing an aromatic polycarbonate,
which comprises a) introducing to an introduction zone
(having a perforated plate) a molten' monomer mixture of
an aromatic dihydroxy compound and a diaryl carbonate,
or a molten prepolymer obtained by a process comprising
15 reacting an aromatic dihydroxy compound with a diaryl
carbonate, and b) allowing the monomer mixture or
prepolymer in the molten state to pass downwardly
through the perforated plate and fall freely through a
free-fall polymerization reaction zone, thereby effect-
20 ing polymerization of the monomer mixture or'preéolymer
during the free-fall thereof.
(2) A method for producing an aromatic polycarbonate,
which comprises a) introducing to an introduction zone

(having a perforated plate) a molten monomer mixture of

25 an aromatic dihydroxy compound and a diaryl carbonate,
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ization is finished upon one-tine free-fall without recircul ation

However, with respect to such a nethod, 20 many dr awbacks have been
poi nted out. For exanple, concerning a nmethod of spinning a

pol yester having a | ow degree of p?hynerization t hrough a
spinneret into a vacuum zone to effect pol ycondensation thereof,
Exam I ned Japanese Patent Application Publication No. 48- 25
8355 contains a desChl pbil@dnsyeBpbhghewhebtR@hgHEbyZbN@rocess comprising
6 material (not having a satisfactorily high spinnabili-

reacting an aromatic dihydroxy compound with a diaryl
carbonate, b) allowing the monomer mixture or prepoly-
mer in the molten state to pass downwardly through the

5 perforated plate and fall freely through a free-fall
polymerization reaction zone, thereby effecting poly-
merization of the monomer mixture or prepolymer during
the free-fall thereof to obtain a polymer at the bottom
of the polymerization reaction zone, ¢) recirculating a

10 part or all of the polymer to the introduction zone
(having the perforated plate), and d) allowing the
recirculated polymer to pass downwardly through the
perforated plate and fall freely through the free-fall
polymerization reaction zone, thereby increasing the

15 degree of polymerization of the recirculated polymer
during the free-fall thereof.
(3) A method for producing an aromatic polycarbonate,
which comprises a) continuously introducing to an
introduction zone (having a perforated plate) a molten

20 monomer mixture of an aromatic dihydroxy compound and a
diaryl carbonate, or a molten prepolymer obtained by a
process comprising reacting an aromatic dihydroxy
compound with a diaryl carbonate, b) allowing the
monomer mixture or prepolymer in the molten state to

25 pass downwardly through the perforated plate and fall
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ty) is fed into a reactor, filanents being polynerized are likely
to be broken, so that the quality of a pol ycondensate is
drastically | owered. Low nol ecul ar 5 wei ght pol ycondensat e
scattering fromthe filanents sticksio the surface of the

spi nneret to snudge the spi nneret and, hence, it becones difficult
for the filaments to fall straight down through the spinneret,

so that the fil amentfsresly choseght a coreacdhléapklomeedzatlon reaarilmi ng
about breakage of the filanments or are caused to join one another,
t hus hi ndering the pongretihexebyneffecting pedymesizardonhef, tdiss eronamiean
w ndows easily get . cl ouded and, hence, observation becones
difficult, so NIX YR OFn PEPELYBehad rdngf ithgl fyeier faddetth@ndiatfy ten

15 appropriate tine for replacenent of snmudged spinnerets
_ obtain a polymer at the bottom of the free-~fall poly-

5 merization reaction zone, and wherein the method fur-
ther comprises c) continuously conducting a sequence of
steps of recirculating to the introduction zone (having
the perforated plate) a part of the polymer obtained at
the bottom of the free-fall polymerization reaction

10 zone, and d) allowing an admixture of the continuously
introduced monomer mixture or prepolymer in the molten
state and the recirculated polymer “to pass downwardly
through the perforated plate and fall freely through
the free-fall polymerization reaction zone, thereby

15 continuously effecting a free-fall polymerization of
the admixture during the free-fall thereof, while
continucusly withdrawing the remainder of the polymer
obtained at the bottom of the free-fall polymerization
reaction zone.

20 (4) A method for producing an aromatic polycarbonate,
which comprises a) polymerizing a starting material in
molten state, while agitating, in an agitation type
polymerizer vessel, the starting material being a
monomer mixture of an aromatic dihydroxy compound and a

25 diaryl carbonate or a first prepolymer obtained by
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with fresh ones. In the above Japanese patent docu- ment, it is

further described that, for the above reasons, when producing a
pol yester and a pol yam de, it is preferred to enploy a
non-free-fall process in which 20 a pol yyver having a | ow degree of
pol yneri zation is al | owed. to fl ow down along and in contact with
a porous material arranged vertically in a reaction vessel
However, the above Jepacedeg pat emtonkotiredd hpdmbar nsommound with a diaryl
description about aromatic pol ycarbonates. 25 Aside froma

pol ymeri zati on net hodarbpnateesprereby effecting an agitation polymeriza-
tion of the starting material to obtain a second pre-
polymer, b) introducing the second prepolymer in molten
5 state to an introduction zone (having a perforated
plate), and c¢) allowing the molten second prepolymer to
pass downwardly through the perforated plate and fall
freely through a free-fall polymerization reaction
zone, thereby effecting a free-fall polymerization of

10 the second prepolymer to increase the degree of poly-
merization of the second prepolymer during the free-
fall thereof to obtain a polymer at'a bottom of the
polymerization reaction zone.

(5) A method according to item (4) above, which fur-

15 ther comprises d) recirculating to the introduction
zone a part or all of the polymer obtained by the
free-fall polymerization at the bottom of the free-fall
polymerization reaction zone, and e) allowing the
recirculated polymer to pass downwardly through the-

20 perforated plate and fall freely through the free-fall
polymerization reaction zone, thereby increasing the
degree of polymerization of the recirculated polymer
during the free-fall thereof.

(6) A method according to item (4) above, wherein, in

25 the free-fall polymerization of the second prepolymer,
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7 to a method for renoving a residual nmonomer from poly-

nmeri zation products, U S. Patent No. 2,719,776 proposes a process

of. spinning a | actam pol yneri zati on product, whi ch conpri ses

all owi ng the product to pass through a 5 14 perforated plate and fal

freely in the formof fila- . ments, whereby the residual nononer is

renoved by evaporation. However, many di sadvant ages acconpanyi ng

t hi s net hod have bekka patonddorrpolFrer ekanpdmtilimexsly introduaedned the

Japanese Patent Application Laid-Open Specifica- 10 tion No. 53-17569

poi nts out that thenmcﬁm"cmn E®e (having ¥he gerferated1913ys) hasnd

vari ous di sadvantages. That I's, in the nmethod of the

above- menti oned nghl¢%1@§@@od further comprises continuously conducting
a sequence of steps of recirculating to the introduc-

- tion zone a part of the polymer obtained by the free-
fall polymerization at the bottom of the free-fall
polymerization reaction zone, and allowing an admixture
of the continuously introduced second prepolymer in the
molten state and the recirculated polymer to pass

10 downwardly through the perforated plate and fall freely

through the free-fall polymerization reaction zone,
thereby continuously effecting a freée-fall polymeriza-
tion of the admixture during the free-fall thereof,
while continuously withdrawing the remainder of the
15 polymer obtained at the bottom of the free-fall poly-
merization reaction zone.
(7) A metheod for producing an aromatic polycarbonate,
which comprises a) polymerizing a starting material in
a molten state, while agitating, in an agitation type
20 polymerizer vessel, the starting material being a
monomer mixture of an aromatic dihydroxy compound and a
diaryl carbonate or a first prepolymer obtained by
reacting an aromatic dihydroxy compound with a diaryl

carbonate, thereby effecting agitation polymerization

25 of the starting material to obtain a second prepolymer;
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when the evaporation of the volatiles is small, fila- ments can be
formed, whereas when the evaporation of 15 the volatiles is |arge,
filaments unfavorably suffer foam ng, making it difficult to carry
out the nononer- removi ng operation ignothly. Further, this nethod
can be applied only to a polynerization product having a

viscosity in a relatively narrow range suitable for 20 form ng

filaments. Mreoven, ifgelilhg WRENGHcoWRER B0l BeEbndatdts
I ntroduced into a colunneln ahlc FO Bréfo Ymerhlg #qurgbtlgéd o an

filaments are causegdpperCentasbn of a walandxk@halﬁPetaB@hGﬁradw&ﬂﬂldéﬁi

turbul ence of the flow of inert gas. To solve such di sadvant ages,

Unexanmi ned 25 tlapafede BatenerAppkioat reackabd- @pas,Spad falgakdiony No.
the second prepolymer to fall along and in contact with

the surface of the wall, thereby effecting a wall-

wn

wetting fall polymerization of the second prepolymer
during the wall-wetting fall thereof to obtain a third
prepolymer at a bottom of the wall-wetting fall poly-
merization reaction zone; and c) introducing the third
10 prepolymer in molten state to an introduction zone
(having a perforated plate), and d) allowing the molten
third prepolymer to pass downwardl} through the perfo-
rated plate and fall freely through a free-fall poly-
merization reaction zone, thereby effecting a free-fall
15 polymerization of the third prepolymer to increase the
degree of polymerization of the third prepolymer during
the free-fall thereof to obtain a polymer at a bottom
of the free-fall polymerization reaction zone.
(8) A method according to item (7) above, which fur-
20 ther comprises e) recirculating to the introduction
zone a part or all of the polymer obtained by the
free-fall polymerization at the bottom of the free-fall
polymerization reaction zone, and f) allowiné the
recirculated polymer to pass downwardly through the

25 perforated plate and fall freely through the free-fall
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8- 53- 17569 proposes a non-free-fall process which com

prises providing a |inear support arranged vertically, and
allowing a high viscosity material to fall al ong and in contact
with the linear support. This Japanese 5 16 patent docunent proposes
this non-free-fall process as : a nethod for producing pol yesters,
such as pol yet hyl ene t erepht hal at e and pal ybut yl ene

terephthal ate, and POlymerizapion TeRELIQHCFORR: NYPOFERY ahiCR§RBANE6tNe
ovever I tic pol SEATS JERAOER. 2R SEoSoSBRE - - L0PrEu15:09 HBTLhOD O
during the free-fall thereof.
(9) A method according to item (7) above, wherein, in

the free-fall polymerization of the third prepolymer,

un

the third prepolymer is continuously introduced to the
introduction zone having the perforated plate, and
which method further comprises e) continuously conduct-
ing a sequence of steps of recirculating to the intro-

10 duction zone a part of the polymer obtained by the
free-fall polymerization at the bottom of the free-fall
polymerization reaction zone, and ) allowing an admix-
ture of the continuously introduced third prepolymer in
the molten state and the recirculated polymer to pass

15 downwardly through the perforated plate and fall freely
through the free-fall polymerization reaction zone,
thereby continuously effecting a free-fall polymeriza-
tion of the admixture durxing the free-fall thereof,
while continuously withdrawing the remainder of the

20 polymer obtained at the bottom of the free-fall poly-
merization reaction zone.
(10) A method according to any one of items (1) to (9)
above, wherein the free-fall is conducted through a
distance of 0.3 m or more from the perforated plate.

25 As mentioned above, a number of polymerizers
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Exam ned Japanese Patent Application Publication No. 4-14127 has a
description to the effect that, as a cont i nuous pol ycondensati on
process for producing a pol yester, there have been known two types
of free-fall 15 pol ycondensati on processes, namely: a spinning
process in which a polynerizing material is spun through a

spi nneret and a process in which a polynerizing materi - al is

extruded in the for Maefing fid FoltBrQuUERi@islhl bak®s in theirekbegbctive main
pol ynmeri zation thereof, and that, however, both 20 processes have

difficulties in obt&icding areokyseth for use ihapkogduaisgtrabaakobitherhit@ian
nol ecul ar weight. This Japanese patent docunent proposes a
non-free-fall polymetdbocaiteswhi ¢h ahpel goenezikhgnpatier shbuila &ldd oweed
to pass through a slit-shaped feed port, and the resultant
that there is a large difference between the melt
5 polycondensation reaction for producing aromatic poly-
carbonates and that for producing polyesters and polya-
mides, so that it is difficult to apply a polymerizer
designed for use in producing polyesters and polyamides
to the production of aromatic polycarbonates. The
10 major differences between aromatic polycarbonates and
both polyesters and polyamides are as follows: First,
the melt viscosity, which is an impdrtant factor in
designing a polymerizer for melt polycondensation of
aromatic polycarbonates, 1s extremely high as compared
15 to that of polyesters and polyamides. Specifically, at
the temperatures of polymerization, the melt wviscosity
of both polyamides and polyesters at a later stage of
polymerization is usually from several hundred to
several thousand poises and is unlikely to rise to a
20 level of 3000 poises or more, whereas the melt viscosi-
ty of aromatic polycarbonates at a later stage of
polymerization reaches a level as high as tens of
thousands of poises. Second, the melt polycondensa-

tions of polyamides, polyesters and arcmatic polycar-

25 bonates are all equilibrium reactions, but the reac-
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25 filmis supported between at | east two wires which are
9 vertically and separately arranged and all owed to nove
downwardly between the wires, thereby effecting poly- condensati on
of the polynerizing material. |In this 18 Japanese patent docunent,
no nention is made of aromat- 5. I ¢ pol ycarbonat es. As
descri bed above, a free-fall polynerization process, in which
pol ynmeri zi ng mat er itdbniss falkl ohwedet polymers arpadsrghigudhfdepenftorat ed
plate and fall freely, is

equilibrium constant. Generally, the equilibrium

constant of the reaction for polyamides is on the order
of 102 and that for polyesters is approximately 1,

whereas the equilibrium constant of the reaction for

wn

aromatic polycarbonates is very small and on the order
of 10"1. The smaller the equilibrium constant, the
more difficult the polymerization reaction, so that the
reaction does not proceed unless by-products are more
10 efficiently removed from the reaction system. There-
fore, in the polymerization of aromatic polycarbonates,
the by-products must be removed froim the reaction
system far more efficiently than in the polymerization
of polyamides and polyesters. However, efficient
) 15 removal of by-products is very difficult in the produc-
tion of aromatic polycarbonates since aromatic polycar-
bonates have a very high melt viscosity, as mentioned
above.
However, it has surprisingly been found that when
20 a free-~fall polymerization technique is applied to
production of aromatic polycarbonates, high quality
aromatic polycarbonates can be produced with great
advantages, without causing the above-mentioned prob-
lems accompanying the operation of free-fall polymeri-

25 zation of polyamides and polyesters. In other words,
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known as a nethod for producing pol yesters and polya- 10 m des, but
such a process is not known at all as a nmet hod for produci ng
aromati c pol ycarbonates. Further, many dr awbacks have been pointed
out with respect to the free-fall pabynerization processes for
produci ng pol yesters and pol yam des. Therefore, various types of
15 non-free-fall polynerization processes have been pro-

posed for produci npypdsheepresenandnpehyanndebigh quality arombtiics paly-
primary object of the present invention to provide a nelt

pol ycondensat i on picgedesates grodbei agakly producedobdnressidadenitgh
quality aromatic pal ycarbonate at a 20 hi gh pol ymerization rate and
stably for a proloﬁéé&lng freelypdpi satofufime, Duspkagappurands thsi drees

excel | ent|
y fall, and the quality of the resultant polymer becomes

uniform. Namely, since no accumulation of low molecu-~

wn

lar weight polycondensate occurs on a spinneret, the
filaments can be injected straight down without hin-
drance, and there is no need to halt the operation to
replace smudged spinnerets with fresh ones. Therefore,

10 the operation can be stably carried out for a very long
period of time.

The reason for such a differente in behavior
between the free-fall polymerization of aromatic poly-
carbonates and the free-fall polymerization of polyes-

15 ters and polyamides has not yet been elucidated. With
respect to the reason why spinnerets do not at all
suffer from accumulation of a low molecular weight
polycondensate, it is presumed that by-produced phenol
effectively washes away the low molecular weight poly-

20 condensate accumulated on the spinneret during the
polymerization of aromatic polycarbonates, fundamental-
ly differing from the polymerization of polyamides or
polyesters wherein by-products are water and ethylene
glycol. Such an advantageous effect of the by-produced

25 phenol on the free-fall polymerization of aromatic
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seal ed under hi gh vacuum conditions, and easy to nain- tain.

SUMWARY OF THE | NVENTI ON 25 The present inventors have made

ext ensi ve and 10 i ntensi ve
studies with a view toward sol ving the s@bove- nmentioned probl ens of
the prior art. As a re- sult, it has unexpectedly been found that by
adopting a free-fall polynerization nmethod in which a polynerizing

5 material is alpOrpshivomasss tdHPhd PR faRied Pt the polymeri-
zation of polyesters and polyamides at all.
Further, it has become clear that aromatic poly-
carbonates can be produced more easily by a free-fall
= polymerization process than by a non-free-fall polymer-
ization, such as polymerization by allowing a polymer-
izing material to fall along and in contact with a
guide. This is also surprising because, according to
conventional knowledge regarding a method for producing
10 polyesters and polyamides, it has been recognized that
a non-free-fall process is superior to a free-fall
process. This fact clearly shows that knowledge about
the polymerization reaction of polyesters and polya-
mides cannot be applied to the polymerization of aro-
) 15 matic polycarbonates.
The freé-fall polymerization method of the present
invention using a perforated plate does not require a
polymerizer which has a rotary driving part which is
exposed to a gaseous phase during the reaction, so
20 that, with respect to polymerization apparatus for
practicing a free-fall polymerization method, excellent
sealing can be provided even under high vacuum, and
maintenance of the apparatus is easy. Furthermore,
colorless, transparent and high quality aromatic poly-

25 carbonate can be easily produced by the method of the
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and fall freely,

attai ned.
t he

10

15

20

the object of the present invention can be
The essential features and preferred enbodi nents of
present invention are enunerated below. 10 15
21

present invention. That is, the method of the present
invention for producing an aromatic polycarbonate
solves all of the difficult problems mentioned above
which accompany conventional methods for melt polycon-
densation of an aromatic polycarbonate.

In the method of the present invention, various
modes are possible. Examples of modes include a) the
use of a single free-fall polymerizer which is adapted
for allowing a polymerizing material to pass through a
perforated plate and fall freely, b) the use of a
plurality of free-fall polymerizers, each of which is
adapted for allowing a polymerizingNhaterial to pass
through a perforated plate and fall freely, and c) the
use of a combination of a single or plurality of free-
fall polymerizers adapted for allowing a polymerizing
material to pass through a perforated plate and fall
freely and another type or types of polymerizers.

Preferred examples of embodiments of the mode
which compriées combining a free-fall polymerization
process using a perforated plate and another type or
types cf polymerization processes include a method
which comprises conducting an agitation polymerization
of starting material (selected from the group consist-
ing of a) a monomer mixture of an aromatic dihydroxy

compound and a diaryl carbonate and b) a first prepoly-
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20

10

15

20

25

25

10a

22

mer obtained by reacting an aromatic dihydroxy compound
with a diaryl carbonate) using an agitation type poly-
merizer vessel to obtain a second prepolymer and con-
ducting a free-fall polymerization of the second pre-
polymer using a free-fall polymerizer having a perfo-
rated plate. By this method, high gquality aromatic
polycarbonate can be efficiently produced. 1In the
agitation polymerization, it is ordinarily not neces-
sary to carry out the reaction under high wvacuum, so
that the guality of the resultant second prepolymer is
not lowered by the agitation type polymerizer vessel,
and the starting material can be polymerized at hiéh
volumetric efficiency. In the subsequent step for
increasing the degree of polymerization of the second
prepolymer, a free-fall polymerization is particularly
advantageous. By using the above method, in which an
agitation polymerization is combined with a free-fall
polymerization, high quality aromatic polycarbonate can
be efficiently produced.

Further, as another preferred embodiment of the
combination mode of the method of the present inven-
tion, there can be mentioned a method which comprises
conducting an agitation polymerization of the above-
mentioned starting material using an agitation type

polymerizer vessel to obtain a second prepolymer, con
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1. A nmethod for producing an aromatic pol ycarbonate which conprises:
I ntroducing to an introduction zone having a perforated plate at |east

one polynerizing materi al sel ected fromthe group consisting of:
nol t en nononer m xture of an aromatic di hydr,gxy conmpound and a di aryl
carbonate, and a nolten prepol yner obt’ai ned by a process conpris-

I ng reacting an aromatic di hydroxy conpound with a di aryl carbonate, and
ducting a wall-wetting fall polymerization of the

second prepolymer by allowing the second prepolymer to
fall along and in contact with the surface of a wall,
to obtain a third prepolymer thereby, and conducting a
5 free-fall polymerization of the third prepolymer using

a free-fall polymerizer having a perforated plate. 1In
the agitation polymerization, it is ordinarily not
necessary to carry out the reaction under high wvacuum,
so that the quality of the resultant second prepolymer

10 is not lowered by the agitation type polymerizer ves-
sel, and the starting material can be polymerized at
high volumetric efficiency, as mentioned above. The
wall-wetting fall polymerization of the second prepoly-
mer having a relatively low degree of polymerization is

15 - advantageous since a large heat-transfer surface area
is available in the wall-wetting fall polymerization
method, and it can efficiently provide latent heat of
evaporation for a by-produced aromatic monochydroxy
compound'and the like. In the subsequent step for

20 further increasing the degree of polymerization of the
third prepolymer, a free-fall polymerization is partic-
ularly advantageous. By combining these three differ-
ent polymerization processes in the manner mentioned
above, a high quality aromatic polycarbonate can be

25 efficiently produced.
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afl owi ng the polynerizing material to pass down- wardly through the
perforated plate and fall through a fall polynerization reaction zone,

t hereby effecting
during the fal

a fall polynerization of the polynerizing materi al
thereof to obtain a polynej, at a bottomof the fall

pol ymeri zati on reaction zone, the fall being at |east one fal

selected fromthe

10

20

25

group consisting of a free fall and a wire-wetting
Hereinbelow, the present invention will be de-

scribed in more detail.

In the present invention, the terminoclogy "aromat-
ic dihydroxy compound” means a compound represented by
the following formula:

HO—ATX--QOH

wherein Ar represents a divalent aromatic group.

Preferred examples of divalent aromatic groups as
Ar include a group represented by the following formu-
la:

~arl-y-ar?-

wherein each of Arl and Ar? independently

represents a divalent carbocyclic or hetero-

cyclic aromatic group having from 5 to 70

carbon atoms, and Y represents a divalent

alkane group having from 1 to 30 carbon

atoms . ’

In divalent aromatic groups as arl and Arz, at
least one hydrogen atom may be substituted with a
substituent which does not adversely affect the reac-
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

group and a nitro group.
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11 fall, wherein when the fall is a wire-wetting fall the fal

pol yneri zation reaction zone has at |east one wire provided in
correspondence with at | east one hole of the perforated plate and

ext endi ng downwardly through the fall polyn?rization reacti on zone. 2.
A nmet hod according to item 1 above, which fu ther conprises recircul ating
to the introduction zone havin the perforated plate a part or all of the

pol ymer Jbtained at the hoikomal,d g bahle el MEEEZALL AN cagin Fone.

and allowing the recirculated polyner to- pass downwar t hrough the

{’ﬁ”c’[)at ed plate apdddd ind@eonnt hedidldi PYWIRN hadtingh akeaddan Zrne,
er eby
hetero atom, such as a nitrogen atom, an oxygen atom or

a sulfur atom.
S Examples of divalent aromatic groups as 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 ar' and Ar? are as described

10 above.

Examples of divalent alkane groups as Y include

organic groups respectively represenEed by the follow-

ing formulae:

(%

RS
—~.
C\_/X)k
\\\ s
R

and ~
-~

~
-~

I

!
A—O—X

!
A—0O—X

I

wherein each of Rl, RZ, R3 and r? independ-
ently represents a hydrogen atom, an alkyl

20 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
aromatic group having from 5 to 10 ring-

25 forming carbon atoms and a carbocyclic aral-

This Sheet Has Been Replaced

(I




I ncreasi ng the degree of polynerization of the recircu- |ated polyner
during the fall thereof to a predeter- mned |evel. 3. A net hod
according to item 1 above, wherein the introduction of the polynerizing
material to the intro- duction zone havinghe perforated plate is
continuous- |y conducted, and which nethod further conpri ses con-

ti nuously conducting a sequence of steps of recirculat- 1ing to the

i ntroduction zone havi kgl goper hakahed £ dematse tad QA triely tire-mpialy mer

obtained at the bottomof the fall polynerization reaction zone, and

al l ow ng an carbon atoms; k represents an integer of from
3 to 11; each X represents a carbon atom and
has RS and R6 bonded thereto; each R5 inde-

5 pendently represents a hydrogen atom or an
alkyl group having from 1 to 6 carbon atoms,
and each R® independently represents a hydro-
gen atom or an alkyl group having from 1 to 6
carbon atoms, wherein RS and R5 are the same

10 or different;
wherein at least one hydrogen atom of each of
R}, r?, R3, rR%, R® and RS may Be substituted’
with a substituent which does not adversely
affect the reaction, such as a halogen atom,

15 | an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10
carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester
group, an amide group and a nitro group.

20 ‘Specific examples of divalent aromatic groups as

Ar include groups respectively represented by the

following formulae:

25
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12 adm xture of the continuously introduced polynerizing material and the
recircul ated polynmer to pass downward- |y through the perforated plate and
fall through the fall polynerization reaction zone, thereby continuously
effecting a fall polynerization of the adm xtyre during the fall thereof.
whi |l e continuously wi thdrawi ng the. remai nder of the polyner obtained at
the bottomof the fall polynerization reaction zone. 4, A net hod
according to item 1 above, wherein the

(R ")n (r“>n (R (R *)n
| |
S %C}%d , {H~<§> ,
CH,
<R>mcq3<3wn (R CH. (R*q
cg; | (5
10
_ (RDn (R9n (R )n (R *)n
i |
OO0 - OO
15
(R Mm C F (R on (R ™)n (R ®)n
| . |
OO . Oeld
CF: A /KCH:
3 CH:. CH,

(R )m[;;j (R )n (R’)m (Rs)n
g—— and CHz—CHz

= ©
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pol ymerizing material is the nolten prepolyner. 5. A nethod according
to item4 above, wherein the nolten prepolyner is a nolten second
prepol ymer which has been obtained by a process conprising polynerizing a

starting material in a nolten state, while %gitating, in an agitation type
pol yneri zer vessel, the starting material ing at | east one nenber

sel ected fromthe group consisting of: a nononer m xture of an
aromatic di hydr oxy cOMyner0URdednl 8¢dkdr ¥haCREOORALEanBRM .1 a first
prepol yner obtained by reacting an aromat- ic dihydfoxy conpound with a
diaryl carbonate, represents a hydrogen atom, a halogen atom,

an alkyl group having from 1 to 10 carbon
atoms, an alkoxy group having from 1 to 10
S carbon atoms, a cycloalkyl group having from
5 te 10 ring-forming carbon atoms, or a
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, R7’s are the same or different, and
when n is an integer of from 2 to 4, rR8's are
the same or different. A
Further, examples of divalent aromatic groups as
Ar also include those which are represented by the
15 following formula:
~art-z-ar?-

2 are as defined above; and

wherein Arl and Ar
Z represents a single bond or a divalent
group, such as -~-0-, -CO-, -S-, —SOz, ~S0-,

20 _C00-, or -CON(R})-, wherein R! is as defined

above.

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

25 ing formulae:
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thereby effecting an agitation polynerization of the starting material,
and 13 wherein the nolten second
prepol yner is subjected, to the fall polynerization to obtain the pol yner
at the bottomof the fall polymerization re i on zone. 6. A nethod

according to item5 above, which further conprises recirculating to the
I ntroduction zone a part

(R ")m (R ¥)n

: ) (R )m (R*)n
| B OSLE )T
(R )m (R )n (R ")m (R *)n
OO . Doy
10
(R’)m (R *)n (R )m (R *)n
O+ - Doy
(R Dm (R*®) ( :
15 'CONH —'-n «(%;nclzoo —8ﬂ
(ROn CH: (R%n O 0 (Rﬁm CH: (R®)
©— —@rl@te@ L@
. | : 3 " CH,

; 7
wherein R/, R8, m and n are as defined above.
25

In the method of the present invention, the aro-
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or all of the polyner obtained at the bottomof the fall polynerization
reaction zone, and allow ng the recirculated polyner to pass downwardly
through the perforated plate and fall through the fall polyneriza- tion
reacti on zone, thereby increasing the dearee of polynerization of the
recircul ated polymer during the fall theredf to a predeterm ned | evel .

7. A method according to item5 above, wherein, in the fal

pol yneri zation of the s gggQQrg&gn Zogg dghganlntro %tLRpe§&8fh second

prepol yner to the Initroduc- Re pertora

Conti nlious! y . condycl.eho:aad chrggt:eeg ftglrcgl b@reggﬂmggeafcg%knam ousl y

conducting a sequence of steps of Freul at
dihydroxy compounds include bisphenol A.

The diaryl carbonate used in the present invention

5 is represented by the following formula:

0
Ar3-0Cco-Art

3 and ar? independently

wherein each of Ar
represents a monovalent aromatic group.
10

Each of Ar3 and Ar4

independently represents a
monovalent carbocyclic or heterocycllc aromatic group.
At least one hydrogen atom of each of Ar3 and ar® may
be substituted with a substituent which does not ad-

- 15 versely affect the reaction, such as a halogen atom, an
alkyl group having from 1 to 10 carbon atoms, an alkoxy
group having from 1 to 10 carbon atoms, a phenyl group,
a phenoxy group, a vinyl group, a cyano group, an ester
group, an amide group and a nitro group. Ar3 and Art

20 are the same or different.
Representative examples of monovalent aromatic

% include a phenyl group, a naphthyl

groups Ar3 and Ar
group, a biphenyl group and a pyridyl group.
Preferred examples of monovalent aromatic groups

25 as Ar3 and Ar? are those respectively represented by
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to the introduction zone a part of the polynmer obtained at the bottom of
the fall polynerization reaction zone, and allow ng an adm xture of the
continuously intro- duced second prepolyner in the nolten state and the
recircul ated polynmer to pass downwardly through the

14 perforated plate and fall through the fé pol ymeriza- tion reaction
zone, thereby continuously effecting a

the following formulae:

C H,
C“—CHJ ’

C H.
C H, ? E. ? H,
@_ mt Y bcntca,

H; CH, CH.

@

N ow
N

@

10

Representative examples of diaryl carbonates in
clude a substituted or unsubstituted diphenyl carbonate

compound represented by the following formula:

(R%)p ﬁ (R'%)q

20 wherein each of R9 and Rlo

independently
represents a hydrogen atom, an alkyl group
having from 1 to 10 carbon atoms, an alkoxy
group having from 1 to 10 carbon atoms, a

cycloalkyl group having from 5 to 10 ring-

25 forming carbon atoms or a phenyl group; each
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fall polynerization of the adm xture during the fall thereof, while
continuously w thdrawi ng the renmai nder of the polyner obtained at the
bottom of the fall polynerization reaction zone. 8. A et hod
according to item4 above, wherein the nolten prepolymer is a molten third
prepol yner whi ch has been obtained by a prdéess conpri sing:

polynmerizing a starting material in a nolten state, while agitating, in an
agitation type polyneri er vessel, the stirtln mat eri al being at | east

one nmenber sel ect ed fPé&Ptﬁ@dgFodBd88ﬁ§F§PF § GPPTesSentsS, aindd&™ ni xt ure
of an aromatic dihydrOé%rcggrLrg%uqd ng aWLt _nec%rgggggew aud

when p is an integer of 2 or more, R?'s are
the same or different, and when g is an

Rlo's are the same or

5 integer of 2 or more,
different.

Of these diphenyl carbconate compounds, preferred
are diaryl carbonates having a symmetrical configura-
tion, such as (unsubstituted) diphenyl carbonate,

10 ditolyl carbonate, and a diphenyl carbonate substituted
with a lower alkyl group, e.g., di-t-butylphenyl car-
bonate. Particularly preferred is dlphenyl carbonate,
which is the diaryl carbonate having the simplest
structure.

- 15 These diaryl carbonates may be used individually
or in combination.

The ratio in which the aromatic dihydroxy compound
and the diaryl carbonate are used (i.e. a charging
ratio) may vary depending on the types of the aromatic

20 dihydroxy compound and diaryl carbonate employed, the
polymerization temperature and other polymerization
conditions. The diaryl carbonate is generally used in
an amount of from 0.9 to 2.5 moles, preferably from
0.95 to 2.0 moles, more preferably from 0.98 to 1.5

25 moles, per mole of the aromatic dihydroxy compound.
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a first prepolyner obtained by reacting an aromat- ic di hydroxy conpound
with a diaryl carbonate, thereby effecting an agitation polynerization of

the starting material to obtain a second prepol yner; and feeding the
second prepolyner in a nolten state to an u per portion of a wall
extending through a wall- wetting fall polyrmmérization reaction zone, and

allowing the second prepolymer to fall along and in contact with the
surface of the wall therghy \@hfect R AgWakc1ecular weight of the aromat-

ic polycarbonate obtained according to the method of
the present invention is generally from 500 to 100,000,
preferably from 500 to 30,000.

5 In the present invention, the term "molten monomer
mixture of an aromatic dihydroxy compound and a diaryl
carbonate” means a homogeneous mixture of the monomers
which i1s obtained by mixing the aromatic dihydroxy
compound and the diaryl carbonate while heating. The

10 molten moncmer mixture can be obtained by mixing the
aromatic dihydroxy compound and the diaryl carbonate
while heating at a temperature in the range of from
150 °C to 200 °C. In the present invention, the term
"molten prepolymer" means a polycondensate, which is

15 obtained by a process comprising reacting an aromatic
dihydroxy compound with a diaryl carbonate, and has a
lower molecular weight than a final aromatic polycar-
bonate to be produced by the method of the present
invention. The range of the molecular weight of the

20 molten prepolymer td be used in the present invention
varies depending on the molecular weight of a final
aromatic polycarbonate to be produced. For example,
when it is intended to obtain an aromatic polycarbonate
having a number average molecular weight of 10,000, the

25 number average molecular weight range of the molten
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15 wetting fall polynerization of the second prepolynmer during the

wal | -wetting fall thereof; and wherein the nolten third prepolyner is
subjected to the fall polynerization to obtain the polyner at the bottom
of the fall polynerization reaction zone. 9. A nethod according to item

8 above, which further conprises recirculati4ng to the introduction zone a
part or all of the polymer obtained at the bottomof the fal
pol yneri zation reaction zone, and allow ng the recirculated polyner to

pass downvardly tRFEEGHYIRE *ﬁerﬁéﬁaﬁ@&“pk&t@OQndaPSIVhﬁﬁrngH%Jﬁ9%%ﬂqu

ol ynmeri za-
poly to obtain an aromatic polycarbonate having a number

average molecular weight of 20,000, the number average
molecular weight range of the molten prepolymer is less

than 20,000.

w

In the method of the present invention, a polymer-
izing material [which is at least one member selected
from the group consisting of a) a molten monomer mix-
ture of an aromatic dihfdroxy compound and a diaryl

10 carbonate, and b) a molten prepolymer obtained by a
process comprising reacting an aromatic dihydroxy
compound with a diaryl carbonate] is\allowed to pass
downwardly through a perforated plate and fall freely
through a free-fall polymerization reaction zone,

" 15 | thereby effecting polymerization of the polymerizing
material during the free-fall thereof.

The terminology "free-fall" used in the present
invention means a fall under vacuum oOr non-vacuum
conditions, during which a falling polymerizing materi-

20 al does not contact an object causing resistance to
fall, such as a guide or a wall. The polymerizing
material is allowed to fall freely in the form of a
film, a filament, a droplet, a spray or the like.
During the free-fall, by-products produced in a poly-

25 condensation reaction, such as phenol, are removed.
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tiron reaction zone, thereby increasing the degree of polynerization of the
recircul ated polynmer during the fall thereof to a predeterm ned | evel.

10. A method according to item 8 above, wherein, in the fal

pol ynmeri zation of the third prepolynmer, the _introduction of the third
prepol yner to the introduc- tion zone haviﬁ§5the perforated plate is
continuously conducted, and which method further conprises continu- ously

conducting a sequence PS; O recijc t 19 .1, introduction zone a
0% g}g { bd#f%ﬁ]ggm{ % ik ééééEEIO%

part of the polymer obtained polyneriz

reaction zone, angal ék?é{faé‘go@rh@ﬁég ’%Prtﬂqé)fpetﬂ%z%‘%td WS Yed Ud Qiseq

in the method of the present invention. Generally, the
morphology of a hole is selected from a circle, an

5 ellipse, a triangle, a slit, a polygon, a star and the
like. The area of each hole of the perforated plate is

2, preferably from 0.05 to

2 -

usually from 0.01 to 100 cm

10 cm2,

more preferably from 0.1 to 5 cm The perfo-
rated plate may have a nozzle or a guide connected

10 thereto, as long as a polymerizing material can fall
freely after passing such a nozzle or guide. The
distance between adjacent holes is &enerally from 1 to
500 mm, preferably from 10 to 100 mm, more preferably
from 15 to 50 mm, as measured between the cénters of

15 the adjacent holes.

With respect to the number of holes in the perfo-
rated plate, there is no particular limitation, but the
number of holes may vary depending on conditions, such
as the reaction temperature and pressure, the amount of

20 catalyst, and the range of molecﬁlar weight of polycar-
bonate to be produced. For example, when a polymer is
to be produced at a rate of 100 kg/hr, usually 10 to
102 holes are necessary. A distance through which the

free-fall of the polymerizing material is conducted is

25 preferably from 0.3 to 50 m, more preferably from 0.5
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16 duced third prepolyner in the nolten state and the recircul ated
pol ymer to pass downwardly through the perforated plate and fall through
the fall polyneriza- tion reaction zone, thereby continuously effecting a

fall polymerization of the adm xture during the fall thereof, while
continuously withdrawi ng the remainder of t¥e pol ymer obtained at the
bottom of the fall polynerization reaction zone.

to 20 m, from the perforated plate.

A flow rate at which the polymerizing material
passes through the holes of the perforated plate may
vary cdepending on the molecular weight of the polymer-

izing material. The flow rate per hole is generally

wn

from 10'4 to lO4 liters/hr, preferably from lO"2 to
102 liters/hr, more preferably from 0.1 to 50 liters/
hr.

The free-fall time is not particularly limited,

10 but is generally from 0.01 seconds to 1 hour.

In the present invention, a polymer obtained by
the free-fall polymerization can beﬁhithdrawn, as such,
from the polymerizer, but it is preferred that the
poelymer be recirculated to the introduction zone having

15 the perforated plate for further free-fall polymeriza-
tion. In this case, residence time of polymer in a
reservoir portion at the bottom of the free-fall poly-~
merization reaction zone or in a recirculation line can
be prolonged according to the time necessary for poly-

20 condensation reaction. When the obtained polymer is
recirculated and subjected to further free-fall poly-
merization, a renewed liquid surface area formed per
unit time becomes large, so that a desired molecular
weight can be easily- achieved.

25 Preferred examples of embodiments of the method of
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11 A method according to any one of itens 1 to 9 above, wherein the fal
through the fall polynerization reaction zone is conducted through a

distance of 0.3 m or nore fromthe perforated plate. As menti oned
above, a nunber of polynerizers
17 having no rotary driving parts i3f their respective nain

bodi es are known for use in producing resins other than

pol ycarbonat es. lnt @ %r% %%%CghgghtkgnsQ%%h%d%ean%g%god according to the

embodiment of item (1) above, wherein the introduction
of the molten monomer mixture or molten prepolymer
(polymerizing material) to the introduction zone having

the perforated plate is continuously conducted, and

wn

which method further comprises continuously conducting
a sequence of steps of recirculating to the introduc-
tion zone (having the perforated plate) part of the
polymer obtained at the bottom of the free-fall poly-

10 merization reaction zone, and allowing an admixture of-
the continuously introduced monomer mixture or prepoly-
mer in the molten state and the reci}culated polymer to
pass downwardly through the perforated plate and fall
freely through the free-fall polymerization reaction

15 zone, thereby continuously effecting a free-fall poly-
merization of the admixture during the free-fall there-
of, while continuously withdrawing the remainder of the
polymer obtained at the bottom of the free-fall poly-
merization reaction zone. According to this embodi-

20 ment, polymerization can be carried out stably for a
prolonged period of time without an accumulation of low
molecular weight polycondensate and the like on a
perforated plate. This is one of the great advantages
of the present invention. In the present invention,

25 the reaction temperature for reacting the aromatic
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that there is a large difference between the nelt 5 pol ycondensati on
reaction for producing aromatic poly- carbonates and that for
produci ng pol yesters and pol ya- m des, so that it is difficult to
apply a polynmerizer designed for use in producing pol yesters and
pol yam des to the production of ari@mtic pol ycarbonates. The 10
maj or di fferences between aromati c pol ycarbonates and bot h

pol yesters and pol yam des are as follows: First, the nelt
viscosity, which iSharlnfioraaamovraevorth rthe diaryl ¢agihpniats alpoigmer+ zer
for melt pol ycondensation of aromatic polycarbonates, is extrenely
high as conpared 25Y in the mapgeofohd5RIsta £oard OpoiGrammsdserably £rom
Specifically, at t he tenperatures of polynerization, the nelt

VI SCOSi 1y 100 to 290'%C.

As the reaction proceeds, an aromatic monohydroxy
5 compound is by-produced. By removing the aromatic
monohydroxy compound from the reaction system, the
reaction rate can be increased. Therefore, in the
method of the present invention, it is preferable to
employ a method in which an inert gas which does not
10 adversely affect the reaction, such as nitrogen, argon}
helium, carbon dioxide and a lower hydrocarbon gas, is
introduced so that the by-produced ;fomatic monohydroxy
compound is entrained by the inert gas, and the inert
gas entraining the aromatic monohydroxy compound is
15 withdrawn to remove the aromatic monohydroxy compound,
or a method in which the reaction is carried out under
reduced pressure. The above two methods can be used
individually or in combination. The preferred reaction
pressure may vary depending on the molecular weight of
20 the molten monomer mixture or molten prepolymer. When
the number average molecular weight of the molten
monomer mixture or molten prepolymer is less than
1,000, the reaction pressure is preferably from 50 mmHg
to atmospheric pressure. When the number average

25 molecular weight is from 1,000 to 2,000, the reaction
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of both pol yam des and pol yesters at a | ater stage of

pol yneri zation is usually fromseveral hundred to several thousand
poises and is unlikely torise to a 20 | evel of 3000 poi ses or nore,
whereas the nmelt viscosi- ty of aromatic pol ycarbonates at a | ater
stage of pol yneri zati on reaches a | ev@l as high as tens of

t housands of poises. Second, the nelt pol ycondensa- tions of

pol yam des, polyesters and aromati ¢ pol ycar- 25 bonates are al

equi | i bri um reacti oRSESEUESt A& Péﬁ%grab y from 3 to 80 mmHg. When the

18 number average molecular weight is greater than 2,000,

the reaction pressure is preferably 10 mmHg or less,
more preferably 5 mmHg or less.

[ It is particularly preferred that the polymeriza-
tion be carried out under reduced pressure while intro-
ducing an inert gas as mentioned above. By this meth-
od, a high degree of polymerization can efficiently be
achieved without causing problems, such as mutual

10 contact of adjacent filaments due to turbulence of gas
flow.

S
A melt polycondensation reaction can be carried

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

15 zation can be effectd in the presence of a catalyst.
The polymerization catalysts which are customarily used
in the art can be used without particular limitation.
Examples of such catalysts include hydroxides of an
alkali metal and of an alkaline earth metal, such as

20 lithium hydroxide, sodium hydroxide, potassium hydrox-
ide 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

25 tetramethyl ammonium boron hydride; hydrides of an
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tions for these polyners are largely different in equi librium

constant. Generally, the equilibrium constant of the reaction for
pol yam des is on the order of 10[err] and that for polyesters is

approxi mately 1, whereas the equilibriumconstant of the reaction
for aromati c pol ycarbonates is verﬂp small and on the order

of 10[err]. The smaller the equilibriumconstant, the nor e

difficult the poly i.zation reactiqn, ,so that the react.i qn does
not proceed unl ess f‘-lér 55“ﬁict°sfeéarne aglfraémfo e_artrh g\‘eft’lacli’er?tu!c);1 raérrg\fe Hbm
aromt o polyoar bodsiaty Sodium hygeidd Snd Rl MOMEIER B9 the
reaction oS Ml MR 1CTHICIENTLY JiaN ke LRE RO zati on

of pol yam des and pol yesters. However, efficien
such as lithium methoxide, sodium ethoxide and calcium
5 methoxide; aryloxides of an alkali metal and of an

alkaline earth metal, such as lithium phenoxide, sodium
phenoxide, magnesium phenoxide, LiO-Ar-OLi wherein Ar
represents an aryl group, and NaO-Ar-ONa wherein Ar is
as defined above; organic acid salts of an alkali metal

10 and of an alkaline earth metal, such as lithium ace-
tate, calcium acetate and sodium benzoate; zinc com-
pounds, such as zinc oxide, zinc acé%ate and zinc
phenoxide; boron compounds, such as boron oxide, boric
acid, sodium borate, trimethyl borate, tributyl borate,

15 triphenyl borate, ammonium borates represented by the
formula: (Rl RZ R3 R4)NB(Rl rR? R3 R4), and phosphonium
borates represented by the formula:
(R} R? R3 rR%)pB(R! R? R3 R%), wherein R}, RZ, R3 and r*
are as defined above; silicon compounds, such as sili-

20 con oxide, sodium silicate, tetraalkylsilicon, tetraa-
rylsilicon and diphenyl-ethyl-ethoxysilicon; germanium
compounds, such as germanium oxide, germanium tetra-
chloride, germanium ethoxide and germanium phenoxide;
tin compounds, such as tin oxide, dialkyltin oxide,

25 dialkyltin carboxylate, tin acetate, tin compounds
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15

tion of aromatic pol ycarbonates since aronmatic pol ycar-

r enoval

of by-products is very difficult in the produc-

have a very high nmelt viscosity, as nentioned above.

it has surprisingly been found that when 20 a free-fal
pol yneri zation technique is applied to 41 production of aromatic
pol ycar bonat es,
produced with great ;advant ages, wi thout causing the '
above- nent i oned priBpZing an alkoxyp g SR GHp ARHIRFH K VPR 2R of0 tin,

However,

free-fall
wor ds,

polynerlg

w

1o

15

20

25

hi gh quality aromati ¢ pol ycarbonates can be

uch25as ethyﬁyln tri and organotin compounds;
lead compounds, such as lead oxide, lead acetate, lead
carbonate, basic lead carbonate, and alkoxides and
aryloxides of lead or organclead; onium compounds, such
as a quaternary ammonium salt, a quaternary phosphonium
salt and a quaternary arsonium salt; antimony com-
pounds, such as antimony oxide and antimony acetate;
manganese compounds, such as manganese acetate, manga-
nese carbonate and manganese borate; titanium com-
pounds, such as titanium oxide and titanium alkoxides
and titanium aryloxide; and zirconidh compounds, such
as zirconium acetate, zirconium oxide, zirconium alkox-
ide, zirconium aryloxide and zirconium acetylacetone.

The catalysts can be used individually or in
combination. The amount of the catalysts to be used is
generally in the range of from 1078 to 1 % by weight,
preferably from 1077 to 1071 & by weight, based on the
weight of the aromatic dihydroxy compound.

Preferred modes of the method of the present
invention in which a free-fall polymerizer is used are
explained hereinbelow, referring to the accompanying
drawings.

Figs. 1 and 2 show two forms of polymerization

apparatus (each containing a free-fall polymerizer)
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19 by the present invention, high quality aromatic poly-
carbonates can be stably produced since filanents falling freely
do not suffer breakage during the free- fall, and the quality of
the resul tant pol ymer becones 5 uniform Nanely, since no
accunul ati on of | ow nol ecu- | ar weidght pol ycondensate occurs on a
spi nneret, the filaments can be injected strai ght down without

hi n- drance, and there is no need to halt the operation to

repl ace snudged s piSfreSetid Tnida dviash oeﬁesthem@rtémr ©f the presamne
operation can be stabl carrlegkg out for ver er|o of time

The reason for suctt'® HQQEreW N e RRAYSE lzat 1on 4R - fhll

pol ymeri zation of aronaEfC P BﬁymerLZLng material [(which is at least one
material selected from the group consisting of a) a
5 molten monomer mixture of an aromatic dihydroxy com-
pound and a diaryl carbonate, and b) a molten prepoly-
mer obtained by reacting an aromatic dihydroxy compound
with a diaryl carbonate] is fed through inlet 1 and
introduced to an introduction zone having perforated

10 plate 3, and allowed to pass through perforated plate 3
and fall freely through a free-fall polymerization
reaction zone in polymerizer 10. Palymerizing material
4 falls freely in the form of a film, a filament, a
droplet or a spray. The internal pressure of free-fall

15 polymerizer 10 is controlled to a predetermined value.
An aromatic monohydroxy compound and the like evaporat-
ed from the polymerization reaction system and an inert
gas, such as nitrogen, which is optionally fed from gas
feed port 5, are discharged through vent 6. The re-

20 sultant polymer obtaiﬁed at the bottom of the free-fall
polymerization reaction zone is withdrawn through
outlet 9 by means of discharge pump 8. The main body
of free-fall polymerizer 10 and the like are heated to
and kept at an elevated temperature by means of a

25 heater and a jacket.
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carbonates and the free-fall polynerization of polyes- 15 ters and
pol yam des has not yet been elucidated. Wth respect to the reason
why spinnerets do not at all suffer fromaccunul ation of a | ow

nol ecul ar wei ght pol ycondensate, it is presuned that by-produced
phenol effectively washes away the $dw nol ecul ar wei ght poly- 20
condensat e accunul ated on the spinneret during the pol yneri zati on
of aromatic pol ycarbonates, fundanental dlféerlng fromthe

pol yneri zation of polyaﬁ?%%saoPo Ymerlzatkﬁﬂy%%ﬂ%ﬁ%?%ﬁmﬂ i By-priiiveiare

wat er and et hyl ene Such, an advant ageo ffect of the,
by- pr oduced ¥5 a p%h@ﬂ?ﬁlgﬁ‘i H%atf"r%’ea af "I’mp%? yrr%??szzlﬁefﬁrf‘ VRt i &S

fed through inlet 1 and recirculation line 2 and intro-
duced to an introduction zone having perforated plate
5 3, and allowed to pass through perforated plate 3 and
fall freely through a free-fall polymerization reaction
zone in polymerizer 10. Polymerizing material 4 falls
freely in the form of a film, a filament, a droplet or
a spray. The internal pressure of free-fall polymeriz-
10 er 10 is maintained at a predetermined level. A by-
produced and evaporated aromatic monohydroxy compound
and the like, and an inert gas, sucf as nitrogen, which
is optionally fed from gas feed port 5, are discharged
through vent 6. The resultant polymer obtained at the
- 15 bottom of the free-fall polymerization reaction zone is
recirculated through recirculation line 2 (having
recirculation pump 7) to the introduction zone having
perforated plate 3, and allowed to pass through perfo-
rated plate 3 and fall freely through the free-fall
20 polymerization reaction zone in polymerizer 10, thereby
increasing the degree of polymerization of the recircu-
lated polymer during the free-fall thereof. After the
degree of polymerization has reached a predetermined
level, the polymer is withdrawn through outlet 9 by

25 means of discharge pump 8. The main body of free-fall
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20° pol ycar bonat es coul d not be expected fromthe polyneri-

zation of polyesters and pol yam des at all. carbonat es can be
produced nore easily by a free-fall pol ynmeri zati on process than by
a non-free-fall polynmner- i zation, such as polynerization by

all owi ng a pol yner- izing material %% fall along and in contact
wth a guide. This is also surprising because, according to

ot oMLY & BN (o PO e 1P RS TS
I's superior to a1ﬂé§%&éﬂéo and kept at an elevated temperature by means
of a heater and a jacket.
When free-fall polymerizer 10 of Fig. 2 is used
5 for batchwise polymerization, all of the polymerizing
material selected from the molten monomer mixture and
the molten prepolymer is fed through inlet 1 at the
start of the operation at a time, and polymerization is
carried out in a closed system while recirculating
10 until a polymer having a predetermined degree of poly--
merization is obtained. The obtained polymer is with-
drawn through outlet $. When free—féll polymerizer 10
of Fig. 2 is used for continuous polymerization, the
polymerizing material is continuously introduced
15 through inlet 1 to conduct free-fall polymerization,
while the resultant polymer (having a predetermined
molecular weight) is continuously withdrawn through
outlet 9 at a controlled rate such that a predetermined
amount of molten polycondensate mixture is present in
20 the polymerizer. A polymeriéer to be used in the
present invention may be equipped with an agitator at
the bottom, but such an agitator is not essential.
Therefore, it is possible to employ a free-fall poly-
merizer which does not have a rotary driving part in a

25 main body thereof and hence it is possible to carry out
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pr-ocess. This fact clearly shows that know edge about t he

pol yneri zation reacti on of polyesters and pol ya- m des cannot be
applied to the polynerization of aro- 15 The fal

pol yneri zati on nethod of the present i nvention using a perforated’
pl ate does not require a pol ymeri zer*3whi ch has a rotary driving
part which is exposed to a gaseous phase during the reaction, so

20 that, with respect. to polynerization apparatus for, .

Sracticing a fall PSS AATRN MRS HORdy GRaled CORditiong fyehn be

provi ded even undemggéglva uum _.an nance_ of the1§§$aratus
u

d Jmai nt
i s easy. Furthernore, hig VS B esTgl,e trreﬁﬁsr’r%g‘;lé‘n Oéhc?wpglf‘rh ty
aromatic poly- 25 oq;  SARANA 8 1620 he 22Ydh R ARAPLYNe MRENqd, Of

t he
rotary driving part of the recirculation pump in the

5 recirculation line is highly sealed, thus differing
from a rotary driving part as provided in the main body
of a polymerizer, because the recirculation pump is
submerged below a liquid head of molten condensate
mixture accumulated at the bottom of the main body.

10 The height of the liquid head is 0.3 m or more, prefei—

ably 0.5 m or more.

The method of the present invehtion can be prac-
ticed using a single polymerizer, but, if desired, two
or more polymerizers can be used. Moreover, the inte-

15 rior of a single polymerizer may be partitioned verti-
cally or horizontally into a plurality of compartments
so that the compartments can be used as multiple poly-
merizers.

In the present invention, it is possible to carry

20 out the entire process of polymeriiing a molten monomer
mixture of an aromatic dihydroxy compound and a diaryl
carbonate for obtaining a final aromatic polycarbonate
having a predetermined molecular weight by only a
free-fall polymerization using a perforated plate. But

25 it is also possible to combine the free-fall polymeri-
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21 present invention. That is, the nethod of the present

I nvention for producing an aronati c pol ycar bonate sol ves all of
the difficult problenms nentioned above whi ch acconpany
conventional nethods for nelt polycon- 5 densation of an aromatic

pol ycar bonat
vari ous

e.

In the method 8f the present invention,
nodes are possi bl e. Exanpl es of nodes include a) the

use of a single fall. gol&ggki%ggemhic i s_adapt ed

10

15

20

25

zZati r po ymerxza@xon methods.

Preferred embodiments of combinations of the
free-fall polymerization process of the present inven-
tion with another polymerization method or other meth-
ods are explained below, but these embodiments should
not be construed as limiting the scope of the present
invention. For example, an aromatic polycarbonate can
be produced by using a combination of a free-fall
polymerization process with a polymerization process
using a film type polymerizer, a screw type polymeriz--

er, a horizontal stirring polymerizer, or the like.

N
(1) Combination of an agitation polymerization and a

free-fall polvmerization using a perforated plate

Preferred examples of combinations of the free-
fall polymerization process of the preéent invention
with another polymerization method or other methods
include a combination of an agiﬁation polymerization
and the free-fall polymerization. 1In general, agita-
tion type polymerizer vessels have a high volumetric
efficiency and a high agitation efficienéy for low
viscosity material. However, in agitation type poly-
merizer vessels, liquid has a small liquid surface area
relative to the liquid volume and does not exhibit a
high agitation efficiency for a high viscosity materi-

al. Therefore, when an aromatic polycarbonate is
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for allowng a polynerizing material to pass through a 10 perforated

plate and fall b) the use of a plurality of fall polynerizers,
each of which is adapted for allowing a polynerizing material to
pass through a perforated plate and fall, and c) the use
of a conbination of a single or plurality of4715 fall polynerizers
adapted for allow ng a polymerizing material to pass through a
perforated plate and fall ) gnd anot her type or t s of .

pol yneri zers. produced upipgePRLY TaAptEItD ‘eﬁﬁ%ﬁi%&ﬁY@eBFZ?ﬁe mode

whi ch ' nbi_ ni fall | zat | 0 '
porforated prate aRACBROChEPCLYBESOrie P LMl eation <gafbRar, SRbpbnes

processes incl ude gsmeLgdy; gner tne WPLEEEOIPre BeSnEOPINELI DY AP, AGLLALI ON

pol ymeri zati on
becomes. As a result, it becomes increasingly diffi-

S cult to remove an arcmatic monohydroxy compound from
the reaction mixture and advance the polymerization
reaction. Further, since the agitation type polymeriz-
er vessel has a rotary driving part in a gaseous phase
portion thereof, oxygen leaks into the polymerizer when.

10 the polymerization is conducted under high vacuum,
causing a lowering of the quality of a final polymer.
However, by combining an agitation ﬁblymerization
(using an agitation type polymerizer vessel) with
free~fall polymerization (using a perforated plate), a

15 high quality aromatic polycarbonate can be produced
efficiently. The reason for this is as follows. In
the early stage of the polymerization, the reaction
need not be carried out under high vacuum, so that the
early stage polymerization reaction can be satisfacto-

20 rily carried out by means of an agitation type polymer-
izer vessel with high agitation efficiency (due to a
low viscosity of the reaction mixture) and high volu-
metric efficiency, without suffering from reducing the
quality of final polymer. On the other hand, when the

25 later stage polymerization reaction is carried out by
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of starting material (selected fromthe group consist- ing of a) a

nmonomer m xture of an aromatic di hydroxy 25 conpound and a di aryl
carbonate and b) a first prepoly-

22 ner obtained by reacting an arqnratic di hydroxy conpound
with a diaryl carbonate) using an.agitation type poly- merizer
vessel to obtain a second prepol yner and con- ducting a fal

pol ymeri zati on of fdhsSeEONAPeve-fall polRReHTBR USaNd iy flde QI NHTRI4 ZET
havi ng a perfo-

plate, the aromatic monohydroxy compound can be effi-
ciently removed sc that the reaction is advanced.
Further, since a polymerizer to be used in the free-

5 fall polymerization has excellent sealing properties
under high vacuum, high quality aromatic polycarbonate
can easily be produced.

In the present invention, the agitation polymeri-
zation is advantageously used for producing a second

10 prepolymer having a number average molecular weight of

from 300 to 5,000 from a) a molten monomer mixture of
an aromatic dihydroxy compound and a diaryl carbonate
or b) a first prepolymer obtained by reacting an aro-
matic dihydroxy compound with a diaryl carbonate. When
15 the agitation polymerization is followed by free-fall
polymerization, the free-fall polymerization is intend-
ed to increase the degree of polymerization of the
second prepolymer obtained in the agitation polymeriza-
tion, thereby obtaining an aromatic polycarbonate

20 having a higher degree of polymerization tﬁan that of

the second prepclymer.

As the agitation vessel of the agitation type
polymerizer vessel, any of the agitation vessels de-
scribed, for example, in Chapter 11 of "Kagaku Sohchi

25 Binran (Handbook of Chemical Apparatus)" edited by
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rated plate. By this nmethod, high quality aromatic pol ycar bonat e

can be efficiently produced. In the agitation polynerization, it
is ordinarily not neces- sary to carry out the reaction under high
vacuum so 10 that the quality of the gesultant second prepolymer is
not | owered by the agitation type polynerizer vessel, and the
starting material can be polynerized at high vol unetric
efficiency. In the withsad uw(}t ostmla‘apr the SocidtifrERiHEnidel degsee of
pol ymeri zation of the seco pr epolyner, a fall polyneri zation is
particularly neersadu}aer;iag)equq. B9 usdarg Bhearssdabve Tred hask ph &l oy chf an
agitation polynerization is conbined with a fall pol yneri zati on

hi gh quality aronmethe qmitaardonsssedans not parthiecwefdx oy entrhiytgd oduced.
Generally, a vertical or a horizontal cylinder type
3 vessel can be used. The shape of the agitating blade
is also not particularly limited. Agitating blades of
anchor type, turbine type, screw type, ribbon type,
double blade type and the like can be used.
In the agitation polymerization, the reaction
10 temperature is generally in the range of from 50 to
350 °C, preferably from 100 to 290 °C, and the reaction
time is generally in the range of from 1 minute to 100
hours, preferably from 30 minutes to 50 hours.
The reaction pressure for the agitation polymeri-
15 zation varies depending on the molecular weight of the
melten monomer mixture or first prepolymer, but it is
generally from 3 mmHg to atmospheric pressure, prefera-
bly from 5 mmHg to atmospheric pressure. For effi-
ciently removing from the reaction system an aromatic
20 monohydroxy compound, which is by-produced with the
progress of the reaction, it is preferred to use a
method in which an inert gas which does not adversely
affect the reaction, such as nitrogen, argon, helium,
carbon dioxide and lower hydrocarbon gas, is introduced

25 to the reaction system and the inert gas is discharged
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20 Further, as another preferred enbodi nent of the

conbi nati on node of the nethod of the present inven- tion, there
can be nentioned a nethod which conprises conducting an agitation
pol ymeri zation of the above- nentlgned starting material using an
agitation type 25 pol ynmeri zer vessel obtain a second prepol yner,
con ducting a

wal | -wetting fal 'tB&é!HE“%E‘{A O&E,Qfalt:&'ﬁatlc m?no% §E£QR g&ﬁﬁBbXH‘aEnQV

al l owi ng the second” prepol yner ong contact with
the surface of a wahined by the inert gas.

The agitation polymerization can be carried out
either in a batchwise manner or in a continuous manner.

5 The agitation polymerization can be carried out by

means of a single agitation type polymerizer vessel,
but, alternatively, a combination of two or more agita-
tion type polymerizer vessels may be used.

Generally, the amount of aromatic monohydroxy

10 compound produced during the agitation polymerization
is large and, therefore, it is preferable that the
agitation type polymerizer vessel be\equipped with a
heat exchanger or an evaporator so as to facilitate the
evaporation of the aromatic monohydroxy compound.

15 With respect to the polymerization apparatus and
polymerization conditions for the free-fall polymeriza-
tion using a perforated plate to be conducted in this
preferred embodiment in which a combination of the
agitation polymerization and the free-fall polymeriza-

20 tion is employed, reference can be made to the above |
description provided in connection with the essential
feature of the present invention.

This embodiment is explained below in more detail,
referring to Fig. 3 of the accompanying drawings.

25 Fig. 3 is a diagram showing a system for practic-
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to obtain a third prepol yner thereby, and conducting a 5 fal

pol yneri zation of the third prepol ynmer using a fall polynerizer
having a perforated plate. 1In the agitation polynerization, it is
ordinarily not necessary to carry ouf,the reaction under high
vacuum so that the quality of the resultant second prepolymer 10
Is not lowered by the agitation type polynerizer ves- sel, and the

starting material cafgben@ohyderézech@tmethod of tHdlpMman®tin€ention.
efficiency, as nentioned above. The wal | -wetting fal

pol yneri zati on of the sksosgdsperepofyFig. 3, thréerpdiapnaii ferelaté vesyd | o
degree of polynerization is 15- advant ageous since a |l arge
heat -transfer surfatkeazgatation polymsenvaitad eand e pal jmawrtieng 46|
pol ymeri zati on
. used in the free-fall polymerization, but the system of
5 Fig. 3 is merely an example and should not be construed
as limiting the scope of the present invention.

When the system of Fig. 3 is used, a monomer
mixture of an aromatic dihydroxy compound and a diaryl
carbenate, or a first prepolymer (defined above) is

10 introduced to first agitation type polymerizer vessels
3 and 3’, respectively, through inlet 1 of polymerizer
3 and inlet 1’ of polymerizer 3-. . The first agitation
type polymerizer vessels 3 and 3’ are the same, and are
adapted to be alternately operated when, for example,

15 it is intended to produce a prepolymer in a batchwise
manner by means of each of.these polymerizer vessels 3
and 3’. Each of polymerizer vessels 3 and 3’ is filled
with an inert gas, such as nitrogen, and the inner
pressure of each polymerizer is usually controlled to a

20 levei around atmospheric pressure. A by-produced and
evaporated aromatic monohydroxy compound and the like
are discharged from polymerizer vessels 3 and 3',
respectively, through vents 2 and 2’. Prepolymers 4

and 4', obtained by the polymerization for a predeter-

25 mined reaction time under agitation in respective
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met hod, and it can efficiently provide | atent heat of evapor ati on

for a by-produced aromati c nonohydr oxy conpound and the like. In
t he subsequent step for 20 further increasing the degree of

pol ynmeri zation of the third prepolyner a fall polymnerization
I's partic- ul arly advant ageous. By @onblning these three differ-
ent polynerization processes in the manner nentioned above, a high
quality aromatic po'%m%ﬁggggl%e%%glge3 %gd 3, efflcu%@Harégéx¥q¥ngh

24
outlets 5 and S5’, respectively, transferred by means of

transfer pump 6, and introduced to a second agitation
type polymerizer vessel 8 through inlet 7.
5 The interior of polymerizer 8 is maintained at
reduced pressure, and a by-produced and evaporated
aromatic monohydroxy compound and the like are dis-
charged through vent 9. Second prepolymer (defined
above) 10, obtained by the polymerization for a prede-
10 termined reaction time under agitation in polymerizer
8, is discharged through outlet 11 and transferred by
means of transfer pump 12 to a firsfkfree-fall polymer-
izer 16, having a perforated plate.
That is, in the first free-fall polymerization,

15 second prepolymer 10, obtained by agitation polymer-
ization in second agitation type polymerizer vessel 8,
is continuously fed to first free-fall polymerizer 16
at its introduction zone (having perforated plate 15)
through inlet 13 provided in recirculation line 14, and

20 allowed to pass through perforated plate 15 and fall

freely through a free-fall polymerization reaction zone
in first free-fall polymerizer 16. Second prepolymer
17 falls freely in the form of a film, a filament, a
droplet or a spray. The internal pressure of the

25 polymerizer is maintained at a predetermined level. A
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Her ei nbel ow, the present invention wll be de- scribed in nore
detail . In the present invention, the term nol ogy "aronat-

i ¢ di hydroxy conpound” neans a conpound represented by t he

fol 'owi ng fornul a: HO Ar - OH wherein Ar
represents a divalent aromatic group. 53 Preferred exanpl es of
di val ent aromati c groups as Ar include a group represented by the
foll owi ng fornmu- err Y—Ar

wherei n each of Aw[EYrPraﬂHc%?[éP?]eY%B%ﬁ%ﬁ%%n?F ettt Yd*UXYeﬁ?%Sents

a dival ent carbocycllc r t y lc ar t|c rou
having from5 to 70P ind" a 8 gﬁe like, and an inert gas, sugﬁ gltrggen,

which is optionally fed through gas feed port 18, are
discharged through vent 19. The resultant prepolymer
5 obtained at the bottom of the free-fall polymerization

reaction zone 1is recirculated through recirculation
line 14 (having recirculation pump 20) to the introduc-
tion zone having perforated plate 15, and allowed to
pass through perforated plate 15 and fall freely

1o through the free-fall polymerization reaction zone in
the free-fall polymerizer, thereby increasing the
degree of polymerization of the reci}culated prepolymer
during the free-fall thereof. Prepolymer 21 having a
predetermined degree of polymerization is continuously

15 withdrawn through outlet 23, by means of transfer pump
22, and fed to a second free-fall polymerizer 27 at its
introduction zone (having perforated plate 26) through
inlet 24, and allowed to pass through perforated plate
26 and fall freely through a free-fall polymerization

20 reaction zoee in second free-~fall polymerizer 27.
Second prepolymer 28 falls freely in the form of a
film, a filament, a droplet or a spray. The internal
pressure of the polymerizer is maintained at a prede-
termined level. A by-produced and evaporated aromatic

25 monohydroxy compound and the like, and an inert gas,
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15 carbon atons, and Y represents a dival ent

al kane group having from1 to 30 carbon at ons.

In divalent aromatic groups as Ar[err] and Ar[err], at | east one
hydrogen atom may be substituted with a 20 substituent which does not
adversely affect the reac- . tion, sdénh as a hal ogen atom an al kyl
group having froml to 10 carbon atons, an al koxy group havi ng
from L te q carhonatam, A eReny ogwggalggp?gg%mrg |

a vinyl group, a cyano group, ter "group, “an am gp and a
hitro group. feed port 29, are discharged through vent 30. Result-

ant molten polymer 32, obtained at the bottom of the
free-fall polymerization reaction zone, is withdrawn
5 through outlet 34 by means of discharge pump 33. With
respect to both the agitation and the free-fall poly-
merizations, all of the polymerizers, recirculation
lines, transfer lines, discharge lines and the like are
- heated to and kept at an elevated temperature by means
1o of a heater and a jacket.

(2) Combination of an agitation polymerization, a

wall-wetting fall polymerization and a free-fall poly-

merization using a perforated plate

Another preferred example of modes of combinations
15 of the free-fall polymerization process with other
polymerization methods is a combination of an agitation
polymerization, a wall-wetting fall polymerization and
the free-fall polymerization.
In the wall-wetting fall polymerization of this
20 embodiment, the second prepolymer (defined above)
obtained in the agitation polymerization is fed in
molten state to an upper portion of a wall extending
through a wall-wetting fall polymerization reaction
zone, and the second prepolymer is allowed to fall

25 along and in contact with the surface of the wall,
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25 Illustrative exanples of heterocyclic aromatic

groups include an aromati c group having at | east one hetero atom
such as a nitrogen atom an oxygen atom or a sulfur atom 5
Exanpl es of divalent aromatic groups as Ar[err] and Ar[err] include
an unsubstituted or substituted phenylene 55 group, an unsubstituted
or substituted biphenyl ene group and an unsubstituted or

substituted pyridylene . roup. bstityents f and Ar[err]
are as descri bed reby a?ofot\?é:tq“g wall ~weEraRfl %?lgf p&’l&gleé;ﬁ
groups as Y |nclu4%e second prepolymer during the wall-wetting fall
thereof to obtain a third prepolymer at the bottom of
the wall-wetting fall polymerization reaction zone.

Since a large heat-transfer surface area is available

w

in the wall-wetting fall polymerization, it can effi-
ciently provide latent heat of evaporation of an aro-
matic monohydroxy compound and the like. Further,
because a large evaporating surface area is available
10 in the wall-wetting fall polymerization, an aromatic
monohydroxy compound and the like can be removed effi-
ciently, so that the polymerization Ean proceed swift-
ly.
In this embodiment, the agitation polymerization
15 is used for producing a second prepolymer (having a
number average molecular weight of from 300 to 5,000)
from a molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, or a first prepolymer
(defined above) obtained by reacting an aromatic dihy-
20 droxy compound with a diéryl carbonate; the wall-wet-
ting fall polymerization is used for producing a third
prepolymer having a higher molecular weight than that
of the second prepolymer obtained in the agitation
polymerization, specifically, a prepolymer having a

25 number average molecular weight of up to approximately
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organi ¢ groups respectively represented by the fol |l ow I ng

formul ae: [err] 15 wherein each of Rerr], Rerr], Rerr]
and R err] independ- ently represents a hydrogen atom an al kyl
20 group having from1l to 10 carbon atons, an al koxy
group having from1l to 10 carbon 503t ons, a cycl oal kyl group
having from5 to 10 ring-formng carbon atons, a carbocyclic

g:lgm;t icgr ggg;& Pg‘ﬁgop%ofor;o@n% tt%el(%r%ierl%:allz%olymerizaftgrow rl% %%re%or%oart one
producing an aromatic polycarbonate having a higher
molecular weight than that of the third prepolymer
obtained in the wall-wetting fall polymerization.

5 The agitation type polymerizer vessel to be used
in the agitation polymerization and the polymerization
procedure and conditions in the agitation polymeriza-
tion are as described above.

The apparatus which can be used for the wall-

1o wetting fall polymerization includes a reactor dis-
closed in, for example, Chapter 11, page 461 of "Kagaku
Sohchi Binran (Handbook of Chemical‘kpparatus)" edited
by "Kagaku Kogaku Kyokai (the Society of Chemical
Engineers, Japan)", (1989). A multiple tube type

15 polymerizer may be used. Further, the fallen polymer
obtained at a bottom of the wall-wetting fall polymeri-
zation reaction zone may be recirculated to the top of
the wall for further polymerization of the polymer by a
wall-wetting fall polymerization.

20 In the wall-wetting fall polymerization process,
the reaction temperature is generally in the range of
from 50 to 350 °C, preferably from 100 to 290 °C, and
the reaction time is generally in the range of from 1
minute to 100 hours, preferably from 30 minutes to 50

23 hours.
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26

carbon atons;

kyl group having from6 to 10 ring-form ng

k represents an integer of from 3 to 11; eac

X represents a carbon atom and has R err] and R err] bonde
thereto; each R err] inde- 5 pendently represents a hydrogen
atom or an al kyl group having’'from1 to 6 carbon atons,

and each R6 i ndependently represents a hydro- gen atom or

al kyl group having frompl tQ8tion pressure ﬂﬁ?&%%qd§f¥gﬁeggggéﬂ{5fﬂerr

are the same

and Rlerr]

ut

10

15

20

25

polymerization varies, depending on the molecular
weight of the molten monomer mixture or second prepoly-
mer. When the number average molecular weight is less
than 1,000, the reaction pressure is preferably from 50
mmHg to atmospheric pressure. When the number average
molecular weight is in the range of from 1,000 to
2,000, the reaction pressure is preferably in the range
of from 3 to 80 mmHg. When the number average molecu-
lar weight is greater than 2,000, the reaction pressuré
is preferably 10 mmHg or less, more preferably S5 mmHg
or less. For efficiently removing (%rom the reaction
system) an aromatic monohydroxy compound by-produced
with the progress of the reaction, it is preferred to
use a method in which an inert gas which does not
adversely affect the reaction, such as nitrogen, argon,
helium, carbon dioxide and lower hydrocarbon gas, is
introduced into the reaction system and the inert gas
is discharged together with the aromatic monochydroxy
compound entrained by the inert gas.

The wall-wetting fall polymerization can be car-
ried out either in a batchwise manner or in a continu-
ous manner. The wall-wetting fall polymerization can
be carried out using a single wall-wetting polymerizer,

but, alternatively, a combination of two or more wall-
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or different; wherein at | east one hydrogen atom of each of
Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] may be substituted

wi.th a substituent which does not adversely affect the
reaction, such as a halogen atom 15 an al kyl group having from
1 to 10 carbon atons, an al koxy group having from1 to 10
carbon atons, a phenyl group, a phenoxy group, a vinyl

group, a cyano grQeRtiag gaugrner_izgrs can alsogbeuesean am de group and a
nitro group. 20 ecific exanples of divalent aromatic groups

as Ar incl udeegé@amayresn@camwhy bepaespated hynbA¢droxy
foll ow ng fornul ae:
compound produced during the wall-wetting fall polymer-
ization is large and, therefore, the wall-wetting
5 polymerizer is preferably equipped with a heat exchang-
er or an evaporator so as to facilitate the evaporation
of the aromatic monohydroxy compound.
With respect to the polymerization apparatus and
polymerization conditions for the free-fall polymeriza-
10 tion using a perforated plate (to be conducted in this
preferred embodiment in which a combination of the
agitation polymerization, the wall-ﬁetting fall poly-
merization and the free-fall polymerization is em-
ployed) reference can be made to the description pro-
15 vided in connection with the essential feature of the
present invention.
This embodiment is explained below in more detail,
referring to Fig. 6 of the accompanying drawings.
Fig. 6 is a diagram showing a system for practic-
20 ing another mode of the method of the present inven-
tion. In the system of Fig. 6, three polymerizers are
used in the agitation polymerization, one polymerizer
is used in the wall-wetting fall polymerization and two
polymerizers are used in the free-fall polymerization,

25 but the system of Fig. 6 is merely an example and
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25 27 [err] 28
wherein each of Rlerr] and R err] independently represents a
hydrogen atom a hal ogen at om an al kyl group having from1l

to 10 car bon
59

should not be construed as limiting the scope of the
present invention.
When the system of Fig. 6 is used, a monomer
mixture of an aromatic dihydroxy compound and a diaryl
5 carbonate, or a first prepolymer (defined above) is

introduced to first agitation type polymerizer vessels
3 and 3’, respectively, through inlet 1 of polymerizer
vessel 3 and inlet 1’ of polymerizer vessel 3. First
agitation type polymerizer vessels 3 and 3’ are the

10 same, and are adapted to be alternately operated when,
for example, it is intended to produce a prepolymer in
a batchwise manner by means of each‘bf these polymeriz-
ers 3 and 3'. Each of polymerizer vessels 3 and 3’ is
filled with an inert gas, such as nitrogen, and the

15 inner pressure of each polymerizer vessel is usually
controlled to a level around atmospheric pressure. A
by-produced and evaporated aromatic monohydroxy com-
pound and the like are discharged from polymerizer
vessels 3 and 3’, respectively through vents 2 and 2°'.

20 Prepolymers 4 and 4’, obtained by.the polymerization
for a predetermined reaction time under agitation in
respective polymerizer vessels 3 and 3’, are discharged
through outlets 5 and 5', respectively, transferred by
means of transfer pump 6, and introduced to second

25 agitation type polymerizer vessel 8 through inlet 7.
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atons, an al koxy group having from1l to 10 5 carbon atons, a

cycl oal kyl group having from 5 to 10 ring-form ng carbon
atons, or a phenyl group; each of mand n independently
represents an integer of froml1l to 4, with 0 t he proviso that
when mis an integer of from 10 %o 4, R err]'s are the sane or
different, and when n is an integer of from2 to 4, Rerr]'s
are t he or. Ji:tferent ; ;o EUrs . | es of
di val ent aromatic gr ougglnég;%teqjmreO%A&)Oéyéngrilr?glru e ltshggel%lc ee&a(lraa[eu")

represented by thgedlRed prds@ulM Bod & BY &roduced and ted
-Ar[err]-Z-Ar[err]- P N wher ei nrpir ?ygrr]ucgnd aRr [ grvra]poarrae eas

defined above; an@romatic monohydroxy compound and the like are dis-

charged through vent 9. Second prepolymer (defined

5 above) 10, obtained by polymerization for a predeter-

mined reaction time under agitation in polymerizer 8,
is discharged through outlet 11 and transferred by
means of transfer pump 12 to wall-wetting fall polymer-
izer 16.

10 That is, in the wall-wetting fall polymerization,
second prepolymer (defined above) 10, obtained by
agitation polymerization, is contindbusly fed through
inlet 13 and recirculation line 14 and introduced
through overflow port 15 into wall-wetting polymerizer

lS. 16. The introduced second prepolymer falls along and
in contact with the inner wall of a tube in the form of
film-like prepolymer 17, thereby effecting a wall-
wetting fall polymerization. The internal pressure of
the polymerizer is maintained at a predetermined level.

20 A by-produced and evaporated aromatic monohydroxy
compound and the like, and an inert gas, such as nitro-
gen, which is optionally fed through gas-feed port 18,
are discharged through vent 19. The resultant prepoly-
mer at the bottom of the polymerizer is recirculated by

25 means of recirculation pump 20 to overflow port 15 of
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Z represents a single bond or a dival ent group, such as -0,

-CO, -S, -Sgerr], -SO, 20 -COO, or -CON(R[err])-, wherein
Rlerr] is as defined above. Exanpl es of such
di val ent aromatic groups as Ar i ncl ude groups respectively
represented by the follow 25 . ing for ae: 29

[err]
the wall-wetting polymerizer through recirculation line

14 and introduced to the wall-wetting fall polymerizer.
Third prepolymer 21, having a predetermined degree of
polymerization, is continuously withdrawn through
5 outlet 23 and transferred by means of transfer pump 22
to first free-fall polymerizer 27 (having a perforated
plate).
That is, in the first free-fall polymerization,

third prepolymer 21, obtained by the wall-wetting fall

10 polymerization in wall-wetting fall polymerizer 16, is.
continuously fed to first free-fall polymerizer 27 at
its introduction zone (having perforgted plate 26)
through inlet 24 provided in recirculation line 25, and
allowed to pass through perforated plate 26 and fall

15 freely through a free-fall polymerization reaction zone
in first free-fall polymerizer 27. Third prepolymer 17
falls freely in the form of a film, a filament, a
droplet or a spray. The internal pressure of the
polymerizer is maintained at a predetermined level. A

20 by-produced and evaporated aromatic monohfdroxy com-
pound and the like, and an inert gas, such as nitrogen,
which is optionally fed through gas feed port 29, are
discharged through vent 30. The resultant prepolymer
obtained at the bottom of the free-fall polymerization

25 reaction zone is recirculated through recirculation
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10

15

20

25

15

62

line 14 (having recirculation pump 31) to the introduc-
tion zone having perforated plate 26, and allowed to
pass through perforated plate 26 and fall freely
through the free-fall polymerization reaction zone in
the free-fall polymerizer, thereby increasing the
degree of polymerization of the recirculated prepolymer
during the free-fall thereof. Prepolymer 32 having a
predetermined degree of polymerization is continuously
withdrawn through outlet 34, by means of transfer pump
33, and fed to a second free-fall polymerizer 38 at its
introduction zone (having perforated plate 37) through
inlet 35, and allowed to pass throug% perforated plate
37 and fall freely through a free-fall polymerization
reaction zone in a second free-fall polymerizer 38.
Prepolymer 32 falls freely in the form of a film, a
filament, a droplet or a spray. .The internal pressure
of the polymerizer is maintained at a predetermined
level. A by-produced and evaporated aromatic monohy-
droxy compound and the like, and an inert gas, such as
nitrogen, thch is optionally fed through gas-feed port
40, are discharged through vent 41. Resultant molten
polymer 43 obtained at the bottom of the free-fall
polymerization reaction zone is withdrawn through
outlet 45 by means of discharge pump 44. In the agita-

tion, the wall-wetting fall and the free-fall polymeri-
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20 wherein R err], Rerr], mand n are as defined above. 25
In the nethod of the present invention, the aro-

30 mat i ¢ di hydroxy conpounds can be used individually or
i n conmbi nati on. Representative exanpl es of %Bonatic

zations, all of the polymerizers, recirculation lines,
transfer lines, discharge lines and the like are heated
to and kept at an elevated temperature by means of a
heater and a jacket.

5 With respect to materials for constructing the
polymerizers to be used in the method of the present
invention, there is no particular limitation, but
stainless steel, nickel or glass is generally used as a
material for at least inner wall portions of polymeriz-

10 ers. -
In the present invention, it is also preferred
that the inner wall of a polymerizef\be wetted with
part of a recirculated polymer in order to prevent

sticking of scales to the inner wall of the polymeriz-

1s er.
BRIEF DESCRIPTION OF DRAWINGS
Figs. 1 and 2 respectively show two forms of
free-fall polymerization apparatus usable in the
present invention.
20 Figs. 3 to 8 are diagrams showing various systems
for practicing the method of the present invention.

DESCRIPTION OF REFERENCE NUMERALS

(Figs. 1 and 2)
1: 1Inlet for a polymerizing material

25 2: Recirculation line
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di‘hydr oxy conpounds i ncl ude bi sphenol A The di aryl

used in the present invention 5 is represented by the foll ow ng

formula: [err]
i ndependent | y

car bocyclic or

atom of each of Ar

car bonat e

wherein each of Ar[err] and Ar[err]

represents a nonoval ent aromatic group. 10
Each of Ar3 and Ar4 independently represent$¢a nonoval ent
het erocyclic aromatic group. At | east one hydrogen
3[err d Ar%g r.] _may be substituted with a
doe P52t® “yversely affect the reaction, such as

substi tuent which

a hal ogen at om
al koxy

10

20

25
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Molten ASHom%ro%th%V'” rfﬁggb%l%%elo Car Oni?to an

a film, a filament, a droplet or a spray
Gas-~-feed port

Vent

Recirculation pump

Discharge pump

Qutlet

Main body of polymerizer

(Figs. 3, 4 and 5)

1l:

17

Replac

Inlet for a starting material
Inlet for a starting material

Vent

: Vent

First agitation type polymerizer vessel
First agitation type polymerizer vessel
Prepolymer

Prepolymer

Outlet

Outlet

Transfer pump

Inlet

Second agitation type polymerizer vessel

Vent



group having from1 to 10 carbon atons, a phenyl group, a phenoxy

group, a vinyl group, a cyano group, an ester group, an am de group
and a nitro group. Ar[err] and Ar[err] 20 are the sane or different.
Represent ati ve exanpl es of nonoval ent aronaigéz groups Ar[err] and
Ar[err] include a phenyl group, a naphthyl group, a bi phenyl group
and a pyridyl group. Preferred exanpl es of nonoval ent aronmatic
groups 25 as Ay er err] are those respectively represented by
ar A9 ergde A nfd
11: OQutlet

12: Transfer pump
13: Inlet
5 14: Recirculation line
15: Perforated plate
16: First free-fall polymerizer
17: Prepolymer in the form of a film, a filament, a
droplet or a spray
10 18: Gas-feed port
19: Vent
20: Recirculation pump
21: Prepolymer
22: Transfer pump
15 23: Qutlet
24: Inlet
25: Recirculation line
26: Perforated plate
27: Second free-fall polymerizer
20 28: Prepolymer in the form of a film, a filament, a
droplet or a spray
29: Gas~feed port
30: Vent
31: Recirculation pump

25 32: Molten polymer
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the follow ng fornulae: [err] 5 10 Representati ve

exanpl es of diaryl carbonates in clude a substituted or unsubstituted
di phenyl carbonate conmpound represented by the follow ng formula:
[err]

66

33: Discharge pump

34: Qutlet

(Figs. 6 and 7)

5 1l: Inlet for starting material
1’: Inlet for starting material
2: Vent
2': Vent

3: First agitation type polymerizer vessel
10 3’: First agitation type polymerizer vessel

4: Prepolymer

4': Prepolymer

5: Outlet

5’: Outlet
15 6: Transfer pump
7: Inlet

8: Second agitation type polymerizer vessel
g: Vent
10: Prepolymer
20 11: Outlet
12: Transfer pump
13: Inlet
1l4: Recirculation line
15: Overflow port

25 16: Wall-wetting polymerizer
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15 . 20 wherein each of Rlerr] and Rl err] independently

represents a hydrogen atom an al kyl group having from1l to 10
carbon atons, an al koxy group having from1 to 10 carbon atons,
cycl oal kyl group having from5 to 10 ring- 6%5 form ng carbon

atons or a phenyl group; each

17: Film-like prepolymer
18: Gas-feed port
19: Vent
20: Recirculation pump
5 21: Prepolymer

22: Transfer pump
23: OQutlet
24: Inlet
25: Recirculation line

10 26: Perforated plate
27: First free-fall polymerizer
28: Prepolymer in the form of a filmj a filament, a

droplet or a spray

29: Gas-feed port

15 30: Vent
31: Recirculation pump
32: Prepolymer
33: Transfer pump
34: Outlet

20 35: Inlet
36: Recirculation line
37: Perforated plate
38: Second free-fall polymerizer
39: Prepolymer in the form of a film, a filament, a

25 droplet or a spray
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32 of p and g independently represents an inte-

ger of from1l to 5 wth the proviso that when o is an
integer of 2 or nore, Rerr]'s are the sane or different, and
when g is an integer of 2 or .gore, Rlerr]'s are the same or
different. O these di phenyl carbonate conpounds, preferred
are diaryl carbonates having a symetrical configura- tion, such as
(unsubstituted) dighesnd- eadb e, 10 ditolyl carbonate, and a

di phenyl carbonate substitute with a | ower al kyl group, e.g.,

di -t - butyl phenyl 4gar vent
42: Recirculation pump

43: Molten polymer

5 44: Discharge pump
45: Outlet
(Fig. 8)
1: 1Inlet for starting material
10 1’: Inlet for starting material
2: Vent
2': Vent A

3: First agitation type polymerizer vessel

Lo
e

First agitation type polymerizer vessel
15 4: Prepolymer
| 4': Prepolymer

5: Outlet

57: Outlet

6: Transfer pump
20 | 7: Inlet

8: Recirculation line

9: Overflow port

10: Wall-wetting polymerizer

11: Film-like prepolymer

25 12: Gas-feed port
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bonate. Particularly preferred is diphenyl carbonate, which is the

di aryl carbonate having the sinplest structure. 15 These
di aryl carbonates nmay be used individually or in conbination.

The ratio in which the aromati c di hydroxy conpound and the diaryl
carbonate are used (i.e. a charging 69ra.tio) may vary dependi ng on
the types of the aromatic 20 di hydroxy conpound and di aryl carbonate
enpl oyed, the 3. é§%ynerization tenperature and ot her polynerization
conditions. The d%a?yY carbonate is generally used in an anmount of
from0.9 to 2.5 e ¥ rabl v f 0.95 to 2.0 noles, nore
preferably fron1ngB$§%§%f%§i%¥§6h éqﬁHGKL per nole of the aromatic

di hydr oxy conpoungs,

10

15

20

25

Th

16:
17:
18:
19:
20:
21:

22:

23:
24:
25:
26:
27:
28:
29:
30:
31:
32:

33:

34:
35:

Prepolymer

Transfer pump

Qutlet

Inlet

Recirculation line
Perforated plate

First free-fall polymer;zer
Prepolymer in the form of a film, a filament, a
droplet or a spray

Gas-feed port

Vent

Recirculation pump
Prepolymer

Transfer pump

Qutlet

Inlet

Recirculation line
Perforated plate

Second free-fall polymerizer
Prepolymer in the form of a film, a filament, a
droplet or a spray

Gas-feed port

vVent
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34 prepol yner is |less than 10, 000; and when it is intended
to obtain an aromati c pol ycarbonate having a nunber aver age

nol ecul ar wei ght of 20,000, the nunber average

range of the nolten prepolyner is |ess

10

15

20

25

36:
37:
38:
39:

Recirculation pump
Molten polymer
Discharge pump

Outlet

5

nol ecul ar wei ght
t han 20, 000.
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BEST MODE FOR CARRYING QUT_THE INVENTION

The present invention will be described in more
detail with reference to the following Examples.

In the following Examples, the molecular weight is
expressed in terms of the number average molecular
weight (hereinafter referred to simply as "Mn") as
measured by gel permeation chromatography (GPC). The
color of the aromatic polycarbonate produced was evalu-
ated, using a specimen having a thickness of 3.2 cm, in
accordance with the CIELAB method, and the yellowness'

of the specimen is expressed in terms of the b*-value.

~

Example 1

A free-fall polymerization reaction was carried
out using polymerization apparatus shown in Fig. 1.
Free-fall polymerizer 10 (contained in the polymeriza-
tion apparatus) is equipped with perforated plate 3,
which has 50 holes having a diameter of 7.5 mm and
arranged in a zigzag configuration in which the dis-
tance (pitch) between the adjacent holes is 30 mm, as
measured between the centers of the adjacent holes.
The free-fall distance is 4 m.

A prepolymer having an Mn of 2,400, prepared by
reacting bisphenol A with diphenyl carbonate in a molar
ratio of 1:1.05, was continuously fed to free-~fall

polymerizer 10 at 5 liters/hr, so that a free-fall
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34a The net hod

I nvention for producing an aromatic pol ycarbonate

i ntroducing to an introduction zone having a perforated
72

polymerization reaction of the prepolymer was carried
out under polymerization reaction conditions wherein
the reaction temperature was 250 °C, the reaction
pressure was 1.0 mmHg, and the flow rate of nitrogen
gas was 2 liters/hr. A colorless transparent aromatic
polycarbonate having an Mn of 3,100 and a b*-value of
3.1 was obtained.
Example 2

The same polymerization apparatus as in Example 1
and shown in Fig. 1 was used. A prepolymer having an
Mn of 8,900, prepared by reacting bisphenol A with
diphenyl carbonate in a molar ratio ‘of 1:1.08, was
continuously fed to free-fall polymerizer 10 at
2 liters/hr, so that a free-fall polymerization reac-
tion was carried out under polymerization reaction
conditions wherein the reaction temperature was 250 °C,
the reaction pressure was 0.6 mmHg, and the flow rate
of nitrogen gas was 1 liter/hr. A colorless transpar-
ent aromatic polycarbonate having an Mn of 11,300 and a
b*~value of 3.3 was obtained. |
Example 3

A free-fall polymerization reaction was carried
out using polymerization apparatus shown in Fig. 2.
Free-fall polymerizer 10 (contained in the polymeriza-

tion apparatus) is equipped with perforated plate 3,
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pl ate at | east one polynerizing material selected fromthe group

consi sting of: a nolten nononer m xture of an aromatic di hydroxy com
pound and a diaryl carbonate, and a nolten prepol ynmer obtained by a
process conprising reacting an aromatic di hydroxy conpound with a diaryl
car- bonate, and all owi ng the polynerizing material to pass

downwardly through the perforated plate and fall through a fall polyner-
i zation reaction zdvigh theey Sy heflfesc thiavg.ng frakliapeltpmepifz at.iSomm @hd he
pol ynerizing material during the fall thereof to obtain a polyner at a
bottom of the fal lagengesk ilratd Gigzegcidomfigagagion in which the dis-

tance (pitch) between the adjacent holes is 30 mm. The
free-fall distance is 4 m.

2 20 Liters of a molten mixture of bisphenol A and
diphenyl carbonate in a molar ratio of 1:1.05 was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for 1
hour under polymerization reaction conditions wherein

10 the reaction temperature was 250 °C, the reaction
pressure was 100 mmHg, and the flow rate of nitrogen
gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction zone
(having perforated plate 3) of free~fall polymerizer 10

15 through recirculation line 2 at a recirculation flow
rate of 600 liters/hr. The reaction was further con-
tinued for 30 minutes under a pressure of 10 mmHg. A
colorless transparent aromatic polycarbonate having an

Mn of 2,100 and a b*-value of 3.0 was obtained.

20 Example 4
The same pclymerization apparatus as in Example 3
and shown in Fig. 2 was used. 35 Liters of a prepoly-
mer having an Mn of 800, prepared by reacting bisphenol
A with diphenyl carbonate in a molar ratio of 1:1.05,
25 was introduced to free-fall polymerizer 10, and a

eet Has Been Replaced

0



the fall being at |east one fall selected fromthe group consisting of a
free fall and a wre-wetting fall, wherein when the fall is a wire-wetting
fall, thefall polynerization reaction zone has at | east one wire provided
in correspondence wth at |east one hole of74he perforated plate and
extending downwardly through the fall polynerization reaction zone.
34b

free-fall polymerization reaction was batchwise carried

out for 1 hour under polymerization reaction conditions
wherein the reaction temperature was 250 °C, the reac-
tion pressure was 10 mmHg, and the flow rate of nitro-
5 gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-fall polymer-
izer 10 through recirculation line 2 at a recirculation
flow rate of 400 liters/hr. A colorless transparent
10 aromatic polycarbonate having an Mn of 2,400 and a b*-
value of 3.0 was obtained.
Example 5 A
The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
15 of an aromatic polycarbonate having an Mn of 2,400,
which was the same as that obtained in Example 4, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for
1.5 hours under polymerization reaction conditions
20 wherein the reaction temperature was 250 °C, the reac-
tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-fall polymer-

25 izer 10 through recirculation line 2 at a recirculation
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The term nology "free-fall" used in the present invention neans a fal
under vacuum or non-vacuum conditions, during which a falling polynerizing

materi- al does not contact an object causing resistance to fall, such as
a guide or a wall. The polynerizing nateriasgis allowed to fall freely in
the formof a film a filament, a droplet, a spray or the like. During
the free-fall, by-products produced in a poly- condensation reaction, such

as phenol, are refwedrate of 100 liters/hr. A colorless transparent
aromatic polycarbonate having an Mn of 4,700 and a b*-
value of 3.2 was obtained.
Example 6
5 The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,400,
which was the same as that obtained in Example 4, was
introduced to free-fall polymerizer 10, and a free-fall
10 polymerization reaction was batchwise carried out for
1.5 hours under polymerization reaction conditions
wherein the reaction temperature was™250 °C, the reac-
tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while
15 recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-fall polymer-
izer 10 through recirculation line 2 at a recirculation
flow rate of 400 liters/hr. A colorless transparent
aromatic polycarbonate having an Mn of 6,000 and a b*-

20 value of 3.2 was obtained.

Example 7

The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,400,

25 which was the same as that obtained in Example 4, was
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35 There is no particular imtation with respect to

t he shape of holes of the perforated plate to be used I n the nethod
of the present invention. Cenerally, the nor phol ogy of a hole is
selected froma circle, an 5 ellipse, astriangle, a slit, a polygon,
a star and the | i ke. The area of each hole of the perforated plate
S usually fromO0.01 to 100 cnferr], preferably fromO0.05 to

10 cnjerr], nore prémadasied toodreetfadls podyaerizerThe pantoa free-fall
rated plate may have a nozzle or a guide connected 10 t hereto, as |ong

as a pol yneri zi ng BedtY@ErdzatdRnf gepction was batchwise carried out for

1.5 hours under polymerization reaction conditions
wherein the reaction temperature was 250 °C, the reac-
5 tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-fall polymer-
izer 10 through recirculation line 2 at a recirculation
10 flow rate of 20 liters/hr. A colorless transparent
aromatic polycarbonate having an Mn of 4,200 and a b*-
value of 3.2 was obtained. p
Example 8
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 4,700,
which was the same as that obtained in Example 5, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for 6
20 hours under polymerization reaction conditions wherein
the reaction temperature was 250 °C, the reaction
pressure was 1.0 mmHg, and the flow rate of nitrogen
gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction zone

25 (having perforated plate 3) of free-fall polymerizer 10
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freely after passing such a nozzle or guide. The di stance between
adj acent holes is generally from1l to 500 mMmm preferably from10 to
100 mm nore preferably from15 to 50 mm as neasured between the
centers of 15 t he adj acent hol es. 77 Wth respect to the
nunber of holes in the perfo- rated plate, there is no particular
limtation, but the nunber of hol es may vary dependi ng on
conditions, such throughaxediecudactiban liaeplr ature randrpundasive, fibe
anount of 20 catal yst, and the range of nol ecul ar wei ght of polycar-
bonate to be producede Rdr 2xdiplees/Wren & pollpméessstransparent beomatic
produced at a rate of 100 kg/hr, usually 10 to 10[err] holes are
necessary. A di st amed naarhegiatghihevingean Mn of f§1,008f anBeapbliymediuei og

material is conducted is _
was obtained.

5 Example 9
The same polymerization apparatus as in Example 3

and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 4,700,
which was the same as that obtained in Example 5, was

10 introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for 2
hours under polymerization reaction conditions wherein
the reaction temperature was 280 °C, the reaction
pressure was 0.4 mmHg, and the flow rate of nitroéen

15 gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction iohe
(having perforated plate 3) of free-fall polymerizer 10
through recirculation line 2 at a recirculation flow
rate of 25 liters/hr. A colorless transparent aromatic

20 polycarbonate having an Mn of 11,000 and a b*-value of
3.3 was obtained.
Comparative Example 1

Substantially the same polymerization apparatus as

in Example 3 and shown in Fig. 2 was used, except that

25 50 strands of 0.1 mm¢ SUS 316 wires were hung vertical-
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25 preferably from0.3 to 50 m nore preferably fromO0.5

36 to 20 m fromthe perforated plate. A flowrate at
whi ch the polynerizing materi al passes through the holes of the
perforated plate may vary depending og the nol ecul ar wei ght of the
polymer- 5 lzing material. The flowrate per hole is generally
from1O[err] to 10[err] liters/hr, preferably from10[err] to

10[err] liters/hr lynfremprakerabbgctiom Goles0ob0thet pegforated plharte to

the reservoir portion at the bottom of the free-fall
polymerizer, so that the prepolymer did not fall freely
(not free-fall) but fell along and in contact with the
> wires (wire-wetting fall). A polymerization reaction
was batchwise carried out for 2 hours under the same
reaction conditions as in Example 9 except that the
wire-wetting fall was used instead of the free-fall.
An aromatic polycarbonate having an Mn of 5,500 and a
10 b*-value of 3.3 was obtained. It was found that the
rate of the increase in molecular weight was about one
eighth as large as that observed in Example 9.
Example 10
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. 50 Liters of a molten
mixture of bisphenol A and diphenyl carbonate in a
meolar ratio of 1:1.15 was introduced to frée—fall
polymerizer 10, and a free-fall polymerization reaction
was batchwise carried out for 1 hour under polymeriza-
20 tion reaction conditions wherein the reaction tempera-
ture was 250 °C, the reaction pressure was 100 mmHg and
the flow rate of nitrogen gas was 2 liters/hr to obtain
a polymer, while recirculating the obtained polymer to
the introduction zone (having perforated plate 3) of

25 free-fall polymerizer 10 through recirculation line 2
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The fall tinme is not particularly limted, 10 but is generally from
0.01 seconds to 1 hour. 15 20

79

at a recirculation flow rate of 600 liters/hr. The
reaction was further continued for 1 hour under a
pressure of 10 mmHg and at a recirculation flow rate of
400 liters/hr. A colorless transparent aromatic poly-

3 carbonate having an Mn of 2,300 and a b*-value of 3.0
was obtained.

Example 11

The same polymerization apparatus as in Example 3

and shown in Fig. 2 was used. 30 Liters of a prepoly-

10 mer having an Mn of 2,200, prepared by reacting bisphe-
nol A with diphenyl carbonate in a molar ratio of
1:1.05, was introduced to free-fall polymerizer 10. A
continuous free-fall polymerization reaction was car-
ried out for'l,OOO hours under polymerization reaction

15 conditions wherein the reaction temperature was 250 °C,
the reaction pressure was 1.0 mmHg and the flow rate of
nitrogen gas was 2 liters/hr to obtain a polymer, while
continuously feeding the same prepolymer as used above
to free-fall polymerizer 10 at a flow rate of 6

20 liters/hr, and recirculatihg a part of the polymer to
the introduction zone (having perforated plate 3) of
free-fall polymerizer 10 through recirculation line 2
at a recirculation flow rate of 100 liters/hr, and
while withdrawing the remainder of the polymer so that

25 the level of the polymer in the reservoir portion at
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25 36a When a
wre-wetting fall polynerization is conducted,

80

the bottom of the free-fall polymerizer was constantly
maintained. Results are shown in Table 1. After
completion of the free-fall polymerization reaction, no
accumulation of low molecular weight polymer and the

3 like was observed on the perforated plate.

Examples 12 to 15

Polymerization reactions were individually carried
out using the same polymerization apparatus as in
Example 3 and shown in Fig. 2 and in substantially the

10 same manner as in Example 11, except that the polymeri-
zation reaction conditions were varied as shown in
Table 1, and that the prepolymer continuously fed to
free-fall polymerizer 10 was an aromatic polycarbonate
having an Mn of 6,000 which was the same as that ob-

15 tained by the 1,000-hour free-fall polymerization
reaction in Example 11. Results are shown in Table 1.
After completion of the free-fall polymerization reac-
tion in any of Examples 12 to 15, no accumulation of

low molecular weight polymer and the like was observed
20 on the perforated plate.

Examples 16 to 20

In each of Examples 16 to 20, substantially the
same polymerization apparatus as in Example 3 and shown
in Fig. 2 was used, except that the free-fall was

25 conducted through a distance of 0.2 m (Example 16),

This Sheet Has Been Replaced

AR

wa



with respect to the positional rel ationship between the at | east one wire

and the perforated plate, and to the positional rel ati onshi p between the
at | east one wire and the at | east one hole of the perforated plate,
there is no particular limtation as |long as8 polynerizing materi al

I ntroduced to the introduction zone is enabled to pass downwardly through
the perforated plate and fall alon% and in contact with the at |east one
wire toward the | ofer’ hd BRMHE 3t/ Nlreds™ diEafiPle. 187The 2nf d Exggple 19),

perforated plate either may be or may not be in contact w th each other.
Expl anation i s madéWelbW dfE*amdensilds of ORdriRacdsi freeninddt ©rd ierd zas

provided i n correspondence wththe 108 91 .15 PELLYAed ALY o

substantially the same polymerization reaction condi-

2 tions as in Example 13, except that the distances for
the free-fall were varied as mentioned above. Results
are shown in Table 2. After completion of the free-
fall polymerization reaction in any of Examples 16 to
20, no accumulation of low molecular weight polymer and

10 the like was observed on the perforated plate.

Example 21

Substantially the same polymeriZation apparatus as
in Example 3 and shown in Fig. 2 was used, except that
the perforated plate in the free-fall polymerizer had

15 110 holes having a hole diameter of 4.4 mm and arranged
in a zigzag configuration in which the distance (pitch)
between the adjacent holes was 20 mm. A continuous
free-fall polymerization reaction was carried out under
substantially the same polymerization reaction condi-

20 tions as in Example 13, except that the above-mentioned
perforated plate was used. Samples were taken from the
product aromatic polycarbonates which were withdrawn at
time points of 200 hours, 400 hours, 600 hours, 800
hours and 1,000 hours after the start of the reaction.

25 The samples of the product aromatic polycarbonates
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36b limted to the following 4 exanples. In a first exanple, the upper

end of the wire is secured to a support rod provided above the perforated

plate, and the wire extends downwardly through the hole of the perforated

plate. In a second exam ple, the upper engzof the wire is secured to the
upper circum ferential edge of the hole of "the perforated plate, and the

W re extends downwardly through the hole of the perforated plate. In a

third exanple, theivnaeawandtotihBepWin®si 8f 200 hours, 400 hours, 600
hours, 800 hours and 1,000 hours after the start of the
reaction were colorless and transparent, and had a b*-
value of 3.3 and had Mn values of 15,500, 15,600,

5 15,400, 15,500 and 15,500, respectively. This shows

that the polymerization reaction was stably performed.
After completion of the free-fall polymerization reac-
tion, no accumulation of low molecular weight polymer
and the like was observed on the perforated plate.

10 Example 22

Substantially the same polymerization apparatus as

in Example 3 and shown in Fig. 2 was' used, except that
the perforated plate had 50 rectangular holes having a
size of 4 mm x 10 mm instead of the 50 circular holes

15 having a diameter of 7.5 mm. A continuous free-~fall
polymerization reaction was carried out under substan-
tially the same polymerization reaction conditions as
in Example 13, except that the above-mentioned perfo-
rated plate was used. Samples were taken from the

20 product aromatic polycarbonates which were withdrawn at
time points of 200 hours, 400 hours, 600 hours, 800
hours and 1,000 hours after the start of the reaction.
The samples of the product aromatic polycarbonates
withdrawn at time points of 200 hours, 400 hours, 600

25 hours, 800 hours and 1,000 hours after the start of the
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secured to the lower surface of the perforated plate, and the wre extends
downwardly fromthe |ower surface of the perfo- rated plate. In a fourth
exanple, the wire is attached to a support rod as described in the first
exanpl e above, and the support rod having t wire attached thereto is
provided not at a position above the perforated plate as in the first
exanpl e, but at a position below the perforated plate. In the case of the
fourth exanple, sirefctivh uppel RNGAfeddh@nd drspfRRsid,] el el ow the
perforated plate, a polnerizing material which has passed downwar dl'y

t hrough t he performhcb pifat®e 3 fareelhad ald srdiefey o f aldiow alonweEnd in
contact with the

13,100, 13,000 and 13,100, respectively. This shows

that the polymerization reaction was stably performed.
5 After completion of the free-fall polymerization reac-

tion, no accumulation of low molecular weight polymer

and the like was observed on the perforated plate.

Comparative Example 2

An aromatic polycarbonate was produced using a

10 horizontal twin-screw agitation type polymerizer. The’
horizontal twin-screw agitation type polymerizer has a
capacity of 30 liters, a D/L ratio of 6, and a twin-
screw agitating blades having a rotation diameter of
140 m.

15 ' An agitation polymerization reaction was continu-
ously carried out while continuously feeding the same
prepolymer as used in Example 15 at a flow rate of 6
liters/hr and continuously withdrawing a part of the
produced aromatic polycarbonate in a manner wherein the

20 volume of the reaction mixture in the twin-screw agita-
tion type polymerizer was constantly maintained at 10
liters. The reaction conditions of the agitation
polymerization reaction were as follows: the reaction
was carried out for 1,000 hours, the reaction tempera-

25 ture was 250 °C, and the reaction pressure was
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0.3 mmHg. Samples were taken from the produced aromat-
ic polycarbonates which were withdrawn at time points
of 200 hours, 400 hours, 600 hours, 800 hours and 1,000
hours after the start of the polymerization reaction.

5 The samples of the produced aromatic polycarbonates
withdrawn at time points of 200 hours, 400 hours, 600
hours, 800 hours and 1,000 hours after the start of the
reaction had b*-values of 3.6, 3.7, 3.7, 3.8 and 3.9,
respectively, and had Mn values of 8,500, 8,800, 8,600,

10 8,400 aﬁd 8,300, respectively. The rate of the in-

crease in molecular weight was about one half as large

s

as that observed in Example 15.
Example 23
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. 50 Liters of a mixture,
which was prepared by adding 1 x 10~% mole of sodium
hydroxide and 3 x 10~ mole of tetramethyl ammonium
hydroxide to a molten mixture of bisphenol A and diphe-
nyl carbonate (molar ratio of 1:1.0S5) per mole of
20 biéphenol A, was introduced to free-fall polymerizer
10, and a free-fall polymerization reaction was batch-
wise carried out under polymerization reaction condi-
tions wherein the reaction temperature was 250 °C, the
reaction pressure was 100 mmHg, and the flow rate of

25 nitrogen gas was 2 liters/hr to obtain a polymer, while
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In the present invention, a polynmer obtained by the fall polynerization
can be withdrawn, as such, fromthe polynerizer, but it is preferred that
the polynmer be recirculated to the introduction zone having the
perforated plate for further fall polynerizagg tion. In this case,
residence tinme of polyner in a reservoir porélon at the bottom of the fal
poly- nerization reaction zone or in a recirculation line can be
prol onged accordi kgctigcuhatihfetA8CE58aLHel0polPh¥r t608HENSALIFBAUERRGHI ON.
When the obtained polynmer is recirculated and subjected to further fal
poly- nerizationzoaer ghawtdgl pguEdrauetiapeasdeed)f of "edeperallinpbl/ing®e -
becones large, so that a desired nolecular weicht can be easily achieved.
izer 10 through recirculation line 2 at a recirculation

flow rate of 200 liters/hr. The reaction was further

3 continued for 30 minutes under a pressure of 10 mmHg.
A colorless transparent aromatic polycarbonate having
an Mn of 2,500 and a b*-value of 3.0 was obtained.

Example 24

The same polymerization apparatus as in Example 3

10 and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,500,
which was the same as that obtained in Example 23, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out under

15 polymerization reaction conditions wherein the reaction
temperature was 250 °C, the reaction pressure was
1.0 mmHg and the flow rate of nitrogen gas was 2 lit-
ers/hr to obtain a polymer, while recirculating the
obtained polymer to the introduction zone (having

20 perforated plate 3) of free-fall polymerizer 10 through
recirculation line 2 at a recirculation flow rate of
100 liters/hr. The reaction was continued for 4 hours
at a recirculation flow rate of 25 liters/hr. A color-
less transparent aromatic polycarbonate having an Mn of

25 10,500 and a b*-value of 3.1 was obtained.
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Preferred exanpl es of enbodi ments of the method of

37 the present invention include a nethod according to the

enbodi ment of item (1) above, wherein the introduction of the
nol t en nononmer mxture or nolten prepolyner gg (polymerizing material)
to the introduction zone having .5 the perforated plate is

conti nuously conducted, and whi ch nethod further conprises

conti nuously condEggipde 25 a sequence of steps of recirculating to the
i ntroduc-

The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. A free-fall polymeriza-
tion reaction was batchwise carried out for 30 minutes

5 under substantially the same polymerization reaction
conditions as in Example 3, except that 1,l-bis-(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane was used
instead of the bisphenol A. The reaction was continued
for 30 minutes under substantially the same polymeriza-

10 tion reaction conditions as in Example 4, except that
1,1~bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane
was used instead of the bisphenol A A colorless
transparent aromatic polycarbonate having an Mn of
2,300 was obtained. Further, a free-fall polymeriza-.

15 tion reaction was carried out under substantially the
same polymerization reaction conditions as in Example
6, except that the above-obtained aromatic polycarbon-
ate was used as prepolymer. The thus obtained polymer
was a colorless transparent aromatic polycarbonate

20 having an Mn of 5,800 and a b*-value of 3.3.

Example 26

An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 3. The system of Fig.
3 comprises first stage and second stage agitation

25 polymerizations, and first stage and second stage
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tion zone (having the perforated plate) part of the pol ymer

obtai ned at the bottomof the fall poly- 10 neri zation reaction zone,
and all owi ng an adm xture of t he continuously introduced nononer

m xture or prepoly- mer in the noltengiate and the recircul ated
pol ymer to pass downwardly through the perforated plate and fal
through the fall polynerization reaction 15 zone, thereby continuously
effecting a fromfaftepofyrl polymeriw{tiz@id on of the admi xture during the
fall there- of, while continuously wi thdrawi ng the remai nder of the
pol yner obtained at the Dottlen Dirdthestfadd gmiltetion polymmrizatiom, a
reaction zone. According to this enbodi- 20 ment, polynerization can

be carried out stabfgup @f first agitation type polymerizer vessels 3

and 3’ were used. In the second stage agitation poly-

wn

merization, second agitation type polymerizer vessel 8
was used. The capacity of each of first agitation type
polymerizer vessels 3 and 3’ was 100 liters, and the
capacity of second agitation type polymerizer vessel 8
was 50 liters. The agitating blades of each of these
10 three agitation type polymerizer vessels were of anchor
type.

In the first stage free-fall polymerization, first
free-fall polymerizer 16 was used. In the second stage
free-fall polymerization second free-fall polymerizer
15 27 was used. Each of first free-fall polymerizer 16

and second free-fall polymerizer 27 was equipped with a
perforated plate which had 50 hcles having a diameter
of 7.5 mm and arranged in a zigzag configuration in
which the distance (pitch) between the adjacent holes
20 was 30 mm. The free-fall distance was 4 m. Only first
free-fall polymerizer 16 had a recirculation line.

The first stage agitation polymerization in first

agitation type polymerizer vessels 3 and 3’ was batch-

wise conducted, whereas the second stage agitation

polymerization in second agitation type polymerizer
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prol onged period of time wi thout an accunul ation of |ow nmol ecul ar

wei ght pol ycondensate and the |ike on a perforated plate. This is
one of the great advantages of the present invention. In the
present invention, 25 the reaction tenpggature for reacting the
aromatic 33 The
nunber average nol ecul ar wei ght of the aromat- I ¢ pol ycar bonat e
obt ai ned accordi nyeseeilh8, nenthiotheffirst stage hengresermdi avagei dbnees
generally from500 to 100, 000, preferably from500 to 30, 000.

fall polymerlzatlons in first and second free-fall
polymerizers 16 and 27 were continuously conducted.
The polymerization reaction conditions in both of
2 first agitation type polymerizer vessels 3 and 3’ were
as follows: the reaction temperature was 180 °C, the
reaction pressure was atmospheric pressure, and the
flow rate of nitrogen gas was 1 liter/hr.
In operation, 80 kg of a monomer mixture of bis-
10 phenol A and diphenyl carbonate in a molar ratio of
1:1.10 was charged into each of first agitation type
polymerizer vessels 3 and 3’. The monomer mixture in
polymerizer 3 was polymerized in a molten state while
agitating for 4 hours to obtain prepolymer 4. Outlet 5
15 was opened, and prepolymer 4 was fed to second agita-
tion type polymerizer vessel 8 at a flow rate of 5
liters/hr.
While feeding prepolymer 4 obtained in first
agitation type polymerizer vessel 3 to second agitation
20 type polymerizer vessel 8, first agitation type poly-
merizer vessel 3’ was operated and the monomer mixture
of bisphenol A and diphenyl carbonate was polymerized
in the same manner as in the agitation polymerization
in first agitation type polymerizer vessel 3, to obtain

25 prepolymer 4.
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5 In the present invention, the term"nolten nononer

m xture of an aromatic di hydroxy conpound and a diaryl car bonat e"
nmeans a honobgeneous m xture of the nononers whi ch i s obtained by

m xi ng the aromati c di hydroxy conpounglgand the diaryl carbonate
whil e heating. The 10 nol ten nononer m xture can be obtained by m xing
t he aromati ¢ di hydroxy conpound and the diaryl carbonate

while heating at a tenp@hahUFersd &hech8DER ¥pé!SFlymerizer16@sbelLr BC to
200 [err]C In the present invention, the term “nmol ten prepol ymer"”

means a pol ycondenbatemewhinphyi soutbet 5 obt abhgdebyzér ps ovessclospdi ahay
reacting an aronatic di hydroxy conpound with a diaryl carbonate,
and has a Lowceadpl estilat Hei ghit pohgmeaiténal ' awasadpenpdl ysar -
that prepolymer 4‘ was fed from first agitation type
polymerizer vessel 3’ to second agitation type polymer-
izer vessel 8 at a flow rate of 5 liters/hr. In this
instance, the same monomer mixture of bisphenocl A and
diphenyl carbonate as mentioned above was charged in
polymerizer 3. While feeding prepolymer 4’ obtained in
10 first agitation type polymerizer vessel 3’ to second
agitation type polymerizer vessel 8, polymerizer vessel
3 was operated, so that the monomer mixture charged
therein was polymerized in the same manner as mentioned
above.
15 With respect to the batchwise polymerization in
first agitation type polymerizer vessels 3 and 3’ and
to the alternate feeding of prepolymers 4 and 4’ from
polymerizers 3 and 3* to second agitation type polymer-
izer vessel 8, the same operation as mentioned above
20 was repeated, so that the prepolymer (either prepolymer
4 or prepolymer 4', alternately) was continucusly fed
to second agitation type polymerizer vessel 8.

In second agitation type polymerizer vessel 8, a
further agitation polymerization of prepolymers 4 and

25 4’, alternately fed from first agitation type polymer-
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bonate to be produced by the nmethod of the present I nvention. The

range of the nolecular weight of the 20 nol ten prepol yner to be used
in the present invention vari es dependi ng on the nol ecul ar wei ght
of- a final aromati c pol ycarbonate togpe produced. For exanple,
when it is intended to obtain an aromatic pol ycarbonate havi ng a
nunber average nol ecul ar wei ght of 10,000, the 25 nunber aver age
nol ecul ar wei ght tafgevessehe ppkpeén3’, was continuously carried out
38 dlhydroxy conEound with the diaryl carbonate is gener-

undér polymerization reaction conditions wherein the

reaction temperature was 230 °C, the reaction pressure
was 100 mmHg and the flow rate of nitrogen gas was 2
2 liters/hr, thereby obtaining prepolymer 10.

When the volume of prepolymer 10 in second agita-
tion type polymerizer vessel 8 reached 20 liters, part
of prepolymer 10 was continuously fed to first free-
fall poLymerizer 16 so that the volume of prepolymer 10

10 in second agitation type polymerizer vessel 8 was

constantly maintained at 20 liters. The feeding of

prepolymer 10 to first free-fall polymerizer 16 was
conducted through inlet 13 provided in recirculation

line 14 for polymerizer 16.

15 In first free-fall polymerizer 16, a free-~fall
polymerization of prepolymer 10 was continuously car-
ried out under polymerization reaction conditions
wherein the reaction temperature was 250 °C, the reac-
tion pressure was 2.0 mmHg and the flow rate of nitro-

20 gen gas was 1 liter/hr, thereby obtaining prepolymex

21, while recirculating a part of obtained prepolymer

21 to the introduction zone (having perforated plate

15) of first free-fall polymerizer 16 through recircu-

lation line 14 at a recirculation flow rate of 200

25 liters/hr.
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ally in the range of from50 to 350 [err]C, preferably from 100 to
290 [err] C As the reaction proceeds, an aronmatic nonohydroxy
5 conmpound i s by-produced. By renoving the aronatic

nmonohydr oxy conpound fromthe reaction systeQ%bthe reaction rate
can be increased. Therefore, in the thod of the present

I nvention, it is preferable to enpl oy a nethod in which an inert
gas which does not 10 e

ar gon. el um B G S o LR A Do phRPg et B 00
entrained by the i 61T BaET oG The ) napeod TP WY, part of PRI S
aromatic nmonohydr oxyr COMMPARIGcd St inuously fed to second free-fall poly-
merizer 27 so that the volume of prepolymer 21 in first
> free-fall polymerizer 16 was constantly maintained at
10 liters.

In second free-fall polymerizer 27, a free-fall
polymerization reaction was continuously carried out
under polymerization reaction conditions wherein the

10 reaction temperature was 280 °C, the reaction pressure
was 0.3 mmHg, and the flow rate of nitrogen gas was 2
liters/hr, thereby obtaining polymef 32.

When the volume of polymer 32 in second free-fall

polymerizer 27 reached 2 liters, polymer 32 was contin-
15 uously withdrawn from second free-fall polymerizer 27

so that the volume of polymer 32 in second free-fall

polymerizer 27 was constantly maintained at 2 liters.

The above-mentioned series of polymerization

reactions was continuously carried out for 500 hours.

20 Results are shown in Table 3. After completion of the
series of polymerization reactions continuously con-
ducted for 500 hours, no accumulation of low molecular
weight polymer and the like was observed on the perfo-
rated plate in each of first free-fall polymerizer 16

25

and second free-fall polymerizer 27.
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15 wi thdrawn to renove the aromati c nonohydroxy conpound, or a
nmet hod in which the reaction is carried out under reduced pressure.
The above two net hods can be used i ndividually or in conbination
The preferred reaction pressure nmay gary dependi ng on the nol ecul ar
wei ght of 20 the nolten nononer m xture or nolten prepolyner. Wen

t he nunber average nol ecul ar wei ght of the nolten nonomer m xture
or nolten prepol yiBxampdesedd thadd 1,000, the reaction pressure is
preferably from 50 to atnospheric pressure. \Wen the nunber
average 25 mol ecull@r agEPFRENES Wish theogame syetem eRe inedxempae

26 and shown in Fig. 3, a polymerization reaction was
carried out in substantially the same manner as in

‘3 Example 26 except that the polymerization reaction
conditions were varied as shown in Table 3. Results
are also shown in Table 3. After completion of the
series of polymerization reactions, no accumulation of
. low molecular weight polymer and the like was observed

10 on the perforated plate in each of first and second
free-fall polymerizers 16 and 27.

Example 30

An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 4. The system of Fig.
15 4 comprises first stage and second stage agitation
polymerizations, and a free-~fall polymerization. In
the first stage agitation polymerization, a couple of
first agitation type polymerizer vessels 3 and 3’ were
used. In the second stage agitation polymerization,
20 second agitation type polymerizer vessei 8 was used.
In the free-fall polymerization, free-fall polymerizer
16 was used.
First agitation type polymerizer vessels 3 and 3

and second agitation type polymerizer vessel 8 were the

25 same as those used in Example 26 and shown in Fig. 3.
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39 pressure is preferably from3 to 80 mMHg. When the

nunber average nol ecul ar weight is greater than 2,000, the reaction
pressure is preferably 10 mmHg or | ess, nore preferably 5 mrHg or
I'ess. 5 It is particularly preferwgd that the polyneriza-

tion be carried out under reduced.pressure while intro- duci ng an

I nert gas as nentioned above. By this neth- od, a high degree of
pol yneri zati on carFmdfd+faldntpolyimerizer 16 aalsi eiedsamthast féassi dgee-

probl ens, such as nutual 10 contact of adjacent filanments due to

turbul ence of gas fall polymegwzer 16 used in Exampilepdbyevddehsani an
reaction can be carried
Fig.

The first and second stage agitation polymeriza-
5 tions were carried out under the same conditions as in
Example 26, and the feeding of prepolymer 10 to free-
fall polymerizer 16 was continuously conducted in the
same manner as in Example 26.
In free-fall polymerizer 16, a free-fall polymeri-
10 zation of prepolymer 10 was continuously carried out
under polymerization reaction conditions wherein the
reaction temperature was 290 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 2
liters/hr, thereby obtaining polymer 21, while recircu-
15 lating a part of obtained polymer 21 to the introduc-
tion zone (having perforated plate 15) of free-fall
polymerizer 16 through recirculation line 14 at a
recirculation flow rate of 400 liters/hr.
When the volume of polymer 21 in free-fall poly-
20 merizer 16 reached 10 liters, polymer 21 was continu-
ously withdrawn from free-fall polymerizer 16 so that
the volume of polymer 21 in free-fall polymerizer 16
was constantly maintained at 10 liters,
The above-mentioned series of polymerization

25 reactions was continuously carried out for 500 hours.
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out in the absence of a catalyst. However, if it is desired to

accel erate the polynerization, the polyneri- 15 zation can be effectd
in the presence of a catal yst. The pol ynerization catal ysts which
are customarily used in the art can kg used w thout particular
limtation. Exanpl es of such catal ysts include hydroxi des of an

al kali metal and of an alkaline earth netal, such as 20 l'ithium

hydr oxi de, sodi um Iy rHiske,a fiainsdhici¥daydy @F- the reactide and-egsl

hydroxi de; alkali netal salts of, al kaline earth netal salts of and
guat ernary anmmoni UMl fed to fsadd-SFadfl algmenidrirdd éamddofaralMmafumddydri de,
such as lithium al um num hydri de, sodium boron hydride and 25

tetramet hyl ammoniSanbleEovdnalriaken Hydm dése girodwced aromatic polycar-

bonates which were withdrawn from free-fall polymerizer
5 16 at time points of 100 hours, 200 hours, 300 hours,
400 hours and 500 hours after the start of the reaction
were colorless and transparent, and had a b*-value of
3.4, and had Mn values of 10,800, 10,%00, 10,500,
10,200 and 10,800, respectively. This shows that the
10 series of polymerization reactions was stably per-
formed. After completion of the series of polymeriza-
tion reactions continuously conducted for 500 hours, no
accumulation of low molecular weight polymer and the
like was observed on the perforated plate in free-fall
15 polymerizer 16.

Example 31

In accordance with the same system as in Example

30 and shown in Fig. 4, first stage and second stage
agitation polymerizations were carried out under the

20 same conditions as in Example 26. Resultant'prepolymer'
10 obtained in second agitation type polymerizer vessel
8 had an Mn value of 700. Prepolymer 10 was fed to
free-fall polymerizer 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise

25 carried out for 3 hours in free-fall polymerizer 16
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40 al kali and of an alkaline earth netal, such as |ithium

hydri de, sodi um hydri de and cal ci um hydri de; al koxi des of an

al kali metal and of an alkaline earth netal, such as lithium

met hoxi de, sodi um et hoxi de and calcium 5 t hoxi de; aryl oxi des of an
al kali metal and of an al kaline earth nmetal, such as l|ithium
phenoxi de, sodi um phenoxi de, magnesi um phenoxi de, Li O Ar-CL

wherein Ar uheRre SN Me@NzatYbndkaHPL i BRI-HAG: A ofblawnBeEehN tAk i S
reaction temperature was 280 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 2
liters/hr to obtain polymer 21, while recirculating

=] obtained polymer 21 to the introduction zone (having
perforated plate 15) of free-fall polymerizer 16
through recirculation line 14 at a recirculation flow
rate of 300 liters/hr. A colorless transparent aromat-
ic polycarbonate having an Mn value of 12,400 and a

10 b*-value of 3.4 was obtained.

Example 32

In accordance with the same sygtem as in Example
30 and shown in Fig. 4, first stage and second stage
agitation polymerizations were carried out under the
15 same conditions as in Example 26. Resultant prepolymer
10 obtained in second agitation type polymerizer vessel
8 had an Mn value of 700. Prepolymer 10 was fed to
free-fall polymerizer 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise
20 éarried out for 1 hour in free-fall polymerizer 16
under polymerization reaction conditions wherein the
reaction temperature was 250 °C, the reaction pressure
was 1.0 mmHg and the flow rate of nitrogen gas was 4

liters/hr, to obtain polymer 21, while recirculating

25 obtained polymer 21 to the introduction zone (having
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as defined above; organic acid salts of an alkali netal 10 and of an
al kaline earth netal, such as lithium ace- tate, calcium acetate
and sodi um benzoate; zinc com pounds, such as zinc oxide, zinc
acetate and zinc phenoxi de; boron coggpounds, such as boron oxi de,
boric acid, sodium borate, trinmethyl borate, tributyl borate, 15
tri phenyl borate, ammoni um borates represented by the forml a:
(Rlerr] Rerr] R epefi®fared)p Bt eri] & efrdeRal)|pdwned)zennts
phosphoni um borates represented by the formula: (Rlerr]
Rlerr] Rerr] RertrppiR eeeirRiatiomeingd R art]d , ravieretleRfenrflow
Rlerr], Rerr] and Rerr are as defined above; silicon conpounds,
such as sili- 20 ratec %&@dblt%ﬁﬁyhﬁnsu&w@ﬁﬁ@ﬁlQ%ﬁr%ﬁﬁ%@@%ﬂ¢¢%o@rom&t-
tetraa- ryIS|I|con and di phenyl - et hyl - ethoxyS|I|con er mani um
conpounds, such aslgePPah Hé NajEh AR cf3 kie of 6,700 and a b*-

5 value of 3.1 was obtained.

Example 33

In accordance with the same system as in Example

30 and shown in Fig. 4, first stage and second stage
agitation polymerizations were carried out under the

10 same conditions as in Example 28. Resultant prepolymer
‘10 obtained in second agitation type polymerizer vessel
16 had an Mn value of 900. Prepolymer 10 was fed to
free-fall polymerizexr 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise

15 carried out for 10 hours in free-fall polymerizer 16
under polymerization reaction conditions wherein the
reaction temperature was 290 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 4
liters/hr, to obtain polymer 21, while recirculating

20 obtained polymer 21 to the introduction zone (having
perforated plate 15) of free-~fall polymerizer 16
through recirculation line 14 at a recirculation flow
rate of 80 liters/hr. A colorless transparent aromatic
polycarbonate having an Mn of 23,000 and a b*-value of

25 3.5 was obtained.
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chl oride, gernmani um et hoxi de and ger mani um phenoxi de; tin

conpounds, such as tin oxide, dialkyltin oxide, 25 dial kyltin
carboxylate, tin acetate, tin conpounds

41 havi ng an al koxy group or arylo&y group bonded to tin,

such as ethyltin tributoxide, and organotin conpounds Iead
conpounds, such as |ead oxide, |ead acetate, |ead carbonate, basic
| ead carbonate, angkahkpxiges and 5 aryl oxi des of |ead or organol ead;

oni um conpounds, such
An aromatic polycarbonate was produced in accord-

ance with a system shown in Fig. 5. The system of Fig.
5 comprises first stage and second stage agitation
5 polymerizations and first stage and second stage free-
fall polymerizations.
In the first stage agitation polymerization, a
couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-

10 merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3
and 3’, and second agitation type polymerizer vessel 8
are the same as used in the system of Example 26 and
shown in Fig. 3.

15 In the first stage free-fall polymerization, first
free-fall polymerizer 16 was used. In the second stage
free-fall polymerization, second free-fall polymerizer
27 was used. First and second free-fall polymerizers
16 and 27 are the same as first free-fall polymerizer

20 16 used in the system of Example 26 and shown in Fig.

: ;.
The first stage and second stage agitation poly-
merizations were carried out under substantially the
same polymerization reaction conditions as in Example

25 26 and in substantially the same manner as in Example
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as a quaternary amoni um salt, a quaternary phosphoni um salt and a

quaternary arsoniumsalt; antinony com pounds, such as anti nony
oxi de and anti nony acet at e; manganese conpounds, such as manganese
acetate, manga- 10 nese carbonate and anese borate; titaniumcom
pounds, such as titanium oxide and titanium oxi des and titanium
aryl oxi de; and zirconi um conpounds, such as zirconium acet ate,

zi rconi um oxi de, zzécg,%égm aé»&% 80 kg of d Hoon il rC QLR %pwﬂsepr?é}ﬂol

zi rconi um acetyl acet one. _ e catal ysts can be used
individual Iy or im and dlp}féﬂ‘%l' ndddhate 2w a8 dahe ca@lyst o4 avde

used is generally 1n the range of from10[err] to 1 % by wei ght,
preferably from 10fleatded oirdfl esadh %Hyf weitghigi daaseth aydd@olymerizer
vessels 3 and 3’.

5 Thus, prepolymer 10 was obtained in second agita-
tion type polymerizer vessel 8. Prepolymer 10 was then
withdrawn from polymerizer 8 and continuously fed to
first free-fall polymerizer 16.

In first free-fall polymerizer 16, a first stage

10 free-fall polymerization of prepolymer 10 was continu-

ously carried out under polymerization reaction condi-
tions wherein the reaction temperatﬁre was 240 °C, the
reaction pressure was 1.5 mmHg and the flow rate of
nitrogen gas was 4 liter/hr, thereby obtaining prepoly-

15 mer 21, while recirculating a part of obtained prepoly-

mer 21 to the introduction zone (having perforated
plate 15) of first free-fall polymerizer 16 through
recirculation line 14 at a recirculation flow rate of
300 liters/ hr.

20 When the volume of prepolymer 21 in first free-
fall polymerizer 16 reached 10 liters, part of prepoly-
mer 21 was continuously fed to second free-fall poly-
merizer 27 so that the volume of prepolymer 21 in first

free~-fall polymerizer 16 was constantly maintained at

25 10 liters.
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wei-ght of the aromatic di hydroxy conpound. 20 Preferred nodes of

the nmethod of the present invention in which a free-fal
pol ymeri zer is used are expl ai ned hereinbelom/ referring to the
acconpanyi ng dr awi ngs. s. 1 and 2 show two forns
of polynerization 25 apparatus (each contglnlng a free-fal

42 usabl e

pol yneri zer)

for carrying out the methed @fcdhle rRe@S8RY 1 polymerizer 27, a second stage

10

15

20

25

free-fall polymerization reaction was continuously
carried out under polymerization reaction conditions
wherein the reaction temperature was 250 °C, the reac-
tion pressure was 0.3 mmHg and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining polymer 32,
while recirculating part of obtained prepolymer 32 to
the introduction zone (having perforated plate 26) of
second free-fall polymerizer 27 through recirculation
line 25 at a recirculation flow rate of 100 liters/hr.
When the volume of polymer 32 in second free-fall
polymerizer 27 reached 10 liters, polymer 32 was con-
tinuously withdrawn from second free-fall polymerizer
27 so that the volume of polymer 32 in second free-fall
polymerizer 27 was constantly maintained at 10 liters.
The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
At a time point of 200 hours after the start of the
reaction, prepolymer 10 fed from second agitation type
polymerizer vessel 8 to first free-fall polymerizer 16
had an Mn of 780, and prepolymer 21 fed from first
free-fall polymerizer 16 to second free-fall polymeriz-
er 27 had an Mn of 5,400. Samples were taken from the
produced aromatic polycarbonates which were withdrawn

from second free-fall polymerizer 27 at time points of
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I nvention. Wen the pol ynerization apparatus of Fig. 1 s used, a
polynerizing material (which is at |east one mat eri al sel ected
fromthe group consisting of a) a 5 nol ten nononer m xture of an
aromati c di hydroxy com pound and a.di,aryl carbonate, and b) a
nol ten prepoly- mer obtai ned by reacti'ng an aromatic di hydroxy
conpound with a diaryl carbonate] is fed through inlet 1 and

i ntroduced to an ijplr adueti, oaoz)oa%u%v' @gop%hegat @@o huzs apliahie ogo and
al l owed to pass through perforated plate d fall freely through

a free-fall polympohzat k@ker the sté@@cwo'anéoeeabﬂleﬁl yMehieZ @ambles
Pol ynmeri zing materi al 4 falls freely in the formof a film a

filanment, a wer@dr epllet leksaanfr 8yansparenter aai prESSUbLe -@h lfieetf al |
15 polynerlzer 10 is controlled to a predeterm ned val ue.
3.2, and had Mn values of 12,100, 11,800, 11,900,

5 12,300 and 12,100, respectively. This shows that the
series of polymerization reactions was stably per-
formed. After completion of the series of polymeriza-
tion reactions continucusly conducted for 1,000 hours,
no accumulation of low molecular weight polymer and the

10 like was observed on the perforated plate in each of

first and second free-fall polymerizers 16 and 27.

~

Example 35

In accordance with the same system as in Example

34 and shown in Fig. 5, a series of polymerization

15 reactions was carried out under substantially the same
conditions as in Example 34 and in substantially the
same manner as in Example 34 except that prepolymer 4
and 4’, alternately withdrawn from first agitation type
polymerizer vessels 3 and 3’, were continuously fed to

20 second agitation type polymerizer vessel 8 at a flow
rate of 10 liters/hr. The above-mentioned series of
polymerization reactions was continuously carried out
for 1,000 hours. At a time point of 2,000 hours after
the start of the reaction, prepolymer 10 fed from

25 second agitation type polymerizer vessel 8 to first
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An aromati c nonohydroxy conpound and the |ike evaporat-

pol yneri zation reaction system and an inert . gas, such as nitrogen

which is optionally fed from gas feed port 5, are discharged

t hrough vent 6. The re- 20 sul t ant polyqﬁ;bobtained at the bottom of
n

the free-fal

pol ymeri zation reactio ne is wthdrawn through

outlet 9 by neans of discharge punp 8. The mai n body of free-fal

pol ymeri zer 10 andff&e_faffgcsfyxh@ﬁlféirtps had an %ﬂ‘%o Ata A Sk&yeted

tenperature by neans of

10

15

20

ater and a | acket
mer 21 fed from first free-fall polymerlzer 16 to

second free-fall polymerizer 27 had an Mn of 3,900.
Samples were taken from the produced aromatic polycar-
bonates which were continuously withdrawn from second
free-fall polymerizer 27 at time points of 200 hours,
400 hours, 600 hours, 800 hours and 1,000 hours after
the start of the reaction. The samples were colorless
and'transparent, and had a b*-value of 3.1, and had Mn
values of 6,800, 6,900, 7,100, 6,700 and 7,100, respec¥
tively. This shows that the series of polymerization
reactions was stably performed. After completion of
the series of polymerization reactions, no accumulation
of low molecular weight polymer and the like was ob-
served on the perforated plate in each of first and
second free-fall polymerizers 16 and 27.

Example 36

In accordance with the same system as in Example
34 and shown in Fig. 5, a series of polymerization
reactions was carried out under substahtially the same
conditions as in Example 34 and in substantially the
same manner as in Example 34 except that the second
stage free-fall polymerization in second free-fall
polymerizer 27 was carried out under polymerization

reaction conditions wherein the reaction temperature
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43 When a pol yneri zation apparatus of Fig. 2 is used,

a polynerizing material (which is as defined above) is fed through
inlet 1 and recirculation line 2 and intro- duced to an

i ntroduction zone having perforated plate %g32 3, and all owed to pass

t hrough perforated plate 3 and fall freely through a free-fal

pol yneri zati on reaction zone in polynerizer 10. Polymerizing
material 4 falls was 290 °Creghy ireatheéchopmeetusefivhs) 0a2f mhagenthea
dropl et or a spray. The internal pressure of free-fall polyneriz-
10 er 10 i s ndileWairase af alpredenecgaisnwds| dvéiterd/by, the volume

produced and evaporated aromati ¢ nonohydr oxy conpound
of prepolymer 32 was constantly maintained at 10 liters

and the recirculation flow rate was 100 liters/hr. The

wn

above-mentioned series of polymerization reactions was
continuously carried out for 1,000 hours. At a time
point of 200 hours after the start of the reaction,
prepolymer 10 fed from second agitation type polymeriz-
er vessel 8 to first free-fall polymerizer 16 had an Mn
10 of 780, and prepolymer 21 fed from first free-fall
polymerizer 16 to second free-fall polymerizer 27 had
an Mn of 5,400. Samples were taken ¥rom the produced
aromatic polycarbonates which were continuously with-
drawn from second free-fall polymerizer 27 at time
15 points of 200 hours, 400 hours, 600 hours, 800 hours
and 1,000 hours after the start of the reaction. These
samples were colorless and transparent, and had a b*-
value of 3.5, and had Mn values of 21,100, 21,400,
21,900, 22,300 and 21,600, respectively. This shows
20 that the series of polymerization reactions was stably
performed. After completion of the series of polymeri-
zation reactions, no accumulation of low molecular
weight polymer and the like was observed on the perfo-
rated plate in each of first and second free-fall

25 polymerizers 16 and 27.
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and the like, and an inert gas, such as nitrogen, which IS
optionally fed fromgas feed port 5, are discharged t hrough vent 6.
The resultant polymer obtained at the 15 bottom of the free-fal
pol yneri zation reaction zone is recircypqted through recircul ation
line 2 (having recirculation punp 7) to the introduction zone
havi ng perforated plate 3, and allowed to pass through perfo-
rated plate 3 and fgkhmpreeBy through the free-fall 20 pol yneri zati on
reaction zone in polynerizer 10, thereby I ncreasing the degree of
pol ynmeri zati on of the retnreogeordance withethpotymersyscemgas hinf Erampheél
thereof. After the degree of polynerization has reached a
pr edet er m ned 34 pedebhowheipoFygersSi sawsehteawrt t e byypr bgateeng by
25 means of discharge punp 8. The main body of free-fal
reactions was carried out under substantially the same
S conditions as in Example 34 and in substantially the
same manner as in Example 34 except that the monomer
mixture of bisphenol A and diphenyl carbonate in a
molar ratio of 1:1.04 was mixed with 1 x 1078 mole of
sodium hydroxide per mole of bisphenol A and 3 x 1076
10 mole of tetramethylammonium hydroxide per mole of
bisphenol A, and the resultant mixture was charged into
each of first agitation type polymefizer vessels 3 and
3’ and polymerized in a molten state. The above-men-
tioned series of polymerization reactions was continu-
15 ously carried out for 1,000 hours. At a time point of
200 hours after the start of the reaction, prepolymer
10 fed from second agitation type polymerizer vessel 8
to first free-fall polymerizer 16 had an Mn of 790, and
prepolymer 21 fed from first agitation type polymerizer
20 vessel 16 to second free-fall polymerizer 27 had an Mn
of 5,800. Samples were taken from the produced aromat-
ic polycarbonates which were continuously withdrawn
from second free-fall polymerizer 27 at time points of

200 hours, 400 hours, 600 hours, 800 hours and 1,000

25 hours after the start of the reaction. These samples
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44 pol ynmeri zer 10, recirculation line 2 and the like are

heated to and kept at an el evated tenperature by neans of a heater
and a jacket. When free-fall polynerizer 10 of Fig. 2 is used
5 for batchw se polynerization, all of tieges pol ynerizing

material selected fromthe nolten nonomer m xture and the nolten
prepolyner is fed through inlet 1 at the start of the operation at

atinme, and po|yng¢rga@$bqugss and transparent, and had a b¥*-value of
3.4, and had Mn values of 13,100, 12,700, 13,200,
13,100 and 13,300, respectively. This shows that the

series of polymerization reactions was stably per-

w

formed. After completion of the series of polymeriza-
tion reactions, no accumulation of low molecular weight
polymer and the like was observed on the perforated
plate in each of first and second free~fall polymeriz-
ers 16 and 27.

10 Example 38

In accordance with the same system as in Example

34 and shown in Fig. 5, a series of polymerization
reactions was carried out under substantially the same
reaction conditions and in substantially the same

15 manner as in Example 34 except that 1,l-bis-(4-hydrox-
yphenyl)-3,3,5-trimethylcyclohexane was used instead of
the bisphenol A in the first stage agitation polymeri-
zation. The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.

20 At a time point of 200 hours after the start of the
reaction, prepolymer 10 fed from second agitation type
polymerizer vessel 8 to first free-fall polymerizer 16
had an Mn of 590, and prepolymer 21 fed from first
free-~-fall polymerizer 16 to second free-fall polymeiiz—

25 er 27 had an Mn of 4,300. Samples were taken from the
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carried out in a closed systemwhile recirculating 10 until a pol yner

havi ng a predeterm ned degree of poly- nerization i s obtained. The
obt ai ned pol ynmer is wth- drawn through outlet 9. Wen free-fal

pol ynmeri zer 10 of Fig. 2 is used forig®enti nuous pol ynerization, the
pol ynerizing material is continuously introduced 15 through inlet 1 to
conduct free-fall polynerization, whil e the resultant polyner
(havi ng a predet epnpdieded aromatihol pelycarbengted wisiclontemecustydmadhdr awn
t hr ough outlet 9 at a controlled rate such that a predeterm ned
anount of nolten 6@@@0@%@@ﬁ@aﬁéeﬁ+&@hlep¢éym¢étéﬁr ?h aROtime phents of

pol ynerizer. A polynerizer to be used in present invention nay

be equi pped with R0 alPeEEor4@f hours, 5@%eh%%¥%on§0%uﬁo%%%ha%® hgP@ator is

not essenti al . )
hours after the start of the reaction. The samples

3 were colorless and transparent, and had a b*-value of
3.2, and had an Mn of 9,800, 10,000, 10,100, 9,700 and
9,900, respectively. This shows that the series of
polymerization reactions was stably performed. After
completion of the series of polymerization reactions,
10 no accumulation of low molecular weight polymer and the
like was observed on the perforated plate in each of
first and second free-fall polymerizers 16 and 27.
Example 39
An aromatic polycarbonate was produced in accord-
15 ance with a system shown in Fig. 6. The system of Fig.
6 comprises first stage and second stage agitation
polymerizations, a wall-wetting fall polymerization,
and first stage and second stage free-fall polymeriza-
tions.
20 In the first stage agitation polymerization, a
couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-
merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3

25 and 3’, and second agitation type polymerizer vessel 8
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Therefore, it is possible to enploy a free-fall poly- merizer which
does not have a rotary driving part in a 25 mai n body thereof and hence
it is possible to carry out 45
pol ymeri zati on under tightly seal ed conditiongsggven under high
vacuum The recirculation punp in the recirculation line has a
rotary driving part, but the rotary driving part of the
recircul ati on punpara the sabe as ussdrinl clte sydtieme ¢ Brainle s2@aladd t hus

differing froma rotary driving part as provided in the main body
shown in Fig. 3.

In the wall-wetting fall polymerization, wall-

wetting fall polymerizer 16 was used. Wall-wetting

ut

fall polymerizer 16 had a tube having a diameter of

130 mm and a height of 5 m, and had recirculation line

14.

In the first stage free-fall polymerization, first
free~fall polymerizer 27 was used. In the second stage
10 free~fall polymerization, second free-fall polymerizer'

38 was used. First and second free-fall polymerizers
27 and 38 are the same as first and Second free-fall
polymerizers 16 and 27 used in the system of Example 26
and shown in Fig. 3, respectively.

15 The first stage and second stage agitation poly-
merizations were carried out under the same polymeriza-
tion reaction conditions as in Example 34 and in the
same manner as in Example 34.

Thus, prepolymer 10 was obtained in second agita-

20 tion type polymerizer.vessel 8. Prepolymer 10 was then

withdrawn from polymerizer 8 and continuously fed to

wall-wetting fall polymerizer 16 so that the volume of
prepolymer 10 in second agitation type polymerizer
vessel 8 was constantly maintained at 20 liters. The

25 feeding of prepolymer 10 to wall-wetting fall polymer-
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of a polynerizer, because the recirculation punp is subner ged
below a liquid head of nolten condensate m xture accunul ated at

the bottom of the main body. 10 The height of the liquid head is 0.3 m

or nore, prefer- ably 0.5 mor nore. ;44 The net hod of
t he present invention can be prac- ticed using a single
pol yneri zer, but, if desired, two or nore polynerizers can be

used. Moreover, thezemtas whS condlikc@edofch&osighglia 1pel YOephraeidery ke
partitioned vertl- cally or horizontally into a plurality of

conpartments reciseullbat chhé iaemar foenta ldarwehe ingedadd mdliyimrd zer
pol y- neri zers. In the present invention, it is
possible to carry 286. out the entire process of polynerizing a nolten
nmonomner
In wall-wetting fall polymerizer 16, prepolymer 10
5 (obtained by the second stage agitation polymerization)
was continuously fed through inlet 13 and recirculation
line 14 and introduced through overflow port 15 into
wall-wetting polymerizer 16, thereby effecting a wall-
wetting fall polymerization. The introduced prepolymer
10 falls along and in contact with the inner wall of the
tube in the form of film-like prepolymer 17. The
reaction conditions of the wall—wetEing fall polymeri-
zation are as follows: the reaction temperature was
240 °C, the reaction pressure was 3.0 mmHg, and the
15 flow rate of nitrogen gas was 5 liters/hr. A part of
the resultant prepolymer 21 at the bottom of wall-
wetting fall polymerizer 16 was recirculated to over-
flow port 15 of wall-wetting fall polymerizer 16
through recirculation line 14 at a recirculation flow
20 rate of 600 liters/hr and introduced to wall-wetting
fall polymerizer 16.
When the volume of prepolymer 21 at the bottom of
wall-wetting fall polymerizer 16 reached 10 liters, a

part of prepolymer 21 was continuously fed to first

25 free-fall polymerizer 27 so that the volume of prepoly-
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m xture of an aromatic di hydroxy conpound and a di aryl car bonat e
for obtaining a final aromatic pol ycarbonate havi ng a predet erm ned
nol ecul ar wei ght by only a free-fall polynerization using a
perforated plate. But 25 it is also possgighl e to combine the free-fal
pol ymeri - 46 zation

wi th other polynerization nethods. Preferred enbodi nents of

combi nations of thr 21 in Wangewkalli ngolfuner beabineh iREeCass wifs (g present

en stantly maintained at 10 liters.

The subsequent first stage and second stage free-
fall polymerizations were carried out under substan-

3 tially the same polymerization reaction conditions as
in Example 26, except that the prepolymer obtained by
the wall-wetting fall polymerization was polymerized
instead of the prepolymer obtained by the agitation
polymerization.

10 In first free-fall polymerizer 27, a first stage
free-fall polymerization of prepolymer 21 was continu-
ously carried out under polymerization reaction condi-
tions wherein the reaction temperature was 250 °C, the
reaction pressure was 2.0 mmHg and the flow rate of

15 nitrogen gas was 1 liter/hr, thereby obtaining prepoly-
mer 32, while recirculating a part of obtained prepoly-
mer 32 to the introduction zone (having perforated
plate 26) of first free-fall polymerizer 27 through
recirculation line 25 at a recirculation flow rate of

20 200 liters/hr.

When the volume of prepolymer 32 in first free-
fall polymerizer 27 reached 10 liters, a part of pre-
polymer 32 was continuously fed to second free-fall
polymerizer 38 so that the volume of prepolymer 32 in

25 first free-fall polymerizer 27 was constantly main-
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tion with another polynerization nethod or other neth- 5 ods are

expl ai ned bel ow, but these enbodi nents shoul d not be construed as
limting the scope of the present i nvention. For exanple, an
aromati ¢ pol ycarbonate can be produceggby using a conbination of a
free-fall pol ynmeri zati on process with a polynerization process 10
using a filmtype polynerizer, a screw type polyneri z- er, a

hori zontal stirringipeldyaerigeniteksthe |ike. (1) Conbination of an
agi tation polymnerization and a free-fall polynerization using a
perforated plate In seconfr ékeerédlexpopiesrdtecod®| nat sensnaf sthge
free- 15 fall polynerization process of the present invention

with anot her pol yfiseezdailénpméyhedioatoohereaethodswas continuously

carried out under polymerization reaction conditions

81}

wherein the reaction temperature was 280 °C, the reac-
tion pressure was 0.3 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining polymer 43.
When the volume of polymer 43 in second free-fall
polymerizexr 38 reached 2 liters, polymer 43 was contin-
10 uously withdrawn from second free-~fall polymerizer 38
so that the volume of polymer 43 in second free-fall
polymerizer 38 was constantly maintained at 2 liters.
The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
15 Results are shown in Table 4. After completion of the
series of polymerization reactions continuously con-
ducted for 1,000 hours, no accumulation of low molecu-
lar weight polymer and the like was observed on the
perforated plate in each of first and second free-fall
20 polymerizers 27 and 38.

Examples 40 to 42

In accordance with the same system as in Example
39 and shown in Fig. 6, a series of polymerization
reactions was carried out in substantially the same

25 manner as in Example 39 except the polymerization
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I nclude a conbination of an agitation polynerization and the

free-fall polynerization. In general, agita- tion type polynerizer
vessel s have a high volunetric 20 efficiency and a high agitation
efficiency for |ow viscosity materialig However, in agitation type
pol y- merizer vessels, liquid has a small liquid surface area
relative to the liquid volune and does not exhibit a hi gh agitation
efficiency for a dfaftianscssidifiomserere 2Bried als. shther éhoMablshdn an
aromati c pol ycarbonate is 47

Results are also shown in Table 4. After completion of"
the series of polymerization reactions, no accumulation
of low molecular weight polymer and the like was ob-

5 served on the perforated plate in each of first and
second free-fall polymerizers 27 and 38.

Example 43

An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 7. The system of Fig.
10 7 comprises first stage and second stage agitation
polymerizations, a wall-wetting fall polymerization,
and first stage and second stage freé-fall polymeriza-
tions.
In the first stage agitation polymerization, a
15 couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-
merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3
and 3’, and second agitation type polymerizer vessel 8
20 are the same as used in the system of Exaﬁple 26 and
shown in Eig. 3.
In the wall-wetting fall polymerization, wall-
wetting fall polymerizer 16 was used. Wall-wetting
fall polymerizer 16 is the same as used in the system

25 of Example 39 and shown in Fig. 6.
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produced using only an agitation type pol ynerizer vessel, the nore

the pol ynerization reaction progress- es, the higher the viscosity
of the reaction m xture becones. As a result, it becones
increasingly diffi- 5 cult to renove ag ?ronatic nonohydr oxy conmpound
from the reaction mixture and advant&'the pol ymeri zati on

reaction. Further, since the agitation type pol yneri z- er vesse

has a rotary driving p@ﬁtthe pigase g@hgfge—fahl }gﬁéEEQQtEBSrQQLrst

oxygen | eaks into the polynerizer rization’

Concuct o er FeabeAARUT om0 a6 HUSHET! £ okl Dt Licg!
(using an agitati opebypelDOpYIPhEELEaVESSE| de¥bAd free-fall polymerizer

38 was used. First stage and second stage free-fall
polymerizers 27 and 38 are the same as first stage and
second stage free-fall polymerizers 16 and 27 used in

the system of Example 34 and shown in Fig. 5, respec-
tively.

The first stage and second stage agitation poly-

L0 merizations and the wall-wetting fall polymerization
were carried out under substantially the same polymeri-
zation reaction conditions as in Exaﬁple 39 and in
substantially the same manner as in Example 39.

Thus, prepolymer 21 was obtained in wall-wetting
15 fall polymerizer 16. Prepolymer 21 was then withdrawn
from wall-wetting fall polymerizer 16 and continuously
fed to first free-fall polymerizer 27.

A first stage free-fall polymerization of prepoly-
mer 21 was continuously carried out in first free-fall
20 polymerizer 27 under polymerization reaction conditions
wherein the reaction temperature was 260 °C, the reac-
tion pressure was 2.0 mmHg and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining prepolymer
32, while recirculating a part of obtained prepolymer

25 32 to the introduction zone (having perforated plate
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free-fall polymerization (using a perforated plate), a 15 high quality
aromati ¢ pol ycarbonate can be produced efficiently. The reason for
this is as follows. 1In the early stage of the polynerization, the
reaction need not be carried out undef,high vacuum so that the
early stage polynerization reaction can be satisfacto- 20 rily carried
out by neans of an agitation type polyner- I zer vessel with high
agitation efficiensy fflutirstafree-falll palymeedsesy2df thheugkaceét OAcu-
m xture) and hi gh vol u- metric efficiency, without suffering from
reduci ng the latiqualing 2% 4% nal reolyoeiatnt fikowt hate hahdlShhen t he
25 | ater stage polynerization reaction is carried out by

liters/hr.

When the volume of prepolymer 32 in first free-

5 fall polymerizer 27 reached 10 liters, a part of pre-
polymer 32 was continuously fed to second free-fall
polymerizer 38 so that the volume of prepolymer 32 in
first free-fall polymerizer 27 was constantly main-
tained at 10 liters.

10 A second stage free-fall polymerization reaction
was continuously carried out in second free-fall poly-
merizer 38 under polymerization reaction conditions
wherein the reaction temperature was 280 °C, the reac-
tion pressure was 0.6 mmHg, and the flow rate of nitro-

15 gen gas was 2 liters/hr, thereby obtaining polymer 43,
while recirculating a part of obtained polymer 43 to
the introduction zone (having perforated plate 37) of
second free-fall polymerizer 38 through recirculation
line 36 at a recirculation flow rate of 100 liters/hr.

20 When the volume of polymer 43 in second free-fall
polymerizer 38 reached 10 liters, polymer 43 was con-
tinuously withdrawn from second free-fall polymerizer
38 so that the volume of polymer 43 in second free-fall

polymerizer 38 was constantly maintained at 10 liters.

25 The above-mentioned series of polymerization
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48 means of the free-fall polynerizer having a perforated

pl ate, the aromati c nonohydroxy conpound can be effi- ~ ciently
renoved so that the reaction is advanced. Further, since a

pol ymeri zer to be used in the free- fiakl polymerization has
excel l ent sealing properties under hlgﬁ vacuum high quality
aromati ¢ pol ycarbonate can easily be produced. . In the
present i nventionrellee iagist #ais0RoREENIBLE1y carried 3ati €84 S, 000 hours.
advant ageously used for producing a second” 10 prepol yner "having a

nunber average nolkecul aimeeipgihtobf 200 hours after the start of the
reaction, prepolymer 10 fed from second agitation type
polymerizer vessel 8 to wall-wetting fall polymerizer
> 16 had an Mn of 780, prepolymer 21 fed from wall-

wetting fall polymerizer 16 to first free-fall polymer-
izer 27 had an Mn of 4,100, and prepolymer 32 fed from
first free-fall polymerizer 27 to second free-fall
polymerizer 38 had an Mn of 10,100. Samples were taken

10 from the produced aromatic pelycarbonates which were
withdrawn from second free-fall polymerizer 38 at time
points of 200 hours, 400 hours, 600 hours, 800 hours
and 1,000 hours after the start of the reaction were
colorless and transparent, and had a b*-value of 3.4,

15 and had Mn values of 18,300, 17,900, 18,400, 18,200 and
18,000, respectively. This shows that the series of
polymerization reactions was stably performed. After
completion of the series of polymerization reactions
continuously conducted for 1,000 hours, no accumulation

20 of low molecular weight polymer and the like was ob-
served on the perforated plate in each of first and
second free-fall polymerizers 27 and 38.

Example 44

In accordance with the same system as in Example

25 43 and shown in Fig. 7, a series of polymerization
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from300 to 5,000 froma) a nolten nononer m xture of an aromatic
di hydroxy conpound and a di aryl carbonate or b) a first prepolyner
obt ai ned by reacting an aro- mat i ¢ di hydroxy conpound with a diaryl
carbonate. Wien 15 the agitation polynerigation is followed by
free-fall pol yneri zation, the free-fall polynerization is intend-
ed to increase the degree of polynerization of the second

prepol yner obt ai nedachi¢ohe egs tadroniedpobyrewndear substantidblhy thersdye
obt ai ning an aromati c pol ycarbonate 20 havi ng a hi gher degree of

pol yneri zati on thapndhaiond as in Examplesetdminprigpoiypmtantially the  As
the agitation vessel of the agitation ty pol yneri zer vessel, any
of the agitation §288ePanpRr as in Ex ffbe‘éﬁ ?We%&a‘iﬁﬁﬂ% the, prepekymer of

"Kagaku Sohchi ) . . . .
obtained in the first stage agitation polymerization

5 (either prepolymer 4 produced in first agitation type
polymerizer vessel 3 or prepolymer 4’ produced in first
agitation type polymerizer vessel 3’, alternately) was
continuously fed to second agitation type polymerizer
vessel 8 at a flow rate of 10 liters/hr.

10 The series of polymerization reactions was contin-
uously carried out for 1,000 hours. At a time point of
200 hours after the start of the reattion, prepolymer
10 fed from second agitation type polymerizer vessel 8
to wall-wetting fall polymerizer 16 had an Mn of 650,

15 prepolymer 21 fed from wall-wetting fall polymerizer 16
to first free-fall polymerizer 27 had an Mn of 3,400,
and prepolymer 32 fed from first free-fall polymerizer
27 to second free-fall polymerizer 38 had an Mn of
7,900. Samples were taken from the produced aromatic

20 polycarbonates which were withdrawn from second free-
fall polymerizer 38 at time points of 200 hours, 400
hours, 600 hours, 800 hours and 1,000 hours after the
start of the reaction. The samples were colorless and
transparent, and had a b*-value of 3.2, and had Mn

25 values of 11,800, 12,100, 11,3900, 12,300 and 12,200,
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25 Bi nran ( Handbook of Chem cal Apparatus)" edited by

49 "Kagaku Kogyo Kyokai (the Society of Chem cal Engi-

neers, Japan)", (1989) can be used. The norphol ogy of t he
agitation vessel is not particularly limted.115 Generally, a
vertical or a horizontal cylinder type 5 vessel can be used. The
shape of the agitating bl ade Is also not particularly limted.
Agitating bl ades aofespectivelmnchriid yglegwd wrhrmece peerises evf t ypeymetrbbon
type, doubl e bl ade type and the |ike can be used.

zation reactions was stably performed. After comple-
tion of the series of polymerization reactions continu-
ously conducted for 1,000 hours, no accumulation of low

5 molecular weight polymer and the like was observed on
the perforated plate in each of first and second free-
fall polymerizers 27 and 38.

Examples 45 to 48

In'accordance with the same system as in Example
10 44 and shown in Fig. 7, a series of polymerization
reactions was carried out under.substantially the same
conditions as in Example 44 and in substantially the
same manner as in Example 44, except that a mixture of
bisphenol A and an aromatic dihydroxy compound (shown
15 in Table 5) other than bisphenol A was used instead of
the bisphencl A. In the above~-mentioned mixture, a
molar ratio of bisphenol A to another aromatic dihy-
droxy compound was 1:1, and the mixture was used in a
molar amount equal to the amount of the bisphenol A
20 used in Example 44. Results are shown in Table 5.

Example 49

In accordance with the same system as in Example
43 and shown in Fig. 7, a series of polymerization
reactions was carried out in substantially the same

25 manner as in Example 43 except that in second free-fall
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In the agitation polynerization, the reaction 10 tenperature is
generally in the range of from50 to 350 [err]C, preferably from
100 to 290 [err]C, and the reaction time is generally in the range
of from1l mnute to 100 hours, prefeigbly from30 mnutes to 50
hours. The reaction pressure for the agitation polyneri- 15
zation varies depending on the nol ecul ar wei ght of the nol t en
mononer mi xture opollgmeripeepdBynehe bulymkrization reagenenatbbyditoshsd
nmHg to at nospheric pressure, prefera- bly from5 mtHg to

at nospheric pressweee Ber feflflows: the reecembhytempevahygrérweast BBOr €d¢ti on
system an aronmatic 20 nonohydr oxy conpound, which is by-produced with
t he progr 888 sPackéonencessnre| vapsOpeemeligedthe fsewarate of

met hod in which an inert gas whi ch_does not adversely
nitrogen-gas was 2.5 liters/hr, the volume of polymer

w

43 in second free-fall polymerizer 38 was constantly
maintained at 10 liters, and the recirculation flow
rate was 75 liters/hr.

The above-mentioned series of polymerization
‘reactions was continuously carried out for 1,000 hours.
10 At a time point of 200 hours after the start of the

reaction, prepolymer 10 fed from second agitation type
polymerizer vessel 8 to wall-wetting' fall polymerizer
16 had an Mn of 780, prepolymer 21 fed from wall-
wetting fall polymerizer 16 to first free-fall polymer-
15 izer 27 had an Mn of 4,100, and prepolymer 32 fed from
first free-fall polymerizer 27 to second free-fall
polymerizer 38 had an Mn of 10,100. Samples were taken
from the produced aromatic polycarbonates which were
withdrawn from second free-fall polymerizer 38 at time
20 points of 200 hours, 400 hours, 600 hours, 800 hours
and 1,000 hours after the start of the reaction. The
samples were colorless and transparent, and had a b*-
value of 3.5, and had Mn values of 23,800, 24,100,
23,900, 24,800 and 24,200, respectively. This shows

25 that the series of polymerization reactions was stably
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affect the reaction, such as nitrogen, argon, helium car bon

di oxi de and | ower hydrocarbon gas, is introduced 25 to the reaction
system and the inert gas is discharged

50 together with the aromatic nnnohyg?oxy conmpound en-

trained by the inert gas. The agitation polymerization can be

carried out either in a batchwi se manner or in a conti nuous manner.

S The agitatign, pol-¥g8"i ZRELGD E@ﬂpp§t§@ﬁr$PdtH@tsQ¥ies of polymeri-

zation reactions continuously conducted for 1,000
hours, no accumulation of low molecular weight polymer
and the like was observed on the perforated plate in

5 each of first and second free-fall polymerizers 27 and
38.

Example 50

In accordance with the same system as in Example

43 and shown in Fig. 7, first stage and second stage

10 agitation polymerizations, a wall-wetting fall polymer;
ization, and a first stage free-fall polymerization
were carried out in substantially theé same manner as in
Example 43 and under substantially the same conditions
as in Example 43,

15 Thus, prepolymer 26 having an Mn of 10,100 was
obtained in first free-fall polymerizer 27. Prepolymer
26 was then withdrawn from polymerizer 26 and continu-
ously fed to second free-fall polymerizer 32 in an
amount of 10 liters. Subsequently, a second stage

20 free-fall polymerization reaction was batchwise carried
out in second free-fall polymerizer 32 for 7 hours
under polymerization reaction conditions wherein the
reaction temperature was 280 °C, the reaction pressure
was 0.4 mmHg, and the flow rate of nitrogen gas was 2

25 liters/hr, while recirculating obtained polymer 37 to
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means of a single agitation type polynerizer vessel, but ,
alternatively, a conbination of two or nore agita- tion type

pol ymeri zer vessels nay be used. General ly, the anount of
aromati ¢ nonohydroxy 10 conpound producedgduring the agitation

pol yneri zati on is large and, therefore, it is preferable that the
agitation type polynerizer vessel be equipped with a heat exchanger
or an evapor at or sbeasntgoflactliptateneh¢having pevépoaatdoplatet3d) of
aromat i ¢ nonohydr oxy conpound. 15 Wth respect to the

pol ynmeri zati on apgaegtfelangolymerizepoBy¢nshireaghonecondiutptasnf dinehd0
free-fall polyneriza- _ tion using a perforated plate to be conducted
in this pR&f @r reglisrpéarient Llavwipsh afcbRBi AALRBA/BE .t hé

agitation polynerization and the free-fall polyneriza-
colorless transparent aromatitc polycarbonate having an

5 Mn of 24,900 and a b*-value of 3.5 was obtained.

Example 51

An aromatic polycarbonate was produced in accord-
ance with the system shown in Fig. 8. The system shown
in Fig.. 8 was substantially the same as that shown in

10 Fig. 7,Iexcept that the second agitation type polymer-
izer vessel was omitted.

A series of polymerization reactions was carried
out under substantially the same conditions as in
Example 43 and in substantially the same manner as in

15 Example 43, except that ﬁhe second agitation type
polymerizer vessel was omitted as mentioned above, the
reaction temperature and préssure of the wall-wetting
fall polymerization were 230 °C and 100 mmHg, respec-
tively, and that the reaction pressure in the first

20 free-fall polymerization was 5 mmiHg.

The ;bove—mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
Samples were taken from the produced aromatic polycar-
bonates which were withdrawn from second free-fall

25 polymerizer 32 at time points of 200 hours, 400 hours,
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20 tion is enployed, reference can be made to the above

description provided in connection with the essenti al feature of
the present invention. Thi s enbodi ment i s explained belowin
nore detail, referring to Fig. 3 of thf @cconpanying drawi ngs. 25
Fig. 3 is a diagramshow ng a systemfor pract

51 I ng one node of the nethod of the present invention. I n

the systemof Fig. @golfb&Ls PObYFNBAIZEL Sadi €l USEE hdurs atter the start of
the reaction. The samples were colorless and transpar-
ent, and had a b*-value of 3.4, and had Mn values of
14,800, 14,600, 14,900, 14,800 and 14,700, respective-
5 ly. This shows that the series of polymerization
reactions was stably performed. After completion of
the series of polymerization reactions continuously
conducted for 1,000 hours, no accumulation of low
-molecular weight polymer and the like was observed on
10 the perforated plate in each of first and second free-

fall polymerizers 21 and 32.

15

20

25
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the agitation polynerization and two pol ynerizers are used in the

free-fall polynerization, but the system of 5 Fig. 3 is nerely an
exanpl e and shoul d not be construed as limting the scope of the
present invention. When t he sy tgplof Fig. 3 is used, a
nononer m xture of an aromatic dihy xy conmpound and a di aryl
carbonate, or a first prepolyner (defined above) is 10 I ntroduced to
first agitation type polynerizer vessels 3 and 3', respectively,
through inlet 1 of polynmnerizer 3 and inlet 1' of polynerizer 3'.
The first agitation type ponneriz;r vessels 3 and 3' are the sane,
able
and are adapted to be alternately opérated when, for exanple, 15
it is intended to produce a prepolyner in a batchw se
Ex. 11|Ex. 12|Ex. 13|Ex. 14|Ex. 15
Molecular weight of 2,200} 6,000} 6,000} 6,000] 6,000
prepolymer
amount of prepolymer intro- 30 30 30 30 30
duced to start free-£fall
polymerization reaction
(liter)
Flow rate of continuously fed 6 4 1.5 1.2 5
prepolymer (liter/hr)
Reaction temperature (°C) 250 250 250 285 250
Reaction pressure (mmig) 1.0 0.4 0.4 0.4 0.3
Flow rate of nitrogen gas 2 2 2 2 2
(liter/hr)
Recirculation flow rate 100 20 20 20 100
(liter/hr) N
Mn 6,000{10,810{13,000{21,800|12,100
200 hrs
b*-value 3.3 3.3 3.3 3.3 3.2
Mn 6,100{10,790{13,200{21,800{11,900
400 hrs
b*-value 3.3 3.3 3.3 3.4 3.2
Aroma-
tic Mn 6,000{10,800/13,100/21,900{12,000
poly- 600 hrs
carbo- b*-value 3.3 3.3 3.3 3.4 3.2
nates
Mn 5,900(10,790|13,200(21,700|11,900
800 hrs
b*-value 3.3 3.3 3.3 3.4 3.2
Mn 6,000/10,780(13,200{21,800|12,100
1,000 hrs
b*.value 3.3 3.3 3.3 3.4 3.2
Has Been Replaced
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manner by means of each of these polynerizer vessels 3
of polynerizer vessels 3 and 3" is filled
as nitrogen, and the inner
controlled to a 20 | evel around at npspheyic pressure.

with an inert gas,
pressure of each polynerizer

and 3'.
such
is usually
A by- produced

and evapor at ed aromati ¢ nmonohydr oxy conpound and the |ike

are di scharged from pol yneri zer vessels 3 and 3',
t hrough vents 2 and 2'. Prepolyners 4 and 4',
pol ynmeri zation for a predeter- 25
I n respective

Table 2

respectively,
obt ai ned by the
m ned reaction tinme under agitation

Aromatic polycarbonate
(obtained after 1,000-hr
free-fall polymerization
reaction)
Free-fall distance
(m)
b*~value Mn
Example 0.2 3.3 7,200
16
Example 0.5 3.3 10,800
17 A
Example 1 3.3 12,600
18 '
Example 2 3.3 12,900
19
Example 8 3.3 13,400
20

This Sheet Has Been Replaced
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52 pol ynmeri zer vessels 3 and 3', are discharged through

outlets 5 and 5, respectively, transferred by neans of transfer
punp 6, and introduced to a second agitation type pol ynerizer
vessel 8 through inlet 7. 5 The interior of polynerizer 8 is
mai nt ai ned at reduced pressure, andlgzby-produced and evapor at ed
aromati ¢ nonohydr oxy conpound and the |ike are dis- charged t hrough
vent 9. Second prepol ymer (defined T abgve) 10, obtai ned by the
: : abl ; . . .

pol ynmeri zation for a prede- 10 termned feaction tinme under agitation
I n polynerizer B—ts—dt-seharged—through—outtet %} an7 tr-anstereq
by means_of transfer punp 12 to a first flF8e-4%3Fr- pdl| Herd8|Ex. 29
i zer 16, havi nﬁg a perfﬁ)ﬁatsed JpBRérerl carbonate/

stage |bisphenol A 1.10 |} 1.20 | 1.05 | 1.05

agita-|(molar ratio)

tion

poly~ |Flow rate of prepolymer

meri- [4 or 4’ fed to second 5 S 2 2

zation|agitation type polymeri-
zer vessel 8 (lgter/hr)

Agitation
polymeri- Volume of prepolymer 10
zation in second agitation 20 20 20 20
Second| type Eolymerizer
Stage |vessel 8 (liter)
agita-
tion [Reaction temperature
poly- |(°C) 230 230 235 235
meri-
zation|Reaction pressure (mmHg)| 10Q 100 50 50°
Flow rate of nitrogen
gas (liter/hr) 2 2 1 1
Mn of prepolymer 10 to
be fed topfizgt free- N
fall polymerizer 16 (100
hours after start of 700 670 900 900
first stage agitation
polymerization reaction)
. Reaction temperature 250 250 250 250
First
gtage Reaction pressure (mmHg)| 2.0 2.5 2.5 2.5
ree-
fall |Flow rate of nitrogen
poly- lgas (liter/hr) 1 2 1 0
meri-
zation|Volume of prepolymer 21
in first free-fall poly- 10 10 10 10
merizer 16 (liter)
Recirculation flow rate
Free-fall (liter/hr) 200 400 300 300
polymeri-
zation Mn of prepolymer to

be fed to second free-
Second|fall polymerizer 27 (100
stage rhours after start of 5,500 15,200 (6,900 {6,100
free- |first stage agitation
fail polymerization reaction)
o -
ger{- Reaction temperature
zation| (°C) 280 260 285 285

Reaction pressure (mmHg)| 0.3 0.5 0.3 0.3

Flow rate of nitrogen
gas (liter/hr) 2.0 2.5 2.0 v}

Volume of prepolymer 32
obtained in second free- 2 2 2 2
fall polymerizer 27
(liter)

{to be continued)

heet Has Been Replaced
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That is, inthe first free-fall polynerization, 15 second prepol yner

10, obtained by agitation polyner- I zation in second agitation type
pol ymeri zer vessel 8, is continuously fed to first free-fal
pol ynmeri zer 16 at its introduction zone (having perforated plate
15) through inlet 13 provided in recirculation line 14, and 20
all owed to pass through perforated plate 15 and fall freely t hr ough
a free-fall polynerization reaction zone in first free-fal
pol yneri zer 16. Second prepol yner 17 falls freely in the formof a
film a filanment, a droplet or a spray. The internal pressure of
the 25 pol ymerizer is maintained at rabps edetwicmhued | evel . A
Ex. 26 Ex. 27 Ex. 28 Ex. 29
Mn 10,300 7,200 ,
100 hes } 16,100 | 14,500
b*-value 3.3 3.0 3.4 3.4
' Mn 10,200 7,350 | 15,900 | 14,700
200 ors
b¥-value 3.3 3.0 3.4 3.4
) ] Mn 10,400 6,950 | 16,500 | 14,600
Aromatic 300 hrs
poly- b*-value 3.3 3.0 3.4 3.4
carbonates
Mn 10,100 7,100 | 16,200 | 14,700
400 hrs .
b*-value 3.3 3.0 3.4 3.4
Mn 10,200 7,300 | 16,300 | 14,600
500 hrs
b*-value 3.3 3.0 3.4 3.4
is Sheet Has Been Replaced
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53~ by- produced and evaporated aromati c nonohydroxy com

pound and the like, and an inert gas, such as nitrogen, which is
optionally fed through gas feed port 18, are _ di scharged t hrough
vent 19. The resultant prepolyner 5 oﬁ%g!ned at the bottom of the
free-fall polynerization reaction zo Is recircul ated through
recircul ation line 14 (having recirculation punp 20) to the

i nt roduc- tion zone having perforated plate 15, and allowed to
pass through perforated plate 15 and fall freely 10 t hrough t he
free-fall polynerization reaction zone in,_ ...,

Ex. 39|Ex. 40|Ex. 41]Ex. 42

Diphenyl carbonate/ '
First bisphenol A 1.04 1.04 1.04 1.04
stage (molar ratio)
agita-
tion Flow rate of prepolymer
polymeri-|4 or 4’ fed to second
zation agitation type polymeri- 5 10 5 5
Agi- zer vessel 8 (liter/hr)
tation
poly- Volume of prepolymer 10
meri- in second agitation
zation type polymerizer wvessal 20 20 20 20
Second 8 (liter)
stage
agita- Reaction temperature
tion (°C) 230 230 230 230
polymeri-
zation Reaction pressure
(mmHg ) 100 100 100 100
Flow rate of nitrogen A
gas (liter/hr) 2 2 2 2

Mn of prepolymer 10 to
be fed to wa l—wettin§ 780 650 780 780
fall polymerizer 16 (100

hours after start of
first stage agitation
polymerization reaction)

Reaction temperature
(°C) 240 240 240 250

Wall-wetting
fall Reaction pressure
polymerization (mmHg ) 3.0 3.0 3.0 2.5

Flow rate of nitrogen
gas (liter/hr) 5 5 5 2

Volume of prepolymer 21
in wall-wetting Ffall 10 10 10 10
pelymerizer 16

Recirculation flow rate
(liter/hr) 600 600 600 800

{to be continued)
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the free-fall polynerizer, thereby increasing the degree of

pol yneri zation of the recircul ated prepol yner during the free-fal

t hereof. Prepolynmer 21 having a predet er mi ned degree of

pol ymeri zation is continuously 15 W th wn t hrough outlet 23, by
means of transfer punp 22, and fed to a second free-fal

pol yneri zer 27 at its I ntroduction zone (having perforated plate
26) through inlet 24, and allowed to pass through perforated plate
26 and fall freely through a free-fall polynerization 20 reacti on zone
in second free-fall polynerizer 27. wecond. pr.epol ymer 28 falls
freely in the formof a film a fi?%?ent? a éﬁoﬁ+%t or a spray. The
i nt er nal pressureof thepotynertzer s gt g et et a prede:
termned |l eyel A by-produced and evaporated ali?x()'r‘rg%i c%x' BT T«

Mn of prepolymer 21 to
be fed to first free-
fall polymerizer (100
hours after start of 4,100 3,400 4,100 4,800
first stage polymeriza-
tion reaction)

Reactilon temperature 250 250 270 250
First (°Cc) _
stage
free- Reaction pressure 2.0 2.0 2.0 2.0
fall (mmHg )
poly-
meri- Flow rate of nitrogen 1 1 2 1

zation {gas (liter/hr)

Volume of prepolymer 32
obtained in first free- 10 10 10 10
fall polymerizer 27

Free- Recirculation flow rate 200 400 150 200
fall (liter/hr) -
poly-
meri- Mn of prepolymer to be
zation fed to second free-fall
golymerizer 38 (100
ours after start of 8,800 7,300 10,400 9,800

first stage agitation
polymerization reaction)

Second
stage |Reaction temperature 280 280 - 290 280
free- (°C)
fall
poly- Reaction pressure 0.3 0.3 0.3 0.3
meri- (mmig )
zation
Flow rate of nitrogen 2.0 2.0 2.5 2.0
gas (liter/hr)
Volume of prepolymer 43
obtained in second free- 2 2 2 2
fall polymerizer 38
Mn 113,100 9,600 17,200 15,500
200 hrs
b*-value 3.3 3.2 3.5 3.4
Mn 12,900 9,800 17,600 15,000
400 hrs
b¥-value 3.3 3.2 3.5 3.4
Aromatic Mn 13,200 9,500 17,400 14,900
Polycarbonates 600 hrs
b*-value 3.3 3.2 3.5 3.4
Mn 13,400 9,700 17,300 15,300
800 hrs
b*-value 3.3 3.2 3.5 3.4
Mn 13,000 9,600 17,700 15,400
1,000 hrs
b*-value 3.3 3.2 3.5 3.4
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25 nonohydr oxy conpound and the |ike, and an inert gas,

54 such as nitrogen, which is optionally fed through gas
feed port 29, are discharged through vent 30. Result- ant nolten
pol ynmer 32, obtained at the bottom of the free-fall polynerization
reaction zone, is wthdrawn 5  through 4abfl et 34 by neans of discharge
punmp 33. wth respect to both the agitation and the free-fal
pol y- _ nmerizations, all of the polymnerizers, recirculation

Table 5

Aromatic polycarbonate
(obtained after 1,000-hr free-~fall
Aromatic dihydroxy polymerization reaction)
compound other than
bisphenol A

b*-value Mn

Ex.
15| 10~0)-3<O)-ot 3.3 10,500

Ex. i
46 H0~<::>—502—<::>—0H 3.3 11,500

CHs CHs

Ex. -

47| HO ﬁ od 3.4 11,000
CH; O CHa,
CH, CH,

Ex.

48 Ho@cm«-@}oa 3.4 12,000
CH, CH,

This Sheet Has Been Replaced




i nes, transfer lines, discharge lines and the |ike are heated to

and kept at an elevated tenperature by neans 10 of a heater and a

j acket . (2) Conbination of an agitation polynerization, a

wal | -wetting fall polynerization and a free- faII pol y- meri zation
using a perforated plate Anot hert Breferred exanpl e of nodes of
conbi nations 15 of the free- faII pol yneri zati on process with other

pol ynmeri zati on nmethods is a conbi fHLEﬂb b Al ¥

pol yneri zation, a wall-wetting f ' t he
free-fall pO'Y”EV'Zat'%Qcordlng to the mBthBa Wel knwehbkbB@nkalihvention,

pol yneri zation of this enbodi nent, the second prepol yner (defined
above) colorless and high quality aromatic polycarbonates can

be produced at a high polymerization rate and stably
2 for a prolonged period of time, using an apparatus
which has excellent sealing properties under high

vacuum and maintenance of which is easy.

1o

20
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obtained in the agitation polynerization is fed in nolten state to

an upper portion of a wall extending through a wall-wetting fal
pol ymeri zati on reaction zone, and the second prepolyner is allowed
to fall 25 along and in contact with th urface of tHishé@bhsBeen Replaced

55 t hereby effecting a wall-wetting tall polynerl
t he second prepol yner during the wall-wetting fall aﬂmﬂ"ﬂ m
obtain a third prepolymer at the bottom ofcrarus t he wal

pol yneri zation reaction zone.

|

1. A method for producing an aromatic polycarbonate,
which comprises introducing to an introduction zone
5 having a perforated plate a molten monomer mixture of

an aromatic dihydroxy compound and a diaryl carbonate,
or a molten prepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, and allowing said monomer mixture or prepol-

10 ymer in the molten state to pass downwardly through
said perforated plate and fall freely through a free-
fall polymerization reaction zone, thereby effecting
polymerization of said monomer mixture or prepolymer
during the free-fall thereof.

1s
2. A method for producing an aromatic polycarbonate,
which comprises introducing to an introduction zone
having a perforated plate a molten monomer mixture of
an aromatic dihydroxy compound and a diaryl carbonate,

20 or a molten piepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, allowing said monomer mixture or prepolymer
in the molten state to pass downwardly through said
perforated plate and fall freely through a free-fall

25 polymerization reaction zone, thereby effecting poly-

) ) Y



5 Since a Iarge heat-transfer surface area is available in the
wal | -wetting fakj 9Q1MHEB&ﬁaEMani it can effi- ciently provide

| at ent heat of e n ar o- mat i ¢ nonohydr oxy conpound
and the |ike. \F“Hﬁh because a | argggevaporating surface area is
avai lable 10 mettlng fall polynerization, an aromatic

nonohydr oxy conpound and the | i ke can be renoved effi - ciently, so
that the pol ynerimatrioatton ¢f osepd myhdher mixturelyr prepolymer dukbnghis
enbodi ment, the agitation polynerization 15 is used for producing a
second prepolynerthhaﬁrag—ﬁall thereaofinberchvainge polecetastwei gbttoh from
300 to 5,000) froma nolten nononer m xture of an aromatic

di hydr oxy of said polymerization reaction zone, recirculating a

part or all of said polymer to said introduction zone
having the perforated plate, and allowing said recircu-
lated polymer to pass downwardly through said perforat-
ed plate and fall freely through said free-fall poly-
merization reaction zone, thereby increasing the degree
of polymerization of said recirculated polymer during.

10 the free-fall thereof.

3. A method for producing an aromatic polycarbonate,

which comprises continuously introducing to an intro-

duction zone having a perforated plate a molten monomer
15 mixture of an aromatic dihydroxy compound and a diaryl
carbonate, or a molten prepolymer obtained by a process
comprising reacting an aromatic dihydroxy compound with
a diaryl carbonate, allowing said monomer mixture or
prepolymer in the molten state to pass downwardly
20 through said perforated plate and fall freely through a
free~-fall polymerization reaction zone, thereby effect-
ing polymerization of said monomer mixture or prepoly-
mer during the free-fall thereof to obtain a polymer at

a bottom of said free-fall polymerization reaction

zone, and wherein the method further comprises continu-

* [+ L M S *
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conpound and a diaryl carbonate, or a first prepol yner TMs§Q§ LI Replaced
above) obtained by reacting an aromatic di hy- 20 droxy cor
di aryl carbonate; the wall-wet- ting fall polynerizat Iﬂmn] MEH lml
[

for producing a third prepol yner havipgga higher nole
t han t hat of the second prepolyner obtained in the agitation
pol yneri zation, specifically, a prepolyner having a 25 nunber aver age
nol ecul ar wei ght obusiDyt GoRdpE OXMJBA eé¥quence of steps of recirculating
56 10, 000; and the free-tfall polynerization is used for

to said introduction zone having the perforated plate a

part of said polymer obtained at the bottom of said
free-fall polymerization reaction zone, and allowing an
admixture of said continuously introduced monomer
mixture or prepolymer in the molten state and the
recirculated polymer to pass downwardly through said
perforated plate and fall freely through said free-fall
polymerization reaction zone, thereby continuously
10 effecting a free-fall polymerization of said admixture
during the free-fall thereof, while continuously with-
drawing the remainder of said polymer obtained at the
bottom of said free-fall polymerization reaction zone.
15 4. A method for producing an aromatic polycarbonate,
which comprises polymerizing a starting material in a
molten state, while agitating, inran agitation type
polymerizer vessel, said starting material being a
monomer mixture of an aromatic dihydroxy compound and a
20 diaryl carbonate or a.first prepolymer obtained by
reacting an aromatic dihydroxy compound with a diaryl
carbonate, thereby effecting an agitation polymeriza-
tion of said starting material to obtain a second
prepolymer; and introducing said second prepolymer in a

25 molten state to an introduction zone having a perforat-

* [ L M S *
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produci ng an aromatic polycarbonate having a hi gher nmol ecul ar
wei ght than that of tth S!hhat Hds obtained in the
wal | -wetting fall poly The agitation type
polynerlzer vessel to in the $?|tat|on pol yneri zati on and

e polynerization roce ure and contiftions in the agitation
polynerlza- tion are as descri bed above. The appar at us

whi ch .can be usedefio ke uRkla11d0ing cdEhLhoDeLR! LoROhYTBELESNAD: co

i ncludes a reactor dis- for exanple, Chapt
461 of "Kagaku pass d&ﬂﬁatdﬁynmfb&&ﬁngi@p& @H&@E@&%l&@@%ﬁ&uga
edited by "Kagaku Kogaku Kyokal (the E?C|ety of Chem ca
Engi neers, Japan) freél989hrodghud tfpde-fabe pypgmedbzatiopotyaetider nmay be
used. Further, the fallen polyner

zone, thereby effecting a free-fall polymerization of

5 said second prepolymer to increase the degree of poly-
merization of said second prepolymer during the free-
fall thereof to obtain a polymer at a bottom of said
polymerization reaction zone.

10 5. A methed according to claim 4, which further
comprises recirculating to said introduction zone a
part or all of said polymer obtained by said free-fall
polymerization at the bottom of said free-fall polymer-
ization reaction zone, and allowing said recirculated

15 polymer to pass downwardly through said perforated
plate and fall freely through said free-fall polymeri-
zation reaction zone, thereby increasing the degree of
polymerization of said recirculated polymer during the

free-fall thereof.

20
6. A method according to claim 4, wherein, in said
free-fall polymerization of said second prepolymer,
said second prepolymer is continuously introduced to
said introduction zone having the perforated plate, and
25

which method further comprises continuously conducting

* c L M S *



obtained at a bottomof the wall-wetting fall polyneri- zation

reaction zone nmay be recirculated to the top of t he ThiaBleetfHap Been Replaced
further polynerization of the polyner by a wal | -wetti

pol yneri zation. 20 In the wal |l -wettkhpg fall polyner|i

process, the reaction tenperature is generally in the range o

from50 to 350 [err]C, preferably from 100 to 290 [err]C, and t he
reaction time is qe@%@%hhxe!eftaeeFangg Q%gikeﬁl%ting to sHLAUERtEBqLRQ
o]

hours, preferably from 30 m nutes ours.

tion zone a part of the polymer obtained by said free-
fall polymerization at the bottom of said free-fall
polymerization reaction zone, and allowing an admixture

2 of said continuously introduced second prepolymer in
the molten state and the recirculated polymer to pass
downwardly through said perforated plate and fall
freely through said free-fall polymerization reaction
zone, thereby continucusly effecting a free-~fall poly-

10 merization of said admixture during the free-fall
thereof, while continuocusly withdrawing the remainder

of said polymer obtained at the bottom of said free-

fall polymerization reaction zone.

15 7. A methed for producing an aromatic polycarbonate,
which comprises polymerizing a starting material in a
molten state, while agitating, in an agitation type
polymerizer wvessel, said starting material being a
monomer mixture of an aromatic dihydroxy compound and a

20 diaryl carbonate or a first prepolymer obtained by
reacting an aromatic dihydroxy compound with a diaryl
carbonate, thereby effecting an agitation polymeriza-~
tion of said starting material to obtain a second
prepolymer; feeding said second prepolymer in a molten

25 state to an upper portion of a wall extending through a

R A 1



57. The reaction pressure for the wall-wetting fal

pol yneri zation varies, depending on the m)lecularThlSSheetHas h%ﬁ t he
mol't en monomer m xture or second prepoly- unber
average nol ecul ar weight is |ess thag pressure
Is preferably from 50 mrHg to at mosp erlc pressure Vhen t he
nunber aver age nol ecul ar weight is in the range of from 1,000 to

2,000, the reactiQRprgesulifgl %al?i%@i?ﬁlahbgt&éﬁ £8R8€ion zone,Ohnfram 3
to 80 nmHg. Wen the nunber average nol ecu- lar wei ght is greater

than 2,000, the re@acbwangPees8Us8cond prepbiyheef ebabhy116160H0a0H @SS,
nor e preferably 5 nmrHg or less. For efficiently renoving (fromthe
reaction contact with the surface of said wall, thereby effect-
ing a wall-wetting fall polymerization of said second
5 prepolymer during the wall-wetting fall thereof to
obtain a third prepolymer at a bottom of said wall-
wetting fall polymerization reaction zone; and intro-
ducing said third prepolymer in a molten state to an
introduction zone having a perforated plate, and allow-
10 ing said molten third prepolymer to pass downwardly
through said perforated plate and fall freely through a
free-fall polymerization reaction zone, thereby effect-
ing a free-fall polymerization of said third prepolymer
to increase a polymerization degree of said third
15 prepolymer during the free-fall thereof to obtain a
polymer at a bottom of said free-fall polymerization

reaction zone.

8. A method according to claim 7, which furthex
20 comprises recirculating to said introduction zone a
part or all of said polymer obtained by said free-fall
polymerization at the bottom of said free-fall polymer-
ization reaction zone, and allowing said recirculated

polymer to pass downwardly through said perforated

25 plate and fall freely through said free-fall polymeri-

A
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systen) an aromati c nonohydroxy conpound by- produced with the
progress of the reaction, ridspb HRREERLBLLO 15 use a nethod in which
an inert gas which does no sely affect the reaction, such as
ni trogen, argon, !I Hl“ﬂ wm |0X£$|ng and | ower hydrocar bon gas,
S I ntroduced into yst and the inert gas S
di scharged together with the aromatic nonohydroxy 20 conpound entrai ned

by the inert gas.,ation r act;oggﬁ% lltM@ﬁéﬁgglﬁé%éaé&ﬂé”@”%ﬁff&@?xE@n be

car- ri ed out EIt er 1n atthw se nner or In

ous manner. The walbnWebgted $§|éaﬂ@lﬂ@@ffé@iéé@ﬁcéﬁhymer dur C@ﬂé'ed out
using a single wall-wetting polynerizer , alternatively, a

conbi nation of twer@&-FRIE ¥Réteof.

w

9. A method according to claim 7, wherein, in said
free-fall polymerization of said third prepolymer, said
third prepolymer is continuocusly introduced to said
introduction zone having the perforated plate, and
which method further comprises continuously conducting
10 a sequence of steps of recirculating to said introduc-
tion zone a part of the polymer obtained by said free-
fall polymerization at the bottom of said free-fall
polymerization reaction zone, and allowing an admixture
of said continuously introduced third prepolymer in the
15 molten state and the recirculated polymer to pass
downwardly through said perforated plate and fall
freely through said free—fall.polymerization reaction
zone, thereby continuously effecting a free-fall poly-
merization of said admixture during the free-fall
20 thereof, while continuously withdrawing the remainder
of said polymer obtained at the bottom of said free-

fall polymerization reaction zone.

10. A method according to any one of claims 1 to 9,

25 wherein said free-fall is conducted through a distance

* C L M S *
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58 . wetting polynerizers can al so be used. General ly,

t he anount of aromati c nonohydr oxy conpound pr odkje Slidetdias Beeg Reptaged
wal | -wetting fall polyner- ization is large and, t
wal | -wetting 5 pol ynmeri zer is preferablyssequi pped Wi
exchang- er or an evaporator so as to facilitate the evaporation
of the aromatic nonohydroxy conpound. Wth respect to the
pol ymeri zat i on -appaf &l U3 mngk more frdaplSHIRY igkatficon teanN@idwens for the.
free-fall polyneriza- 10 tion using a perforated plate (to be
conducted in this preferred enbodi nent in which a conbination of
t he

5

10

15

20

25
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agitation polymnerization, the wall-wetting fall poly- meri zation

and the free-fall polynerization is em pl oyed) reference can be
made to the description pro- 15 vided in connection with the essenti al
feature of the present invention. Thi s enbodi nent is
expl ai ned below in nore detail, , referring to Fig. 6 of the
acconpanyi ng draw ngs. Fig.,ﬁygs a di agram showi ng a system
for practic- 20 i ng anot her node of the method of the present inven-
tion. In the systemof Fig. 6, three polynerizers are used in the
agitation polynerization, one polynerizer is used in the

wal | -wetting fall polynerization and two pol yneri zers are used in

the free-fall polynerization,

Fig.1

Fig.2




25 but the systemof Fig. 6 is nmerely an exanple and

59 shoul d not be construed as limting the scope of the

present invention. When the systemof Fig. 6 is used, a
nononer m xture of an aromatic di hydroxy conpound and a di aryl 5
carbonate, or a first prepol yner (defineq/above) S I ntroduced to
first agitation type pol ynerizer vessel &4 3 and 3', respectively,
through inlet 1 of polynerizer vessel 3 and inlet 1' of polynerizer
vessel 3'. T:Png 5
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agitation type polynerizer vessels 3 and 3' are the 10 sanme, and are

adapted to be alternately operated when, for exanple, it is
i ntended to produce a prepol yner in a batchw se nmanner by neans of
each of these polyneriz- ers 3 and 3'. Each of polynerizer vessels
3 and 3' is filled wth an inert gas, such as nitrogen, and the 15
I nner pressure of each polynerizer vessgL4&s usual l'y controlled to
a |l evel around atnospheric pressure. A by- produced and evapor at ed
aromat i ¢ nonohydr oxy com pound and the |ike are discharged from
pol yneri zer vessels 3 and 3', respectively through vents 2 and 2'.
20 Prepol yners 4 and 4', obtained by the polynerization for a
predeterm ned reaction tine under agitation in respective
ol ymeri zer vessels 3 and 3', are discharged LR
o -~ 39 N, M-I fg?r SN
< < <
| e e s NN
—F\Et 8
T
® Q0 o)
M M <
\
o)
o) <
Q « gg m__r() \p)
FO\ I mp()
N\ - g@
h} v N
o ?1 ot
q—
o0 ~ o Ng &
— = o N
\ N
: @
\ &
< \
T §o
0]
[
© 2 -

Fig.6

|

4

S
Fig.7

|
45;‘5\



through outlets 5 and 5, respectively, transferred by means of

transfer punp 6, and introduced to second 25 agitation type

pol ynmeri zer vessel 8 through inlet 7.

60 The interior of polynerizer 8 is maintained at

reduced pressure, and a by-produced and evapor at ed aromatic
monohydr oxy conpound and the |ike are dig<4 charged through vent 9.
Second prepol yner (defined 5 above) 10, obtained by pol ynerization

for a predeter-
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m ned reaction time under agitation in polynerizer 8, I s di scharged

t hrough outlet 11 and transferred by nmeans of transfer punp 12 to
wal | -wetting fall polyner- izer 16. 10 That is, in the
wal | -wetting fall polynerization, second prepol yner (defined above)
10, obtai ned by agitation polynerizatidn, is continuously fed

t hr ough inlet 13 and recirculation Iine 14 and introduced -

t hrough overflow port 15 into wall-wettin ol ynerizer 15 16. e

i ntroduced second prepol ymer falls al ong gag_f_gz ~in contact with the
inner wall of a tube in the form of filmlike prepplyne; 17, t I
thereby effecting a waly{ - tLi fall polynerizatiaon. The interna
pressure of t heA goqtyhr?edr ifzoe]')rNe;‘jlrso ﬁ?tgalaﬁ.‘gt?léf“aﬁ“lﬁr é’(f’g‘tyé:rarﬁ Y%vel .

comprises introducing to an introduction zone (having a
perforated plate) a) a molten monomer mixture of an
aromatic dihydroxy compound and a diaryl carbonate, or
b) a molten prepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, and allowing the monomer mixture or prepoly-

mer in the molten state to pass downwardly through the

10
perforated plate and fall freely through a free-fall
polymerization reaction zone, therehy effecting poly-
merization of the monomer mixture or prepolymer during
the free-fall thereof. Colorless and high quality

1s aromatic polycarbonates are thus stably prodﬁced at a

high polymerization rate for a prolonged period of
time, using an apparatus which has excellent sealing
properties under high vacuum and maintenance of which

is easy.

iy 4 ﬁ'%}uvz, l)

25
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20 A by-produced and evaporated aromati c nonohydr oxy conpound
and the |like, and an inert gas, such as nitro- gen, which is
optionally fed through gas-feed port 18, .are disc ed t hrough
vent 19. The rFsuI tant prepoly- mer %‘t’bitﬁé‘t%ég?%trn gf"g%'ﬂ'és't 1998

pol yneri Ze recircul ated by 25 means of recirculation punp 20 to
overflom/port 15 of 61 t he
wal | -wetting polynerizer through TEME o aTHBNINVERT ION 14 and

i ntroduced tq the wal |l -wetting fal

pol ymeri zer . Third prepol yner

21, hav|ng a predeterMQﬂ@@ddégregrgﬁucan an aromatic polycarbonate

(V1]

2Q

25

BACXGRCUND OF THE INVENTION

Field of The Invention

——

The prasent ianvention relates to a method for
producing an aromatic polycarbonate.
Prior Art

In recent years, aromatic polycarbonates hawve been
widely used in various fields as engineering plastics
having excellent heat resistance, impact resistance and
transparency. With respect to methods for producing _
aromatic polycarbonates, wvarious sthdies have heretoi
fore been made. Of the methods studied, a process
utilizing an interfacial polycondensation between an
aromatic &ihydroxy compound, such as 2,2-bis(4-hydrox-
yphenyl)propane (hereinafter, frequently referred to as
"bisphenol A"), and phosgene has been commercially
practiced.

However, the interfacial polycondensation process
has problems in that it is necessary to use phosgene,
which is poisonous, that a reaction apparatus is likely
to be corroded with chlorine-containing compounds, such
as hydrogen chloride and sodium chloride, which are by-

produced, and methylene chloride which is used as a

solvent in a large gquantity, and that difficulties are
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pol yneri zation, is continuously withdrawn through 5 outlet 23 and

transferred by neans of transfer punp 22 to first free-fal

pol yreri zer 27 (having a perforated | at e). That is,
inthe first free-fall pol ymerization, zgugﬂ‘.\?% sheepol8 fwgust 1996
obt ai ned by the wall-wetting fall 10 pol ynerization in wall-wetting
fall polynerizer 16, is continuously fed to first free-fal

pol yneri zer 27 atencountered sin rmempurting auheqiuwing jpepioiated, pkatk
26) through inlet 24 provided in recirculation |ine 25, and

al l oned to pass t¥Hf ‘H%r?"b‘*p%@éiﬁfplmfé pas kg ¥ atgthyllene Ch‘lleeigze; hr ough
a free-fall polynerjzatiopn reaction zone in first free-fal

pol yneri zer 27. $$h %h <§ ¥ gffect properties of a produced poly-

er.
- With respect to a method for producing an aromatic
polycarbonate from an aromatic dihydroxy compound and a
~diaryl carbonate, iﬁ a conventionally known melt poly-
condensation process a polycarbonate is produced by
performing an ester exchange reaction between bisphenol
10 A and diphenyl carbonate in the molten state, while
removing a by-produced phenolic compound (phenol).
Unlike the interfacial polycondensation process, the
melt polycondensation process has an advantage in that
a solvent need not be used. However, the melt polycon-
15 densation process has a serious problem, namely; since
the viscosity of polymer being formed increases during
the progress of the polymerization reaction, it becomes
difficult to remove by-produced phenol from the poly-
merization reaction system efficiently, thus making-it
20 difficult to achieve a high degree of polymerization
with respect to polycarbonate produced.
Various polymerizers have been known for use in
producing aromatic polycarbonates. An agitation type
polymerizer vessel equipped with an agitator is widely

25 used. The agitation type polymerizer vessel equipped

This is the replacement sheet
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"falls freely in the formof a film a filanment, a droplet or a
spray. The internal pressure of the pol yneri zer is maintained at

.predetermned level. A 20 by- pr oduced orated ar '
nonohydr oxy com pound and 't he Iilce,%r&gﬁﬁ}/‘é ?’Wgt 835‘3 LIsstlﬁglhggae:é

ni trogen, which is optionally fed through gas feed port 29, are

di schar ged througp vent 30. The resultant prepol yner ) obt ai ned at
the bottom of th&4 el ABECHRPT Nkt i SHHATRIIIRS La (WG jIdh e 58

EEC|rcuIated thr?ﬂ%& %%ihEggéfglé¥Eiciancy and has a simple construc-

tion, so that polymerization on 2 small scale can be
afficiently carriad qut. However, the agitation tvoe

- polvmerizer vessel has a problem in that, as mentioned
akove, the by-produced phencl becomes difficult to
zemove from the polymerization reaction system effi-
ciently in the production of aromatic polycarbonatas or
a commercial scale, s¢ that it is difficult to achieve

10 a high degree of polymerization with respect to pro-
duced polycarhonate.

Specifically, a large-scale a&itation type poly-
merizer vessel generally has a greater ratioc of liquid
volume to vaporization area than a small-scale one. Ir

15 other words, the depth of a reaction mixture in the
polymerizer is lazge. In such a case, even if :hé
degree of vacuum of the polymerization reacticﬁ.zone is
raised in order to achieve a high dagree of polymeriza-
tion in the lower part of the agitation vessel, the

20 polymerization proceeds under virtually high pressuze
due to the weight of the rsaction mixture, so that
phenol and the like cannot be efficiently removed.

To solve the above-mentioned problem, wvarious
attempts have been made to ramove phenol and the like

23 from high viscosity polymer being formed. For example,

-
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line 14 (having recircul ation punp 31) to the introduc- tion zone
havi ng perforated plate 26, and allowed to pass through perforated

_plate 26 and fall freely t hrough the fnee-tﬁkl pQ nerizgé
reaction zone in 5 the free-fall pol uREPPYRIte SREF a1y AURUSE iﬁ;the
degree of polynerization of the recircul ated prepol yner during the
free-fall thereof. Prepolyner 32 having a . _ predeterm ned degree of
pol yneri zati on i $X@8vfieduddPanese Pateny Ripdrldmd tiliemo Fylr loifa ko 4Vo by
means of transfer, punp . .10 33, and fed to a second free-fall.
pol yneri zer 38 atltd600 discloges,gueCrer Xome PRIWTRG iFaT it # at e
37) through I nler 35, %gd al | oned to pass tgﬁpuqﬂcperforaled plate
37 and fall freel"?ntthro%@ﬁ%“f d2PAPLSEo BFHENS PP 2100 PubLiGatipmy one
'n a second freeN%qlEBQQHX%EEE%%HO%%S a thin film evaporation type
- reactor, such as a screw evaporator and a centrifugal
film evaporator. Further, Unexamined Japanese Patent
Application Laid-Open Specification No. 2-153923 dis-
closes a method in which a combination of a thin film
evaporation type apparatus and a horizontal stirring
10 polymerization vessel is used. These polymerizers,
including those of an agitation type polymerizer ves-
sel, have a common drawback in that they have a rotary
driving part in the main body, which rotary driving
part cannot be completely sealed, so that when the
15 polymerization is conducted under high vacuum, a small
amount of oxygen inevitably leaks into the reaction
system, leading to discoloration of final polymer.
When a sealant is used to prevent the leak-in of oxygen
into the reaction system, the sealant unavoidably gets
20 mixed into the final polymer, so that the guality of
the final polymer is lowered. These polymerizers also
have a serious maintenance problem in that, even if the
seal effect is high at the beginning of the operation

of the polymerizer, the seal effect is inevitably

25 lowered during the continuous operation for a prolonged

T @ IR TR RNETIMR 81CET
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45 Prepolynmer 32 falls freely in the formof a film a

filament, a droplet or a spray. The internal pressure of the

pol ynmeri zer is maintained at a predeterm ned ) | evel . A by-produced
and evaporat ed aromatic nmonohy- dr g Rpbetiesteeind AEUst P98 nd an
I nert gas, such as 20 nitrogen, which is optionally fed through
gas-feed port . 40, are discharged through vent 41. Resultant nolten
pol yner 43 obt ai @@= stdthe Bee-om of the free-fall pol yneri zati on

reaction zone is wthdyfawm thrqugh .__outlet 45 by nepans of discharge
bunp 44, In the agitas tBas-TalllegivmerizaBitn @AQGeRR f Akt WHEH he

free-fall p0|ynEr§61yme:izinq matarial is allowed to pass downwardly
through a perforated plate and fall fresely, so that

polymerization of the polymerizing material is effectad

(V11

during the free-fall (in this process therzs is na need
of using a pelymerizer having a rotary driving part in
a main body therecf), is kanown as a method for produc-
ing resins other than aromatic polycarbonates. For

10 example, U.S. Patent No. 3,110,547 discloses a method
for producing a polyester having desired molecular
weight, in which polyester having & low degree of
polymerization is allowed to fall freely in the form of
filaments through a2 wvacuum zone. In the technigue of

this U.S. Patent, since recirculation of the fallen

g
w

polymer and repetition of the free fall causes a lower-
ing of the quality of the final polyester, the polymer-
ization is finished upon one-time £free-fall without
' recirculation. However, with respect to such a method,
20 many drawbacks have been pointed cut. For example,
concerning a method of spinning a polyester having a
low degree of polymerization through a spinneret inte a
vacuum zone to effect polycondensation thersof, Exam-
ined Japanese Patent Application Publication No. 48-

23 8355 contains a description such that when polymerizing

This is the replacement sheet
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63- zations, all of the polynerizers, recirculation |lines,

transfer lines, discharge lines and the |ike are heated to and kept
at. an el evated tenperature by neans of a heat er | ack 5
Wth respect to materials for constructing etpstitute She?ﬁgr{g‘r‘é‘ﬁs&rﬁé?@ be
used in the nmethod of the present i nvention, there is no particul ar
limtation, but stai nl ess steel, nickel or glass is generally used
as a mat erPaFeFiRl afnqtedeingnér SﬁéP-FfﬁBF‘PFb%% RighoPpiarabili4o
ers. é the fE %ﬁﬂ% E”%%EE&%Q; EELQ%egLSObgiggeéolymerxzed

are likely to be broken, so that the quality of a
polycondensate is drastically lowered. Low molecular
« weight polycondensate scattering from the filaments
sticks to the surface of the spinneret to smudge the
spinneret and, hence, it becomes difficult for the
filaments to fall straight down through the spinneret,
so that the filaments are caused to contact each other
10 to bring about breakage of the filaments or are caused
to join one another, thus hindering the polymerization
reaction. Fur;her, observation windows easily get
clouded and, hence, observation becomes difficult, so
that an observer has difficulty in ascertaining an
15 appropriate time for replacement of smudged spinnerets
with fresh ones. In the above Japanese patent docu-
ment, it is further described that, for the above
reasons, when producing a polyester and a polyamide, it
is preferred to employ a non-free-fall process in wirich
20 a polymer having a low degree of polymerization is al
lowed to flow down along and in contact with a porous
material arranged vertically in a reaction vessel.
However, the above Japanese patent document contains no
description about aromatic polycarbonates.

25 Aside from a polymerization method, with respect

C L@ §HEeL
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that the inner wall of a polynerizer be wetted with part of a
recircul ated polyner in order to prevent sticking of scales to the

i nner wall of the polyneriz- 15 er. .20 25
7Subs’cltute sheet - 8 August 1996

tc a method for removing a residual monomer from poly-
merization products, U.S. Patent No. 2,719,778 proposes
a process of spinning a lactam polymerization product,
which comprises allowing the product to pass through a
5 perforated plate and fall freely in the form of fila-
ments, whereby the residual monomer is removed by
evaporation. However, many disadvantages accompanying
this method have been pointed ocut. For example, Unex-
amined Japanese Patent Application Laid-Open Specifica-
10 tion No. 53-17569 points out that the method of U.S.
Patent No. 2,719,776 has various disadwvantages. That
is, in the methed of the above-mentloned U.S. Patent,
when the evaporation of the volatiles is small, fila-
ments can be formed, whereas when the evaporation of
15 the volatiles is large, filaments unfavorably suffer
foaming, making it difficult to carry out the monomer-
removing operation smoothly. Further, this method can
be applied only to a polymerization product having a
viscosity in a relatively narrow range suitable for~
20 forming filaments. Moreover, in this method, when an
inert gas is introduced into a column in which this
method is practiced, filaments are caused to contact
and join one another due to the turbulence of the flow
of inert gas. To solve such disadvantages, Unexamined

25 Japanese Patent Application Laid-Open Specification No.

Vs : aqley R



63a

Hereinbelow is given a flow chart showi ng preferred nodes

the nmethod of the present invention. [err]

10

20

g Substitute sheet - 8 August 1996

53-17569 proposes a non-free-fall process which com-
prises providing a linear support arranged vertically,
and allowing a high viscosity material to fall along
and in contact with the linear support. This Japanese
patent document proposes this non-free-fall process as
a method for producing polyesters, such as polyethylene
terephthalate and polybutylene terephthalate, and
polyamides, such as nylon 6 and nylon 66. However, in
this Japanese patent document, there is no mention of
aromatic polycarbonates.

Examined Japanese Patent Application Publication
No. 4-14127 has a descﬁiption to the effect that, as a
continuous polycondensation process for producing a
polyester, there have been known two types of free-fall
polycondensation processes, namely: a spinning process
in which a polymerizing material is spun through a
spinneret and a process in which a polymerizing materi-
al is extruded in the form of a f£film through a slit to
effect polymerization thereof, and that, however, both
processes have difficulties in obtaining a polymer
having a satisfactorily high molecular weight. This
Japanese patent document proposes a non-free-fall
method in which a polymerizing material is allowed to
pass through a slit-shaped feed port, and the resultant

film is supported between at least two wires which are

Tris is the replacement sheet
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As can be seen fromthe above flow chart, the npnoner

1S

20

25

Substitute sheet - 8 August 1996

vertically and separately arranged and allowed to move
downwardly between the wires, thereby effecting poly-
condensation of the polymerizing material. In this
Japanese patent document, no mention is made of aromat-
ic polycarbonates.

As described above, a free-fall polymerization
process, in which polymerizing material is allowed to
pass through a perforated plate and fall freely, is
known as a method for producing polyesters and polya-
mides, but such a process is not known at all as a
method for producing aromatic polycarbonates. Further,
many drawbacks have been pointed ot with respect to
the free-fall polymerization processes for producing
polyesters and polyamides. Therefore, various types of
non-£free~fall pclymeriéatibn processes have been pro-
posed for producing polyesters and polyamides.

It is a primary object of the present invention to
provide a melt polycondensation process for producing a
colorless and high quality aromatic polycarbonate at a
high polymerization rate and stably for a prolonged
period of time, using apparatus which is excellently
sealed under high vacuum conditions, and easy to main-
tain.

SUMMARY OF THE INVENTION

The present inventors have made extensive and
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m xture, the first prepolynmer, the second prepolyner or the third
prepol yner can be polynerized by a fall polyneriza- tion to obatin an

aromati c pol ycarbonate of a desired degree

63b

N

10

1s

20

Syibstitute sheet - 8 August 1996

intensive studies with a view toward solving the
above-mentioned problems of the prior art. As a re-
sult, it has unexpectadly been fcund that by adopting a
tree~fall polymerization method in which a polymerizing
material is allowed to pass through a perforated plate
and fall freely, the object of the present invention
can be attained.

The essential features and preferred embodiments
of the present invention are enumerated below.
(L) A method for producing an aromatic polycarbonate,
which comprises a) introducing to an introduction zone
(having a perforated plate) a molten monomer mixture of
an arcmatic dihydroxy compound and a diaryl carbonate,
or a molten prepclymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, and b) allowing the monomer mixture or
prepolymer in the molten state to pass downwardly
through the perforated plate and fall freely through a
free-fall polymerization reaction zone, thereby effelt-
ing polymerization of the monomer mixture or'prepdlymer
during the free-fall thersof.
{2) A method for producing an aromatic polycarbonate,
which comprises a) introducing to an introduction zone
(having a perforated plate) a molten monomer mixture of

an aromatic dihydroxy compound and a diaryl carbonate,

"l o
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BRI EF DESCRI PTI ON OF DRAW NGS Figs. 1 and 2 respectively show two
forms of free-fall polynerization apparatus usable in the present
nventi on. Figs. 3 to 8 are diagrans showi ng vari ous ystemngé%r\I

L oF

practicing the method of the present inventSdpstitute sheet -8
REFERENCE NUVERALS (Figs. 1 and 2) 1: Inlet for a polynerizing material
2: Recirculation line
or a molten prepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, b) allowing the monomer mixture or prepoly-
mer in the molten state to pass downwardly through the
5 perforated plate and fall freely through a free-fall
polymerizétion reaction zone, thereby effecting poly-
merization of the monomer mixture or prepolymer during
the free-fall thereof to obtain a polymer at the bottom
of the polymerization reaction zone, c) recirculating a
10 part or all of the polymer to the introduction zone
(having the perforated plate), and d) allowing the
recirculated polymer to pass downwardly through the
perforated plate and fall freely through the free-fall
polymerization reaction zone, thereby increasing the
15 degree of polymerization of the recirculated polymer
during the free-fall thereof.
(3) A method for producing an arcmatic polycarbonate,
which comprises a) continuously introducing to an
introduction zone (having a perforated plate) a molten
20 monomer mixture of an aromatic dihydroxy compound and a
diaryl carbonate, or a molten prepolymer obtained by a
process comprising reacting an aromatic dihydroxy
compound with a diaryl carbonate, b) allowing the

monomer mixture or prepolymer in the molten state to

25 pass downwardly through the perforated plate and fall
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64 - 3: Perforated plate 4: Ml ten nononer mxture or

prepolynmer in the form of afilm a filanent, a droplet or
spray 5: CGas-feed port 5 6: _Vent i Reci tlon
punp 8: Di scharge punp 9: aorbgytute sheet %&”%F%qgg v of
pol ymeri zer 10 (Figs. 3, 4 and 5)

freely through a free-fall polymerization reaction
zone, thereby effecting polymerization of the monomer
mixture or prepolymer duriag the free-fall thereof to
obtain a polymer at the bottom of the free~fall poly-

= merization reaction zone, and wherein the method fur-
ther comprises ¢) continuously conducting a sequence of
steps of recirculating to the introduction zone (having
the perforated place) a part of the polymer obtained at
the bottom of the frese-fall polymerization reaction

10 zone, and d) allowing an admixture of the continuously
introduced menomer mixture or prepolymer in the molten
state and the recirculated polymer ‘to pass downwardly
through the perforated plate and fall freely through
the free-fall polymerization reaction zone, thereby

i 15 continuously effecting a free-fall polymerization of
the admixture during the free-fall thereof, while
continuously withdrawing the remainder of the polymer
cbtained at the bottom of the free-fall polymerization
reaction zone. '

20 (4) A method for producing an aromatic polycarbonate,
which comprises a) polymerizing a starting material in
molten state, while agitating, in an agitation type
polymerizer vessel, the starting material being a
monomer mixture of an aromatic dihydroxy compound and a

25 diaryl carbonate or a first prepolymer obtained by

s Sheet Has Been Replaced
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‘1: Inlet for a starting materi al 1': Inlet for a starting materi al

2: Vent 15 2' . Vent 3: First agitation type polynerizer vessel
3': First agitation type pol ynerizer vessel . 4: Pr | yme

4': Prepolymer 20 5:  Qutlet §§9bﬁWFF8FheeE"%Pauéysﬁﬂgﬁgfer
punp 7: Inlet 8: Second agitation type polynerizer vesse
25 9: Vent

reacting an aromatic dihydroxy compound with a diaryl
carbonate, thereby effecting an agitaticn polymeriza-
tion of the starting material to obtain a second pre-
polymer, b) introducing the second prepolymer in molten
= state to an introduction zone (having a perforatad
plate), and c¢) allowing the molten second prepolymer to
pass downwardly through the perforated plate and fall
freely through a free-fall polymerization reaction
zone, thereby effecting a free-fall polymerization of

10 the second prepolymer to increase the degree of poly-
merization of the second prepolymer during the free-
fall thereof to obtain a polymer at'a bottom of the
polymerization reaction zone.

{5) A method according to item (4) above, which fur-

15 ther comprises d) recirculating to the introduction
zone a part or all of the polymer obtained by the
free-fall polymerization at the bottom of the free-fall
polymerization reaction zone, and e) allowing the
recirculated polymer to pass downwardly through the-

20 perforated plate and fall freely through the free-fall
polymerization reaction zone, thersby increasing the
degree of polymerization of the recirculated polymer
during the free-fall thersof.

(6) A method according to item (4) above, wherein, in

25 the free-fall polymerization of the second prepolymer,
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Ok OY 65 10:

pr epol yner 11: CQutlet 12: Transfer punp
13: Inlet 14: Recircul atian 15:
Perforated plate 16: Fi rq@ulbﬁé'é-lt\ea?rhe%ol@m%ﬂ 996

17: Prepolymer in the formof a film a filanent, a
the second prepolymer is continuously introduced to the
introducticon zone (having the perforated plate), and
which method further comprises continuously conducting
a sequence of steps of recirculating to the introduc-

5 tion zone a part of the polymer obtained by the freé-
fall polymerization at the bottom of the free-fall
polymerization reaction zone, and allowing an admixture
of the continuously introduced second preﬁolymer in the
molten state and the recirculated polymer to pass

10 downwardly through the perforated plate and fall freely
through the free-fall polymerization reaction zone,
thereby continuously effecting a frée-fall polymeriza-
tion of the admixture during the free-fall thereof,
while continuously withdrawing the remainder of the

15 pdlymer obtained at the bottom of the free-fall poly-
merization reaction zone.

(7) A method for producing an aromatic polycarbonate,
which comprises a) polymerizing a starting material in
a molten state, while agitating, in an agitation type

20 polymerizer vessel, the starting material being a
monomer mixture of an aromatic dihydroxy compound and a
diaryl carbonate or a first prepolymer obtained by
reacting an aromatic dihydroxy compound with a diaryl
carbonate, thereby effecting agitation polymerization

25 of the starting material to obtain a second prepclymer;
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-droplet or a spray 10 18: Gas-feed port
Vent 20: Recircul ation punp

Pr epol yner 22: Transfer

24: 1nlet 25: Recircul at

Perforated plate

20 28: Prepol yner

27: Second free-fal

in the formof a film a filanent,

a

21:

kS tityte sheet - SJAEugust ?&96
pol yneri zer

19:

CUtIet

droplet or a spray feeding the second XPrefdlyrfedednp@bllten state to an

15

20

upper portion of a wall extending through a wall-wet-

ting fall polymerization reaction zone, and allowing

the second prepolymer to fall along and in contact with

the surface of the wall, thereby effecting a wall-

wetting fall polymerization of the second prepolymer

during the wall-wetting £all thersof to obtain a third

prepolymer at a bottom of the wall-wetting fall poly-

merization reaction zone; and c¢) introducing the third

prepolymer in molten state to an introduction zone

(having a perforated plate), and d) allowing the molten

third prepolymer to pass downwardly through the perfo-
Y P

rated plate and fall freely through a free-fall poly-

merization reaction zone, thereby effecting a free-fall

polymerization of the third prepolymer to increase the

degree of polymerization of the
the free-fall thersof to obtain

of the free-fall polymerization

third prepolymer during

a polymer at a bottom

reaction zone.

(8) A method according to item (7) above, which fur-

ther comprises e) recirculating

tc the introduction

zone a part or all of the polymer obtained by the

free~fall polymerization at the bottom of the free-fall

polymerization reaction zone, and f) allowing the

recirculated polymer to pass downwardly through the

perforated plate and fall freely through the free-fall

This Sheet Has Been Replaced
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30: vent 31: Recirculation punp 25 32:

Mol t en pol yner 66 33:
Di scharge punp 34: Qutlet i s d 3)
Inlet for starting nateri al §,u stigute sane e gAugust 1908

polymerization reaction zone, thereby increasing the
degree of polymerization of the recirculated polymer
during the free-fall thereof.
(9) A method according to item (7) above, wherein, in
5 the free-fall polymerization of the third prepolymer,
the third prepclymer is continuously introduced to the
introduction zone having the perforated plate, and
which method further comprises e) continuously conduct-
ing a sequence of steps of recirculating to the intro-~
10 duction zone a part of the polymer obtained by the
free-fall polymerization at the bottom of the free-fall
polymerization reaction zone, and ) allowing an admix-
ture of the continuously introduced third prepolymer in
the molten state and the recirculated polymer to pass
15 downwardly through the perforated plate and fall freely
through the free-fall polymerization reaction zone,
thereby continuously effecting a free-fall polymeriza-
tion of the admixture during the free-fall thereof,
while continuously withdrawing the remainder of the
20 polymer obtained at the bottom of the free-fall poly-
merization reaction zone.
(10) A method according to any one of items (l) to (9)
above, wherein the free-fall is conducted through a
distance of 0.3 m or more from the perforated plate.

25 As mentioned above, a number of polymerizers

Sheet Has Been Replaced
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1': Inlet for starting materi al 2:  Vent 2' 1 Vent

3: First agitation type polynerizer vessel 10 3': First agitation
type pol ynerizer vessel 4. Prepolyner Pr epol y

5. Qutl et 5 : Qutlet 15 T5 F'&Htep%hﬁ?t' 8 Augu {%@n et
8: Second agitation type polynerizer vessel 9: Vent

Pr epol yner
having no rotary driving parts in their respective main

bodies are known for use in producing resins other than
polycarbonates. In this connection, it should be noted
that there is a large difference between the melt

5 polycondensation reaction for producing aromatic poly-
carbonates and that for producing polyesters and pelya-
mides, so that it is difficult to apply a polymerizer
designed for use in producing polyesters and polyamides
.to the production of aromatic polycarbonates. The

10 major differences between aromatic polycarbonates and
‘both polyesters and polyamides are as follows: First,
the melt viscosity, which is an impdrtant factor in
designing a polymerizer for melt polycondensation of
aromatic polycarbonates, is extremely high as compared

15 to that of polyesters and polyamides. Specifically, at
the temperatures of polymerization, the melt viscosity
of both polyamides and polyesters at a later stage of
polymerization is usually from several hundred to
several thousand poises and is unlikely to rise to a

20 level of 3000 poises or more, whereas the melt viscosi-
ty of aromatic polycarbonates at a later stage of
polymerization reaches a level as high as tens of
thousands of poises. Second, the melt polycondensa-
tions of polyamides, polyesters and aromatic polycar-

25 bonates are all equilibrium reactions, but the reac-

This is tha replacement sheet
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=20 11: Cutl et 12: Transfer punp 13: Inlet 14:
Recirculation |ine 15: Overflow port 25 16: wall-wetting
_pol ymeri zer

, 67 ;
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tions for these polymers are largely different in
equilibrium constant. Generally, the equilibrium
constant of the reaction for polyamides is on the order
of 102 and that for polyesters is approximately 1,

5 whereas the equilibrium constant of the reaction for
arcmatic peolycarbonates is very small and on the order
of lO‘l. The smaller the equilibrium constant, the
more difficult the polymerization reaction, so that the
reaction does not proceed unless by-products are more

10 efficiently removed from the reaction system. There-
fore, in the polymerization of aromatic polycarbonates,
the by-products must be removed fromm the reaction
system far more efficiently than in the polymerization
of polyamides and polyesters. However, efficient

15 removal of by-products is very difficult in the produc-
tion of aromatic polycarbonates since aromatic polycar-
bonates have a very high melt viscosity, as mentioned
above.

However, it has surprisingly been found that when

20 a free-fall polymerization technique is applied to
production of aromatic polycarbonates, high quality
aromatic polycarbonates can be produced with great
advantages, without causing the above-mentioned prob-
lems accompanying the operation of free-fall polymeri-

25 zation of polyamides and polyesters. In other words,

T Ik LG8 3hae
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- 19: Vent 20: Recircul ation punp 5 21: Prepol yner 22

Transfer punp 23: Qutl et 24: Inlet 25:
~Recirculation line 10 26: Perforated plate, 25: First éége-fal
pol yneri zer 28: Prepolymer in the {gubstButesheety SAGYSIEAPC a
droplet or a spray 29: Gas-feed port 15 30: Vent 31:

Reci rcul ation punp
by the present invention, high quality aromatic poly-

carbonates can be stably produced since filaments
falling freely do not suffer breakage during the free-
fall, and the quality of the resultant polymer becomes

- uniform. Namely, since no accumulation of low molecu-
laxr weight polycondensate occurs on a spinneret, the
filaments can be injected straight down without hin-
drance, and there is no need to halt the operation to
replace smudged spinnerets with fresh ones. Therefore,

10 the operation can be stably carried out for a very long

period of time.

The reason for such a differente in behavior
between the free-fall polymerization of aromatic poly-
carbonates and the free-fall polymerization of polyes-

15 ters and polyamides has not yet been elucidated. With
respect to the reason why spinnerets do not at all
suffer from accumulation of a low molecular weight
polycondensate, it is presumed that by-produced phenol
effectively washes away the low molecular weight poly-

20 condensate accumulated on the spinneret during the
polymerization of aromatic polycarbonates, fundamental-
ly differing from the polymerization of polyamides or
polyesters wherein by-products are water and ethylene
glycol. Such an advantageous effect of the by-produced

25 phenocl on the free-fall polymerization of aromatic



. 32: Prepol yner

33: Transfer punp 34: Qutlet 20 35:

I nl et 36: Recirculation |line 37: Perforated plate
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polycarbonates could not be expected from the polymeri-
zation of polyesters and polyamides at all.

Further, it has become clear that aromatic poly-
carbonates can be produced more easily by a free-fall
polymerization process than by a non-free-fall polymer-'
ization, such as polymerization by allowing a polymer-
izing material to fall along and in contact with a
guide. This is also surprising because, according to
conventional knowledge regarding a method for producing
polyesters and polyamides, it has been recognized that
a non-free-fall process is superior to a free-fall
process. This fact clearly shows that knowledge about
the polymerization reaction of polyesters and polya-
mides cannot be applied to the polymerization of aro-
matic polycarbonates.

The freé—fall polymerization method of the present
invention using a perforated plate does not require a
polymerizer which has a rotary driving part which is
exposed to a gaseous phase during the reaction, so
that, with respect to polymerization apparatus for
practicing a free-fall polymerization method, excellent
sealing can be provided even under high vacuum, and
maintenance of the apparatus is easy. Furthermore,
colorless, transparent and high quality aromatic poly-

carbonate can be easily produced by the method of the

This is the replacement sheet

|

I

|l

Daw: 12 AUG 1906
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15
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21

present invention. That is, the method of the present
invention for producing an aromatic polycarbonate
solves all of the difficult problems mentioned above
which accompany conventional methods for melt polycon-
densation of an arxomatic polycarbonate.

In the method of the present invention, various
modes are possible. Examples of modes include a) the
use of a single free-fall polymerizer which is adapted
for allowing a polymerizing material to pass through a
perforated plate and fall freely, b) the use of a
plurality of free-fall polymerizers, each of which is
adapted for allowing a polymerizing material to pass
through a perforated plate and fall freely, and c) the
use of a combination of a single or plurality of free-
fall polymerizers adapted for allowing a polymerizing
material to pass through a perforated plate and fall
freely and another typé or types of polymerizers.

Preferred examples of embodiments of the mode
which compriées combining a free-fall polymerization -
process using a perforated plate and another type or
types of polymerization processes include a method
which comprises conducting an agitation polymerization
of starting material (selected from the group consist-
ing of a) a monomer mixture of an aromatic dihydroxy

compound and a diaryl carbonate and b) a first prepoly-

This Sheet Has Been Replaced
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3: First agitation type polynerizer vessel 3': First agitation
type pol ynerizer vessel 15 4. Prepolyner 4' . Prepol yner

5. Qutlet

: 5 Qutlet 6: Trans
"8 Recirculation line 9: Overfl ogv gﬁptute "sheet Z%Au\%'l st 1\/9&%| ng

pol yneri zer

20

25

11: Filmlike prepolyne 25 12: CGas-feed port

mer obtained by reacting an arcomatic dihydroxy compound
with a diaryl carbonate) using an agitation type poly-
merizex vessel to obtain a second prepolymer and con-
ducting a free-fall polymerization of the second pre-
polymer using a free-fall polymerizer having a perfo-
rated plate. By this method, high quality aromatic
polycarbonate can be efficiently produced. In the
.agitation polymerization, it is oxrdinarily not neces-
sary to carry out the reaction under high vacuum, so
that the quality of the resultant second prepolymer is
not lowered by the agitation type polymerizer vessel,
and the starting material can be pdlymerized at high
volumetric efficiency. 1In the subsequent step for
increasing the degree of polymerization of the second
prepolymer, a free-fall polymerization is particularly
advantageous. By using the above method, in which an
agitation polymerization is combined with a free-fall
polymerization, high quality aromatic polycarbonate can
be efficiently produced.

Further, as another preferred embodiment of the
combination mode of the method of the present inven-
tion, there can be mentioned a method which comprises
conducting an agitation polymerization of the above-
mentioned starting material using an agitation type

polymerizer vessel to obtain a second prepolymer, con

his Sheet Has Been Replaced
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16: Transfer punp 5 17: CQutlet 18: Inlet 19:f -
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pol yneri zer 23

ducting a wall-wetting fall polymerization of the
second prepolymer by allowing the second prepolymer to
fall along and in contact with the surface of a wall,
Lo obtain a third prepolymer thereby, and conducting a

ree-fall polymerization of the third prepolymer using

[¥1]

a free-fall polymerizer having a perforated plate. 1In
the agitation polymerization, it is ordinarily not
necessary to carry out the reaction under high vacuum,
so that the quality of the resultant second prepolymer

10 is not lowered by the agitation type polymerizer ves-
sel, and the starting material can be polymerized at
high volumetric efficiency, as mentioned above. The
wall-wetting fall polymerization of the second prepoly-
mer having a relatively low degree of polymerization is

15- advantageous since a large heat-transfer surface area
is available in the wall-wetting fall polymerization
method, and it can efficiently provide latent heat of
evaporation for a by-produced aromatic monohydroxy
compound'and the like. In the subsequent step for

20 further increasing the degree of polymerization of the
third prepolymer, a free-fall polymerization is partic-
ularly advantageous. By combining these three differ-
ent polymerization processes in the manner mentioned
above, a high quality aromatic polycarbonate can be

25 efficiently produced.
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10 22: Prepolyner in the formof a film a filanment, a

droplet or a spray 23. Gas-feed port 24: Vent 25:
Recircul ati on punp 15 26: Prepolyner 27 Transfer punp

28: Qutlet 29: Inlet §1c$wb,sntam sheet n8 Aggust 1938
Perforated plate 32: Second free f pol yneri zer 33:
Prepolynmer in the formof a film a filanent, a droplet or a
spray Hereinbelow, the present invention will be de-

scribed in more detail.
In the present invention, the terminology "aromat-
ic dihydroxy compound" means a compound represented by

the focllowing formula:

5
HO—Ar—-QH
wherain Ar represents a divalent aromatic group.
Preferred examples of divalent arcmatic groups as
Ar include a group represented by the following formu-
10 la:
—arl-y-ar?-
wherein each of Arl and ar? independently
represents a divalent carbocyclic or hetero-
cyclic aromatic group having from 5 to 70
15 carbon atoms, and Y represents a divalent
alkane group having from 1 to 30 carbon
atoms. ’
In divalent aromatic groups as Arl and Arz, at
least one hydrogen atom may be substituted with a
20 substituent which does not adversely affect the reac-
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
25 group and a nitro group.

TS 5 g Ceniacenemt sheot
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25
Illustrative examples of heterocyclic aromatic
roups include an aromatic group having at least one

hetero atom, such as a nitrogen atom, an oxygen atom ar
a sulfur atom.

Examples of divalent aromatic gzoups as 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 and ar? are as described
above.

Examples of divalent alkane groups as Y include
organic groups respectively represenied by the follow-

ing formulae:

}Rl Rl R: Rs
7~
—C- Y S > CxD,
l -~
[ T <,

wherein each of Rl, Rz, R3 and R4 independ-
ently represents a hydrogen atom, an alkyl
group having from 1 to 10 carbon atoms, an
alkoxy group having from 1 to 10 carbon
atoms, a cycloalkyl group having from S5 to 10
ring-forming carbon atoms, a carbocyclic
aromatic group having from 5 to 10 ring-

forming carbon atoms and a carbocyclic aral-

Torw oy b el R RITE R

2 AT
SR, A aa
Sl ‘-3.511\
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kyl group having from 6 to 10 ring-forming

carbon atoms; k represents an integer of from

3 to 1l1; each X represents a carbon atom and

has R5 and R6 bonded theretc; each RS inde-

pendently represents a hydrogen atom or an

alkyl group having from 1

and each RS independently

to § carbon atoms,

represents a hydro-

gen atom or an alkyl group having from 1 tc 6

carbon atoms, wherein Rs and r8 are the same

or different;

wherein at least one hydrogen atom of each of

rRt, r2, R3, R%, R3 and RS may Be substituted’

with a substituent which does not adversely

affect the reaction, such as a halogen atom,

an alkyl group having from 1 to 10 carbon

atoms, an alkoxy group having from 1 to 10

carbon atoms, a phenyl group, a phenoxy

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

group, an amide group and a nitro group.

‘Specific examples of divalent aromatic groups as

Ar include groups respectively represented by the

following formulae:

Th@isthorophcemenrsheet

Da

12 AUG 1998



25 71 BEST MODE

FOR CARRYI NG OQUT THE | NVENTI ON The present invention wll be
described in nore detail with refer e.to the follqw n | es.
In the foll owi ng Exanpl es, the nol ecul a¢ we%& tiiide sheet - éé&l“&‘%%s%’?g)n

terms of the nunber average nol ecul ar

(R")m (3‘)11 (2 7)a (R ")a
: CE_:Z_/-{_\_ , _/—-\_ = /‘—\_
<O)rc#:<T) ©O)reE—~0)y-
CH:
(Ra CH, (R (R9a CH, (R'a

O —0- Crcs

(i-}’)m (3’)n (R Da (E}‘)n

CF}')m@(R')n (R)a (R*)a

Trie is th& reliscemem s oot
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- weight (hereinafter referred to sinply as "Wnh") as measur ed by gel
permeati on chromat ography (GPC). The color of the aromatic

~ pol ycar bonat e produced was eval u- .

nm ated, using a specinmen having a %tﬁ‘ﬁ%ﬁ'@%@e $heet -28 fiHaysy 1P6
accordance with the C ELAB nethod, and t hé yel | owness of the
specinen is expressed in terns of the b*-val ue. Exanple 1

A free-fall polymerizakti-@0arg [ S rpBe usi ng

pol ymeri zation apparatus sﬁom§£$ﬁ9€ig. i&élg gndﬁ?gggfgﬁﬁ&pplyneri;er 10
(contained in the pok¥peEL&Ats a hydroddRNaRBRA! &t Halogénegebfaped W th

perforated plate 3, ~whi ch 'has 50 hol es” havi ng dlanepér of 7.5 mm
and - arrangedahnNa@k#l 0F28u s NE & Ohk 2k +8R L Nec¥hi 6hchBeodi S-
tance (pitch) between the adjacent holes is 30 mm as 20 measur ed

between the centers atohbe adjanenty Ptesp having from 1 to 10
S carbon atoms, a cycloalkyl group having from
5 to 10 ring-forming carbon atcms, or a
phenyl group; each of m and n independently
represents an integer of from 1 to 4, with
the provisc that when m is an integer of from
10 2 to 4, R’'s are the same or different, and
when n is an integer of from 2 to 4, R8s are
the same or different. A
Further, examples of divalent aromatic groups as
Ar also include those which are represented by the
15 following formula:
~Arl-z-arl-
wherein Arl and ar? are as defined above; and
Z represents a single bond or a divalent
group, such as -0-, -CO-, -S-, -S80,, -SO-,
20 -CQO0~-, or -CON(RL)-, wherein R! is as define&

above.
Examples of such divalent aromatic groups as Ar

include groups respectively represented by the follow-

25 ing formulae:



The free-fall

distance is 4 m A prepol ymer having an M of

2,400, prepared by reacti ng bi sphenol A with di phenyl carbonate in

a nol ar

ratio of 1:1.05, was continuously fed to free-fall 25

‘polynerizer 10 at 5 liters/hr, so that a fr&ubissitite sheet - 8 August 1996

72 pol ymeri zation reaction of the BPepol yner was carried

out under polynerization reaction conditions wherein the reaction
tenperature was 250 [err]C, the reaction pressure was 1.0 mrHg, and
the flow rate of nitrogen 5 gas was 2 liters/hr. A colorless

transparent aromatic

(V1)

15

20

25

(RDa (R (R ) (R ")

- B0 —@ .

(R )m R )a (R ) (R ")n
'— —’ , ‘— s 0«0y
(RDa  (R"n (R")m (R")a
"so —.— -'—— co
(R")m (R "n (R"m - (R-*)n

_-@CONH , —(}coo —.-

Cflif)m(‘:H; (I‘{')n‘ci) O (R Im CH: CR )a

ioc Q O
. 3 CH:
(3’)m (RD»  (R")n

wherein R7, R8, m and n are as defined above.

In the method of the present invention, the aro-

This is the raplacement sheet
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- pol ycar bonate having an Mh of 3,100 and a b*-val ue of 3.1 was

obt ai ned. Exanple 2 The sane polynerization appar at us
as in Exanple 1 10 and shown in Fig. 1 was used. @ A prepol yner having

" an Mh of 8,900, prepared by reactinFUBSEBHERNeEA -] Algust 1996
di phenyl carbonate in a molar ratio of 1:4908, was continuously fed
to free-fall polynerizer 10 at 2 liters/hr, so that a free-fal

POl yer i 2at 1 0N f£86a dbuyaokl O0NES, CALTLE] QUL HIdeL ROl YL 3L Lar

reaction con he™ réact | Ol’l erature vvas

[err]C, i h@orﬁ@?ﬁ%%?% etié[%‘ff sdRSa 0 Pe a[?f‘é‘éi 59%%{3&&@6

of nitrogen gas was orl ess transp aromatic

pg{ycar 3onate havh 7@ &y '\ébr@éodﬁds?oon@pgd@ ¥0sphendi -yal ue of 3 3 was
obt al ne

The diaryl carbonate used in the present invention

is represented by the following formula:

w

Az 3—-OCO—-‘\...

wherein each of Ar3 and Ar? independently

represents a monovalent aromatic group.

10

Each of Ar3 and ar? independently represents a
monovalent carbocyclic or heterocyclic aromatic group.
At least one hydrogen atom of each of ar3 and art may
be substituted with a substituent which does not ad-

15 versely 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 c¢yanc group, an ester
group, an amide group and a nitro group. Ar3 and ar?

20 are the same or different.

Representative examples of monovalent aromatic
groups Ar3 and ar? include a phenyl group, a naphthyl
group, & biphenyl group and a pyridyl group.

Preferred examples of monovalent aromatic groups

25 as Ar? and ar? are those respectively represented by

e cgnlanement sheet
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- Exanpl e 3 A free-fall polynerization reaction was carried

out using polynerization apparatus shown in Fig. 2. Free-fal
_polynerizer 10 (contained in the polyneriza-_25 i on agparatus} IS
“equi pped with perforated plate 3, Sdbstitute sheet - August 1996
73 whi ch has 50 hol es having a dildnet er of 7.5 nm and
arranged in a zigzag configuration in which the dis- “tance (pitch)
bet ween t he adJ%ﬁ%“%oﬁﬁbeénbsf%QmHHheThe free-fall distance is 4 m
Q CHJ
3 f —@—"—CHJ ’ _—@T‘(I:—"C_-_g ’
. l
CH:
(/\\] ? H, (/\\‘ ? H, ? H,
£\ .
| C— and —@—?—C hz—lc—-c H,
Lo C CH, CHs

Representative examples of diafyl carbonates in
clude a substituted or unsubstituted diphenyl carbonate
compound represented by the following formula:

15

(R")p 0 (R'")q

20 wherein eaéh of R? and RO independently
represents a hydrogen atom, an alkyl group
having from 1 to 10 carbon atoms, an alkoxy
group having from 1 to 10 carbon atoms, &
cycloalkyl group having from 5 to 10 ring-

25 forming carbon atoms or a phenyl group; each

3
&



5 20 Liters of a nolten m xture of bisphenol A and

di phenyl carbonate in a nolar ratio of 1:1.05 was I ntroduced to
free-fall polynerizer 10, and a free-fall pol ymeri zati on reaction
was batchwi se carried out for 1 hour Suhdtitutpaiheet i Avigost 1€& i on
condi tions wherein 10 the reaction te&®erature was 250 [err]C, the
reaction pressure was 100 mmHg, and the flow rate of nitrogen

gas was 2 liters/hr to obtain a polyner, while recircu- ) | ating the
obt ai ned pol yner to tdfe B fidbdudiidspersieatly reoresRaish¢heritdtated pl ate

3) of free-fall polynerizer 10 15 through recircyl ation line 2 at a
recirculation flow 9% Og}%nﬂg &fc@Oé'IPFéESFHF.pfﬁglﬁéh 3n was further

con- tinued for 30 mnutes under a pressure of 1@ mtg. A
col orl ess transpar ent"%aepor?atﬁsc 2BolE5E65n&e *h&vi A~ 3 RRRiE R

the same or different, and when g is an

2 integer of 2 or morse, Rlo’s are the same or

different.

Of these diphenyl carbonates compounds, preferrad
are diaryl carbonates having a symmetrical configura-
tion, such as (unsubstituted) diphenyl carbonate,

10 ditolyl carbonate, and a diphenyl carbonate substituted
with a lower alkyl group, e.g., di-t-butylphenyl car-
bonate. Particularly preferred is dlphenyl carbeonate,
which is the diaryl carbonate having the simplest
structure. |

15 These diaryl carbonates may be used individually
or in combination.

The ratio in which the aromatic dihydroxy compound
and the diaryl carbonate are used (i.e. a charging
ratio) may vary depending on the types of the aromatic

20 dihydroxy compcund and diaryl carbonate employed, the
polymerization temperature and other polymerization
conditions. The diaryl carbonate is generally used in
an amount of from 0.9 to 2.5 moles, preferably from
0.95 to 2.0 moles, more preferably from 0.98 to 1.5

23 moles, per mole of the aromatic dihydroxy compound.

This is the replacement sheet
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-Mh of 2,100 and a b*-value of 3.0 was obtained. 20 Exanpl e 4

The sane pol ynerization apparatus as in Exanple 3 and shown in Fig.

2 was used. 35 Liters of a prepoly- mer having an Mh of 800

prepared by reacting bi sphenol A wi t%%tﬁh%we@a'r%mwstl 1996 ol ar

ratio of 1:1.05, 25 was introduced to ¥¥ee-fall polynerizer 10, and a

74 free-fall polynerization reaction was batchw se carried

out for 1 hour under Qpolynerization reaction %pndltlons wherein the
r weight of the aromac-

reaction tenperature BEP T AV EE 2G5 ST heey

ic polycarbonate obtained according to the methoed of
the present invention is generally from 300 to 100, 000,
preferably from 500 to 30,000.

In the present invention, the term "molten monomer

(¥ ]}

mixture of an aromatic dihydroxy compound and a diaryl
carbonate" means a homogeneous mixture of the monomers
which is obtained by mixing the aromatic dihydroxy
compound and the diaryl carbonate while heating. The

10 molten moncmer mixture can be obtained by mixing the
aromatic dihydroxy compound and the diaryl carbonate
while heating at a temperature in the range of from
150 °C to 200 °C. In the present invention, the term
"molten prepolymer" means a polycondensate, which is

15 obtained by a process comprising reacting an arcmatic
dihydroxy compound with a diaryl carbonate, and has a
lower molecular weight than a final aromatic polycar-
bonate to be produced by the method of the present
invention. The range of the molecular weight of the

20 molten prepclymer to'be used in the present invention
varies depending on the molecular weight of a final
aromatic polycarbonate to be produced. For example,
when it is intended to obtain an aromatic polycarbonate
having a number average molecular weiqhi of 10,000, the

25 number average molecular weight range of the molten

e o3 g repaaemam shaat

nmw: F 2 AUB 1996



-tion pressure was 10 mHg, and the flow rate of nitro- 5 gen gas was
2 liters/hr to obtain a polyner, while recircul ating the obtained
pol ymer to the introduction zone (having perforated plate 3) of
free-fall pol yner- i zer 10 through rabistigyieathest -| 8 Augusit1 96
recircul ation flow rate of 400 lit3rs/hr. A colorless transparent
10 aromati ¢ pol ycarbonate having an Mh of 2,400 and a b*- val ue
of 3.0 was obtai ned. w%he sane, pol ynerjzation

appar at us as i nPERRRYEeY is ﬁéggpgﬁagsﬁ8wﬁ°@ﬁ BNG “&flas uded. tiended
preBol YT 30 |t B ko B P e TR AR R AV 4 2 20 M ©f
average molecular weight of 20,000, the number average
molacular weight range of the mclten prepolymer is less
5 than 20,000.

In the method of the present invention, a polymer-
izing material (which is at least one member selected
from the group consisting of a) a molten mconomer mix-
ture of an aromatic dih?droxy compound and a diaryl

10 carbonate, and b) a molten prepolymer obtained by a
process comprising reacting an aromatic dihydroxy
compound with a diaryl carbonate] is\allowed to pass
downwardly through a perforated plate and fall freely
through a free-~fall polymerization reaction zone,

" 15 | thereby effecting polymerization of the polymerizing
material during the free-fall thereof.

The terminclogy "free-fall" used in the preseﬁt
invention means a fall under vacuum or non-vacuum
conditions, during which a falling polymerizing materi-

20 al does not contact an object causing resistance to
fall, such as a guide or a wall. The polymerizing
material is allowed to fall freely in the form of a
film, a filament, a droplet, a spray or the like.
During the free-fall, by-products produced in a poly-

25 condensation reaction, such as phenol, are removed.
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.introduced to free-fall polynerizer 10, and a free-fal

pol yneri zati on reacti on was batchw se carried out for 1.5 hours
under polynerization reaction conditions 20 wherein the reaction
tenmperature was 250 [err]C the reac- Substigntesbeetur 8 Avagust 098fHg,
and the flow rate of nitro- gen gas was 2 liters/hr to obtain a
pol ymer, while recirculating the obtained polyner to the

i ntroduction one (havin erforated plate 3) of free-fall polyner-
25 i zer 10 throu erreeci"rscd']qagi H‘:i“hlé”?q‘df“*éar T HA G i pRSPect to

75 fl ow fal esh%fpelooof Il'1iotl.eer55/o 'thAe Cp%lr rc:lr:% Sédt rpainasr.peart:eon tbea used
in the method of the present invention. Generally, the
morphology of a hole is selected from a circle, an

3 ellipse, a triangle, a slit, a polygon, a star and the
like. The area of each hole of the perforated plate is
usually from 0.01 to 100 cmz, praferably from 0.05 to

2, more preferably from 0.1 to § cm?. The perfo-

10 cm
rated plate may have a nozzle or a guide connected

10 thereto, as long as a polymerizing material can fall

reely after passing such a nozzle or guide. The

distance between adjacent holes is §énerally from 1 to
S00 mm, preferably from 10 to 100 mm, more preferably
from 15 to 50 mm, as measured between the cénters of

15 the adjacent holes.

With respect to the number of holes in the perfo-
rated élate, there is no particular limitation, buﬁ the
number of holes may vary depending on &onditions, such
as the reaction temperature and pressure, the amount of

20 catalyst, and the range of molecﬁlar weight of polycar-
bonate to be produced. For example, when a polymer is
to be produced at a rate of 100 kg/hr, usually 10 to
105 holes are necessary. A distance through which the
free-fall of the polymerizing material ié conducted is

25 preferably from 0.3 to S0 m, more preferably from 0.5

This Sheet Has Been Replaced
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-aromati c pol ycarbonate having an M of 4,700 and a b*- val ue of 3.2

was obt ai ned. Exanpl e 6 5 The sane pol yneri zation
apparatus as in Exanple 3 and shown in Fig. 2 was used. As

prepol ymer, 30 liters of an aromatj cSykstjtuse sbaet eShAvaust 4A9Fh of
2,400, whi ch was the sane as that &btained in Exanple 4, was

I ntroduced to free-fall polynerizer 10, and a free-fall 10

pol ymeri zati on reaciio s _bat.chwi se_ carried out for 1.5 hours
under pol yreri zatl oind reac ‘I%‘h%b%cﬁ%‘?%?fsate Plateherein the reaction
tenperature was 250 [ger lhe reac- . .. tipn pressure was 1.0 nmHg,
and the flow rate of ;ﬁl{)]?og: 1416 2 wd%hc}ba%n%ogw?%)f‘e?’s'}%rm?‘beﬁb‘?gi n a

|p(r)1![ ¥gcht }Nhohl e asses r‘ﬁ?z.i'&ﬁ;LH A% d g obs aélﬂeedpeozpéélf?tgeé Opit.ahge may
vary depending on the molecular weight of the polymer-
5 Lzing material. The flow rate per hole is generally
from 10°% to 10¢% liters/hr, preferably from 1072 to
102 liters/hr, more preferably from 0.1 to 50 liters/
hr.
The free-fall time is not particularly limited,
10 but is generally from 0.01 seconds to 1 hour.

In the present invention, a polymer obtained by
the free-fall polymerization can be‘Qithdrawn, as such,
from the polymerizer, but it is preferred that the
polymer be recirculated to the introduction zone having

15 the perforated plate for further free-fall polymeriza-
tion. 1In this case, residence time of polymer in a
reservolir portion at the bottom of the free-fall pély-
merization reaction zone or in a recirculation line can
be prolonged according to the time necessary for poly-

20 condensation reaction. When the obtained polymer is
recirculated and subjected to further free-fall poly-
merization, a renewed liquid surface area formed per
unit time becomes large, so that a desired molecular
weight can be easily achieved.

25 Preferred examples of embodiments of the method of
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.zone (having perforated plate 3) of free-fall polyner- I zer 10
through recirculation line 2 at a recircul ation flowrate of 400
liters/hr. A colorless transparent aromat i ¢ pol ycarbonat e haV|ng an
Mh of 6,000 and a b*- 20 val ue of 3.2 walubgititasheet - 8 Augustififfe 7
The sane pol ynerization apparatus as in Eddnple 3 and shown in Fig.
2 was used. As prepolyner, 30 liters of an aromatic polycarbonate

havi ng an Mh of 2,400, 25 whi ch was the sane as that obtained
Exanpl e 4, was the present invention include a method ac ¢grding to the

embodiment of item (1) above, wherein the introduction
of the molten monomer mixturs or molten pra2polymer
(polymerizing material) to the introduction zone having
S the perfcrated plate is continucusly conducted, and
which method further comprises continuously conducting
a sequence of steps of recirculating to the introduc-
tion zone (having the perforated plate) part of the
polymer obtained at the bottom of the free-~fall poly-

10 merization reaction zone, and allowing an admixture of
the continuously introduced monomer mixture or prepoly-
mer in the molten state and the reci}culated polymer to
pass downwardly through the perforated plate and fall
freely through the free-fall polymerization reaction

1s zone, theréby continuocusly effecting a free-fall poly-
merization of the admixture during the free-fall there-
of, while continuously withdrawing the remainder of the
polymer obtained at the bottom of the free-fall poly-
merization reaction zone. According to this embodi-

20 ment, polymerization can be carried out stably for a
prolonged period of time without an accumulation of low
molecular weight polycondensate and the like on a
perforated plate. This is one of the great advantages

of the present invention. In the present invention,

25 the reaction temperature for reacting the aromatic
is Sheet Has Been Replaced
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I ntroduced to free-fall polynerizer 10, and a free-fal

pol yneri zati on reacti on was batchw se carried out for 1.5 hours
under polynerization reaction conditions wherein the reaction
tenperature was 250 [err]C, the reac- 5  Substiiytesbesur 8 Aagust 0986Hg,
and the flow rate of nitro- gen gasigvas 2 liters/hr to obtain a
pol ymer, while recirculating the obtained polyner to the

i nt roduction zone (having perforated plate 3) of free-fall polyner-
i zer 10 through REAHHAR iwaduad Migth a‘-heeﬁhﬁc‘mlathOHJ?O'-e is fgeverate
of 20 liters/hr. A col orl ess transparent romatic polycarbonate
havi ng an Mh of &100 dhdhe pange of fragy 50 t6f 3§02 ‘fas REETRRLY from
Exanpl e 8 100 to ﬂf sane pol ynmeri zati on apparatus as in Exanple 3

As the reaction proceeds, an aromatic monohydroxy

wn

compound is by-produced. By removing the aromatic
monchydroxy compound from the reaction system, the
reaction rate can be increased. Therefore, in the
method of the present invention, it is preferable to
employ a method in which an inert gas which does not
10 adversely affect the reaction, such as nitrogen, argon}
helium, carbon dioxide and a lower hydrocarbon gas, is
introduced sco that the by-produced ;}omatic monohydroxy
compound is entrained by the inert gas, and the inert
gas entraining the aromatic monohydroxy compound is
13 withdrawn to remove the aromatic monohydroxy compound,
or a method in which the reaction is carried out under
reduced pressure. The above two methods can be used
individually or in combination. The preferred reaction
pressure may vary depending on the molecular weight of
20 the molten monomer mixture or molten prepclymer. When
the number average molecular weight of the molten
monomer mixture or molten prepolymer is less than
1,000, the reaction pressure is preferably from 50 mmHg
to atmospheric pressure. When the number average

25 molecular weight is from 1,000 to 2,000, the reaction

This is the replacement sheet
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15 and shown in Fig. 2 was used. As prepolyner, 30 liters of
an aromati c pol ycarbonate having an M of 4,700, mhich mas t he sane
as that obtained in Exanple 5, was i ntroduced to fre

pol yneri zer 10, and a free-fall pol yPepstityie éhe?fe‘aét'?%ﬁuﬂa%ggs

bat chwi se carried out for 6 20 hours dAder pol ynerization reaction
condi ti ons wherein the reaction tenperature was 250 [err]C, the

reaction pressure was 1.0 nmmHg, and the flow rate of nitrogen
gas was 2 I|terBFﬁFsPﬁeobfaPﬁ“a?ﬁ%P%ﬁe?~°%h?leorﬁgl?ﬁﬁq When thgting the
obt ai ned polyner to the |ntroduc;|on zone &Qgglgg gerforated pl ate

3) of free-fall "PpOP§hefSEt9qgrolecular SeidRe is

10

20

the reaction pressure is preferably 10 mmHg or less,
more preferably 5 mmHg or less.

It is particularly preferred that the polymeriza-
tion be carried out under reduced pressure while intro-
ducing an inert gas as mentioned above. By this meth-
od, a high degree of polymerization can efficiently be
achieved without causing problems, such as mutual
contact of adjacent filaments due to turbulence of gas
flow.

~

A melt polycondensation reaction can be carried
out in the absence of a catalyst. However, if it is
desired to accelerate the polymerization, the polymeri-
zation can be effectd in the presence of a catalyst.
The polymerization catalysts which are customarily used
in the art can be used without particular limitation.
Examples of such catalysts include hydroxides of an
alkéli metal and of an alkaline earth metal, such as
lithium hydroxide, sodium hydroxide, potassium hydrox-
ide 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

tetramethyl ammonium boron hydride; hydrides of an

Tris i3 the replacenem
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77 t hrough recirculation line 2 at a recirculation flow rate

of 20 liters/hr. A colorless transparent aromatic polycarbonate
having an Mh of 10,000 and a b*-val ue of 3.3 was obt ai ned.

Exanpl e 9 The sane pol yneri zat on Supshitute shess |$1AE1MI1@%

and shown in Fig. 2 was used. As prepolyn¥®, 30 lites of an
aromati c pol ycarbonate having an M of 4,700, whi ch was the sane as
t hat obtained in np introduced to free-fall polynerizer
10. and a free. AT dnd ol kot iog SARh T des IR HOF sbLeht RRed
out for 2 hydride, sodium hydride and calcium hydride; alkoxides

of an alkali metal and of an alkaline earth metal,
such as lithium methoxide, sodium ethoxide and calcium
5 methoxide; aryloxides of an alkali metal and of an
alkaline earth metal, such as lithium rhenoxide, sodium
phenoxide, magnesium phenoxide, Li0O-Ar-OLi wherein Ar
represents an aryl group, and NaC-Ar-ONa wherein Ar is
as defined above; organic acid salts of an alkali metal
10 and of an alkaline earth metal, such as lithium ace-
tate, calcium acetate and sodium benzoate; zinc com-
pounds, such as zinc oxide, zinc aceEate and zinc
phencoxide; boron compounds, such as boron oxide, boric
acid, sodium borate, trimethyl borate, tributyl borate,
15 triphenyl borate, ammonium borates represented by the
formula: (Rl rR2 R3 R4)NB(Rl r2 R3 R4), and phosphonium
borates represented by the formula:
(R! R? R3 r%)pB(R! R2 R3 R%), wherein R!, R2, R3 and Rr¢
are as defined above; silicon compounds, such as sili-
20 con oxide, sodium silicate, tetraalkylsilicon, tetraa-
rylsilicon and diphenyl-ethyl-ethoxysilicon; germanium
compounds, such as germanium oxide, germanium tetra-
chloride, germanium ethoxide and germanium phenoxide;
tin compounds, such as tin oxide, dialkyltin oxide,

25 dialkyltin carboxylate, tin acetate, tin compounds

Pe 3 g reiiing REA 2
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hours under pol nerization reaction conditions wherein the reaction
tenperature was 280 [err]C, the reaction pressure was 0.4 mrHg, and
the flowrate of nitrogen 15 gas was 2 liters/hr to obtain a pol yner,
whil e recircu- | ating the obtained p¥ibstigvte shedte 8 AuaickI¥m zone
(having perforated plate 3) of free-fall péblynerizer 10 t hr ough
recirculation line 2 at a recirculation flow rate of 25 liters/hr.
A col orless transparent aromatic 20 pol ycar bonate havi ng an Mh of 11, 000
and a b*-val ue ofeving an alloxs IHHR Hedd LY kDR FER 1R PERGRPI €0 1510, 25

Substantially the sgne polxnﬁjjsaty n‘ggfagatus s in Exapple 3 and shown
in Fig. 2 was usdt® e?éeﬁF Yhen tributoxide, and organotin compounds;

lead compounds, such as lead oxide, l=2ad acetats, lsad
carbonate, basic lead carbonats, and alkoxides and

aryloxides of lead or organolead; onium compounds, such

(V11

2s a Qquaternary ammonium salt, a quaternary phosphonium
salt and a'quaternary arsconium salt; antimony com-
pounds, such as antimony oxide and antimony acetate;
manganese compounds, such as manganese acetate, manga-

10 nesa carbonate and manganese borate; titanium com-
pounds, such as titanium oxide and titanium alkoxides
and titanium aryloxide; and zirconidh compounds, such
as zirconium acetate, zirconium oxide, zirconium alkox-
ide, zirconium aryloxide and zirconium acetylacetone.

15 The catalysts can be used individually or in
combination. The amount of the catalysts to be used is
generally in the range of from 1078 to 1 % by weight,
preferably from 107 to 1071 % by weight, based on the
weight of the aromatic dihydroxy compound.

20 Preferred modes of the method of the present
invention in which a free-fall polymerizer is used are
explained hereinbelow, referring to the accompanying
drawings.

Figs. 1 and 2 show two forms of polymerization

25 apparatus (each containing a free-fall polymerizer)

This is tha replacement sheet
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50 strands of 0.1 mMerr] SUS 316 wires were hung verti cal -

78 ly fromthe respective holes of the perforated plate to

the reservoir portion at the bottomof the free-fall pol ymeri zer

so that the prepolymer did not fall freely Substitut¢sbeetr&Atuguk) 1986 f el
along and in contact with the 5 wregz(wre-wetting fall). A

pol yneri zati on reaction was batchwi se carried out for 2 hours under
t he sane reaction conditions as in Exanple 9 except that the

wire-wetting fal4sail® (&0 Jamtwad ofut Hehd reeched |of the present

invention. When the polymerizaticn apparatus of Fig. 1
is used, a polymerizing material (which is at least one
matarial selected from the group consisting of a) a

5 molten monomer mixture of an aromatic dihydroxy com-
pound and a diaryl carbonate, and b) a molten prepoly-
mer obtained by reacting an arcmatic dihydroxy compound
with a diaryl carbonate] is fed through inlet 1 and
introduced to an introduction zone having perforated

10 plate 3, and allowed to pass through perforated plate 3
and fall freely through a free-fall polymerization
reaction zone in polymerizer 10. Polymerizing material
4 falls freely in the form of a film, a filament, a
droplet or a spray. The internal pressure of free-fall

15 polymerizer 10 is controlled to a predetermined value.
An aromatic monohydroxy compound and the like evaporat-
ed from the polymerization reaction system and an inert
gas, such as nitrogen, which is optionally fed from gas
feed port 5, are discharged through vent 6. The re-

20 sultant polymer cbtaiﬁed at the bottom of the free-fall
polymerization reaction zone is withdrawn through
outlet 9 by means of discharge pump 8. The main body
of free-fall polymerizer 10 and the like are heated to
and kept at an elevated temperature by means of a

25 heater and a jacket.

T ig tne renicngserA sheel
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.An aromatic pol ycarbonate having an Mh of 5,500 and a 10 b*-val ue of
3.3 was obtained. It was found that the rate of the increase in
nol ecul ar wei ght was about one eight as large as that observed
in Exanple 9. Exanpl e 10 ulFstituigesbeptt Pndugust i1 686
apparatus as in Exanple 3 15 and showhlin Fig. 2 was used. 50 Liters
of a nolten m xture of bi sphenol A and di phenyl carbonate in a
nolar ratio of 1:1.15 was introduced to free-fall pol ymeri zer 10,
and a free-fall pol yrfB ey inh yRegcitdagnion apparafss st dhvd sed chd resed out
for 1 hour under polyneriza; 20 tion reaction conditions wherein the
reaction tenpera&@ Polymerizifie mademing [ ihe s GRiimf ipesl elwas
ég?amﬂ and fed tl';[.r.hoeugu Oivr\{lreat;[ 63. (?afm:imr.:[a-rcoi.gr:ec:rllJ.ga.at:siovrv{rjlslizneIA Ié[ earnsc{. h{n‘gz(')o_
duced to an introduction zcne having perforated plate

3, and allowed to pass through perforated plate 3 and

w

fall freely through a free-fall pclymerization reaction
zone in polymerizer 10. Polymerizing material 4 falls
freely in the form of a film, a filament, a droplet or
a spray. The internal pressure of free-fall polymeriz-

10 er 10 is maintained at a predetermined level. A by-
produced and evaporated aromatic monochydroxy compound
and the like, and an inert gas, sucﬂhas nitrogen, which
is optionally fed from gas feed port 5, are discharxged
through vent 6. The fesultant pclymer obtained at the

15 bottom of the free-fall polymerization reaction zone is
recirculated through recirculation line 2 (having
recirculation pump 7) to the introduction zone having
perforated plate 3, and allowed to pass through perfo-
rated plate 3 and fall freely through the free-fall

20 polymerization reaction zone in polymerizer 10, thereby
increasing the degree of polymerization of the recircu-
lated polymer during the free-fall thereof. After the
degree of polymerization has reached a predetermined

level, the polymer is withdrawn through outlet 9 by

25 means of discharge pump 8. The main body of free-fall

Tine i0 B r@oianes wrm 370 00
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a polymer, while recirculating the obtained polyner to t he

I ntroduction zone (having perforated plate 3) of 25 free-fal

pol ymeri zer 10 through recirculation line 2

79 at a recirculation flow rate of BOGtitutecsh¢etr- 8Thegust 1996
reaction was further continued for 1 hour “hder a pressure of 10
nmHg and at a recirculation flow rate of 400 liters/hr. A

col orl ess transparent aronatlc poly carbonate haV|ng an Wnh of
2,300 and a b*- B 0 recizqiiatoiamiliqie 2 and the Tike are

heated to and kept at an elevated temperatur2 by means
of a heater and a jacket.
When free-fall polymerizer 10 of Fig. 2 is used

5 for batchwise polymerization, all of the polymerizing
material selected from the molten monomer mixture and
the molten prepolymer is fed through inlet 1 at the
start of the operation at a time, and polymerization is
carried out in a closed system while recirculating

10 until a polymer having a pradetermined degree of poly—.
merization is obtained. The obtained polymer is with-
drawn through outlet 9. When free—féll polymerizer 10
of Fig. 2 is used for continuous polymerization, the
polymerizing material is continuously introduced

15 through inlet 1 to conduct free-fall polymerization,
while the resultant polymer (having a predetermined
molecular weight) is continuously withdrawn through
outlet 9 at a controlled rate such that a predetermined
amount of molten polycondensate mixture is present in

20 the polymerizer. A polymeriier to be used in the
present invention may be equipped with an agitator at
the bottom, but such an agitator is not essential.
Therefore, it is possible to employ a free-fall poly-
merizer which does not have a rotary driving part in a

25 main body thereof and hence it is possible to carry cut
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Exanpl e 11 The sane pol ynerization apparatus as in Exanple 3
and shown in Fig. 2 was used. 30 Liters of a prepoly- 10 mer having an

Wvh of 2,200, prepared by reacting bisphe- ~nol A with diphenyl
carbonate in a nolar ratio of 1: 1. 05 SuRatityte: shekd ce¥l August @96 | -

pol ynerizer 10. A continuous free-f&Fl polynerization reaction was
car - ried out for 1,000 hours under polynerization reaction 15

conditions wherein the reaction tenperature was 250 [err]C, . t he
reaction pressurepﬁggmbez naﬁaggﬁetfgéﬁ}Ya?%ai?d conditigngr gyen gas

c I nuously feeding the

oo ooy s SRSk Eg8 BELUIR ML Focicoug O HIKLELY et o, (e
rate of 6 20 LEYeESIAE;oANHiRECALSULALLRY- G RALG; QF Lhe polymer Lo
rotary driving part of the recirculation pump in the
5 recirculation line is highly sealed, thus differing
from a rotary driving part as provided in the main body
of a polymerizer, because the recirculation pump is
submerged below a liquid head of molten condensate
mixture accumulated at the bottom of the main body.
10 The height of the liquid head is 0.3 m or more, prefer-
ably 0.5 m or more.
The method of the present inveﬁtion can be prac-
ticed using a single polymerizer, but, if desired, two
Or more polymerizers can be used. Moreover, the inte-
1s rior of a single polymerizer may be partitioned verti-
cally or horizontally into a plurality of compartments
so that the compartments can be used as multiple éoly—
merizers.
In the present invention, it is possible to carry
20 out the entire process of polymerizing a molten monomer
mixture of an aromatic dihydroxy compound and a diaryl
carbonate for obtaining a final aromatic polycarbonate
having a predetermined molecular weight by only a
free-fall polymerization using a perforated plate. But

25 it is also possible to combine the free-fall polymeri-

This is the TR ANeT e 8l et

nem: 12 AUG 1996



the introduction zone (having perforated plate 3) of free-fall

pol yneri zer 10 through recirculation line 2 at a recirculation flow
rate of 100 liters/hr, and while withdrawi ng the renai nder of the
pol yner so that 25 the |l evel of the pol yGebstitute lsbeets& AaguspdPLiBon at
80 the bottomof the free-fall poignerizer was constantly

mai nt ai ned. Results are shown in Table 1. After conpl etion of the
free-fall polynmerization reaction, no accurrul ati on of | ow nol ecul ar

wei ght pol yner afgti®re With cthey keolige pbaatired Methass perforated pl ate.

Preferred embodiments of combinations of the
free-fall polymerization process of the present inven-
tion with another polymerization method or other meth-

ods are explained below, but these embodiments should

w

not be construed as limiting the scope of the present
invention. For example, an aromatic polycarbonate can
be produced by using a combination cf a free-fall
poelymerization process with a polymerization process
10 using a film type polymerizer, a screw type polymeriz;

er, a horizontal stirring polymerizer, or the like.

~,

(1) Combination of an agitation polymerization and a
free-fall polvmerization using a perforated plate

Preferred examples of combinations of the free-
15 fall polymerization process of the present invention
with another polymerization method or other methods
include a combination of an aqiﬁation polymerizatidn
and the free-fall polymerization. In general, agita-
tion type polymerizer vessels have a high volumetric
20 efficiency and a high agitation efficienéy for low
viscosity material. However, in agitation type poly-
merizer vessels, liquid has a small liquid surface area
relative to the liguid volume and does not exhibit a
high agitation efficiency for a high viscosity materi-

25 al. Therefore, when an aromatic polycarbonate is

— L
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Exanples 12 to 15 Pol ynmeri zation reactions were individually
carried out using the same polynerization apparatus as in

Exanpl e 3 and shown in. Fig. 2 and in substantially the 10 same nanner
as in Exanple 11, except that the pol ymeri- Substitute she¢ion8rAdgustoh996
conditions were varied as shown in 4Mable 1, and that the prepol yner
continuously fed to free-fall polymerizer 10 was an aromatic

pol ycar bonat e havi ng an Mh of 6,000 which was the sanme as that ob-
15 t ai ned b)PrtCP‘FB“clecgdﬁlﬁkﬂJrO"fereéﬂr e?lqltp?cﬂﬁﬂ?erq&%ﬂ ighlymerizezyeaction

i n Exanple 11. Resultf are shown in Taq After conpl etion of
the free-fall pofSiEt ’zattqeor?“’rr@aéme po me‘cﬁzﬁr{'ﬁoﬁl FRAOF - B PHPFE2ID-t 0

15, no accunU|Eué§¥1éHe higher the viscosity of the reaction mixture
becomes. As a result, it becomes increasingly diffi-

5 cult to remove an aromatic monohydroxy compound from
the reaction mixture and advance the polymerization
reaction. Further, since the agitation type polymeriz-
er vessel has a rotary driving part in a gaseous phase
portion thereof, oxygen leaks intc the polymerizer when.

10 the polymerization is conducted under high wvacuun,

causing a lowering of the quality of a final polymer.
However, by combining an agitation ﬁblymerization
(using an agitation type polymerizer vessel) with
free-fall polymerization (using a perforated plate), a
15 high quality arcmatic polycarbonate can be produced
efficiently. The reason for this is as follows. 1In
the early stage of the polymerization, the reactioﬁ
need not be carried out under high vacuum, so that the
early stage polymerization reaction can be satisfacto-
20 rily carried out by means of an agitation type polymer-
izer vessel with high agitation efficiency (due to a
low viscosity of the reaction mixture) and high volu-
metric efficiency, without suffering from reducing the
quality of final polymer. On the other hand, when the

25 later stage polymerization reaction is carried out by

Thmistherémacementsheet
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| ow nol ecul ar wei ght polyner and the |ike was observed 20 on the
perforated pl ate. Exanples 16 to 20 In each of
Exanples 16 to 20, substantially the sanme pol ymeri zati on apparat us
as in Exanple 3 and shown in Fig. 2SwhstitgedsheetcdpAugust 19
free-fall was 25 conduct ed t hrough &%i stance of 0.2 m ( Exanpl e 16),
81 0.5 m (Exanple 17), 1 m (Exanple 18), 2 m (Exanple 19),

and 8 n1(ExanMa%%¥p. Qﬁ ti.nuqus free-fall polyneriza- tion

reactions were I n jvfﬁha ?yfgégr?3&10§P%¥¥55124[m%an%g @ perforaced
plate, the aromatic monohydroxy compound can be effi-
ciently removed so that the reaction Ls advanced.

Further, since a polymerizer to be used in the free-

fall polymerization has esxcellent sealing properties

wn

under high vacuum, high quality aromatic polycarbonate
can easily be produced.
In the present invention, the agitation polymeri-
zation is advantageously used for producing a second
10 prepolymer having a number average molecular weight of
from 300 to 5,000 from a) a molten monomer mixture of
an aromatic dihydroxy compound and 5\diaryl carbonate
or b) a first prepolymer obtained by reacting an aro-
matic dihydroxy compound with a diaryl carbonate. When
15 the agitation polymerization is followed by free-fall
polymerization, the free-fall polymerization is intend-
ed to increase the degree of polymerization of the
second prepolymer obtained in the agitation polymeriza-
tion, thereby cobtaining an aromatic polycarbonate
20 having a higher degree of polymerization tﬁan that of
the second prepolymer.
As the agitation vessel of the agitation type
polymerizer vessel, any of the agitation vessels de-
scribed, for example, in Chapter 11 of "Kagaku Sohchi

25 Binran (Handbook of Chemical Apparatus)" edited by

HiE iy (W redianginien gheel

12 AUS 1995
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substantially the same pol ynerization reaction condi - 5 tions as in

Exanpl e 13, except that the distances for the free-fall were varied
as nmentioned above. Results are shown in Table 2. After

conpl etion of the free- fall pol yrrerSUJ_bétt't'e)W shagtti Augusirh2 9
Exanples 16 to 20, no accunul ati off%f | ow ol ecul ar wei ght pol yner
and 10 the Iike was observed on the perforated pl ate. Exanpl e
21 n y.th 0 za r.at

"1 Exanple 3 and "SRRG MROEPY3Fage | BoBaSoRTesh: Of napaneal Hhalt

perforated plat@abnsthg, aﬂﬁdfathQQ%yggﬁ'Egruggg 1%ne mo%% PgagrataVing

a hol e dianeter of 4.4 a ranged In a zlgzag lon in
whi ch the distapge GBitGREon vessel is not particularly limited.

Generally, a vertical or a horizontal cylinder type
S vessel can be used. The shape of the agitating blade
is also not particularly limited. Agitating blades of
anchor type, turbine type, screw type, ribbon type,
double blade type and the like can be used.
In the agitation peclymerization, the reaction

10 temperature is generally in the range of from 350 to
350 °C, preferably from 100 to 290 °C, and the reaction
time is generally in the range of from 1 minute to 100
hours, preferably from 30 minutes to 50 hours.

The reaction pressure for the agitation polymeri-

13 zation varies depending on the molecular weight of the
meolten monomer mixture or first prepolymer, but it is
genefally from 3 mmHg to atmospheric pressure, prefera-
bly from 5 mmHg to atmospheric pressure. For effi-
ciently removing from the reaction system an aromatic

20 monohydroxy compound, which is by-produced with the
progress of the reaction, it is preferred to use a
method in which an inert gas which does not adversely
affect the reaction, such as nitrogen, argon, helium,
carbon dioxide and lower hydrocarbon gas, is introduced

25 to the reaction system and the inert gas is discharged



.between the adjacent holes was 20 nm A conti nuous free-fall

pol yneri zation reaction was carried out under substantially the
same pol ymerization reaction condi- 20 tions as in Exanple 13, except
that the above-nentioned per f or at ed Substituigashastedd ABmydtekOer e
taken fromthe product aromatic pdlOycarbonates which were w t hdrawn
at time points of 200 hours, 400 hours, 600 hours, 800

hours and 1, 000 hour after A start of the r%actlon 25 The sanpl es
of the product &FFRTTEF éﬁﬁoﬁaﬁgéth monahydroxy c°m°°und en-

82 Wi t QE%%EJNbY eg% Q%E@R? of 200 hours, 400 hours, 600

The agitation polymerization can be carried out
either in a batchwise manner or in & continuous manner.
3 The agitation polymerization can be carried out by
means of a single agitaticon type polymerizer wvessel,
but, alternatively, a combination of two or more agita-
tion type polymerizer vessels may be used.
Generally, the amcunt of aromatic monochydroxy

10 compound produced during the agitation polymerization
is large and, therefore, it is preferable that the
agitation type polymerizer vessel be\equipped with a
heat exchanger or an evaporator so as to facilitate the
evaporation of the aromatic monochydroxy compound.

15 With respect to the polymerization apparatus and
polymerization conditions for the free-fall polymeriza-
tion using a perforated plate toc be conducted in this
preferred embodiment in which a combination of the
agitation polymerization and the free-fall polymeriza-

20 tion is employed, reference can be made to the above
description provided in connection with the essential
feature of the present invention.

This embodiment is explained below in more detail,
referring to Fig. 3 of the accompanying drawings.

25 Fig. 3 is a diagram showing a system for practic-

Thig is the replacement sheet
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hours, 800 hours and 1,000 hours after the start of the reaction

were colorless and transparent, and had a b*- val ue of 3.3 and had
Mh val ues of 15,500, 15, 600, 5 15, 400, 15,500 and 15,500
“respectively. This shows that t he Ssdistitatei shaatord Astgust P Uas
stably performed. After conpletidh of the free-fall polynerization
reac- tion, no accumnul ation of | ow nol ecul ar wei ght polyner

d the Iik b d f d 22
Substanti al Iyt RBSARE RORSnEFi SAF: BRCAAParA: bacapretans snEAEL Snm 3

and shown in Fi 2n %h@ﬁ§¥g§§g oEXFERT Ehal':nree pﬂl%le%f%%rf%&%t od ]Enet Ead

50 rectangul ar mm i nst ea

50 circular hol gge iéLtatLBﬁVbBQyﬂeQLQQEtSE QRd7cﬁo”Evaﬁe%QQ%E%U%

free-fall
used in the free-fall polymerization, but the systam of

ig. 3 1s merely an examples and should not be construed

[
LE3]

as limiting the scope of the present invention.

When the system of Fig. 3 is used, a moncmer
mixture of an aromatic dihydroxy compound and a diaryl
carbonate, or a first prepolymer (defined above) is

10 introduced to first agitation type polymerizer vessels
3 and 3’, respectively, through inlet 1 of polymerizer
3 and inlet 1’ of polymerizer 3’. . The first agitation
type polymerizer vessels 3 and 3’ are the same, and are:
adapted to be alternately operated when, for example,

15 it is intended to produce a prepolymer in a batchwise
manner by means of each of-these polymerizer vessels 3
and 3’. Each of polymerizer vessels 3 and 3’ is filled
with an inert gas, such as nitrogen, and the inner
pressure of each polymerizer is usually controlled to a

20 level around atmospheric pressure. A by-produced and
evaporated aromatic monohydroxy compound and the like
are discharged from polymerizer vessels 3 and 3';,
respectively, through vents 2 and 2. Prepolymers 4
and 4’, obtained by the polymerization for a predeter-

25 mined reaction time under agitation in respective

Thit s e rginiiaeried sheet
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pol yneri zation reaction was carried out under substan- tially the
sane pol ynerization reaction conditions as I n Exanpl e 13, except
that the above-nenti oned perfo- rated plate was used. Sanples were
taken fromthe 20 product aromatic pol yclulbstitateshest cB Aegest 986r awn
at time points of 200 hours, 400 hs@rs, 600 hours, 800

hours and 1,000 hours after the start of the reaction. The sanpl es

of the product aronatic pol ycarbonates wi thdrawn at time points of
200 hours, 400 hBOr¥Megh@eroBesselfodrandgd(. hatie sdhpaharded ROGPYgaf ter

the start of the o -
outlets 5 and 5’, respectively, transferred by means of

transfer pump 6§, and introduced to a second agitation
type polymerizer vessel § through inlet 7.

The interior of pclymerizer 8 is maintained at

w

reduced pressure, and a by-produced and evaporated
aromatic monohydroxy compcund and the like are dis-
charged through vent 9. Second prepolymer (defined
above) 10, obtained by the polymerization for a prede-

10 termined reaction time under agitation in polymerizer
8, is discharged through outlet 11 and transferred by
means of transfer pump 12 to a firsfxfree~fall polymer-
izer 16, having a perforated plate.

That is, in the first free-fall polymerization,

15 second prepolymer 10, obtained by agitation polymer-
ization in second agitation type polymerizer vessel 8,
is continuously fed to first free-fall polymerizer 16
at its introduction zone (having perforated plats 15)
through inlet 13 provided in recirculation line 14, and

20 allowed to pass through perforated plate 15 and fall
freely through a free-fall polymerization reaction zone
in first free-fall polymerizer 16. Second prepolymer
17 falls freely in the form of a film, a filament, a
droplet or a spray. The internal pressure of the

25 polymerizer is maintained at a predetermined level. A

g SR B



. 83 reaction were colorless and transparent, and had a b*-

val ue of 3.3 and had Wh val ues of 13,000, 12,900, 13,100, 13,000
and 13,100, respectively. This shows that the polynerization

" reaction was stably perforned. 5 Af t elSubstiplitet $hoeetof 8 thugust 96l |
pol yneri zation reac- tion, no aédunul ation of |ow nolecul ar wei ght
pol ymer and the | i ke was observed on the perforated plate.
Conpar ative Exanmp An aromati c pol ycarbonate was produced
using a 10 bﬁoPF?&HF&P F%PnegéPgﬁﬁéﬁptéFPBﬁtﬁ?p@°ﬁ€h§ﬁePF¥éF°m‘The
hori zontal tw n SSLew. g ty pol ynerlzer
L/ D capgeuP9 89 5 Fi%égg g &/ 8nr &PR5T oﬁaé EH&haaFwPﬁFroqen'

screw agi tating,bl.gdeg Raying.3,[okak @R 4L, 8HCLES fhey port 18, are

ischarged through vent 19. The resultant prepolymer
3 obtained at the bottom of the free-fall polymerization
reaction zone is recirculated through recirculation
line 14 (having recirculation pump 20) to the introduc-
tion zone having perforated plate 15, and allowed to
pass through perforated plate 13 and fall freely
10 through the free-fall polymerization reaction zone in |
the free-~fall polymerizer, thereby increasing the
degree of polymerization of the reci}culated prepolymer
during the free-fall thereof. Prepolymer 21 having a
predetermined degree of polymerization is continuously
15 withdrawn through outlet 23, by means of transfer pump
22, and fed to a second free-fall polymerizer 27 at its
introduction zone (having perforated plate 26) throdgh
inlet 24, and allowed to pass through perforated plate
26 and fall freely through a free-fall polymerization
20 reaction zoﬁe in second free-~-fall polymerizer 27.
Second prepolymer 28 falls freely in the form of a
film, a filament, a droplet or a spray. The internal
pressure of the polymerizer is maintained at a prede-

termined level. A by-produced and evaporated aromatic

25 monohydroxy compound and the like, and an inert gas,

This is the replacement sheet
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140 mm 15 An agitation polynerization reaction was conti nu-
ously carried out while continuously feeding the sane pr epol yner as
used in Exanple 15 at a flowrate of 6 liters/hr and continuously
-wi thdrawi ng a part of the produced &Hublaiituts padatcad Pouguss 1996
manner wherein the 20 vol une of the rgaction mxture in the tw n-screw
agita- tion type polynerizer was constantly maintai ned at 10
liters. The reaction conditions of the agitation pol ymeri zati on
reacti on were asu¢bl dweitrégencachiom Ls optiopablyafedeghsanghomas, 000

hours, the reaction tenpera- 25 ture was 250 [err]C, and the reaction
pressure was feed port 29, are discharged through vent 3Q0. Result-

ant molten polymer 32, obtained at the bottom of the
free-fall polymerization reaction zone, Ls withdrawn

through outlet 34 by means of discharge pump 33. wWith

w

respect to both the agitation and the free-fall poly-

merizations, all of the polymerizers, recirculation

lines, transfer lines, discharge lines and the like ara
- heated to and kept at an elevated temperature by means

Lo of a heater and a jacket.

(2) Combination of an agitation polymerization, a

~
wall-wetting fall polymerization and a free-fall poly-
merization using a2 perforated plate

Ancther preferred example of modes of combinations
15 of the free-fall polymerization process with other
polymerization methods is a combination of an agitation
polymerization, a wall-wetting fall polymerization and
the free-fall polymerization.
In the wall-wetting f£all polymerization of this
20 embodiment, the second prepolymer (defined above)
obtained in the agitation polymerization is fed in
molten state to an upper porticn of a wall extending
through a wall-wetting fall polymerization reaction
zone, and the second prepolymer is allowed to fall

25 along and in contact with the surface of the wall,

-
i
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.84 0.3 mHg. Sanples were taken fromthe produced aronat -
I ¢ pol ycarbonates which were withdrawn at tinme points of 200
hours, 400 hours, 600 hours, 800 hours and 1, 000 hours after the
-start of the polynerization reaction. 5 Suli$titutaispeet- 8f Aupestpl 886¢ced
aromati c pol ycarbonat es wi t hdrawsasat tine points of 200 hours, 400
hours, 600 hours, 800 hours and 1,000 hours after the start of the
reaction had b*-values of 3.6, 3.7, 3.7, 3.8 and 3.9,
respectively, arberaByMrfdaruensgos Babdowesgrsono, £8160DPLlymerizatgos0@ fand
8,300, respectively. The rate of the in- crease in nol ecul ar
wei ght was abouth8néerang agepg}gger during the wall-wetting fall

thereof to obtain a third prepolymer at the bottom of
the wall-wetting fall polymerization reaction zone.

5 Since a large heat-transfer surface area is availéble
in the wall-wetting fall pclymerization, it can effi-
ciently provide latent heat of evaporation of an aro-
matic monohydroxy compound and the like. Further,
because a large evaporating surface area is available

10 in the wall-wetting fall polymerization, an aromatic
monohydroxy combound and the like can be removed effi-
ciently, so that the poclymerization Ean proceed swift-
ly.

In this embodiment, the agitation polymerization

15 is used for producing a second prepolymer (having a
number average molecular weight of from 300 to 5,000)
from a molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, or a first prepolymer
(defined above) obtained by reacting an aromatic dihy-

20 droxy compound with a diaryl carbonate; the wall-wet-
ting fall polymerization is used for producing a third
prepolymer having a higher molecular weight than that
of the second prepolymer obtained in the agitation
polymerization, specifically, a prepolymer having a

25 number average molecular weight of up to approximately

Lo



as that observed in Exanple 15. Exanpl e 23 The sane

pol yneri zati on apparatus as in Exanple 3 15 and shown in Fig. 2 was
used. 50 Liters of a m xture, whi ch was prepared by adding 1 x
10[err] nole of sodium hydr oxi de and®ubstitae shegtl €8 dfugusatr B928 hy|
anmoni um hydroxide to a nolten m xf&ure of bi sphenol A and di phe-
nyl carbonate (nolar ratio of 1:1.05) per nole of 20 bi sphenol A, was
i ntroduced to free-fall polynerizer 10, and a free-fal

pol yneri zati on rk@ePPBn 4Bd Bhechree-fall pelseerhiatien obf wRedr for

pol ymeri zati on rquéion condi - ) tions wherein the reaction
tenperature was BERCREHRFCETtfEOMATLIC PO %%&ﬁ?%ﬂ?iﬁ Y&%gm%sﬁiﬁbeﬁnfg, and
the flowrate of, 28 .1a-WAIGREN 980 85 204 | LBL SN o4 O SBLET P POl YT

obtained in the wall-wetting fall polymerization.

w

The agitation type polymexizer vessel to be used
in the agitation polymerization and the polymerization
procedure and conditions in the agitation polymeriza-
tion are as described above.

The apparatus which can be used for the wall-

10 wetting fall polymerization includes a reactor dis-
closed in, for example, Chapter 11, page 461 of "Kagaku
Sohchi Binran (Handbook of Chemical‘hpparatus)" edited
by "Kagaku Kogaku Kyokai (the Society of Chemical
Engineers, Japan)", (1989). A multiple tube type

135 polymerizer may be used. Further, the fallen polymer
obtained at a bottom of the wall-wetting fall polymeri-
zation reaction zone may be recirculated to the top of
the wall for further polymerization of the polymer by a
wall-wetting fall polymerization.

20 In the wall-wetting fall polymerization process,

the reaction temperature is generally in the range of

from S0 to 350 °C, preferably from 100 to 290 °C, and

the reaction time is generally in the range of from 1

minute to 100 hours, preferably from 30 minutes to 50

23 hours.

This is the replacement sheet
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-85 recircul ati ng the obtained polyner to the introduction

zone (having perforated plate 3) of free-fall polyner- I zer 10

through recirculation line 2 at a recircul ation flowrate of 200

"liters/hr. The reaction was further 5 Substitnteeshdetr- 8Augustt £E89Gnder

a pressure of 10 mrHg. A col orl es§S7transparent aromatic

pol ycar bonat e havi ng an Mh of 2,500 and a b*-value of 3.0 was

obt ai ned. Ex qgle 24 The same pol yneri zati on appar at us
T reaction pressure for the wall-wetting fall

as in Exanmple 3

polymerization varies, depending on the molecular
weight of the molten monomer mixture or second prepoly-
mer. When the number average molecular weight is less
5 than 1,000, the reacticon pressure is preferably from 50
mmHEg to atmospheric pressure. When the number average
molecular weight is in the range of from 1,000 to
2,000, the reaction pressure is preferably in the range
of from 3 to 80 mmHg. When the number average molecu-
10 lar weight is greater than 2,000, the reaction pressure
is preferably 10 mmHg or less, more preferably 5 mmHg
or less. For efficiently removing (%rom the reaction
system) an aromatic monohydroxy compound by-produced
with the progress of the reaction, it is preferred to
15 use a method in which an inert gas which does not
adversely affect the reaction, such as nitrogen, argon,
helium, carbon dioxide and lower hydrocarbon gas, ié
introduced inteo the reaction system and the inert gas
is discharged together with the aromatic monohydroxy
20 compound entrained by the inert gas.

The wall-wetting fall polymerization can be car-
ried out either in a batchwise manner or in a continu-
ous manner. The wall-wetting fall polymerization can
be carried out using a single wall-wetting polymerizer,

23 but, alternatively, a combination of two or more wall-

VTHE LR T ce0iaag it gheet
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- 10 and shown in Fig. 2 was used. As prepolyner, 30 liters of
an aromati c pol ycarbonate having an M of 2,500, whi ch was the sane
as that obtained in Exanple 23, was i ntroduced to free-fal

“pol ynmerizer 10, and a free-fall pol yebstitate sheeeadt Aogusn 996

bat chwi se carried out under 15 pol yn®8i zati on reaction conditions
wherein the reaction tenperature was 250 [err]C, the reaction
pressure was the flow rate of Qitrogen gas was 2 lit-

., 1.0 d
ers/hr to obtai%eﬁtb%?yﬁ%ﬁ?xgﬁﬁa%r?é%??c%&%?i 9 LAd obt ai ned
| to the int ' havi] 2 f ted pl.ate 3 f
P en a1 pol yieri zesHiatgi ot "N Bk o roREE L8 AbRRRPYZEEYY) ©

recircul ation fééﬁgﬁgﬁ@ Bioduc%g %F}QP |%ﬁ%rééff;y%gﬁ}ﬁgﬁggggnggﬁﬁwﬁgrslhr-

continued for 4 recirculation
A col or- ization is large and, therefore, the wall-wetting
5 polymerizer is preferably equipped with a heat exchang-

er Oor an evaporator so as to facilitate the evaporation
of the arcmatic monchydroxy compound.
With respect toc the polymerization apparatus and
polymerization conditions for the free-fall polymeriza-
10 tion using a perforated plate (to be conducted in this
preferred embodiment in which a combination of the
agitation polymerization, the wall—#étting fall poly-
merization and the free-fall polymerization is em-
ployed) reference can be made to the description pro-
15 vided in connection with the essential feature of the
present invention.
.This embodiment is explained below in more detail,
referring to Fig. 6 of the accompanying drawings.
Fig. 6 is a diagram showing a system for practic-
20 ing another mode of the method of the present inven-
tion. 1In the system of Fig. 6, three polymerizers are
used in the agitation polymerization, one polymerizer
is used in the wall-wetting fall polymerization and two
polymerizers are used in the free-fall polymerization,

25 but the system of Fig. 6 is merely an example and

Thge 3 g - . .
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-l ess transparen
b*-value of 3.1
Exanpl e 25

and shown in Fi
was bat chwi se c¢
sane polyneriza
that 1,1-bis-(4
i nstead of the

10

15

t aromatic pol ycarbonate having an Mh of 25 10,500 and a
was obt ai ned. 86
The sane pol ynerization apparatus as in Exanple 3
g. 2 was used. A free-fall pobybsiitutensheet - 8 Augisint998ict i on
arried out for 30 minutes 595 under substantially the
tion reaction conditions as in Exanple 3, except
phenyl)-3, 3, 5-trimethyl cycl ohexane was used

BRCBEn GO b e T REh RS S P B G8 Scope OF the

present invention.

When the system of Fig. 6§ i1s used, a monomer
mixture of an aromatic dihydroxy compound and a diaryl
carbonate, or a first prepolymer (defined above) is
introduced teo first agitation type polymerizer vessels
3 and 3’, respectively, through inlet 1 of polymerizer
vessel 3 and inlet 1’ of polymerizer vessel 3’. First
agitation type polymerizer vessels 3 and 3‘ are the
same, and are adapted to be alternately operated when/
for example, it is intended to produce a prepolymer in
a batchwise manner by means of each of these polymeriz-
ers 3 and 3'. Each of polymerizer vessels 3 and 3’ is
filled with an inert gas, such as nitrogen, and the
inner pressure of each polymerizer vessel is usually
controlled to a level arocund atmospheric pressure. A

by-produced and evaporated aromatic monohydroxy com-

‘pound and the like are discharged from polymerizer

20

vessels 3 and 3’, respectively through vents 2 and 2’.
Prepolymers 4 and 4, cobtained by.the polymerization
for a predetermined reaction time under agitation in
respective polymerizer vessels 3 and 3’, are discharged
through outlets 5 and S§', respectively, transferred by
means of transfer pump 6, and introduced to second

agitation type polymerizer vessel 8§ through inlet 7.

This is the replacement sheet
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for 30 mnutes under substantially the same pol yneriza-
reaction conditions as in Exanple 4, except that
1, 1- bi s- (4- hydr oxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane

10 tion

was used

instead of the bisphenol A A colorless Substitute shaetni8 Augnat 1896
pol ycar bonat e havi ng an M of 2, 30® was obtained. Further, a

free-fall polyneriza- 15 tion reaction was carried

out under

substantially the same pol yneri zation reaction conditions as in

Exanpl e 6, exCEtiYRHALoMhETapRleTERIFESTed droMRint g8k @ bon-
ate was used as prepol yner. The thus obtai ned pol ynmer was a
col orl ess trans&?ﬁdéfﬁe%rporr?étsiué'epo%tab qFosyced and, i SYRRAFARRD 5, 800

and a b*-val ue of_ 3. 3..

An aronmtic

Exanpl e 26
pol ycar bonat e ngﬁgpbdﬁbg@npﬁygcggggpompound and the like ara dis-
charged through vent 9. Second prepolymer (defined

5 above) 10, obtained by polymerization for a predeter-

mined reaction time under agitation in polymerizer §,

is discharged through outlet 11 and transferred by

means of transfer pump 12 to wall-wetting fall polymer-

izer 16.

10 That is, in the wall-wetting fall polymerization,

second prepolymer (defined above) 10, obtained by

. - 3 13 a I3 \
agitation polymerization, is continuocusly fed through

inlet 13 and recirculation line 14 and introduced

through overflow port 15 inte wall-wetting polymerizer

15 16. The introduced second prepolymer falls along and

in contact with the inner wall of a tube

in the form of

film-like prepolymer 17, thereby effecting a wall-

wetting fall polymerization. The internal pressure of

the polymerizer is maintained at a predetermined level.

20 A by-produced and evaporated aromatic monohydroxy

compound and the like, and an inert gas,

such as nitro-

gen, which is optionally fed through gas-feed port 18,

are discharged through vent 19. The resultant prepoly-

mer at the bottom of the polymerizer is recirculated by

25 means of recirculation pump 20 to overflow port 15 of

This
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.ance with a systemshown in Fig. 3. The system of Fig. 3 conpri ses

first stage and second stage agitation 25 pol yneri zations, and first
stage and second stage 87
‘free-fall polynerizations. I n tSubstitutd siséages Aiduwdti TIO6

pol yneri zation, a couple of firstesagitation type polynerizer
vessel s 3 and 3' were used. In the second stage agitation poly- 5
nmerization, second agitation type polynerizer vessel 8 was used.

The capacity of t@&ciagdil-Metsinggpedymen izgge through rpeliyesliatdonvdsisel s 3
and 3' was 100 liters, and the
14 and introduced to the wall-wetting fall polymerizer.
Third prepolymer 21, having a predetermined degree of
polymerization, is continuously withdrawn through
3 cutlet 23 and transferred by means of transfer pump 22
to first free-fall polymerizer 27 (having a perforated
plate).
That is, in the first free-fall polymerization,

third prepolymer 21, obtained by the wall-wetting fall

10 polymerization in wall-wetting fall polymerizer 16, is-
continuously fed to first free-fall polymerizer 27 at
its introduction zone (having perfor;ted plate 26)
through inlet 24 provided in recirculation line 25, and
allowed to pass through perforated plate 26 and fall

13 freely through a free-fall polymerization reaction zcne
in first free-fall polymerizer 27. Third prepolymer 17
falls freely in the form of a £film, a filament, a
droplet or a spray. The internal pressure of the
polymerizer is maintained at a predetermined level. A

20 by-produced and evaporated aromatic monohfdroxy com-
pound and the like, and an inert gas, such as nitrogen,
which is optionally fed through gas feed port 29, are
discharged through vent 30. The resultant prepolymer
obtained at the bottom of the free-fall polymerization

25 reaction zone is recirculated through recirculation

FE L U TG e e
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-capacity of second agitation type polynerizer vessel 8 was 50

liters. The agitating bl ades of each of these 10 three agitation type

pol ymeri zer vessels were of anchor t ype. In the first
stage free-fall polynerization, first Substté ahleepols/ Keigusern 986 was
used. In the second stage free-fal6l2 pol ymeri zati on second free-fal
pol yneri zer 15 27 was used. Each of first free-fall polynerizer 16

and second free-fall polynerizer 27 was equi pped with a per f or at ed
pl at e whi ch had 1-5(5‘%(514esf¥‘ﬁé(\+inﬁgrécélif§#étaérl°n pump 3df) £S5 the dmtzademged

In a zigzag confi.guration in I ch the distance (pitch) between the

adj acent hol es 20" mﬁﬁkhéﬁiﬁﬁ1pe?ﬁ8¥2F§€=P&FF9d?§vaﬁ€Q\&%%QYQﬁ tanly
first Frogs - RehY PRLEASE .18 1392 Heehiaulahion s
through the free-fall polymerization reaction zone in
5 the free-fall polymerizer, thersby increasing the
degree of polymerization of the recirculated prepolymer
during the free-fall thereof. Prepolymer 32 having a
predetermined degree of polymerization is continuously
withdrawn through outlet 34, by means of transfer pump

10 33, and fed to a second free-fall polymerizer 38 at its
introduction zone (having perforated plate 37) through
inlet 35, and allowed to pass throuqﬁ perforated plate
37 and fall freely through a free-fall polymerization
reaction zone in a second free-fall polymerizer 38.

15 Prepolymer 32 falls freely in the form of a film, a
filament, a droplet or a spray. The internal pressure
of the polymerizer is maintained at a predetermined
level. A by-produced and evaporated aromatic monohy-

| droxy compound and the like, and an inert gas, such as

20 nitrogen, which is optionally fed through gas-feed port
40, are discharged through vent 4l1. Resultant molten
polymer 43 obtained at the bottom of the free-fall
polymerization reaction zone is withdrawn through
outlet 45 by means of discharge pump 44. In the agita-

25 tion, the wall-wetting fall and the free-fall polymeri-
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.The first stage agitation polynerization in first agitation type

pol yneri zer vessels 3 and 3' was batch- W se conduct ed, whereas the
second stage agitation 25 pol ymeri zation in second agitation type

pol yneri zer Substitute sBget - 8 August/3886l 8,
and the first stage and second stage free63 fall polynerizations in
first and second free-fall pol yneri zers 16 and 27 were continuously
conduct ed. The pol ynerization reaction conditions in both of
5 first agi eatii@Asrypélpofysbei pelymesserss3 gRgigculdtdon lines,as

follows: the reaction tenperature was 180 [err]C, the )
transfer lines, discharge lines and the like are heated

to and kept at an elevated temperature by means of a

heater and a jacket.

u

With respect to materials for constructing the
polymerizers to be used in the method of the present
invention, there is no particular limitation, but
stainless steel, nickel or glass is generally used as a
material for at least inner wall portions of polymeriz-
10 ers. |

In the present invention, it is also preferred
that the inner wall of a polymerizef\be wetted withﬁ
part of a recirculated polymer in order to prevent
sticking of scales to the inner wall of the polymeriz-

is er.

BRIEF DESCRIPTION OF DRAWINGS

Figs. 1 and 2 respectively show two forms of
free-fall polymerization apparatus usable in the
present invention.

20 Figs. 3 to 8 are diagrams showing various systems
for practicing the method of the present invention.

DESCRIPTION QOF REFERENCE NUMERALS

(Figs. 1 and 2)
1: Inlet for a polymerizing material

25 2: Recirculation line

s O RDALenIem eneet
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reaction pressure was atnospheric pressure, and the flow rate of

nitrogen gas was 1 liter/hr. In operation, 80 kg of a nononer
m xture of bis- 10 phenol A and di phenyl carbonate in a nolar ratio of
1:1.10 was charged into each of first agitatPebstitypesheet - 8 Apgushid@BBer
vessels 3 and 3'. The nononer m xture in 64 polynerizer 3 was
polynerized in a nolten state while agitating for 4 hours to obtain
prepol yner 4. Qutlet 5 15 was opened, and prepolynmer 4 was fed to
second agita- 3: tHexfdnpged@harerizer vessel 8 at a flowrate of 5
liters/hr. VWil e feeding prepolyner 4 obtained in first
agitation type pol yier iMaitaressiomen Migkdcurrd odgir@Pcda™EF 1in §hgpeform of

pol ymeri zer vessel 8, first agitation type pon-1 nerizer vessel 3
was operated and the nohone®nidthirl@mert, a droplet or a spray

5: Gas-feed port

6: Vent

wn

7: Recirculation pump
8: Discharge pump
§: Outlet

10: Main body of polymerizer

10
(Figs. 3, 4 and 5)
1: Inlet for a starting material ;
1’: Inlet for a starting material
2: Vent
1s 2°: Vent
3: First agitation type polymerizer vessel
3’: First agitation type polymerizer vessel
4: Prepolymer
4’: Prepolymer
20 5: OQutlet
5’: Qutlet
6: Transfer pump
7: Inlet
8: Second agitation type polymerizer vessel
25 9: Vent

Fimam
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of bi sphenol A and di phenyl carbonate was pol yneri zed in the sane

grrner as in the agitation pol ynerization in first agitation type
pol ymeri zer vessel 3, to obtain 25 prepol yner 4'.
89 VWhen first agitation type polynerizer vessel 3
becane enpty, outlet 5 of polynerizer 3 was®&l osed and, I nst ead,
outlet 5 of polynerizer 3 was opened, so t hat prepol yner 4' was
fed fromfirst ag{ ation tgPe pol ymeri zer vessel 3' to second
agitation type potyferBrepoLymer

1l: OQutlet

12: Transfer pump
13: Inlet
5 14: Recirculation line
15: Perforated plate
16: First free-fall polymerizer
17: Prepolymer in the form of a film, a f£ilament, a
droplet or a spray
10 18: Gas-feed port
18: Vent
20: Recirculation pump
21: Prepolymer
22: Transfer pump
15 23: Qutlet
24: Inlet
25: Recirculation line
26: Perforated plate
27: Second free-fall pclymerizer
20 28: Prepolymer in the form of a film, a filament, a
droplet or a spray
29: Gas~feed port
30: Vent
31: Recirculation pump

25 32: Molten polymer

This is the replacement sheet
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izer vessel 8 at a flowrate of 5 liters/hr. In this i nstance, the
sanme nononer m xture of bisphenol A and di phenyl carbonate as

menti oned above was charged in pol yrmeri zer 3. Wiile feeding

prepol ynmer 4' obtained in 10 first agitatSubstityteeshtyn®Augistviegeel 3’
to second agitation type polynerizesgvessel 8, polynerizer vessel

3 was operated, so that the nononer m xture charged t herei n was

pol ymeri zed in the same manner as nenti oned above. 15 Wth
respect to the baBeHwldECHagRePRBRLI ON i N first agitation type

pol yneri zer vessels 3 and 3' and to the alternate feedi ng of

prepol yners 4 and 34 Ouget polynerizers 3 and 3' to second agitation
type pol yner- i zer vessel 8, the sanme operation as nentioned above
20 was repeated, so that the prepolyner (either prepolyner

(Figs. & and 7)

1: Inlet for starting material

w

1': Inlet for starting material

2: Vent

2’: Vent

3: First agitation type polymerizer vessel
10 3*: First agitation type polymerizer vessel

4: Prepolymer

4': Prepolymer

S: Outlet
§’: Qutlet

15 6: Transfer pump
7: Inlet

8: Second agitation type polymerizer vessel
8: Vent
10: Prepolymer
20 11: Outiet
12: Transfer pump
13: Inlet
14: Recirculation line
15: Overflow port

25 16: Wall-wetting polymerizer

Thin ig #h sl ,
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4 or prepolymer 4',
agitation type polynerizer vessel 8.

pol ymeri zer vessel

pol yner -

alternately) was continuously fed to second

In second agitation type

8, a further ag tion polynerization of
prepol yners 4 and 25

4', alternately f P%Tr'ﬁuit?rs eehyS ALpYat 1998
| zer vessels

3 and 3', was continuously carried out under pol yneri zati on

reaction conditi
[err]C, the reac

ni trogen gas was %

w

10

1S

20

19:
20:
21:
22:
23:
24:
25:
26:
27:
28:

29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:

@hq@g n,the 1 reaction tenperature was 230
ti7gn TprdEdie prepo

YR#s 100 nmmHg and the flow rate of

. é%s Fedd t%ﬁﬁ!hr t her eby obt ai ni ng prepol yner 10.

Vent

Recirculation pump
Prepolymer

Transfer pump

Qutlet

Inlet

Recirculation line
Perforated plate

First free-fall polymerizer
Prepolymer in the form of a filmj a filament, a
droplet or a spray

Gas-feed port

Vent

Recirculation pump
Prepolymer

Transfer pump

Qutlet

Inlet

Recirculation line
Perforated plate

Second free-fall polymerizer
Prepolymer in the form of a film, a filament, a

droplet or a spray
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VWhen the vol une of prepol yner

pol yneri zer vessel

8 was
pr epol yner

16. 15

pol ynmeri zati on ofyipr ¢galkyner 10 was conti nuously car-
pol yneri zation reaction conditions

tenperature was 2%Q RechilkCulkBg&cheaamp

under

8 reached 20 liters,

continuously fed to first free-

vol une of prepol yner
constantly maintained at 20 Ii'ters.

10 to first free-fal

t hrough inl et 134@Q0F5qeqega gggkrculation
I'n fi -

10 in second agita- tion type

part of prepolyner 10 was

fall polymerizer 16 so that the

in second a%istsblPF e yaheepol 8 Aviguser 986 sel
[ The feeding of

16 was

10 10

conduct ed
line 14 for polynerizer
16, a free-fall
ried out
wherein the reaction
tion pressure was 2.0 mrHg

pol yneri zer

irst free-fall polynerizer

and the flowrate of nitro-

43: Molten polymer
5 44: Discharge pump
45: Qutlet
(Fig. 8)
1: Inlet for starting material
10 1’: Inlet for starting material
2: Vent
2’: Vent ~
3: First agitation type polymerizer vessel
3': First agitation type polymerizer vessel
1s 4: Prepolymer
| 4’: Prepolymer
S: OQutlet
5’: Qutlet
6: Transfer pump
20 | 7: Inlet
8: Recirculation line
9: Overflow port
10: Wall-wetting polymerizer
1l: Film-like prepolymer
25 12: Gas-feed port
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20 gen gas was 1 liter/hr, thereby obtaining prepol yner 21,

while recirculating a part of obtained prepol yner 21 to the

i ntroduction zone (having perforated plate . 1 f Jirst free-fal
pol yneri zer 16 through recircu- | 3 SYRstityig s?‘)ﬁegf gaAr“@b'?F 8(31%& i on
flow rate of 200 25 liters/hr. 3

91 When the volune of prepolynmer 21 in first free-

fall polymerizer,16 ygached 10 liters, part of prepoly- mer 21 was
conti nuously fedlto second free-fall poly-

14: Recirculation pump
15: Prepolymer
16: Transfer pump
5 17: Outlet
18: Inlet
19: Recirculation line
20: Perforated plate
21: First free-fall polymerizer
10 22: Prepolymer in the form of a film, a filament, a
droplet or a spray
23: Gas-feed port
24: Vent
25: Recirculation pump
15 26: Prepolymer
27: Transfer pump
28: Outlet
29: Inlet
30: Recirculation line
20 31: Perforated plate
32: Second free~fall polymerizer
33: Prepolymer in the form of & film, a filament, a
droplet or a spray
34: Gas-feed port

25 35: Vent
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merizer 27 so that the volune of prepolyner 21 in first 5 free-fall

pol yneri zer 16 was constantly maintai ned at 10 liters.

In second free-fall polynerizer 27, a free-fall pol ymeri zati on
reaction was continuously carried out Substifiete shaekmed iAUEYEn 9%%icti on
conditions wherein the 10 reaction te¥perature was 280 [err]C, the
reaction pressure was 0.3 mmHg, and the flow rate of nitrogen gas
was 2 |iters/hr, thereby obtaining polyner 32. When

the vol ume of pdlyRECFE4E LEToREEr ee-f al | pol ymeri zer 27 reached

2 liters, polyngr was contin-. 15 uously wi thdrawn from second
free-fall pol yﬁg'i %rltf‘f‘ porlymer so that the volune of polyner 32 in second

free-fall ) Ixr;rE. rijzer was constantly nmaintained at 2 liters.
The above- nent i308rie§)q‘ser| eljgéoipu%%’l yneri zation

39: Outlet

10

15

20

25

T2 i 8 g e ot af
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reactions was continuously carried out for 500 hours. 20 Results are
shown in Table 3. After conpletion of the series of polynerization
reactions continuously con- ducted for 500 hours, no accunul ation
of | ow nol ecul ar wei ght pol yner and SubstitytReshggs - chdaiausy 1898 he
per f o- rated plate in each of first/}ree-fall polynerizer 16 25

and second free-fall polynerizer 27.

92 Exampl es 275¢8r 2hpe FoR cagryThd @Egjff_”f@v#% thoghe same
system as in Exanple 3, TeT rzati on

reaction was The present invention will be described in more

detail with reference to the following Examples.
In the following Examples, the molecular weight is
3 expressed in terms of the number average molecular
weight (hereinafter referred to simply as "Mn") as
measured by gel permeation chromatography (GPC). The
color of the aromatic polycarbonate produced was evalu-
ated, using a specimen having a thickness of 3.2 cm, in
10 accordance with the CIELAB method, and the yellowness.

of the specimen is expressed in terms of the b*-value.

N\

Example 1

A free-fall polymerization reaction was carried
out using polymerization apparatus shown in Fig. 1.

15 Free-fall polymerizer 10 (contained in the polymeriza-
tion apparatus) is equipped with perforated plate 3,
which has 50 holes having a diameter of 7.5 mm and
arranged in a zigzag configuration in which the dis-
tance (pitch) between the adjacent holes is 30 mm, as

20 measured between the centers of the adjacent holes.
The free-fall distance is 4 m.

A prepolymer having an Mn of 2,400, prepared by
reacting bisphenol A with diphenyl carbonate in a molar
ratio of 1:1.05, was continuously fed to free-fall

25 polymerizer 10 at S5 liters/hr, "So that a free-fall

This Sheet Has Been Replaced
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carried out in substantially the same manner as in 5 Exampl e 26
except that the polynerization reaction conditions were varied as
shown in Table 3. Results are also shown in Table 3. After

conpl etion of the series of polynez Hﬁﬂﬁﬁﬁﬁﬁﬂﬁlé%éu t1996
accurul ati on of | ow nol ecul ar wei g pol ymer and the |ike was
observed 10 on the perforated plate in each of first and second

free-fall pol yngsiaRes: dbe ool Bdaction of Eﬁé”ﬁ%ébéi&mer was carrié¥

aromati c pol ycarbonate was produced in accord- ce with a system
shown in Fig. 4doudhendystpipiedrifatid® reacﬁhdﬁ"&wméﬁﬁlénéS%hékéﬂﬁ and
second stage agitation pol yneri zations, and a free-fal

pol ymeri zati on. thelreactxont&&mﬁeramuzﬁemﬁseﬁﬁ&eﬁaxwmmmlye®Ctzahlon a

coupl e of
pressure was 1.0 mmHg, and the flow rate of nitrogen
) gas was 2 liters/hr. A colorless transparent aromatic
polycarbonate having an Mn of 3,100 and a b*-value of
3.1 was obtained.
Example 2
The same polymerization apparatus as in Example 1
Lo and shown in Fig. 1 was used. A prepolymer having an
Mn of 8,900, prepared by reacting bisphenol A with
diphenyl carbonate in a molar ratio of 1:1.08, was
continuously fed to free-fall polymerizer 10 at
2 liters/hr, so that a free-fall polymerization reac-
15 tion was carried out under polymerization reaction
conditions wherein the reaction temperature was 250 °C,
the reaction pressure was 0.6 mmHg, and the flow rate

of nitrogen gas was 1 liter/hr. A colorless transpar-

ent aromatic polycarbonate having an Mn of 11,300 and a

20 b*-value of 3.3 was obtained.
Example 3
A free-fall polymerization reaction was carried
out using polymerization apparatus shown in Fig. 2.
Free-fall polymerizer 10 (contained in the polymeriza-
25

tion apparatus) is equipped with perforated plate 3,

Thie s e repiznenam aheat
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first agitation type polynerizer vessels 3 and 3' were used. In the

second stage agitation polynerization, 20 second agitation type

pol ymeri zer vessel 8 was used. In the free-fall poléneriz%tion
free-fall polynerizer 16 was used. ,Substitute sheet i BHYSH ¢ £9%n
type polynerizer vessels 3 and 3 and second agitation type

pol yneri zer vessel 8 were the 25 sane as those used in Exanple 26 and
shown in Fig. 3which has 50 holes having a diameter of 7.393%m and
Free-fall polynerizer 16 was the sane as first free- fall

pol yneri zer 16 usethrngedxkanpl eig@Gagndosiidyuoation in which the dis-
tance (pitch) between the adjacent holes is 30 mm. The
free-fall distance is ¢ m.

5 20 Liters of a molten mixture of bisphenol A and
diphenyl carbonate in a molar ratio of 1:1.05 was
introduced te free-~fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for 1
hour under polymerization reaction conditions wherein

1o the reaction temperature was 250 °C, the reaction
‘pressure was 100 mmHg, and the flow rate of nitrogen
gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction zone
(having perforated plate 3) of free-~fall polymerizer 10

15 through recirculation line 2 at a recirculation flow
rate of 600 liters/hr. The reaction was further con-
tinued for 30 minutes under a pressure of 10 mmHg. A
colorless transparent aromatic polycarbonate having an
Mn of 2,100 and a b*~value of 3.0 was obtained.

20 Example 4

The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. 35 Liters of a prepoly-
mer having an Mn of 800, prepared by reacting bisphenol
A with diphenyl carbonate in a molar ratio of 1:1.05,

25 was introduced to free-fall polymerizer 10, and a

PR R A Ty g e 2t st
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Fig. 3. The first and second stage agitation polyneriza- 5
tions were carried out under the sane conditions as in Exanpl e 26,
and the feeding of prepolynmer 10 to free- ~ fal| polénerizer 16 was
continuously conducted in the same,; pAwRRIULS SPPEE Erhigusts] 996

In free-fall polynerizer 16, a free-fall polyneri- 10 zation of
prepol yner 10 was continuously carried out under polynerization
reaction condi tfofns- fdleY eddlyimirization rFeRedidn W MRBiiwics dvaca 200ed

[err]C, the reaction pressure was 0.4 mmHg and the flow rate of

ni trogen gas wasut2 for 1 houn tuerdsrhrgo Iywesreina lxmirdan:ipol yeend 24iondi | e

recircu- 15 | ating a part of obtained polyner 21 to the introduc-
wherein the resaction temperaturs was 250 °C, the reac-
tion pressure was 10 mmHg, and the flow rate of nitro-

) gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free~fall polymer-
izer 10 through recirculation line 2 at a recirculation
flow rate of 400 liters/hr. A colorless transparent

Lo aromatic polycarbonate having an Mn of 2,400 and a b*-
value of 3.0 was obtained.
Example 5

The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepclymer, 30 litexrs

15 of an aromatic polycarbonate having an Mn of 2,400,
which was the same as that obtained in Example 4, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for
1.5 hours under polymerization reaction conditions

20 wherein the reaction temperature was 250 °C, the reac-
tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-fall polymer-

25 izer 10 through recirculation line 2 at a recirculation

IR NS L PRI RO



tion zone (having perforated plate 15) of free-fall pol ynmeri zer 16

through recirculation line 14 at a recirculation flow rate of 400
liters/hr. When the volunme of polyner 21 in free-fall poly- 20
merizer 16 reached 10 liters, polymer 21 waduhsiitutusheet - 8 Augyad| 1996

wi thdrawn fromfree-fall polynerizer 16 so that t he vol une of
polymer 21 in free-fall polynerizer 16 was constantly naintai ned at
10 liters. flow ratelBe aboveikerki/ared ActbesrbsBOkyEBkpaddnen 25
reacti ons was continuously carried out for 500 hours.

94 aromatic polycarbonate having an Mn of 4,700 and a b*-

value of 3.2 was obtained.
Example 6

3 The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,400,
which was the same as that obtained in Example 4, was
introduced to free-fall polymerizer 10, and a free-fall

Lo polymerization reaction was batchwise carried ocut for
1.5 hours under polymerization reaction conditions
wherein the reaction temperature was'250 °C, the reac-
tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while

15 recirculating the obtained polymer to the introduction
zone (having perforated plate 3) of free-~fall polymer-
izer 10 through recirculation line 2 at a recirculation
flow rate of 400 liters/hr. A colorless transparent

aromatic polycarbonate having an Mn of 6,000 and a b*-

20 value of 3.2 was obtained.
Example 7
The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,400,
25 which was the same as that obtained in Example 4, was

This is the replacemem sheet
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100 Hours after the start of the reaction, prepolyner 10 fed to

free-fall polynerizer 16 had an M1 of 700. Sanpl es were taken from
t he produced aromatic pol ycar- bonat es which were w t hdrawn_from
free-fall polynerizer 5 16 at tinme poigtbstisatergheeioud Auguss R s,
300 hours, 400 hours and 500 hours after the start of the reaction
were colorless and transparent, and had a b*-val ue of 3.4, and had
Mh val ues of 10,i800scdlxeei0@e £02800all polymet@z2@0 l8ndahd &80 Eree-£fall
respectively. This shows that the 10 series of polynerization
reactions was stgdigmerization reactéppedasAbrEchvdapl cairaiegf aute foari es of
pol yneri za- tion reactions continuously conducted for 500 hours, no

accumul ati on of Y-GwhAN=Sc YRERTWRP hrRepoEpePNaRgafkéon conditions

wherein the reaction temperature was 230 °C, the reac-

wn

tion pressure was 1.0 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr to obtain a polymer, while
recirculating the obtained polymer to the introduction
zone (having perforated plate 3) oﬁ free-fall polymer-
izer 10 through recirculation line 2 at a recirculation
10 flow rate of 20 liters/hr. A colorless transparent
| aromatic polycarbonate having an Mn of 4,200 and a b*-
value of 3.2 was obtained. N
Example 8
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate haviné an Mn of 4,700,
which was the same as that obtained in Example 5, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried cut for §
20 hours under polymerization reaction conditions wherein
the reaction temperature was 250 °C, the reaction
pressure was 1.0 mmHg, and the flow rate of nitrogen
gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction zone

25 (having perforated plate 3) of free-fall polymerizer 10

This ia the repizcemarns sheet
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. like was observed on the perforated plate in free-fall 15 pol ymeri zer

as in Exanple 26. Resultant prepolyner
agitation type polynerizer vessel

Pr epol yner
10 liters.

25

10 obtai ned in second
8 had an M val ue of 700.

10 wasrfoadiht recirculatiivaelfiakl 2pakyaerezdrclf ayicn Ameunt of
Subsequently, a free-fall polynerization was batchw se

carried cattef @f 20hdurerisHhicr.eeaf gbllopdegsetiraarsphfent aromatic

Ut

10

15

20

polycarbonate having an Mn of 10,000 and a b*-value of
3.3 was obtained.
Example §

The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 4,700,
which was the same as that obtained in Example 5, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out for 2
hours under polymerization reaction &¢onditions wherein
the reaction temperature was 280 °C, the reaction
pressure was 0.4 mmHg, and the flow rate of nitroéen
gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction ééne
(having perforated plate 3) of free-fall polymerizer 10
through recirculation line 2 at a recirculation flow
rate of 25 liters/hr. A colorless transparent aromatic
polycarbonate having an Mn of 11,000 and a b*-value of
3.3 was obtained.

Comparative Example 1

Substantially the same polymerization apparatus as
in Example 3 and shown in Fig. 2 was used, except that

50 strands of 0.1 mmd SUS 316 wires were hung vertical-
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95 under polynerization reaction conditions wherein the

reaction tenperature was 280 [err]C, the reaction pressure was 0.4
nHg and the flow rate of nitrogen gas was 2 liters/hr to obtain
pol yner 21, while recircul ating 5 obta nbetipde \simeet 2B Acaguke 1996

I ntroduction zone (having perforated plate 15) of free-fal

pol yneri zer 16 through recirculation line 14 at a recirculation

flow rat @ yoff r2@0 thiet @6868Etiv4 G6I1ALI 8%S théa?&ﬁb%tte@r PBle to
i ¢ pol ycarbonate having an M value of 12,400 and a b*-val ue of 3.4

was obt ai ned. the rebeanplie gdrtion at the bokBomCedr ¢drc & nddlEatihe sane
systemas in Exanple
polymerizer, so that the prepolymer did not fall freely
(not free~fall) but fell along and in contact with the
3 wires (wire-wetting fall). A polymerization reaction
was batchwise carried out for 2 hours under the same
reaction conditions as in Example 9 except that the
wire-wetting fall was used instead of the free-fall.
An aromgtic polycarbonate having an Mn of 5,500 and a
10 b*-value of 3.3 was obtained. It was found that the
rate of the increase in molecular weight was about one
eighth as large as that observed in Example 9.
Example 10
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. 50 Liters of a molten
mixture of bisphenol A and diphenyl carbonate in a
molar ratio of 1:1.15 was introduced to frée-fall
polymerizer 10, and a free-fall polymerizaticn.reaction
was batchwise carried out for 1 hour under polymeriza-
20 tion reaction conditions wherein the reaction tempera-
ture was 250 °C, the reaction pressure was 100 mmHg and
the flow rate of nitrogen gas was 2 liters/hr to obtain
a polymer, while recirculating the obtained polymer to
the introduction zone (having perforated plate 3) of

25 free-fall polymerizer 10 through recirculation line 2
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30 and shown in Fig. 4, first stage and second stage agitation

pol yneri zati ons were carried out under the 15 sane conditions as in
Exanpl e 26. Resultant prepol yner 10 _obtained in second agitation
type pol ymeri zer vessel 8 had an M 2@!’%%@3 sheet - Br ApeH§hEPIB0 was
fed to free-fall polymerizer 16 in an”anount of 10 liters.

Subsequently, a free-fall polymerization was batchw se 20 ~ carried out
for 1 hour in freaec‘fé"éecf’&a/nt[%éi?cﬁ{ 5w rate oft\MEES PP&JPEME?‘“@%

reaction conditions wherein reacti on tenperature was

[err]C, the reaCtiePISSSWHE further S ilnded &y anthdhe &A@é‘ﬁ:ré‘te of
nitrogen gas was 4 liters/hr, to obtain polynmer 21, while

recircul ating 25 presfbtaided QanHErantl 4© 4 hesd NtdoxhietdOns Zoher4 Hav A9

400 liters/hr. A colorless transparent aromatic poly-

o

carbonate having an Mn of 2,300 and a b*-value of 3.0
was cobtained.
Example 11
The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. 30 Liters of a prepoly-
1o mer having an Mn of 2,200, prepared by reacting bisphe-
nol A with diphenyl carbonate in a meclar ratio of
1:1.05, was introduced to free-fall polymerizer 10. A
continuous free-fall polymerization reaction was car-
ried out for'l,OOO hours under polymerization reaction
15 conditions wherein the reaction temperature was 250 °C,
the reaction pressure was 1.0 mmHg and the flow rate of
nitrogen gas was 2 liters/hr to obtain a polymer, while
continuously feeding the same prepolymer as used above
to free-fall polymerizer 10 at a flow rate of §
20 liters/hr, and recirculatihg a part of the polymer to
the introduction zone (having perforated plate 3) of
free-fall polymerizer 10 through recirculation line 2
at a recirculation flow rate of 100 liters/hr, and
while withdrawing the remainder of the polymer so that

25 the level of the polymer in the reservoir portion at
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96 perforated plate 15) of free-fall polynerizer 16

through recirculation line 14 at a recirculation flow rate of 600
liters/hr. A colorless transparent aronat- iC pokgcarbonate havi ng
an M value of 6,700 and a b*- 5 valggubSﬁBHQEJH@to Augeigt 1996
Exanpl e 33 I n accordance with“'"he same systemas in Exanple

30 and shown in Fig. 4, first stage and second stage agitation

pol ymeri zati onscHer 8oedbhi 66 ohé HPEBLrENE plQymeri$8FEWRSNdHSUS @S, i N
Exanpl e 28. Resultant prepol yner 18 ogFalned in second agltdilon
type polynerizema¥f88¢hed. Results are shown in Table 1. After

completion of the free-fall polymerization reaction, no

accumulation of low molecular weight polymer and the

wn

like was observed on the perforated plate.

Examples 12 to 15

Polymerization reactions were individually carried
out using the same polymerization apparatus as in
Example 3 and shown in Fig. 2 and in substantially the

10 same manner as in Example 11, except that the polymeri-
zation reaction conditions were varied as shown in
Table 1, and that the prepolymer continuously fed to
free~fall polymerizer 10 was an aromatic polycarbonate
having an Mn of 6,000 which was the same as that ob-

1s tained by the 1,000-hour free-fall polymerization
reaction in Example 11. Results are shown in Table 1.
After completion of the free-fall polymerization reac-
tion in any of Examples 12 to 15, no accumulation of
low molecular weight polymer and the like was observed

20 on the perforated plate.

Examples 16 to 20

In each of Examples 16 to 20, substantially the
same polymerization apparatus as in Example 3 and shown
in Fig. 2 was used, except that the free-fall was

25 conducted through a distance of 0.2 m (Example 16),
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.16 had an Wh val ue of 900. Prepolyner 10 was fed to free-fal

pol ynerizer 16 in an anount of 10 liters. Subsequently, a free-fal
pol ymeri zati on was batchw se 15 carrie ut. for 10 hoyrs in free-fal

- pol yneri zer 16 under pol yneri zat i org P48 ENSIER di i%‘r%‘s\ﬁﬂﬁf? n the
reaction tenperature was 290 [err]C, the reaction pressure was 0.4
nmHg and the flow rate of nitrogen gas was 4 liters/hr, to obtain
pol yner 21, whilC FeriExdmglend7)20 1 m (@EMaxipied Y80l ,yreem AExamglee 19),

i ntroduction zone (having perforated plate 15) of free-fal

pol ymerizer 16 and 8 mt(Bxample & )r.culCanwmuduse fivkeatfad Ir g kyome mit 200
flow rate of 80 liters/hr. A colorless transparent aronmatic

pol ycar bonat e hd\iany ZERNH OIS 2B 100 nghid igugllyvalagemgied out under

substantially the same polymerization reaction condi-

2 tions as in Example 13, except that the distances for
the free-fall were varied as mentioned above. Results
are shown in Table 2. After completion of the free-
fall polymerization reaction in any of Examples 16 to
20, no accumulation of low molecular weight polymer and

10 the like was observed on the perforated plate.

Example 21

Substantially the same polymerization apparatus as
in Example 3 and shown in Fig. 2 was used,lexcept that
the perforated plate in the free-fall polymerizer had

15 110 holes having a hole diameter of 4.4 mm and arranged

in a zigzag configuration in which the distance (pitch)
between the adjacent holes was 20 mm. A continuous
free~fall polymerization reaction was carried out under
substantially the same polymerization reaction condi-

20 tions as in Example 13, except that the above-mentioned

perforated plate was used. Samples were taken from the
product aromatic polycarbonates which were withdrawn at
time points of 200 hours, 400 hours, 600 hours, 800
hours and 1,000 hours after the start of the reaction.

25 The samples of the product aromatic polycarbonates
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25 3.5 was obtai ned. 97
Exanpl e 34 An aromatic pol ycarbonate was produced in accord-

ance with a systemshown in Fig. 5. The system of Fig. 5 conpri ses
first stage and second stage agitation 5 Supstitutersheat i ¢hé ugudt 1928

stage and second stage free- fall ﬁ&lynerizations. In
the first stage agitation polynerization, a couple of first

agi tation type m@ﬁﬁaﬂgwﬁe%tVQiﬁglﬁo§nts of 200 hours, 400 hours, 600
hours, 800 hours and 1,000 hours after the start of the
reaction were colorless and transparent, and had a b¥-
value of 3.3 and had Mn values of 15,500, 15,600,

5 15,400, 15,500 and 15,500, respectively. This shows

that the polymerization reaction was stably performed.
After completion of the free-fall polymerization reac-
tion, no accumulation of low molecular weight polymer
and the‘like was observed on the perforated plate.

10 Example 22

Substantially the same polymerization apparatus as

in Example 3 and shown in Fig. 2 was' used, except that
the perforated plate had 50 rectangular holes having a
size of 4 mm x 10 mm instead of the 50 circular holes

15 having a diameter of 7.5 mm. A continuous free-fall
polymerization reaction was éarried cut under substan-
tially the same polymerization reaction conditions as
in Example 13, except that the above-mentioned perfo-
rated plate was used. Samples were taken from the

20 product aromatic polycarbonates which were withdrawn at
time points of 200 hours, 400 hours, 600 hours, 800
hours and 1,000 hours after the start of the reaction.
The samples of the product aromatic polycarbonates
withdrawn at time points of 200 hours, 400 hours, 600

25 hours, 800 hours and 1,000 hours after the start of the
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and 3' were used. In the second stage agitation poly- 10 merizati on,

second agitation type polynerizer vessel 8 was used. First
agitation type polynerizer vessels 3 second a |tat|on
type pol ymerizer vessel 8 are the §%§Hgéguﬁgé%eﬁﬁ theugyst d

Exanmpl e 26 and shown in Fig. 3. 1 In the first stage
free-fall polynerization, first free-fall polynerizer 16 was used.
In the second stag@tion werefl E88st8kksPAhYMRLLAEHA00n SEGARM HALe frpd

pol ymeri zer 27 was used. First and second free-fall po ymerizers
16 and 27 are thelasamefas.Bi asdt haeemhabhlpekyoer Ilaerooozo 12,906 used in
the system of Exanple 26 and shown in Fig. The

first stage and1s8ed6Ad QﬂagéOagn&aLBomOpolyesnecuLvelg This shows
that the polymerization reaction was stably performed.
5 After completion of the free-fall polymerization reac-
tion, no accumulation of low molecular weight polymer
and the like was observed on the perforated plate.
Comparative Example 2
An aromatic polycarbonate was produced using a

10 horizontal twin-screw agitation type poclymerizer. The
horizontal twin-screw agitation type polymerizer has a
capacity of 30 liters, a D/L ratio of 6, and a twin-
screw agitating blades having a rotation diameter of
140 m.

15 ' An agitation polymerization reaction was continu-
ously carried out while continuously feeding the same
prepolymer as used in Example 15 at a flow rate of
liters/hr and continuously withdrawing a part of the
produced aromatic polycarbonate in a manner wherein the

20 volume of the reaction mixture in the twin-screw.agita—
tion type polymerizer was constantly maintained at 10
liters. The reaction conditions of the agitation
polymerization reaction were as follows: the reaction
was carriad out for 1,000 hours, the reaction tempera-

23 ture was 250 °C, and the reaction pressure was
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merizations were carried out under substantially the samne

pol yneri zation reaction conditions as in Exanple 25 26 and in
substantially the same nmanner as in Exanple )

98 26 except that 80 kg of a m)ngﬁé'f"sm%?@rh@ebf & ALgNSHJI996

A and di phenyl carbonate in a nolar ratio of 1:1.04 was char ged
into each of first agitation type polynerizer vessels 3 and 3'
Thus, prepol ynmep. 10mingg . obtainpedsi Re88COAReAJEEEm the produced aromat-

ic polycarbonates which were withdrawn at time points

h

of 200 hours, 400 hours, 600 hours, 800 hours and 1,000
hours after the start of the polymerization reaction.

S The samples of the produced aromatic polycarbonates
withdrawn at time points of 200 hours, 400 hours, 600
hours, 800 hours and 1,000 hours after the start of the
reaction had b*-~values of 3.6, 3.7, 3.7, 3.8 and 3.9,
respectively, and had Mn values of 8,500, 8,800, 8,600,

10 8,400 and 8,300, respectively. The rate of the in-
crease in molecular weight was about one half as large

~

as that observed in Example 15.
Example 23
The same polymerization apparatus as in Example 3
15 and shown in Fig. 2 was used. 50 Liters of a mixture,
which was prepared by adding 1 x 108 mole of sodium
hydroxide and 3 x 1078 mole of tetramethyl ammonium
hydroxide to a molten mixture of bisphenol A and diphe-
nyl carbonate (molar ratio of 1:1.05) per mole of
20 bisphenol A, was introduced to free-fall polymerizer
10, and a free-fall polymerization reaction was batch-
wise carried out under polymerization reaction condi-
tions wherein the reaction temperature was 250 °C, the
reaction pressure was 100 mmHg, and the flow rate of

25 nitrogen gas was 2 liters/hr to obtain a polymer, while
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tion type polynerizer vessel 8  Prepolyner 10 was then wi t hdr awn
from pol ynerizer 8 and continuously fed to first free-fal

pol ymeri zer 16. In-first free-fall polymerizer 16, a first
stage 10 free-fall polynerization of prg bgtitite dhesds & dnigusti-1996
ously carried out under polynerization reactton condi- tions
wherein the reaction tenperature was 240 [err]C, the reaction

pressure was 1.5rQ@TQc@ﬂQt£Q€ éﬁéﬁ%ﬁé%f?éﬁ ?ﬁ&YQﬁF é&ﬁ#ﬁ@efnggédm@?%ﬁa a

liter/hr, thereby obtaining prepoly e recrrculra

part of obtai nec’fzc&ﬁ@ppﬂié{ving perfor@fedlnipd Ney ide rPfg@IEQDlZBSﬁ%QQW ng

perforated plate 15) of first free-fall polynerizer 16t ugh
recirculation |ingeddlattersest rfat afdwbdiow It Dfac a reciBdOR1hEigLS/
free-

hr. 20 When the vol unme of prepolyner 21 in first
flow rate of 200 liters/hr. The reaction was further
5 continued for 30 minutes under a pressure of 10 mmHg .
A colorless transparent aromatic polycarbonate having
an Mn of 2,500 and a b*-value of 3.0 was obtained.
Example 24
The same polymerization apparatus as in Example 3
10 and shown in Fig. 2 was used. As prepolymer, 30 liters
of an aromatic polycarbonate having an Mn of 2,500,
which was the same as that obtained Yin Example 23, was
introduced to free-fall polymerizer 10, and a free-fall
polymerization reaction was batchwise carried out under
15 polymerization reaction conditions wherein the reaction
temperature was 250 °C, the reaction pressure was
1.0 mmig and the flow rate of nitrogen gas was 2 lit-
ers/hr to obtain a polymer, while recirculating the
obtained polymer to the introduction zone (having
20 perforated plate 3) of free-fall polymerizer 10 through
recirculation line 2 at a recirculation flow rate of
100 liters/hr. The reaction was continued for 4 hours
at a recirculation flow rate of 25 liters/hr. A color-
less transparent aromatic polycarbonate having an Mn of

25 10,500 and a b*-value of 3.1 was obtained.
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fall polynerizer 16 reached 10 liters, part of prepoly- mer 21 was

continuously fed to second free-fall poly- nerizer 27 so that the
vol une of prepolyner 21 in first free-fall gokgnerlzer 16 was
constantly maintained at 25 10 liters.ggoubstitute s 8 August 1936

99 In second free-fall polynerizer 27, a second stage
free-fall polynerization reaction was continuously carried out
under pol yreri zEtammple e2afti on conditions wherein the reaction
tenperature was 250 [err]C, the reac- 5 tion pressure was 0.3 mrHg

and the flow rate of Thétsame polymerization apparatus as in Example 3
and shown in Fig. 2 was used. A free-fall polymeriza-
tion reaction was batchwise carried out for 30 minutes
3 undexr substantially the same polymerization resaction
conditions as in Example 3, except that 1,l-bis-(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane was used
instead of the bisphencl A. The reaction was continued
for 30 minutes under substantially the same polymeriza-
10 tion reaction conditions as in Example 4, except that
l,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane
was used instead of the bisphenol A A colorless
transparent aromatic polycarbonate having an Mn of
2,300 was obtained. Further, a free-fall polymeriza-.

15 tion reaction was carried out under substantially the
same polymerization reaction conditions as in Example
6, except that the above-obtained aromatic pclycarbon-
ate was used as prepolymer. The thus obtained polymer
was a colorless transparent aromatic polycarbonate

20 having an Mn of 5,800 and a b*-value of 3.3.

Example 26

An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 3. The system of Fig.
J comprises first stage and second stage agitation

25 polymerizations, and first stage and second stage

. N
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gen gas was 2 liters/hr, thereby obtaining polymer 32, whi |l e
recirculating part of obtained prepolynmer 32 to the i ntroduction
zone (having perforated plate 26) of second free-fall polynerizer
27 through recirculation 10 line 25 at, @Syhstituteushaqtond Augnstat 298 100
liters/hr. When the vol une of 'polymer 32 in second free-fal

pol ynmeri zer 27 reached 10 liters, polyner 32 was con- ti nuously

W t hdr awn fronygggaqqlﬁr%@lyﬁgglggkigﬁglzer 27 so that the vol une
of polymer 32 in second eé-fall pol ymeri zer 27 was constantly

mai ntai ned at 10 |itrer she first stage 138 talkaver FRLit@idd 380es aOf
pol yneri zati on reactions was continuously carried out for 1,000
hour s. cAupd e iofe fpaisnt agfi t3@Q oho tuypea fopdymiels. zeima e sfe isheg
reaction, prepolynmer 10 fed from second agitation type 20 pol ymeri zer
vessel 8 to firgd fir'esss [usgdl-ynéni z8e sg@cond stage agitation poly-
5 merization, second agitaticn type polymerizer vessel 8

was used. The capacity of each of first agitation type

polymerizer vessels 3 and 3’ was 100 liters, and the

capacity of second agitation type polymerizer vessel 8

was 50 liters. The agitating blades of each of these

1o three agitation type polymerizer vessels were of anchor

type.
In the first stage free-fall polymerization, first
free-fall polymerizer 16 was used. In the second stage
free-£fall polymerization second free-~fall polymerizer
15 27 was used. Each of first free-fall polymerizer 16
and second free-fall polymerizer 27 was equipped with a
perforated plate which had 50 holes having a diameter
cf 7.5 mm and arranged in a zigzag configuration in
which the distance (pitch) between the adjacent holes
20 was 30 mm. The free-fall distance was 4 m. Only first
free-fall polymerizer 16 had a recirculation line.
The first stage agitation polymerization in first
agitation type polymerizer vessels 3 and 3’ was batch-
wise conducted, whereas the second stage agitation

25 polymerization in second agitation type polymerizer
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had an Mh of 780, and prepolyner 21 fed fromfirst free-fal

pol yneri zer 16 to second free-fall polyneriz- er 27 had an Mh of
5,400. Sanpl es were taken fromthe roduced aronmatj ¢ pol ycarhbonat es
whi ch were withdrawn 25 from second frggg-upﬁ'i“tﬁ(ﬂ ﬁ%r’iézérugﬁ?}/é%g[% e

poi nts of 100 200 hours,
400 hours, 600 hours, 800 hours and 1,000 hours after the start of
the reaction. Tesssdnf esind the fiwesrte scalger laess sagdntr snsyge ditge-and had a
b*-val ue of 3.2, and had Wh values of 12,100, 11,800, 11,900,

fall polymerizations in first and second free-fall
polymerizers 16 and 27 wers continucusly conducted.
The polymerization reaction conditions in both of
5 first agitation type polymerizer vessels 3 and 3’ were
as follows: the reaction temperature was 180 °C, the
reaction pressurs was atmospheric pressure, and the
flow rate of nitrogen gas was 1 liter/hr.
In operation, 80 kg of a monomer mixture of bis-
10 phenol A and diphenyl carbonate in a molar ratio of
1:1.10 was charged into each of first agitation type
polymerizer vessels 3 and 3’. The monomer mixture in
polymerizer 3 was poclymerized in a molten state while
agitating for 4 hours to obtain prepolymer 4. Outlet 5
15 was opened, and prepolymer 4 was fed to second agita-
tion type polymerizer wvessel 8 at a flow rate of 5
liters/hr.
While feeding prepolymer 4 obtained in first
agitation type polymerizer vessel 3 to second agitation
20 type polymerizer vessél 8, first agitation type poly-
merizer vessel 3’ was operated and the monomer mixture
of bisphenol A and diphenyl carbonate was polymerized
in the same manner as in the agitation polymerization
in first agitation type polymerizer vessel 3, to obtain

25 prepolymer 4’.
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5 12,300 and 12,100, respectively. This shows that the series
of polynerization reactions was stably per- formed. After

conpl etion of the series of polyneriza- tion reactions contlnuously
conducted for 1,000 hours, no accumySHAsHEUEs shagy 8 1 ueansir T w6 ght
pol ymer and the 10 I|ke was .observed on the perforated plate in each
of first and second free-fall polynerizers 16 and 27.

Exanpl e 35 Whehnfaeger danea eWohh tipe %@'I?mé!'&fz%@ F2ddy 1Bl e
34 and shown in Fig. 5, a series of polynerization reacti ons was
carried out undebesabst anpicgl, | guthetsansf polymerﬁeaélBlﬂas SRS LY s o S
34 and in substantially the sanme manner as in Exanple 34 except

t hat prepol yner 4nstead, outlet 5’ of polymerizer 3‘ was opened, so

that prepolymer 4’ was fed from first agitation type

n

polymerizer vessel 3’ to second agitation typre polymer-
izer vessel 8 at a flow rate of § liters/hr. In this
instance, the same monomer mixture of bisphenol A and
diphenyl carbonate as mentioned above was charged in
polymerizer 3. While feeding prepolymer 4’ obtained in
10 first agitation type polymerizer vessel 3’ to second
agitation type polymerizer vessel 8, polymerizer vessel
3 was operated, so that the monomer mixture charged
therein was polymerized in the same manner as mentioned
above. |
15 With respect to the batchwise polymeritation in'
first agitation type polymerizer vessels 3 and 3’ and
to the alternate feeding of prepolymers 4 and 4’ from
polymerizers 3 and 3’ to second agitation type polymer-
izer vessel 8, the same operation as mentioned above
20 was repeated, so that the prepolymer (either prepolymer
4 or prepolymer 4‘, alternately) was continuocusly fed
to second agitation type polymerizer vessel 8.

In second agitation type polymerizer vessel 8, a
further agitation polymerization of prepolymers 4 and

23 4’, alternately fed from first agitation type polymer-
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and 4', alternately withdrawn fromfirst agitation type pol ymeri zer

vessels 3 and 3', were continuously fed to 20 second agitation type
pol ymeri zer vessel 8 at a flow rate of 10 liters/hr. The

above- nenti oned series of pol ymer i g@‘éwféﬁilwtﬂaéh?@nssmtsgwni $86ousl y
carried out 200 for
1,000 hours. At a tinme point of 200 hours after the start of the
reacti on, prepolyeervdfséks fromi 25, wasseepbdnagutidyi eartype pakynerizer
vessel 8 to first 101

free-fall pol ymendesrpdbyhedi zat Mn ofe&850ioandopdepodys wherein the
reaction temperature was 230 °C, the reaction pressure
was 100 mmHg and the flow rate of nitrogen gas was 2

3 liters/hr, thereby obtaining prepolymer 10.

When the volume of prepolymer 10 in second agita-
tion type polymerizer vessel § reached 20 liters, part
of prepolymer 10 was continuously fed to first free-
fall po;ymerizer 16 so that the volume of prepolymer 10

10 in second agitation type polymerizer vessel 8 was

constantly maintained at 20 liters. The feeding of

prepolymer 10 to first free-fall polymerizer 16 was
conducted through inlet 13 provided in recirculation

line 14 for polymerizer 16.

13 In first free-fall polymerizer 16, a free-fall
polymerization of prepolymer 10 was continuously car-
ried out under polymerization reaction conditions
wherein the reaction temperature was 250 °C, the reac-
tion pressure was 2.0 mmHg and the flow rate of nitro-

20 gen gas was 1 liter/hr, thereby obtaining prepolymer

21, while recirculating a part of obtained prepolymer

21 to the introduction zone (having perforated plate

15) of first free-fall polymerizer 16 through recircu-

lation line 14 at a recirculation flow rate of 200

25 liters/hr.
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mer 21 fed fromfirst free-fall polynerizer 16 to second free-fal

pol ynmeri zer 27 had an Mh of 3, 900. Sanpl es were taken fromthe
produced aromati c pol ycar- 5 bonat es whi ch were continuously

wi t hdrawn from second free-fall po% tisdte sheelr- 8 iARIYSi TRE6 of
200 hours, 400 hours, 600 hours, 8 hours and 1,000 hours after

the start of the reaction. The sanples were col orl ess and

transparent, and_had;g P*H@l |91 Bhe £ p ARSL NG 10, riyvaluesg@f 6,800,
6,900, 7,100, 6,700 anclp7,100, Fespecs PooF 2 2] v Thi'S shows that the

series of pol yng{izajd Ofnerizer 14CRE4ENEE YRS SIAR Y NOFE 05 fegrapbipL
no

conpl eti on of t'he series of polynerization reactions,
accumul ation mer 21 Gfad aridiReshaly We@hto pdaurd Brwkifel li ke1yas ob-
15 served on the perforated plate in each of first and

merizer 27 so that the volume of prepolymer 21 in first

w

free-fall polymerizer 18 was constantly maintained at
10 liters.

In second free-fall polymerizer 27, a free-fall
polymerization reaction was continuously carried out
under polymerization reaction conditions wherein the
10 reaction temperature was 280 °C, the reaction pressure

was 0.3 mmHg, and the flow rate of nitrogen gas was 2
liters/hr, thereby obtaining polymef 32.
When the volume of polymer 32 in second free-fall
polymerizer 27 reached 2 liters, polymer 32 was contin-
15 uously withdrawn from second free-~-fall polymerizer 27
so that the volume of polymer 32 in second free-fall
polymerizer 27 was constantly maintained at 2 liters.
The above-mentioned series of polymerization
reactions was continuously carried out for 500 hours.
20 Results are shown in Table 3. After completion of the
series of polymerization reactions continuously con-
ducted for 500 hours, no accumulation of low molecular
weight polymer and the like was observed on the perfo-
rated plate in each of first free-fall polymerizer 16

25 and second free-fall polymerizer 27.
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second free-fall polynerizers 16 and 27. Exanpl e 36 In

accordance with the sane systemas in Exanple 34 and shown in Fig.
5, a series of polynerization 20 reactions was carried out under
substantially the sane condi ti ons asSHhsEueshees4 SafAtguat 1996
substantially the same manner as in Exanple 34 except that the
second stage free-fall polynerization in second free-fal
polynerizer 27 wrameadeki ed egt2einder pol ynerization 25 reaction

conditions wherein the reaction tenperature
In accordance with the same system as in Example

26 and shown in Fig. 3, a polymerization reaction was
carried out in substantially the same manner as in

Example 26 except that the polymerization reaction

wl

conditions were varied as shown in Table 3. Results
re also shown in Table 3. After completion of the
series of polymerization reactions, no accumulation of
low molecular weight polymer and the like was observed
10 on the perforated plate in each of first and second
free-fall polymerizers 16 and 27.
Example 30 A
An arcmatic polycarbonate was produced in accord-
ance with a system shown in Fig. 4. The system of Fig.
13 4 comprises first stage and second stage agitation
polymerizations, and a free-fall polymerization. 1In
the first stage agitation polymerization, a couple of
first agitation type polymerizer vessels 3 and 3’ were
used. In the second stage agitation polymerization,
20 second agitation type polymerizer vessei 8 was used.
In the free-fall polymerization, free-fall polymerizer
16 was used.
First agitation type polymerizer vessels 3 and 3’
and second agitation type polymerizer vessel 8 were the

23 same as those used in Example 26 and shown in Fig. 3.
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102 was 290 [err]C, the reaction pressure was 0.2 nmHg, the

flowrate of nitrogen gas was 2 liters/hr, the volune of prepol yner
32 was constantly mai ntained at 10 I|ters the recircul atiqn
“flow rate was 100 liters/hr. The a@@%@“ﬁﬁﬁ??ﬁﬁ%ﬁ §e&?%§sb?§bg

pol yneri zation reacti ons was contlnuously carried out for 1,000
hours. At a tine poi nt of 200 hours after the start of the
reaction, F gqereefid Mingre Litheirdd efr af saconteagamat iagn fiyyse fidaaveri z-
er vessel 8 to first free-fall polynerizer 16 had an Mh 10 of 780, and
prepol yner 21 fedafllorpdliymsirifzege-lfallsed in Exapglpnm@ti aad Bhawm second
free-fall polynerizer 27 had an Mh of 5,400. Sanples were taken

fromthe producedig-

The first and second stage agitation polymeriza-
S tions were carried out under the same conditions as in
Example 26, and the feeding of prepolymer 10 to free-
fall polymerizer 16 was continucusly conducted in the
same manner as in Example 26.
In free-fall polymerizer 16, a free-fall polymeri-~
10 zation of prepolymer 10 was continucusly carried out
under polymerization reaction conditions wherein the
reaction temperature was 290 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 2
liters/hr, thereby obtaining polymer 21, while recircu-
15 lating a part of obtained polymer 21 to the introduc-
tion zone (having perforated plate 15) of free-fall
polymerizer 16 through recirculation line 14 at a
recirculation flow rate of 400 liters/hr.
When the volume of polymer 21 in free-fall poly-
20 merizer 16 reached 10 liters, polymer 21 was continu-
ously withdrawn from free-fall polymerizer 16 so that
the volume of polymer 21 in free-fall polymerizer 16
was constantly maintained at 10 liters.
The above-mentioned series of polymerization

25 reactions was continuously carried out for 500 hours.



aromati c pol ycarbonates which were continuously wth- drawn from
second free-fall polynerizer 27 at tine 15 poi nts of 200 hours, 400
hours, 600 hours, 800 hours and 1,000 hours after the start of the
reaction. These sanmpl es were col or | g3ebstitdte pagripaBMguntoBtd a
b* - val ue of 3.5, and had M val ues of 21,100, 21, 400,

21,900, 22,300 and 21,600, respectively. This shows 20 that the series

of polymerizati ong eaedtr P oS tHedlitare of chdefdaydivech, Aft&Sio Lana etion
of the series of polyneri- zation reactions, no accunul ation of | ow

nmol ecul ar 10 vieqyhto pideavda ldnddihend ¢ e Mals lsrareduono £ heg@er f o-
rated plate in each of first and second free-fall 25 pol yneri zers 16
and 27. Samples were taken from the produced aromatic polycar-
bonates which were withdrawn from free-fall polymerizer
5 16 at time points of 100 hours, 200 hours, 300 hours,
400 hours and 500 hours after the start of the reaction
were colorless and transparent, and had a b*-value of
3.4, and had Mn values of 10,800, 10,900, 10,500,
10,200 and 10,800, respectively. This shows that the
10 series of polymerization reactions was sﬁably per-
formed. After completion of the series of polymeriza-
tion reactions continuously conductéd for S00 hours, no
accumulation of low molecular weight polymer and the
like was observed on the perforated plate in free-fall
1s polymerizer 16.
Example 31
| In accordance with the same system as in Example
30 and shown in Fig. 4, first stage and second stage
agitation polymerizations were carried out under the
20 same conditions as in Example 26. Resultant-prepolymer
10 obtained in second agitation type polymerizer vessel
8 had an Mn value of 700. Prepolymer 10 was fed to
free-fall polymerizer 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise

25 carried out for 3 hours in free-fall polymerizer 16

This is the replacement sheet

Dats: 1 2 AUG 1936



103 Exampl e 37 I n accordance with the sanme system as
I n Exanpl e 34 and shown in Fig. 5 a series of polynerization
reactions was carried out under substantiajlg'the samne 5 condi tions
as in Exanple 34 and in substantially the ubstitutgaaipeefanB hugiesti h98Ranpl e
34 except that the nononer _ m xt ur e of bi sphenol A and di phenyl
carbonate in a nolar ratio of 1:1.04 was mxed with 1 x 10[err]

mol e of R MBI AR R B Yn WHNNYn S, 81X ke T]

reaction temperature was 280 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 2
liters/hr to obtain polymer 21, while recirculating
5 cbtained polymer 21 to the introduction zone (having
perforated plate 15) of free-fall polymerizer 1§
through recirculation line 14 at a recirculation flow
rate of 300 liters/hr. A colorless transparent aromat-
ic poly;arbonate having an Mn value of 12,400 and a
10 b*-value of 3.4 was obtained.
Example 32
In accordance with the same sygtem as in Example
30 and shown in Fig. 4, first stage and second stage
agitation polymerizations were carried out under the
15 same conditions as in Example 26. Resultant prepolymer
10 obtained in second agitation type polymerizer vessel
8 had an Mn value of 700. Prepolymer 10 was fed to
free-fall polymerizer 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise
20 carried out for 1 hour in free-fall polymerizer 16
under polymerization reaction conditions wherein the
reaction temperature was 250 °C, the reaction pressure
was 1.0 mmHg and the flow rate of nitrogen gas was ¢
liters/hr, to obtain polymer 21, while recirculating

25 obtained polymer 21 to the introduction zone (having
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10 nol e of tetranet hyl anmoni um hydroxi de per nol e of bi spheno
A, and the resultant m xture was charged into each of first
agitation type polynerizer vessels 3 and 3" and polynerized in a
nol ten state. The above- nen- ti onega%é?slt'é%%h%l%q%ﬁb?}g
reactions was continu- 15 ously carried out for 1,000 hours. At a

ti me point of 200 hours after the start of the reaction, prepolyner

10 fed from secpatfagatadii phatypes pobynEredcEayesselyBerizer 16t0 first
free-fall polynerizer 16 had an M of 790, and prepol yner 21 fed

fromfirst agitebroughypecpotybertiderlPfe 14 yessekedbrtalaecond fiibee-fal |
pol yneri zer 27 had an M of 5,800. Sanples were taken fromthe
produced aronmatzate of 60Qclpoéyzsélrbonadesobbitéssereacspicanauakymat-
wi t hdr awn fron1second free-fall polynerlzer 27 at tinme points of
ic polycarbonate having an Mn value of 6,700 and a p*-
S value of 3.1 was obtained.
Example 33
In accordance with the same system as in Example
30 and shown in Fig. 4, first stage and second stage
agitation polymerizations wers carried out under the
10 same conditions as in Example 28. Resultant prepolymer
10 obtained in second agitation type polymerizer vessel
16 had an Mn value of 900. Prepolymer 10 was fed to
free-£fall polymerizer 16 in an amount of 10 liters.
Subsequently, a free-fall polymerization was batchwise
1s carried out for 10 hours in free-fall polymerizer 16
under polymerization reaction conditions wherein the
reaction temperature was 2390 °C, the reaction pressure
was 0.4 mmHg and the flow rate of nitrogen gas was 4
liters/hr, to obtain polymer 21, while recirculating
20 obtained polymer 21 to the introduction zone (having
perforated plate 15) of free-fall polymerizer 16
through recirculation line 14 at a recirculation flow
rate of 80 liters/hr. A colorless transparent aromatic

polycarbonate having an Mn of 23,000 and a b*-value of

23 3.5 was obtained.



200 hours, 400 hours, 600 hours, 800 hours and 1,000 25 hours after
the start of the reaction. These sanples

104 were col orl ess and transparent ad a | ue of

3.4, and had M val ues of 13,100, 12,700, 1§L}§ébtute srdel g ugyst 996
13,300, respectively. This shows that the series of polynerization
reactions was stably per- 5 formed. After conpletion of the series
of polyneriza- Exampletid@n reactions, no accurul ati on of | ow nol ecul ar

wei ght pol ymer and the |ike was observed on the perforated

An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 5. The system of Fig.
S comprises first stage and second stage agitation

5 polymerizations and first stage and second stage free-

fall polymerizations

In the first stage agitation polymerization, a
couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-

10 merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3
and 3’, and second agitation type polymerizer vessel 8
are the same as used in the system of Example 26 and
shown in Fig. 3.

15 In the first stage free-fall polymerization, first
free-fall polymerizer 16 was used. In the second stage
free-fall polymerization, second free-~fall polymerizer
27 was used. First and second free-fall polymerizers
16 and 27 are the same as first free-fall polymerizer

20 16 used in the system of Example 26 and shown in Fig.
3.

The first stage and second stage agitation poly-
merizations were carried out under substantially the
same polymerization reaction conditions as in Example

25 26 and in substantially the same manner as in Example
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plate in each of first and second free-fall polyneriz- : ers 16 and
27. 10 Exanpl e 38 In accordance with the sane system as
i n Exanpl e 34 and shown in Fig. 5, a_series of polynerization
reactions was carried out under substanti al | §ubsiétusesheet - 8 Auguehd896n
conditions and in substantially the sanme manner as in Exanple 34
except that 1, 1-bis-(4-hydrox- yphenyl ) -3, 3, 5-tri nmet hyl cycl ohexane
was used 'nSteaQGOfexc ept tnﬁEh§%g fgp@e“ 'méngﬂekhﬁiﬁ&:ﬁ?é al:agq saglhahl on

pol yneri - zat i oned series of polymerization

reactions was CR”EhH“Q‘i%:hEn?QVEé@goﬁ’&'ﬁef9:”1 & R992008R8:028F 1:1 42kl
poi nt of 200 hours after the start of th reaction, prepolynmer 10

fed from secondcagi-iyatli QRtbYB&ch of Zfirst agitation type polymerizer

vessels 3 and 3.

[¥]]

Thus, prepolymer 10 was obtained in second agita-
tién type polymerizer vessel 8. Prepolymer 10 was then
withdrawn from polymerizer 8 and continuously fed to
first free-fall polymerizer 16.

In first free-fall polymerizer 16, a first stage
1o free-fall polymerization of prepolymer 10 was continu-

ously carried out under polymerization reaction condi-
tions wherein the reaction temperatﬁre was 240 °C, the
reaction pressure was 1.5 mmHg and the flow rate of
nitrogen gas was 4 liter/hr, thereby obtaining prepoly-
15 mer 21, while recirculating a part of obtained prepoly-
mexr 21 to the intreduction zone (having perforated
plate 15) of first frée—fall polymerizer 16 through
recirculation line 14 at a recirculation flow rate of
300 liters/ hr.
20 When the volume of prepolymer 21 in first free-
fall polymerizer 16 reached 10 liters, part of prepoly-
mer 21 was continuously fed to second free-fall poly-
merizer 27 so that the volume of prepolymer 21 in first
free-fall polymerizer 16 was constantly maintained at

25 10 liters.
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pol ymeri zer vessel 8 to first free-fall polynerizer 16 had an Mh of
590, and prepolyner 21 fed fromfirst free-fall polynerizer 16 to
second free-fall polyneriz- 25 er 27 had. an Mh of 4,300. Sanples were
t aken fromthe Substitute sheetgg8 August 1996
produced aromati c pol ycarbonates which were w t hdrawn from second
free-fall polynerizer 27 at tinme points of 200 hours, 400 hours,
600 hours, 800 hours BNtekdid free-fal INPHISmfdiefet NE7 starde®nd Netage
reaction. The sanples 5 were col orless and transparent, and had a
b*-val ue of free-fall polymerization reaction was continuocusly

carried out under polymerization resaction conditions

wherein the reaction temperature was 250 °C, the reac-

wn

tion pressure was 0.3 mmHg and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining polymer 32,
while recirculating part of obtained prepolymer 32 to
the introducticn zone (having perforated plate 25) of
second free-fall pclymerizer 27 through recirculation
10 line 25 at a recirculation flow rate of 100 liters/hr.
When the volume of polymer 32 in second free-fall
polymerizer 27 reached 10 liters, polymer 32 was con-
tinuously withdrawn from second free-fall polymerizer
27 so that the volume of polymer 32 in second free-fall
15 polymerizer 27 was constantly maintained at 10 liters.
The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
At a time point of 200 hours after the start of the
reaction, prepolymer 10 fed from second agitation type
20 polymerizer vessel 8 to first free-fall polymerizer 16
had an Mn of 780, and prepolymer 21 fed from first
free-fall polymerizer 16 to second free-fall polymeriz-
er 27 had an Mn of 5,400. Samples were taken from the
produced aromatic polycarbonates which were withdrawn

25 from second free-fall polymerizer 27 at time points of

Taw oy fra reccoE e et

-2 -



3.2, and had an

reacti ons was s
pol ymeri zati on

pol ymer and the
of firs
Exanpl e 39

15 ance wt
conprises first

respectively. This shows that the series of pol yneri zati on
tably perfornmed. After conpl etion of the series of
reactions, 10 no accu bsdﬁutﬁ shest nB|Aegustr 1986 ght
| i ke was observed the perforated plate in each

M of 9,800, 10,000, 10,100, 9,700 and 9, 900,

t and second free-fall polynerizers 16 and 27.

00 hoursAnttﬁbOHBEEg Pebwcaeeggatgowﬂﬁo% dg%d 1 fbo%ccord-

a system sho é systemo

héhégeaéeérséﬁengt§2é98zthEaEéQEtLon ThiR0lsy Q?Té%at'ons
wal | -wetting fall polynerization, d first stage and

free-fall pol ymgekéacolorless Eh@nﬁransparent, and had a b*-value of

10

20

2S5

3.2, and had Mn values of 12,100, 11,800, 11,900,
12,300 and 12,100, respectively. This shows that the
series of polymerization reactions was stably per-
formed. After completion of the series of polymeriza-
tion reactions continuously conducted for 1,000 hours,
no accumulation of low molecular weight polymer and the
like was observed on the perforated plate in each of

first and second free-fall polymerizers 16 and 27.

~

Example 35

In accordance with the same system as in Example
34 and shown in Fig. 5, a series of polymerization
reactions was carried out under substantially the same
conditions as in Example 34 and in substantially the
same manner as in Example 34 except that prepolymer 4
and 4’, alternately withdrawn from first agitation type
polymerizer vessels 3 and 3’', were continuocusly fed to
second agitation type polymerizer vessel 8 at a flow
rate of 10 liters/hr. The above-mentioned series of
polymerization reactions was continuously carried out
for 1,000 hours. At a time point of 2,000 hours after
the start of the reaction, prepolymer 10 fed .from

second agitation type polymerizer vessel 8 to first
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20 In the first stage agitation polynerization, a coupl e
of first agitation type polynerizer vessels 3 and 3' were used. In
t he second stage agitation poly- merization, second agitation type
pol ymeri zer vessel 8 was used. FirstSudbstitate sheetyp8 Aubyatd PI6r
vessels 3 25 and 3', and second agitat'%h type polynerizer vessel 8
106 are the sane as used in the system of Exanple 26 and

5\2?}"“ in Fig. 3.free-fall polyddbidlr V& lndtdd Neh T ls P! VARSI AL SOy -
mer 21 fed from first free-fall polymerizer 16 to
second free-fall polymerizer 27 had an Mn of 3,900.
Samples were taken from the produced aromatic polycar-

35 bonates which were continuously withdrawn from second
free-fall polymerizer 27 at time points of 200 hours,
400 hours, 600 hours, 800 hours and 1,000 hours after
the start of the reaction. The samples were colorless
and transparent, and had a b*-value of 3.1, and had Mn

10 values of 6,800, 6,900, 7,100, 6,700 and 7,100, respec;

tively. This shows that the series of polymerization
reactions was stably performed. After completion of
the series of polymerization reactions, no accumulation
of low molecular weight polymer and the like was ob-

15 served on the perforated plate in each of first and

second free-fall polymerizers 16 and 27.
Example 36

In accordance with the same system as in Example
34 and shown in Fig. 5, a series of polymerization

20 reactions was carried out under substaﬁtially the same

conditions as in Example 34 and in substantially the
same manner as in Example 34 except that the second
stage free-fall polymerization in second free-fall
polymerizer 27 was carried out under polymerization

25 reaction conditions wherein the reaction temperature

Tnis 1§ e repizcemiant sheet
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wetting fall polynerizer 16 was used. Wall-wetting 5 fal

pol yneri zer 16 had a tube having a dianeter of 130 mm and a hei ght
of 5 m and had recirculation |ine 14. In the first
stage free-fall polynerization, first Sub$ﬁ@ﬂfam¢emm8y%@gw&E1996 was
used. In the second stage 10 free- fa}P pol ymeri zati on, second
free-fall polynerizer 38 was used. First and second free-fal

pol ymeri zers was 2902¢candnd8rasecibg §§€§s§§ef¢¢5§thQdm§tﬁ§on@hy ee-fal |
pol ymerizers 16 and 27 used in the system of Exanpl e and shown

in Fig. 3, respgowi veky. ofSnitrogen gabew&srstlstage/aﬂd gaeordlamage
agitation poly- neri zations were carried out under the sane
pol yneri za- of prepbdpmeeadli vascoodstanniyvasaint&xaseyl at340andtenst he
same manner as in Exanple 34.
and the recirculation flow rate was 100 liters/hr. The
S above-mentioned series of polymerization reactions was
continuously carried out for 1,000 hours. At a time
point of 200 hours after the start of the reaction,
prepolymer 10 fed from second agitation type polymeriz-
er vessel 8 to first free-fall polymerizer 16 had an Mn
10 of 780, and prepolymer 21 fed from first free-fall
polymerizer 16 to second free-fall polymerizer 27 had
an Mn of 5,400. Samples were taken from the produced
aromatic polycarbonates which were continuously with-
drawn from second free-fall polymerizer 27 at time
1s points of 200 hours, 400 hours, 6§00 hours, 800 hours
and 1,000 hours after the start of the reaction. These
samples were colorless and transparent, and had a b*-
value of 3.5, and had Mn values of 21,100, 21,400,
21,900, 22,300 and 21,600, respectively. This shows
20 that the series of polymerization reactions was stably
performed. After completion of the series of polymeri-
zation reactions, no accumulation of low molecular
weight polymer and the like was observed on the perfo-

rated plate in each of first and second free-fall

23 polymerizers 16 and 27.
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Thus, prepolyner 10 was obtained in second agita- 20 tion type

pol yneri zer vessel 8. Prepolyner 10 was then W t hdrawn from

pol ymeri zer 8 and continuously fed to wal | -wetting fall polynerizer
16 so that the vol ume of pr epol yner, SLBStifuGeHand -G uaussl 13fpe

pol yneri zer vessel 8 was constantly maintained at 20 liters. The
25 feeding of prepolyner 10 to wall-wetting fall polyner-

107 izg&a%%l@ag7conducted through inlet 13 provided in
recirculation |ine or wall-wetting fall polynerizer

In accordance with the same system as in Example
34 and shown in Fig. 5, a series of polymerization

reactions was carried out under substantially the same

un

conditicns as in Example 34 and in substantially the
same manner as in Example 34 except that the monomer
mixture of bisphenol A and diphenyl carbonate in a
molar ratio of 1:1.04 was mixed with 1 x 1078 mole of
sodium hydroxide per mole of bisphenol A and 3 x 10-8
L0 mole of tetramethylammonium hydroxide per mole of
bisphenol A, and the resultant mixture was charged into
each of first agitation type polymefizer vessels 3 and
3’ and polymerized in a molten state. The above-men-
tioned series of polymerization reactions was continu-
15 ously carried ocut for 1,000 hours. At a time point of
200 hours after the start of the reaction, prepolymex
10 fed from second agitation type polymerizer vessel 8
to first free-fall polymerizer 16 had an Mn of 790, and
prepolymer 21 fed from first agitation type polymerizer
20 vessel 16 to second free-fall polymerizer 27 had an Mn
of 5,800. Samples were taken from the produced aromat-
ic polycarbonates which were continuously withdrawn
from second free-fall polymerizer 27 at time points of
200 hours, 400 hours, 600 hours, 800 hours and 1,000

25 hours after the start of the reaction. These samples
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16 . In wall -wetting fall polynerizer 16, prepolynmer 10 5
(obtai ned by the second stage agitation polynerization) was

continuously fed through inlet 13 and recircgul ation l'ine 3%%&$d
i ntroduced through overflow port 15 into l%%bSt‘thﬁlslhﬁ\ﬁéftq Ayayst zer

16, thereby effecting a wall - wetting fall polynerization. The
I ntroduced prepolyner 10 falls along and in contact with the inner

wal | of the were ldti@ dlRstsh@antioBaels gademt i k@dp mepolay ey -dalluel hes
reaction conditions of the wall-wetting fall polyneri- zation are
as follows: the ¥.dactangn hiaeher ablueswas 13,100, 240 7[0&xr ]1G, 200, reacti on
pressure was 3.0 mMHg, and the 15 flowrate of nitrogen gas was 5
liters/hr. A pdrd, 180 and 13, 30fe mespetcantvegyepolMisr shbwa tiHest britd om of
vall- series of polymerization reactions was stably per-

5 formed. After completion of the series of polymeriza-
tion reactions, no accumulation of low molecular weight
polymer and the like was observed on the perforated
plate in each of first and second free-fall polymeriz-
ers 16 and 27.

10 Example 38

In accordance with the same system as in Example

34 and shown in Fig. 5, a series of polymerization
reactions was carried out under substantially the same
reaction conditions and in substantially the same

15 manner as in Example 34 except that 1,l-bis-({4-hydrox-
yphenyl)-3,3,5~trimethylcyclohexane was used instead of
the bisphenocl A in the first stage agitation polymeri-
zation. The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.

20 At a time point of 200 hours after the start of the
reaction, prepolymer 10 fed from second agitation type
polymerizer vessel 8 to first free-fall polymerizer 16
had an Mn of 590, and prepolymer 21 fed from first

free-fall polymerizer 16 to second free-fall polymeiiz—

25 er 27 had an Mn of 4,300. Samples were taken from the

This ‘p tha t#00 s erd sheat
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wetting fall polynerizer 16 was recirculated to over- flow port 15

of wall-wetting fall polynerizer 16 through recirculation line 14
at a recirculation flow 20 rate of 600 liters/hr and introduced to
wal | -wetting fall polymerizer 16. $ybstitute sheepneh AURISIJIRR of
prepol ymer 21 at the bottom of wal | -wetting fall polymerizer 16
reached 10 liters, a part of prepolynmer 21 was continuously fed to
1_fL Io g st 25 f r gectiakledPalkbiBkii e bod {ca@ tondk skhehyehu® @f Jareaim

from second free-fall polymerizer 27 at time points of
200 hours, 400 hours, 600 hours, 800 hours and 1,000

hours aftexr the start of the reaction. The samples

(V]

were colorless and transparent, and had a b*-value of
3.2, and had an Mn of 9,800, 10,000, 10,100, 9,700 and
9,900, respectively. This shows that the series of
polymerization reactions was stably performed. After
completion of the series of polymerization reactions,
10 no accumulation of low molecular weight polymer and the
like was observed on the pérforated plate in each of
first and second free-fall polymerizers 16 and 27.
Example 39
An aromatic polycarbonate was produced in accord-
15 ance with a system shown in Fig. 6. The system of Fig.
6 comprises first stage and second stage agitation
polymerizations, a wall-wetting fall polymerization,
and first stage and second stage free~fall polymeriza-
tions.
20 In the first stage agitation polymerization, a
couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-
merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3

25 and 3’, and second agitation type polymerizer vessel 8

This » e t@line MR v T o



mer 21 in wall-wetting fall polynerizer 16 was con- stantly

mai ntai ned at 10 liters. The subsequent first stage and second
stage free- fall polynerizations were carried outagr}ijer su1bgsé$a]m-

5 tially the same pol ynerization react | gvbsttdte: sRpat -8 August

Exanpl e 26, except that the prepol yner obtained by the wall -wetting
fall polynerization was pol yneri zed I nstead of the prepol yner

obtai ned by theapgi tAki 88me as usedOlyMBié Zafddhm ofOExample 26! &ndirst
free-fall polymerizer 27, a first stage free-fall polynerization of
prepol ymer 21 vsisownnihnBig. 3. ously carried out under polynerization
reaction condi - tions wherein the reaction tenperature was 250
[err]C, the In the wall-wetting fall polymerization, wall-
wetting fall polymerizer 16 was used. Wall-wetting
S fall polymerizer 16 had a tube having a diameter of
130 mm and a height of 5 m, and had recirculation line
1e.
In the first stage free-fall polymerization, first
free-fall polymerizer 27 was used. In the second stage

10 free-fall polymerization, second free-fall pcoclymerizer
38 was used. First and second free-fall polymerizers
27 and 38 are the same as first and Second free-fall
polymerizers 16 and 27 used in the system of Example 26
and shown in Fig. 3, respectively.

15 The first stage and second stage agitation poly-
merizations were carried out under the same polymeriza-
tion reaction conditions as in Example 34 and in the
same manner as in Example 34.

Thus, prepolymer 10 was obtained in second agita-

20 tion type polymerizer vessel 8. Prepolymer 10 was then
withdrawn from polymerizer 8 and continuously fed to
wall-wetting fall polymerizer 16 so that the volume of
prapolymer 10 in second agitation type polymerizer

vessel 8 was constantly maintained at 20 liters. The

25 feeding of prepolymer 10 to wall-wetting fall polymer-
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reaction pressure was 2.0 nmHg and the flow rate of 15 nitrogen gas

was 1 liter/hr, thereby obtaining prepoly- mer 32, while
recirculating a part of obtained prepoly- .. mer 32 to the

i ntroduction zone (having perforated ggspg{%eﬂee f 4)ﬁ*‘§3(usfr1egeg-§ al |
pol ymeri zer 27 through recirculation line 25 at a recirculation
flowrate of 20 200 liters/hr. When t he vol une of

prepol yner 32 inzbir 3% fa8€conducted EALbuBAl YABEKZES Dhdwardedql0 liters,
a part of pre- pol ymer 32 was continuously fed to second free-fal

polyneri zer 38 gactlaulahéoviollufe 0f peepebyiewed2ing 231 polljnedizer
free-fall polynerizer 27 was constantly nmain-
18.

In wall-wetting fall polymerizer 16, prepolymer 10

(9]

(obtained by the second stage agitation polymerization)
was continuously fed through inlet 13 and recirculation
line 14 and introduced through overflow port 15 into
wall-wetting polymerizer 16, thereby effecting a wall-
wetting fall polymerization. The introduced prepolymer
10 falls along and in contact with the inner wall of the
tube in the form of film-like prepolymer 17. The
reaction conditions of the wall-wetﬁing fall polymeri-
zation are as follows: the reaction temperature was
240 °C, the reaction pressure was 3.0 mmHg, and the
15 flow rate of nitrogen gas was 5 liters/hr. A part of
the resultant prepolymer 21 at the bottom of wall-
wetting fall polymerizer 16 was recirculated to over-
flow port 15 of wall-wetting fall polymerizer 16
through recirculation line 14 at a recirculation flow
20 rate of 600 liters/hr and introduced to wall-wetting
fall polymerizer 16.
When the volume of prepolymer 21 at the bottom of
wall-wetting fall polymerizer 16 reached 10 liters, a
part of prepolymer 21 was continuously fed to first

25 free-fall polymerizer 27 so that the volume of prepoly-
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109 tained at 10 liters. In second free-fal
pol yneri zer 38, a second stage free-fall polynerization reaction

was conti nuously carried out under I ri zation, react|

condi tions wherein the reaction teﬁﬁgﬁéﬁﬁFé§Wﬁi‘3%6“?§P#ﬁg?sthe
reac- tion pressure was 0.3 mg, and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining polyner 43. When

the volume of poheerl 4 iwa secatk fdperd Bl | polymeriz®8! YoELhEEERE reached
2 liters, polymer 43 was contin- 10 uously w t hdrawn from second

free-fall pol ymgtaetlB8naintainedad hed Iiwey®l unme of pol ymer 43 in second
free-fall The subsequent first stage and second stage free-
fall polvmerizations were carried out under substan-

S tially the same polymerization reaction conditions as
in Example 26, except that the prepolymer obtained by
the wall-wetting fall polymerization was polymerized
instead of the prepolymer cbtained by the agitation
polymerization.

10 In first free-fall polymerizer 27, a first stage
‘free-fall polymerization of prepolymer 21 was continu-
ously carried out under polymerization reaction condi-
tions wherein the reaction temperature was 250 °C, the
reaction pressure was 2.0 mmHg and the flow rate of

15 nitrogen gas was 1 liter/hr, thereby obtaining prepoly-
mer 32, while recirculating a part of obtained prepoly-
mer 32 to the introduction zone (having perforated
plate 26) of first free-fall polymerizer 27 through
recirculation line 25 at a recirculation flow rate of

20 200 liters/hr.

When the volume of prepclymer 32 in first free-
fall polymerizer 27 reached 10 liters, a part of pre-
polymer 32 was continuously fed to second free-fall

polymerizer 38 so that the volume of prepolymer 32 in

25 first free-fall polymerizer 27 was constantly main-
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pol ymerizer 38 was constantly maintained at 2 liters. The
above-nentioned series of polynerization reactions ﬂ?s Zontkygously
carried out for 1,000 hours. 15 Results are shown in Table 4. er
conpl etion of the series of pol yner i 24PsiHyte sheet ofsAeanst nB86s| y
con- ducted for 1,000 hours, no acdddul ation of |ow nol ecu-

| ar wei ght polyner and the |ike was observed on the perforated
plate in each of,fhkgt sandgse¢ondsfree-fall 20 pol ymerizers 27 and 38.
Exanples 40 to 42 I'n accordance with the same systemas in
Exanpl e 39 and gBewWAdi BrEbJdrafy ?oi?ﬁé@§z@§ Qgtygeébé@hhp@taqe
reactions was carried out in substantially The same 25 manner as “in
Exanpl e 39 excepkekh€apel potyndalz@Bion reaction was continuously

carried out under polymerization reaction conditions

wn

wherein the reaction temperature was 280 °C, the reac-
tion pressure was 0.3 mmHg, and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining polymer ¢3.
When the volume of polymer 43 in second free-fall
polymerizer 38 reached 2 liters, polymer 43 was contin-
10 uously withdrawn from second free-fall polymerizer 38
so that the volume of polymer 43 in second free-fall
polymerizer 38 was constantly maintained at 2 liters.
The above-mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
15 Results are shown in Table 4. After completion of the
series of polymerization reactions continuously con-
ducted for 1,000 hours, no accumulation of low molecu-
lar weight polymer and the like was observed on the
perforated plate in each of first and second free-fall

20 polymerizers 27 and 38.

Examples 40 to 42

In accordance with the same system as in Example
39 and shown in Fig. 6, a series of polymerization
reactions was carried out in substantially the same

25 manner as in Example 39 except the polymerization
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110 reaction conditions were varied as shown in Table 4.
Results are also shown in Table 4. After conpletion of the series
of polynerization reactions, no accunul ati o

wei ght polyner and the like was ob- 5 3%?@%@3ﬁHg%hgg%%gghggﬁég%plate
in each of first and second free-fall polynerizers 27 and 38.
Exanpl e 43 An aromatic pol ycarbonate was produced in accord-
ance with a systeacrshomncondFtgond. wefhevaystémofskogn id0Table7 4conpri ses
first stage and second stage agitation
Results are also shown in Table 4. After completion of
the series of polymerization resactions, no accumulation
of low molecular weight polymer and the like was ob-
5 served on the perforated plate in each of first and
second free-fall polymerizers 27 and 38.
Example 43
An aromatic polycarbonate was produced in accord-
ance with a system shown in Fig. 7. The system of Fig.
10 7 comprises first stage and second stage agitation
polymerizations, a wall-wetting fall polymerization,
and first stage and second stage freé-fall polymeriza-
tions.
In the first stage agitation polymerization, a
15 couple of first agitation type polymerizer vessels 3
and 3’ were used. In the second stage agitation poly-
merization, second agitation type polymerizer vessel 8
was used. First agitation type polymerizer vessels 3
and 3‘, and second agitation type polymerizer vessel 8
20 are the same as used in the system of Example 26 and
shown in Fig. 3.
In the wall-wetting fall polymerization, wall-
wetting fall polymerizer 16 was used. Wall-wetting

fall polymerizer 16 is the same as used in the system

25 of Example 39 and shown in Fig. 6.

Thiz 5 he ~epiangement sneet
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pol yneri zations, a wall-wetting fall polynerization, and first
stage and second stage free-fall polyneriza- tions.

the first stage agitation polynerization, a_ 15. oupl f fi
agitation type polynerizer vessels 3 llﬁuéﬁgugas&@?ﬁ'%@%ﬂgufgﬁpﬁg
second stage agitation poly- meri zation, second agitation type
pol yneri zer vessel 8 was used. First agitation type pol ynerizer

vessels 3 and ghe #ng¢ssegengeaqicbatiran it ybe yRehy PRz, vasssl 8
20 are the sane as used in the Ssystem of Exanplé 26 and shown

in Fig. 3. free-fall bbliyhervakk- eet wvasguball pahyfee zalddl swlde
wetting fall polynerizer 16 was used. WAll-wetting

free-£fall polymerization, second free-fall polymerizer

38 was used. First stage and second stage free-fall

] polymerizers 27 and 38 are the same as first stage and

second stage free-fall polymerizers 16 and 27 used in
the system of Example 34 and shown in Fig. 5, respec-
tively.

The first stage and second stage agitation poly-
merizations and the wall-wetting fall polymerization
were carried out under substantially the same polymeri-
zation reaction conditions as in Exaﬁple 39 and in
substantially the same manner as in Example 39.

Thus, prepclymer 21 was obtained in wall-~wetting
15 fall polymerizer 16. Prepolymer 21 was then withdrawn
from wall-wetting fall polymerizer 16 and continuously
fed to first free-fall polymerizer 27.

A first stage free-fall polymerization of prepoly-
mer 21 was continuocusly carried out in first free-fall
20 polymerizer 27 under polymerization reaction conditions
wherein the reaction temperature was 260 °C, the reac-
tion pressure was 2.0 mmHg and the flow rate of nitro-
gen gas was 2 liters/hr, thereby obtaining prepolymer

32, while recirculating a part of obtained prepolymer

32 to the introduction zone (having perforated plate



fall polymerizer 16 is the sane as used in the system 25 of Exanple 39
and shown in Fig. 6. 111
| |

In the first stage free-fall polynerization, first free-fa
pol ynerizer 27 was used. In the second stag@bstitute sheets § fugust 1996

pol yneri zation, second free-fall polynerizer 38 was used. First
stage and second stage free-fall pol yneri zers 27 and 38 are the
same as first si@gecfinflirst free-sflinhslagerizee-1althpolyweregersulé and
27 used in the system of Exanple 34 and shown in Fig. 5, respec-
lation line 25 at a recirculation flow rate of 150
liters/hr.
When the volume of prepolymer 32 in first free-
5 fall polymerizer 27 reached 10 liters, a part of pre-
pelymer 32 was continuously fed to second free-fall
polymerizer 38 so that the volume of prepolymer 32 i
first free-fall polymerizer 27 was constantly main-
tained at 10 liters.

1o A second stage free-fall polymerization reaction
was continuously carried ocut in second free-fall poly-
merizer 38 under polymerization reaction conditions
wherein the reaction temperature was 280 °C, the reac-
tion pressure was 0.6 mmHg, and the flow rate of nitro-

1s gen gas was 2 liters/hr, thereby obtaining polymer 43,
while recirculating a part of obtained polymer 43 to
the introduction zone (having perforated plate 37) of
second free-fall polymerizer 38 through recirculation
line 36 at a recirculation flow rate of 100 liters/hr.

20 When the volume of polymer 43 in second free-£fall
polymerizer 38 reached 10 liters, polymer 43 was con-
tinuously withdrawn from second free-fall polymerizer
38 so that the volume of polymer 43 in second free-fall

polymerizer 38 was constantly maintained at 10 liters.

23 The above-menticned series of polymerization
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tively. The first stage and second stage agitation poly- 10
neri zations and the wall-wetting fall polynerization were carried
out under substantially the sane polyneri- . zation reaction
conditions as in Exanple 39 and in f?g§¥5H??§T?%‘rﬁe“%&%ﬁ h@Rfer as
I n Exanpl e 39. Thus, prepol yne 1 was obtained in

wal | -wetting 15 fall polynerizer 16. Prepolyner 21 was then w thdrawn

fromwal | -vettinged atlopel wapridetidfoditly COLMOUSY for 1 00hHoblsli M St
free-fall polymerizer 27. Afirst stage free-fal

pol ymeri zati on ofc P& epohd-point of IFI duMfiSa Ot i fHOUStYr€abEi geout in

first free-fall 20 pol ymerizer 27 under polynerization reaction
condi ti ons _readfPoR] NoidiSo ILAeH | N f&IPEFaH Wacores 280chelbh Geyhbe
reac- tion pressure was 2.0 mHg and the flow rate of nitro="

polymerizer vessel 8 to wall-wetting fall polymerizer

U

16 had an Mn of 780, prepolymer 21 fed from wall-
wetting fall polymerizer 16 to first free-fall polymer-
izer 27 had an Mn of 4,100, and prepolymer 32 fed from
first free-~fall polymerizer 27 to second free-fall
polymerizer 38 had an Mn of 10,100. Samples were taken
10 from the produced aromatic polycarbonates which were
withdrawn from second free-fall polymerizer 38 at time
points of 200 hours, 400 hours, 600 hours, 800 hours
and 1,000 hours after the start of the reaction were
colorless and transparent, and had a b*-value of 3.4,
15 - and had Mn values of 18,300, 17,900, 18,400, 18,200 and
| 18,000, respectively. This shows that the series of
polymerization reactions was stably performed. After
completion of the series of polymerization reactions
continuously conducted for 1,000 hours, no accumulation
20 of low molecular weight polymer and the like was ob-
served on the perforated plate in each of first and
second free-fall polymerizers 27 and 38.

Example 44

In accordance with the same system as in Example

25 43 and shown in Fig. 7, a series of polymerization

Thix i3 the raninse ners gh ot
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gen gas was 2 liters/hr, thereby obtaining prepolyner 32, while
recirculating a part of obtained prepolynmer 25 32 to the introduction

zone (having perforated plate

112 26) of first free-fall polymerjpitessiuieshagin § QHgus-1996
lation line 25 at a recirculation flow rate of 150 liters/hr.
When the volune of prepolynmer 32 in first free- 5 fall polynerizer

reached 10 |itersactiqas twad qamrried out umpiBynerbS8lanwabalbbpt theosshyg fed

to second free-fal

10

20

conditions as in Example 43 and in substantially the
same manner as in Example 43 except that the prepolymer
obtained in the first stage agitation polymerization
(either prepolymer 4 produced in first agitation type
polymerizer vessel 3 or prepolymer 4’ produced in first
agitation type polymerizer vessel 3’, alternately) was
continuously fed to second agitation type polymerizer
vessel 8 at a flow rate of 10 liters/hr.

Thé series of polymerization reactions was contin-
uously carried out for 1,000 hours. At a time point of
200 hours after the start of the reattion, prepolymer
10 fed from second agitation type polymerizer vessel 8
to wall-wetting fall polymerizer 16 had an Mn of 650,
prepolymer 21 fed from wall-wetting fall polymerizer 16
to first free-fall polymerizer 27 had an Mn of 3,400,
and prepolymer 32 fed from first free-fall polymerizer
27 to second free-fall polymerizer 38 had an Mn of
7,900. Samples were taken from the produced aromatic
polycarbonates which were withdrawn from second free-
fall polymerizer 38 at time points of 200 hours, 400
hours, 600 hours, 800 hours and 1,000 hours after the
start of the reaction. The samples were colorless and
transparent, and had a b*-value of 3.2, and had Mn

values of 11,800, 12,100, 11,900, 12,300 and 12,200,

27



pol ynmeri zer 38 so that the volunme of prepolymer 32 in first
free-fall polynerizer 27 was constantly main- tained at 10 liters.
10 A second stage free-fall polynerization eactiogJé was
continuously carried out in second free-fal fupityte sheet - 8 {ugust] 288 ynder
pol yneri zation reaction conditions wherein the reaction tenperature
was 280 [err]C, the reac- tion pressure was 0.6 mHg, and the flow
rate of nitro- re$bectivgdly.gaghuas shdwd aetathrthe erelns af gpal ygenot yner
43, while recirculating a part of obtained polynmer 43 to

t he introducti aatione rehaviing speriosatadd pleeE 3Medof After cowmrind
free-fall polynerizer 38 through recirculation line 36 at a
recircul ati on thow ot ahef segdelsi odr goymed zation reaWtdondecomtime- of
pol ymer 43 in second free-fall pol ymeri zer 38 reached 10 liters,

pol ymer 43 wasogsAy conducted for 1,000 hours, no accumulation of low
5 molecular weight polymer and the like was observed on
the perforated plate in each of first and second free-

fall polymerizers 27 and 38.

Examples 45 to 48

Inlaccordance with the same system as in Example
10 44 and shown in Fig. 7, a series of polymerization
reactions was carried out under.substantially the same
conditions as in Example 44 and in substantially the
same manner as in Example 44, except that a mixture of
bisphenol A and an aromatic dihydroxy compound (shown
15 in Table 5) other than bisphenol A was used instead of
the bisphenol A. 1In the above-mentioned mixture, a
molar ratio of bisphenol A to another aroﬁatic dihy-
droxy compound was l:1, and the mixture was used in a
molar amount equal to the amount of the bisphenol A
20- used in Example 44. Results are shown in Table 5.
Example 49
In accordance with the same system as in Example
43 and shown in Fig. 7, a series of polymerization
reactions was carried out in substantially the same

25 manner as in Example 4¢3 except that in second free-fall
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tinuously withdrawn fromsecond free-fall polynerizer 38 so that

the volune of polyner 43 in second free-fall pol yneri zer 38 was
constantly maintained at 10 liters. 25 .The gbove- tione ries
of pol ymeri zati on ngbstiIute Sheet™ gE‘QLi%JSQ Fgég
reactions was continuously carried out for f,OOO hour s. At atine
poi nt of 200 hours after the start of the reaction, prepolyner 10
fed from secondpagiymadiiieart B¢ the polyR@IAIFRILIZEI réagtelond doadwalonet ting
fall polynerizer 5 16 had an M of 780, prepolymer 21 fed fromwall -

were as follows: the reaction temperature was 290 °C,
the reaction pressure was 0.2 mmHg, the flow rate of
nitrogen gas was 2.5 liters/hr, the volume of polymer
S 43 in second free-fall polymerizer 38 was constantly
maintained at 10 liters, and the recirculation flow
rate was 75 liters/hzx.
The above-mentioned series of polymerization
-reactions was continuously carried out for 1,000 hours.
10 At a time point of 200 hours after the start of the
reaction, prepolymer 1Q fed from second agitation type
polymerizer vessel 8 to wall-wetting' fall polymerizer
16 had an Mn of 780, prepolymer 21 fed from wall-
wetting fall polymerizer 16 to first free-fall polymer-
15 izer 27 had an Mn of 4,100, and prepolymer 32 fed from
first free~fall polymerizer 27 to second free-fall
polymerizer 38 had an Mn of 10,100. Samples were taken
from the produced aromatic polycarbonates which were
withdrawn from second free-fall polymerizer 38 at time
20 points of 200 hours, 400 hours, 600 hours, 800 hours
and 1,000 hours after the start of the reaction. The
samples were colorless and transparent, and had a b*-
value of 3.5, and had Mn values of 23,800, 24,100,

23,900, 24,800 and 24,200, respectively. This shows

25 that the series of polymerization reactions was stably
Thiz 5 tha ranizoemernt abrat
e ?? L?
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wetting fall polynerizer 16 to first free-fall polyner- I zer 27 had
an Mh of 4,100, and prepolyner 32 fed from first free-fal
pol ymeri zer 27 to second free-fal

10,100. Sanples were taken 10 from mﬂ%”ﬁ’légea{‘fl@z%( rfg%‘tg““%é)é

pol ycar bonat es whi ch were wi t hdra 't om second free-fal

pol yneri zer 38 at tine poi nts of 200 hours, 400 hours, 600 hours,
800 hours e z230mbd000 ARQULS AhLe L cliRe B2l g0 &Jl%sr P DONEL L
col orl ess and tPansparent 3 E 8 tpb* &élue of Se egé} W

val ues of 18, 30Qat13m9Q@ac%§oﬁ90coﬁ%m%@@u@@% conducte@Bﬁyy)lWﬁﬁpeCt'Ve|y

This shows that the series of pol ynmeéri zati on reactions was stably
perforned. Aftehours, no @edRhalkenocafl ofthe ovemiosceflaROkeTRINZ dd 9fer
reactions continuously conducted for 1,000 hours, no accunulatlon

and the like was observed on the perforated plate in

in

each of first and second free-fall polymerizers 27 and
38.
Example 50

In accordance with the same system as in Example

43 and shown in Fig. 7, first stage and second stage

10 agitation polymerizations, a wall-wetting fall polymer;
ization, and a first stage free-fall polymerization
were carried out in substantially thé same manner as in
Example 43 and under substantially the same conditions
as in Example 43. |

15 Thus, prepolymer 26 having an Mn of 10,100 was
obtained in first free-fall polymerizer 27. Prepolymer
26 was then withdrawn from polymerizer 26 and continu-
ously fed to second free-fall polymerizer 32 in an
amount of 10 liters. Subsequently, a second stage

20 free-fall polymerization reaction was batchwise carried
out in second free-fall polymerizer 32 for 7 hours
under polymerization reaction conditions wherein the
reaction temperature was 280 °C, the reaction pressure
was 0.4 mmHg, and the flow rate of nitrogen gas was 2

25 liters/hr, while recirculating obtained polymer 37 to

-~}
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20 of | ow nol ecul ar wei ght polynmer and the |Iike was ob- served
on the perforated plate in each of first and second free-fal
pol ymeri zers 27 and 38. Exanpl e 44 . In accordance with
the sanme systemas in Exanple 25 43 ang psnitutensireey. - 3 Augienr 1286 of
pol ymeri zati on 114
reactions was carried out under substantially the sane condi tions
as in Exanpl e 48nandnitRogubsiant kahky (hB®ing perf&2iBedBRNAReAS 1i)NoEXANDl e
43 except that the prepol yner

free-fall polymerizer 32 through recirculation line 30

at a recirculation flow rate of 100 liters/hr. A
colorless transparent aromatic polycarbonate having an

Mn of 24,900 and a br-value of 3.5 was cbtained.

(91

Example 51

An aromatic polycarbonate was produced in accord-
ance with the system shown in Fig. 8. The system shown
in Fig. 8 was substantially the same as that shown in

10 Fig. 7,Iexcept that the second agitation type polymer-
izer vessel was omitted.

A series of polymerization reactions was carried
out under substantially the same conditions as in
Example 43 and in substantially the same manner as in

15 Example 43, except that the second agitation type
polymerizer vessel was omitted as mentioned above, the
reaction temperature and pressure of the wall-wetting
fall polymerization were 230 °C and 100 mmHg, respec-
tively, and that the reaction pressure in the first

20 free-fall polymerization was S5 mmHg.

The ;bove—mentioned series of polymerization
reactions was continuously carried out for 1,000 hours.
Samples were taken from the produced arcmatic polycar-
bonates which were withdrawn from second free-fall

25 polymerizer 32 at time points of 200 hours, 400 hours,

Thmistherspmcementsheet
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obtained in the first stage agitation polynerization 5 (either
prepol yner 4 produced in first agitation type pol yneri zer vessel 3

or prepolyner 4' produced in first agitation ty?eégolynerlzer
vessel 3', alternately) was cont i nugH8pitute shes On@usyiltSa6 on

type polynerizer vessel 8 at a flowfate of 10 liters/hr. 10
The series of polynerization reactions was contin- uously carried

out for 1,000 hoys Sho@*sa éééfeh&é?}@t rg& 14000 hogdl qu& ekgegtsft}gpg}fa”

of the reaction, prep rom second agi tation

pol yneri zer vesggl §eact1.on doydsn é&lwaréa&maeiagsraasr c£aa83d-an W
of 650, 15 pr epol yner ed fr wal | -wetting fall polyneriz 16
to first free-faht, p&z’ld’”ﬁédZ@rbﬂvi‘ﬁ%a@: '\@.@f 3nd00ad Mn values of
14,800, 14,500, 14,900, 14,800 and 14,700, respective-
3 ly. This shows that the series of polymerization
reactions was stably performed. After completion of
the series of polymerization reactions continuocusly
conducted for 1,000 hours, no accumulation <cf low
- molecular weight polymer and the like was observed on

iy the perforated plate in each of first and second free-

fall polymerizers 21 and 32.

15
20
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and prepolynmer 32 fed fromfirst free-fall polynerizer 27 to second
free-fall polynerizer 38 had an Wh of 7,900. Sanpl es were taken

fromthe produced aromatic 20 pol ycar bgonat es which were withdrawn from
second free- fall polynerizer 38 at Ubeiityis sheetor8 Agusut 296 400
hours, 600 hours, 800 hours and 1,000 héé&Fs after the start of the
reaction. The sanples were colorless and transparent, and had a
b*-val ue of 3.2, and had wvh 25 val ues of 11,800, 12,100, 11, 900,
12,300 and 12, 200, 115
Table 1
Ex. 11|Ex. l2!Ex. 13|Zx. l4{Ex. 15
Molecular weight of 2,200 6,000| &,000| &,000! 6,900
prepolymer
Amount of prepolymer iatro- 30 30 30 30 30
duced co start free-Zfall
polymerization reaction
(lizerx)
Flow rate of conciauously fad § 4 L.5 1.2 5
prepolymer (liter/hr)
Reaction temperature (°C) 230 250 250 285 250
R2action pressure (mmHg) 1.0 C.4 0.4 0.4 0.3
Flow rate of nitrogen gas 2 2 2 2 2
(Lizer/hr)
Recirculation flow rate 100 20 20 20 100
{liter/hr) .
Mn §,000}10,810113,000)21,800}12,100
200 hrs
b¥*-value 3.3 3.3 3.3 3.3 3.2
Mn 6§,100{10,790}13,200)21,800}11,900
400 hrs
b*-value 3.3 3.3 3.3 3.4 3.2
Ax;oma.-
tig Mn §,000{10,800{13,100{21,900}12,000
poly- 600 hrs
caroa~ b*-value 3.3 3.3 3.3 3.4 3.2
natces
. Mn 5,900{10,790|13,200}21,7040(11,9CQ
800 hrs
b*-value 3.3 3.3 3.3 3.4 3.2
Mn 6§,000{10,780{13,2Q0{21,8Q04Q({12,1Q00
1,000 hrs
b*-value 3.3 3.3 3.3 3.4 3.2

g



respectively. This shows that the series of polyneri- zation

reactions was stably perforned. After conple- tion of the series of
pol ynmeri zation reactions conti nu- ously conducted for 1,000 hours,
no accunul ation of low 5 mol ecul arl¥\ﬁi @I&i’sbmtyrﬁé}eeéncB Ahg usit KO RS
observed on the perforated plate each of first and second free-
fall polynerizers 27 and 38. Exanples 45 to 48 I n
accordance with the sanme systemas in Exanple 10 44 and shown in Fig.
7, a series of polynerization reactions was carried out under
substantially the sane conditions as in Exanple 44 and in
substantially the sane manner agpile Bxanpl e 44, except that a
m xt ure of bi sphenol A and an aromatic di hydroxy conpound (shown 15
in Table 5) other than bi sphenol A was used instead of
Arcomatic polycarbonate
(obtained after 1,000-~hr
free-£fall polymerization
) rsaction)
Free-fall distance
(m)
b*-value Mn
Example 0.2 3.3 7,200
16
Example 0.5 3.3 10,800
17 A
Example 1 3.3 12,5800
18 :
Example 2 3.3 12,900
19
Ex;gple 8 3.3 13,400

This ia the replacement sheet
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t he bi sphenol A In the above-nentioned m xture, a nmol ar ratio of
bi sphenol A to another aromatic dihy- droxy conpound was 1:1, and
the m xture was used in a nol ar anount equal to the anmount of the
bi sphenol A 20 used in Exanpl e 44. _RestHbs$itiafeeshapims iAuguss| 986
Exanpl e 49 I n accordance wilfR the sane system as in Exanple
43 and shown in Fig. 7, a series of polynerization reacti ons was
carried out in substantially the sang 5@ 3 manner as i n Exanple 43 except
that in second free-fall rahte

Ex. 26|Ex. 27|2x. 23|E%x. 29

First {Dishenyl carbonats
stage |[bisphenoli A 1.10 [ 1.20 | L.05 | r.05
agita-|(malar zacia)
tion
poly- |Flow rats of prepolymer
‘merl- |4 or 4’ fed to second 3 3 2 2
zationjagication type polymeri-
zér vessal 8 (Liter/hr)
Agitation - -
palymeri- Volume of prepolymer L0
zation in second agitacion 20 20 20 20

Second|type polymerizer
Stage (vassel 8 (Liter

agita- -
tion (Resaction temperature
poly- | (°0) 230 230 233 235
meril- ,
zation|Reaction pressure (mmHg}: 100 100 3Q 3Q
Flow rate of nitrogen
gas (licer/ar) 2 2 1 1
Mn of prepolymer 14 to
be fed to first free- N
fall polymerizer 186 (100
hours after start of 700 6§70 200 s00
first stage agitation
polymerization reaction)
First Reacuion temperature 250 230 250 250
ZLCS
g:age Reaction pressure (mmHg)| 2.0 2.5 2.5 2.5
ree-
fall |Flow rate of aitrogen
poly- |gas (liter/hr) 1 2 1 0
meri-
zation|Volume of prepglymer 21 _
in first free-fall poly-| 10 10 10 10
merizer 16 (liter)
Recirculation flow rate
Free-fall (Liter/hr) 200 400 300 300
polymeri-
zation Mn of prepolymer to

be fad to second free-
Second|fall polymerizer 27 (100
stage rhours after start of 5,500 |5,200 {5,900 |6,100
free~ |first stage agitation
fall |polymerization reaction)

poly-
meri- |Reaction temperature
zation| (°C) 280 260 285 285

Reaction prassure (mmidg)| €.3 0.5 0.3 0.3

Flow rate of nitrogen

gas (lLiter/hr) 2.0 2.5 2.0 o]
Volume of prepolymer 32

gbtained in second free- 2 2 2 2
fall polymerizer 27

(lizer)

(to be continued)
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were as foll ows:
reaction pressure was 0.2 nmHg,
t he vol une of polyner
pol ynmeri zer 38 was constantly
recircul ation fl ow
above-nenti oned series of polynerization
carried out for
start of the
pol yneri zer vessel

2.5 liters/hr,

pol ymeri zer 38,

1, 000 hours.
reaction,

10
pr epol yner

rate was 75 liters/hr.
reactions was continuously
At a tinme point of 200 hours after the
10 fed fromsecond agitation type

8 to wall-wetting.Lgll pplanveniasr

t he pol ynerization reaction conditions
the reaction tenperature was 290 [err]C,
the flow rate of

t he
t rogen
rri , Substijute sbeghd 8r Auglsh!
iﬁtalned at 10 liters, and the
The

| Tx. 25 | Zx. 27 Ex. 28 | Ex. 29
Mn | 10,300 7,200 | 18,100 | 14,500
100 hacs :
S*-.value | 3.3 3.0 1.4 3.4
M | 10,200 | 7,350 | 15,900 | 14,700
200 hrs
b*-wvalue l, 3.3 3.0 3.4 3.4
B M 10,400 950 | 15,500 | 14,600
Aramatic 30Q hrs
golg- br¥-value 3.3 3.0 3.4 3.4
carbonates Mn 10,100 7,100 | 15,200 | 14,700
400 hrs .
b*.value 3.3 3.0 3.4 3.4
Mn 10,200 7,300 | 16,300 | 14,600
500 hrs
b¥*.value 3.3 \3.0 3.4 3.4

This is the replacement sheet

IRt

%as was




16 had an Mh of 780, prepolynmer 21 fed fromwall - wetting fal
polynerizer 16 to first free-fall polynmer- 15 I zer 27 had an WMh of
4,100, and prepolynmer 32 fed from first free-fall polynerizer 27 to
second free-fall pol ymeri zer 38 had SHbRHtWe steelo® Asaust d9%6kr e

t aken fromthe produced aronaticlﬁﬁﬁycarbonates whi ch were

w t hdrawn from second free-fall polynerizer 38 at tinme 20 poi nts of 200
hours, 400 hours, 600 hours, 800 hours and 1,000 hours after the
start of the reaction. The sanpl es were col orl ess and transparent,
and had a b*- val ue of 3.5, and had Mh val ues of 23,800, 24, 100,
23,900, 24,800 and 24,200, respectivel3°'ritis shows 25 that the series
of polynerization reactions was stably

[£}]

x. 39|Ex. 40|Zx. 41(=Zx. 42

. Diphenyl carcbonacze/
First bisphenol A L.04 | 1.04 | L.06 | L.04
stage (molar catio) o
agiza-
tion . |Flow raca of prepolyme:
polymeri-l4 oz 4 Zad to second
) zation agitation type polymeri- 3 10 S 5
Agi- zer vessel 8 (liter/ur)
tation
poly- Volume of prepolymer 10
merL- in sacond agication :
zation type polymerizer wvessel 20 20 20 29
Sacond 8 (licer)
stage
agita- Reaction temperature
ton | (°C) 230 230 230 230
polymeri-
zation Reaction pressura
(omHg ) 100 100 100 100
Flow rate of nitrogen A
gas (liter/hr) 2 2 2 2

Mn of prapolymer 10 ta
be fed to wa l-wetting 780 6§50 780 780

fall polymerizer 16 (100

hours after start of
irst stage agitation
polymerization reaction)

Reaction temperature

ac 4
Wall-wetting (°C) 240 240 240 250
fall . Reaction pressure
palymerization (mmEg ) 3.0 3.0 3.0 2.5
Flow rate of nitrogen
gas (liter/hr) 5 5 5 2

Volume of prepolymer 21
in wall-wetting Fall 10 10 10 10
polymerizer 16

Recirculation flow rate
(liter/hr) 600 §00 600 800

(to be continued)
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117 performed. After conpletion of the series of polyneri-

zation reactions continuously conducted for 1,000 hours, no
accurrul ati on of | ow nol ecul ar wei ght pol yner _ and the |ike was
observed on the perforated plate in 5 lzs@a‘bﬁtlbﬂefshegtt -dhAugrsdi®96
free-fall polynerizers 27 and 38. Exanpl e 50

In accordance with the sane systemas in Exanple 43 and shown in
Fig. 7, first stage and second stage 10 agitation polynerizations, a

wal | -wetting fall polyner-
Table 4 (contianued)

Ex. 39 [ Ex. 40 Ex. 41 Ex. 42

Mn of prapolymer 21 co

fad 2o first frae-
all polymerizer (100
hours after scars of 4,100 3,400 4,100 4
£irst stage polymeriza- “.800
tion rszacfion)

9
£

Reaction temperatuce 230 250
First |(°C) peras 270 230
scage " .
free- Raaction prassura 2.0 2.0 .
fall (mmHg ) 2-0 2.0
poly-
meri- |Flow rate of aitrogen 1 1 2 1

zation (gas (litez/hr)

Volume of prepolymer 32
gbtained in first free- 10 10 10 10
fall polymerizer 27

Frae- Recirculation flow rate 200 4Q0
fall (liter/hr) . o 130 200
poly-
meri- Mn of prepolymer to be
zation fed to second free-fall
golymerxzer 38 (100
ours after start of 8,800 7,300 10,400 9,800

first stage agitation
polymerization reaction)

Second -
stage |Reaction temperature 280 280 |- - 290 280
free- (°C)
fa%l 2 -
poly- aaction pressure 0.3 0.3 0.3 .
mer{- (mmEg) : 0-3
zation T :
Flow rate of nitrogen- 2.0 2.0 2.5 .
gas {(liter/hr) 8 2.0
Volume of prepolymer 43
obtained in second free- 2 2 2 2
fall polymerizer 38
Mn 13,100 9,600 7,
200 hrs 17,200 15,500
b*.value 3.3 3.2 3.5 3.4
Mn 12,900 9,800 17,6800 5.
400 hrs i 13.2%
b*~.value 3.3 3.2 3.5 3.4
Aromatic Mn 13,200 9,500 17,400 14,800
Polycarbonates 600 hrs
b*-value 3.3 3.2 3.5 3.4
Mn 13,400 8,700 17,300 15,300
800 hrs
o*-valua . 3.3 3.2 3.5 3.4
Mn 13,000 9,600 |17,700 |15,400
L.,000 hrs
b*-value 3.3 3.2 3.5 3.4

Pl b e Tecipie e ot -at

e 2 AUG 1908



I zation, and a first stage free-fall polynerization were carried
out in substantially the same manner as in Exanpl e 43 and under
substantially the same conditions as.i.n Exanpl e 43 15

Thus, prepol yner 26 having an M of 10, 10%@,%€bststutenghe%tb1 &i AdgH$tn 1 9PP st
free-fall polymerizer 27. Prepolyner 26 was then w thdrawn from

pol yneri zer 26 and conti nu- ously fed to second free-fal

pol ymeri zer 32 in an amount of 10 liters. Subsequently, a second
stage 20 free-fall polynerization reggikboy was batchw se carried

out in second free-fall polynerizer 32 for 7 hours under

pol yneri zatd ' L ~wherelin-the —reaction tenperature
was 280 [lerr]|C, the reaction pressure Aromatiwadlykcdgtignaesad the flpw
rate of nitrggen gas was 2 (obtained after 1,000-hr free-fall
Aromatic dihydroxy polymerization reaction)

compound other than
bisphenol A

b*-value Mn

Ex.
45 HG-@— s-@—m{ 3.3 10,500

Ex.
46 HO—@—SOz—@—OH 3.3 11,500

CH; | CH;
Ex.
47| HO ﬁ 0d 3.4 11,000
CH: 0 CH,
CH, CH;
Ex.
48| Ho-@-cm—@-ua 3.4 12,000
CHs CH,

This is the replacemen sheet
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25 liters/hr, while recirculating obtained polyner 37 to
118 the i ntroduction zone (having perforated pl ate 31) of

free-fall polymerizer 32 through recirculation |ine
recirculation flow rate of 100 i ter s/ hr. ASUbS""‘“'ce %’!ﬂ%rl%ﬁuﬁﬁnb‘i%ﬁ ent

aromati c pol ycarbonate having an vh 157 24,900 and a b*-value of 3.5
was obt ai ned. Exanpl e 51 An aronatic pol ycar bonat e was
produced i n accord- ance&ggﬁg&ﬁfﬁisx§$€§%§§9ﬂ9T§n Fig. 8. The

syst em shown
According to the method of the present invention,

colorless and high quality aromatic polycarbonates can
be produced at a high polymerization rate and stably

3 for a prolonged period of time, using an apparatus
whichlhas excellent sealing properties under high

vacuum and maintenance of which is easy.

1o

1s

20

25

This :3 the repiacement gheet
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in Fig. 8 was substantially the sane as that shown in 10 Fig. 7,

except that the second agitation type polyner- | zer vessel was
omtted. A series of polynerization reactions was carried
out under substantially the same condiaBsuracTRé!bsttute sheet - B Aydust 49%nd in
substantially the same manner as in 15 Exanpl e 43, except that the
second agitation type Method feoryprodNSHIY vl sarematiess polqarbehate ment i oned
above, the reaction tenperature and pressure of the wall-wetting
fall polynerization were 230 [err]C and 100 mrHg, respec- ti'vely,
and that the reaction pressure in the first 20 free-fal
pol yneri zation was 5yatlnad for d -gae bovgs NEDLI g i.es of
pol ynmeri zati on reacti ons Was  coh nagusTymcaFri§§§ S?gg8paf?000
hour s. comprises introducing to an intrecduction zone (having a
s perforated plate) a) a molten monomer mixture of an
aromatic dihydroxy compound and a diaryl carbonate, or
b) a molten prepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, and allowing the monomer mixture or prepoly-
10 mer in the molten state to pass downwardly through the
perforated plate and fall freely through a free-fall
polymerization reaction zone, thershy effecting poly-
merizaticon of the monomer mixture or prepolymer during
the free-fall thereof. Colorless and high quality
1s aromatic polycarbonates are thus stably'prodﬁced at a

high polymerization rate for a prolonged periocd of
time, using an apparatus which has excellent sealing
properties under high vacuum and maintenance of which

is easy.

26 (Figure 1)

This Sheet Has Been Replaced
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Sampl es were taken from the produced aromatic pol ycar - bonat es

whi ch were withdrawn from second free-fall 25 pol ynmeri zer 32 at tine’
poi nts of 200 hours, 400 hours,

119 600 hours, 800 hours and 1,000 hours ityt 3/8{92

the reaction. The sanples wer e colorless ahB transpar- ent, and had
a b*-value of 3.4, and had M val ues of 14,800, 14,600, 14,900,
14,800 and 14, 700, LESRGE! L¥GaiosOuicn byt edES.E0OVE, Dhgt UgeSEri oS Of
pol ymeri zati on reactrons- was stabry per orned conpletlon of

above-mentioned problems of the prior art. As & re-
sult, it has unexpectedly been found that by adopting a
free-fall polymerization method in which a éolymerizing'
5 material is allowed to pass through a perforated plate
and fall freely, the object of the present invention

can be attained.

The essential features and preferred embodiments of the

present invention are enumerated below.

10
REPLACI:N' ENT SHEETS SG s aaest b
i ing o paged L2t pa;c§£°éjl_§f,ﬂﬁ e
s paged (¥§g§ 'hesd 35|
| (2} paged ... tO PRgEG ...
15 paged ¥ to paged ...
DATE OF RECEIPT ... 51
20

25



the series of polynerization reactions continuously conducted for
1,000 hours, no accunul ation of |ow nol ecul ar wei ght pol yner and

the |ike was observed on 10 the perforated platedn ch of fir d
second free- fall polynerizers 21 and 32. _Sggéﬁgnegheet-ééggg,

10a
————ll
1. A method for producing an aromatic polycarbonate,

which comprises:

introducing to an introduction zone having a

perforated plate at least one polymerizing material
§gl§cted from the group consisting of:
a_molten monomer mixture of an aromatic dihyvdroxy

compound and a diaryl carbonate, and

a_molten prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy compound with &

diarzl carbonate, and

allowing the polymerizing material to pass down-

wardlz through the perforated plate and fall throug@_a

fall golzgerization reaction_zone, thereby effecting a

fall polymerization of the polymerizing material during

the fall thersof to obtain a polvmer at a bottom of the

fall polvmerization reaction zone,

the fall being at least one fall selected from the

group consisting of a free fall and a wire—wetting_




25 119a Conparative Exanple - 52
Substantially the sanme pol ynerizati on apparatus as I n Exanple 3 and shown

'n Fig. 2 was used, except that Substitute sheet - 3/8/99

11
fall, wherein when the fall is a wire-wetting fall, the

fgll gglgmerizatign reaction zone has at least one wire

provided in correspondence with at least one hole of

the perforated plate and extending downwardly through

the fall polymerization reaction zone. .

2. A method according to item 1 above, which further

qemprises recirculating to the introduction zone having

the perforated plate a part or all of the polymer

obtained at the bottom of the fall polymerization
reaction zone, and allowing the recirculated polymer to

pass downwardly through the perforated plate and fall

through the fall polymerization reaction zone, thereby

increasing the deqree of polymerization of the recircu-

lated polymer during the fall therxeof to 3 predeter-

mined level.

introduction of the polymerizing material to the intro-

duction zone having the perforated plate is continuocus-

ly conducted, and which method further comprises con-

tinuously conducting a sequence of steps of recirculat-

ing to the introduction zone having the perforated
late a part of th L0 : ]

the fall polymerization reaction zone, and allowing an



50 strands of 0.1 nmmjerr] SUS 316 wires were hung vertical- |y fromthe
respective holes of the perforated plate to the reservoir portion at the

bottom of the free-fall polynerizer, so that the p olyner did p f al
freely (not free-fall) but fell along and in contééﬁgﬁﬁéﬁiﬁﬂ%ELaéﬁgggf

(WMre-wetting fall) . A polynerization reaction was batchw se carrjed out
for 2 hours under the same reactionigonditions as in Exanple 9 except
that the wre-wetting fall was used instead of the free-fall. An
aromat i ¢ pol yeaybonat & havi ng, & M 6, 8,500 AN 80,023 vabYGROL, B g vas
obt ai ned. | Fe—HeTease—+ wei ght
was about one |Gt 1 psa l 2rg6s ass L hat,, phsed Vs 4 8P Ls S downward-

lv through the perforated plate and fall through th

fall polvmerization reaction zone, therebyv continuousl

effecting a fall polymerization of the admixture durin

the fall thereof, while continuously withdrawing the

remainder of the polymer obtained at the bottom of the

fall polymerization reaction zone.

4. A method according to item 1 above, wherein the
polvmerizing material is the molten prepolvmer.

S. A _method according to item 4 above, wherein the

molten prepolymer is a molten second prepolymer which
has been obtained by a process comprising polymerizing

a_starting material in a molten state, while agitating,

_in an aqitation type polymerizer wvessel, the starting "

material being at least one member selected from the

a monomer mixture of an aromatic dihydroxy com-
pound and a diaryl carbonate, and

a first prepolymer obtained by reacting an aromat-
Ac dihydroxy compound with a diaryl carbonate,
thereby effecting an agitation polymerization of the




120 Table 1 Ex. 11 Ex. 12 Ex. 13
Ex. 14  Ex. 15 Mol ecul ar wei ght of 2,200 6, 000 6, 000 6, 000
6, 000 prepol ymer Amount of prepol yner intro-

30 30 duced co start free-fall polynerlzat|onS¥Q%¥¥L%ﬁL—ELgﬁL§5ﬁ§ of

continuously fed 6 4 1.5 1.2 5 prepol yner
(Liter/hr) Reaction tenperature ([errhg 250 250 250

285 250 Reaction pressure (mrHg) 1.0 0.4 0.4
0.4 0.3

wherein the molten second gregolxmer is subjected

to the fall polymerization to obtain the golzmer at the

bottom of the fall polymerization reaction zone.

6. A method according to item S above, which further
comprises recirculating to the introduction zone a part
or all of the polymer obtained at the bottom of the
fall polymerization reaction zone, and allowing the

recirculated polvmer to pass downwardly through the.

perforated plate and fall through the fall polymeriza-

tion reaction zone, thereby increasing the degree of

polymerization of the recirculated polymer during the

fall thereof to_a

redetermined level.

7 A _method according to item 5 above, wherein, in

_the fall polymerization of the second prepolymer, the

intfoduction of the second prepolymer to the introduc—-

tion zone having the perforated plate is continuously

conducted, and which method further comprises continu-

ously conducting a sequence gf steps of recirculating

to the introduction zone a part of the polymer obtained

~at _the bottom of the fall polymerization reaction zone,

and allowing an admixture of the continuously intro-

duced second prepolymer in the molten state and the

through the



Flow rate of nitrogen gas 2 2 2 2 2

(liter/hr) Recirculation flowrate 100 20 20

20 100 (Liter/hr) 200 hrs Vh 6,.00 10, 3,000
21,800 12, 100 b*-val ue Subistitite sheat 4/g/ed!

3.3 3.2 Vvh 6, 100 10, 790 13, 200 21, 800
11, 900 400 hrs 14 b*-val ue 3.3 3.3
3.3 3.4 3.2 Aroma- tic Vh 6, 000 10, 800
%35100 2%’200 er$6:200aP) Xte an800a01S+HRERGR the fal 1y¥8rYSa-

5, 900 10, 790¢3d3, 209ctidd: Z90e, 48288y continuously effectiby wal ue
3.3 3.3 : A N » — I, 6, 000
10,780 13,200 £a?i, £ TTT i 5

3.3 3.3 / 3.2

" thereof, while continuously withdrawing the remainder
of the polymer obtained at the bottom of the fall

polymerization reaction zone.

8. A method according to item 4 above, wherein the
molten prepolymer is a molten third prepolymer which
has been obtained by a process comprising:

polymerizing a starting material in a molten

state, while agitating, in an agitation type polymeriz-

exr_vessel, the starting material being at least one
member selected from the group consisting of;

a_monomer mixture of an aromatic dihzdrpxx com-
pound and a diaryl carbonate, and
| - a_first prepolymer obtained by reacting an aromati
ic dihvdroxy compound with a diaryl carxbonate,
thereby effecting an agitation polymerization of the
starting material to obtain a second prepolymer; and

feeding th r lvmer in a molten state to

an _upper portion of a wall extending through a wall-

wetting fall polyvmerization reaction zone, and allowing

the second prepolymer to fall along and in contact with

the surface of the wall, thereby effecting a wall-




121 Tabl e 2

Aromati c pol ycarbonat e (obtained after 1, 000-hr
free-fall polynerization r tion)

tree-fay) ROLYMEr| (m SubsEAfth bkt - 3/8/99.
b*-val ue vh Exanpl e 1§.2 3.3 7,200
16 Exanple 0.5 3. 10, 800 17 Exanpl e

1 3.3 12, 600 18

wgttina fall polvmerization of the second prepolymer

during the wall-wetting fall thereof; and

wherein the molten third prepolymer is subjected

to the fall polymerization to obtain the polymer at the

bottom of the fall polymerization reaction zone.

9. A method according to item 8 above, which further

comgrises recirculating to the introduction zone a part

or all of the polymer obtained at the bottom of the

fall polymerization reaction zone, and allowing the

recirculated polymer to pass downwardly through the

perforated plate and fall through the fall polymeriza-

tion reaction zone, thereby increasing the degree of

polymerization of the recirculated polymer during the

fall thereof to a predetermined level.

10. A method according to item 8 above, wherein, in-'

the fall polymerization of the third prepolymer, the

introduction of the third prepoclymer to the introduc—

tion zone having the perforated plate is continuously

conducted, and which method further comprises continu-

ously conducting a sequence of steps of recirculating

to the introduction zone a part of the polymer obtained

at the bottom of the fall polymerization reaction zone,

and allowing an admixture of the continuocusly intro-




Exanpl e 2 3.3 12,900 19 Exanpl e

8 3.3 13,400 20

122 ; Table 3 Ex. 26 27, Ex. EX.

29 First Di phenyl carbonate/ st E% 1 @/99

1.10 1.20 1.05 1.05 agita- (nolar ratio) tion
16

duced third prepolymer in the molten state and the

recirculated polymer to pass downwardly through the
perforated plate and fall through the fall polymeriza-

tion reaction zone, thereby continuously effecting a

fall polymerization of the admixture during the fall

thereof, while continuously withdrawing the remainder

of the polymer obtained at the bottom of the fall

polvmerization reaction zone.

1ll. A method according to any one of items 1 to 9

above, wherein the fall through the fall polymerization

_;eﬁggigp zone is conducted through a distance of 0.3 m

or more from the perforated plate..
——

As mentioned above, a number of polymerizers



poly Fl ow rate of prepol yner meri- 4 or 4" fed to second
5

5 2 2 zation agitation type polyneri-
zer vessel 8 (Liter/hr) Agitation polyneri- VolLune of prepol 10
zation ' in second agitation 20 -Substityfe eeezdi&ﬁ59 20
Second type pol yneri zer Stage ve$del 8 (Liter) agita-
tion Reaction t emmer at ure ~ poly- ([err]C . 230
?ﬁng) 235 100 p&%%%ﬁigonateSSggaid nct5@e ei%%E%QdR%%%%I%g@g&ﬁﬁgﬁggar
ni trogen : GLiter/hr) . 2 1
1 tﬁﬁn 8%2%8&??3?'f5 ng polyamides at Sélfed to first
free- fralleypol yoerizer 16 (1003 .0 cnae oaomaNQULS After
start of 700 670~ 900 900 FI 8l stage
agitation carbonateROLYABLEZ AbAl JeB@Gbi-@Nkasily by a freed?RAqtion
tenperature 250 » 250 ° 250 250 - FA st

?tage Reacti on Ro3SAddra 2eibd) procesd. @han byZadnon-fZe2-£aL1 pblimer-

ree ization, such as polymerization by allowing a polymer-
izing material to fall along and igs/contact with a
guide. This is also surprising”because, according to
conventional knowledge regafding a method for producing

10 polyesters and polyamjdes, it has been recognized that

a non-free-fall ppdcess is superior to a free-fall
process. Thig fact clearly shows that knowledge about

the polypérization reaction of polyesters and polya-

mideg” cannot be applied to the polymerization of aro-

15 e RS DO RraEe

The <fxee~fall polymerization method of the present
invention using a perforated plate does not require a
polymerizer which has a rotary driving part which is

exposed to a gaseous phase during the reaction, so

20 that, with respect to polymerization apparatus for
o ) fall )
practicing a fsee-fadl polymerization method, excellent

sealing can be provided even under high vacuum, and
maintenance of the apparatus is easy. Furthermore,
colorless, transparent and high quality aromatic poly-

25 carbonate can be easily produced by the method of the



fall Flow rate of nitrogen poly- gas (liter/hr)

1 2 1 0 meri - zation Vol une of

prepol ymer 21 in first free-fall poky;i._,.

10 10 merizer 16 (liter) bxbsuuﬂeShégpeéygéjiatlon
flow rate Free-fall (liter/hr) 21 200 400 300

300 polyneri- zation Mh of prepolynmer to be fed

to second free- resent mssﬁgngBBa' II‘hE(E ggwcés gzhgéogf ke pres¥hid®

hours after start
first stage agi akk@Rion for p rEahELnEOBK”EEbﬁQEkenpﬁﬁ?EEEQ@hate

free-

pol y- meri- Reaction tenperature ion ([err]

280 260 285ves all28% the difficult pB@&Qbh@nméhei&H.é@ @mpEa)

0.3 0.5 0.3 0.3 Fl ow rate of nitrogen

gas (liter/hr) which accompany?2c@nventidnal metBofls for mel® polycon-
Vol une of prepol yner 32 obt ained in second free- 2
2 2 dengation of an arompgllc pollywerbzert2?

(liter)
In the method of the present invention, various

modes are po;sible. Examples of modes include a) the
use of a single £xee~fall polymerizer which is adapted
for allowing a polymerizing material to pass through a
10 perforated plate and fall &L&eeds, b) the use of a
plurality of -&waee~fall polymerizers, each of which is
adapted for allowing a polymerizing‘haterial to pass
through a perforated plate and fall £xaely, and c) the
use of a combination of a single or plurality of £xae-
15 fall polymerizers adapted for allowing a polymerizing
material to pass through a perforated plate and fall
-feeady and another type or types of polymerizers.
Preferred examples of embodiments of the mode
which compriéés combining a £=ae~xfall polymerization
20 process using a perforated plate and another type or
types of polymerization processes include a method
which comprises conducting an agitation polymerization
of starting material (selected from the group consist-
ing of a) a monomer mixture of an aromatic dihydroxy

25 compound and a diaryl carbonate and b) a first prepoly-



(to be continued) 123

Tabl e 3 (conti nued) Ex. 25 Ex. 27 Ex.
28 Ex. 29 Vh 10, 300 , 200 6, 10 4. 500
100 hrs b*-val ue 3.3 ggég@pﬁes%eet-%gyéb

3.4 Mh 10, 200 %2 7,350 15,900 14, 700

200 hrs b*-val ue ' 3.3 3.0 3.4 3.4

Mh 10, 4QQr ob8a¥n8d %9’§Qgcti&é’§90aromatic dihydroxy compound

with a diaryl carbonate) using an agitation type poly-
merizer vessel to obtain a second prepolymer and con-
ducting a fxea-fall polymerization of the second pre-

polymer using a fweewfall polymerizer having a perfo-

in

rated plate. By this method, high quality aromatic
polycarbonate can be efficiently produced. 1In the
.agitation polymerization, it is ordinarily not neces-
sary to carry out the reaction under high wvacuum, so

10 that the quality of the resultant second prepolymer is
not lowered by the agitation type polymerizer vessel,
and the starting material can be pdlymerized at hiéh
volumetric efficiency. In the subsequent step for
increasing the degree of polymerization of the second

15 prepolymer, a &&ee-fall polymerization is particularly
advantageous. By using the above method, in which an
agitation polymerization is combined with aaﬁsae-fail
polymerization, high quality aromatic polycarbonate can
be efficiently produced.

20 Further, as another preferred embodiment of the
combination mode of the method of the present inven-
tion, there caﬁ be mentioned a method which comprises
conducting an agitation polymerization of the above-
mentioned starting material using an agitation type

25 polymerizer vessel to obtain a second prepolymer, con



Aromati c
3.4
7,100
3.4 -
14, 600
3.0
Tabl e 4
Ex. 41

10

20

25

3.4

3.4

0

300 hrs poly- b*-val ue 3.3 3.
car bonat es 400 hrs Vh 10, 100
16, 200 14, 700 b* - v? Ug ! 3—38 8 !9? 3.0
3 2 Mh .3 1 itute sh s 1300
500 hrs _ b*-val ue 3.3
3.4

onat e/
second prepolymer by allowing the second prepolymer to

fall along and in contact with the surface of a wall,
to obtain a third prepolymer thereby, and conducting a
£zee~fall polymerization of the third prepolymer using
a -heoe+fall polymerizer having a perforated plate. In
the agitation polymerization, it is ordinarily not
necessary to carry out the reaction under high vacuum,
so that the quality of the resultant second prepolymer
is not lowered by the agitation type polymerizer ves-~
sel, and the starting material can be polymerized at
high volumetric efficiency, as mentioned above. The
wall-wetting fall polymerization of the second prepoly-
mer having a relatively low degree of polymerization is
advantageous since a large heat-transfer surface area
is available in the wall-wetting fall polymerization
method, and it can efficiently provide latent heat 6f
evaporation for a by-produced aromatic monochydroxy
compound.and the like. 1In the subsequent step for
further increasing the degree of polymerization of the
third prepolymer, af£xae~fall polymerization is partic-
ularly advantageous. By combining these three differ-
ent polymerization processes in the manner mentioned
above, a high quality aromatic polycarbonate can be

efficiently produced.

124

ducting a wall-wetting fall polymerization B¢ &% EX. 40
Ex. 42u L g‘ wa we J.I'lq:)I p enﬁo gglnreg:lz 1



Fi rst bi sphenol A 1.04 1.04 1.04 1.04

st age (nol ar ratio) agita- tion Fl ow race of
pr epol yner polymeri- 4 or 4' fed to secon at,jo
agitation type polyneri- 5 10 Cgubstlt te,aheet —3/8/99
zer vessel 8 (liter/hr) tation poly- 34 VoI ume of prepolyner 10
neri - in second agitati on zati on type pol yneri zer
vessel 20 20 20 Second (Liter
st age a@i'leémlym%&@t |16ﬁ=t éﬁﬁér étouloéo and “’hFi"or’rt ls ’("[‘)ér‘ﬂ
230 230 230 ;i m% h ti o0, Reacti on
pressure to obtain an Gﬁ:ﬁﬂéflc polycar onate avz.nfoo't % 100
%P?t er/ hr) average moq.?cu ta?. gfeérg];l"\tt_r %QGQQ,OOO, t:h2r number av%arsage
Vh of prepol ymer 1010 .. ance of 28 f&dl ol oWeide
780 olpmiter wejghc range of A f“‘%‘t“? \e’aeﬁ’ol yrrer‘?ger M 100
hour s aft§ starnq{ 20,000. first stage agitation
pol ymeri zati on reaction) - Reaction tenperature

10

" 15

20

25



Val | -wetting ([err] O 240 240 240 250

fall Reacti on pressure polynerization ( nmHg)

3.0 3.0 3.0 2.5 Flow rate of nitr

gas (liter/hr) 5 5 lgvubsistute sheeb - %95}597

Vol ume of prepolyner 21 in wall-wetting fall 10
10 10 10 pol yneri zer 16

Recircul ation flow rate 34a_ (liter/hr) 600
600 600 800

(to be continued) 125

The method of the present invention for producing an

aromatic golzcarbonate comprises:

introducing to an _introduction zone having a perforated

plate at least one polymerizing material selected from the

up_consisting of:’

a_molten moncomer mixture of an aromatic dihydroxy com-

pound and a diaryl carbonate, and

a molten prepolymer obtained ‘by a process domprising

reacting an aromatic dihydroxy compound with a diaryl car-

—bonate, and:

allbwing“;he polymerizing material to pass downwardly

through the perforated plate and fall through a fall polymer-

ization reaction zone, thereby effecting a fall polymerizaficn

of the polymerizing material during the fall thereof to obtain

a polymer at a bottom ¢f the fall polvmerization reaction

zone,
L

the fall being at least one fall selected from the group

consisting of a free fall and a wire-wetting fall, wherein

when the fall is a wire-wetting fall, the fall polymerization

reaction zone has at least one wire provided in correspondence

with at least one hole of the perforated plate and extending

downwardly through the fall polymerization reaction zone.




Tabl e 4 (continued) Ex. 39 Ex. 40

Ex. 41 Ex. 42 Wh of prepolynmer 21 to be fed
to first free- fall polynerizer (100 . S
after start of 4,100 3,400 4,100  SuBsgute sheet - 3874
first stage polyneriza- tion reaction)
Reaction tenperature 250 250 270 250 First
([err] O st age free- Re3fijion pressure 2.0
2.0 2.0 2.0 fall (mmHg) pol y- meri -
Fl ow rate of nitrogen 1 1 2 1 zation gas
(liter/hr) vol ume of prepol yner 32 obtained in
first free- 10 10 10 10 fal
pol ymeri zer 27 Free- Recircul ation flow rate 200 400
150 200 fall (liter/hr) poly- meri- Vh of prepol yner
to be zation fed to second free-fall pol yneri zer 38
(100 hours after start of 8, 800 7,300 10,400
9, 800

The terminology "free-fall" used in the present

al does not contact an object causing resistance to
fall, such as a guide or a wall. Thas polymerizing

material is allowed to fall freely in the form of a

film, a filament, a droplet, 2 spray or the like.
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1, by-products produced in & poly-

condensation reaction, such as phencl, are removed.



first stage agitation - polynerization reaction) Second

stage Reaction tenperature 280 280 290 280
free- (O . fall poly- Reaction presgur

0.3 0.3 0.3 meri - ( o) §jute sheet - 3780 ow
rate of nitrogen 2.0 .0 35 2.5 2.0

gas (liter/hr) Vblune of pr epol yner 43 obt ai ned
in second free- 2 2 2 2 ‘fal

pol ymeri zer 38 There is no particular ppmitation fétfogesq?qﬁxyo

17, 200

3 2 15, ggg shang Ef holes o% ghe ﬁﬁrforated Plaff §6b%; E§b0 3.3

17, 600 15, 0 4 . val ue
3 3 3 2 Qg the gethod of §h2 %ggﬁéﬁtcxnventlon. Cenerﬁ&%y, the

%SQZOO 39,59grphol%6v4QQ a h%&iggg Bal¥eaERORALRS a cﬂgylénr%n *-val ue

13,400 5 9,70@11i psb %OQrian§5e30Q slit, a polvgon 8@0 shag- dhd‘ﬁﬂdﬂ?
3.3 3.2 - 3.4 000 hrs Mh
13, 000 9, 60Qike. llmEO&rea b5, 4@@h hole of the perforated plate is
usually from 0.0l to 100 cmz, preferably from 0.05 to
10 cmz, more preferably from 0.1 to 5 cm?. The perfo-
rated plate may have a2 nozzle or a guide connected
10 thereto, as long as a polymerizing material can fall
freely after passing such a nozzle or guide. The
distance between adjacent holes is generally from 1 to
500 mm, preferably from 10 to 100 mm, more preferably
from 15 to 50 mm, as measured between the centers of
15 the adjacent holes.

With respect to the number of holes in the perfo-
rated plate, there is no particular limitation, but £he
number of holes may vary depending on conditions, such
as the reaction temperature and pressure, the amount of

20 catalyst, and the range of molecelar weight of polycar-~
bonate to be produced. For example, when a polymer is
to be produced at a rate of'lQO kg/hr, usually 10 to
10° holes are necessary. A distance through which the

~£xa8--fall of the polymerizing material is conducted is

25 preferably from 0.3 to 50 m, more preferably from Q0.5



b*-val ue 3.3 3.2 3.5 3.4

126 Table 5

Aromatic pol ycarbonate ned after 0QO0- hr
free-fall Aronatic di hydroxy polynerlzatlo gﬁ@ 9?%%&333t'3§3 bund
ot her than bi sphenol A b*-val ue

Mh Ex. 45 [J[err] 3.3 10, 500

to 20 m, from the perforatad plate.
A flow rate at which the polymerizing material
passes through the holes of the perforated plate may

vary depending on the molecular weight of the polymer-

w

izing material. The flow rate per hole is generally
liters/hr, preferably from 10'2 to

y R . - . oz .
10% liters/nht, more preferably from 0.1 to 50 liters/

hr
The <aEaamfall time is not particularly limited,
10 but is generally from 0.0l seconds to 1 hour.

20

N
(V1]



Ex. 46 [err] 3.3 11, 500 Ex. 47 [err]
3.4 11, 000 Ex. 48 [err] 3.4 o

12, 000 Substitute sheet - 3/8/99

36a

When a wire-wetting fall polymerization is conducted,

with respect to the positional relationship between the at

least one wire and the perforated plate, and to the positional.

relationship between the at least one wire and the at least

one hole of the perforated plate, there is no particular

limitation as long as 2 polymerizing material introduced to

the introduction zone is enabled to pass downwardly through

the perforated plate and fall along and in contact with the at

least one wire toward the lower end of the at least one wire.

The wire and perforated'plate either may be or may not be in

contact with each other.

Explanation is made below on 4 examples of manners in

which the wire is provided in correspondence with the hole of

the p ated perforated plate. However, the manner is not




127 | NDUSTRI AL APPLI CABI LI TY Accor di ng

to the nmethod of the present invention, colorless and high quality
aromati c pol ycarbonates can be produced at a high. olzneriz '
rate and stably 5 for a prolonged period of tinre v [32us
which has excellent sealing propertiesygnder high vacuum and

mai nt enance of which is easy. 10 ==~

limited to the following 4 examples. In a first example, the

upper end of the wire is secured to a support rod provided

above the perforated plate, and the wire extends downwardly

through the hole of the perforated plate. In a second exam-

ple, the upper end of the wire is secured to the upper circum-

ferential edge of the hole of the perforated plate, and the

wire extends downwardly through the hole of the

perforated

plate. In a third example, the upper end of the wire is

secured to_ the lower surface of the perforated plate, and the

wire extends downwardly from the lower surface of the perfo-

rated plate. In a fourth example, the wire is attached to a

support rod as described in the first example above, and the

support rod having the wire attached thereto is provided not

at a position above the perforated plate as in the first

example, but at a position below the perforated plate. In the

case of the fourth example, since the upper end of the wire is

positioned‘below the perforated plate, a polymerizing materiai

which has passed downwardly through the perforated plate
freely falls before falling along and in contact with the
~yire.
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nvention, & volymer obtained by
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CLAI M5 1. A nethod for producing an aro

pol ycarbonate, which conpri ses: I ntroducing to an introductio
having a perforated plate at | east one polynerizjng material selected
fromthe group consisting of: a nolten nnn§%$gﬂﬂﬂﬁﬁﬂﬁﬁicﬁﬁgﬁgﬁronatic

di hydr oxy

15

20

conpound and a diaryl carbonate, and

the present invention include a method according to the
embodiment of item (1) above, wherein the introduction
of the molten monomer mixture or molten prepolymer
(polymerizing material) to the introduction zone having
the perforated plate is continuously conducted, and
which method further comprises continuously conducting
a sequence of steps of recirculating to the introduc-
tion zone (having the perforated plate) part of the
polymer obtained at the bottom of the <Exea~fall poly-
merization reaction zone, and allowing an admixture of
the continuously introduced monomer mixture or prepoly-
mer in the molten state and the reci}culated polymer to

pass downwardly through the perforated plate and fall

—£reely through the £xee-fall polymerization reaction

zone, thereby continuously effecting a -fmae-fall poly-
merization of the admixture during the &&ee-fall there-
of, while continuously withdrawing the remainder of ﬁhe
polymer obtained at the bottom of the -fsee~fall poly-
merization reaction zone. According to this embodi-
ment, polymerization can be carried out stabl§ for a
prolonged period of time without an accumulation of low
molecular weight polycondensate and the like on a
perforated plate. This is one of the great advantages
of the present invention. In the present invention,

the reaction temperature for reacting the aromatic

mati c
n zone



a nolten prepol yner obtained by a process conpris- I ng reacting an
aromati ¢ di hydroxy conpound with a di aryl carbonate, and al | owi ng
said polynerizing material to pass down- . i

129 wardly through said perforated plate and fal ityte, sheef £,3/8/99
pol ymeri zation reaction -zone, thereby eff¥®cting a fall polyneriza-

zations, all of the polymerizers, recirculation lines,
transfer lines, discharge lines and the like are heatad

to and kept at an elevated temperature by means of a

heater and a jacket.

(¥4}

With respect to materials for constructing the
polymerizers to be used in the method of the prasent
invention, there is no particuler limitation, but
stainless steel, nickel or glasé is generally used as a
material for at least inner wall portions of polymeriz-

10 ers.

In the present invention, it is also preferred
. ' h) .
that the inner wall of a polymerizer be wetted with
part of a recirculated polymer in order to prevent

sticking of scales to the inner wall of the polymeriz-

1s er.

20



tion of said polynerizing material during the fall thereof to obtain.a

polynmer at a bottomof said fall polynerization reaction zone, sai d
fall being at |east one fall selected from the qggug,consisting ﬁgia free
fall and a wire-wetting fall, wherein when said i b i Ng
fall, said fall polynerization reaction zone has at |east one wre

provided in correspondence with agp3aeast one hole of the perforated plate
and extendi ng downwardly through said fall polynerization reaction zone.
2. A nethod ageeedhbBglé® T4 atieh 105 owieanpriefesred pg at i ng

to said introductron zone"—haV|ng the perforated plate a part or all of
sai d of the method of the present anentlon )

Molten monomer mixture| (firsc scage) Agitation ——
of aromatic dLnyd;oxy golymerizaztion Molten ficst
comcound and aromatic >| prepolymerz:
cardanat

Molten aromatic .
polycarbonate of desized
degree of polymerization

I

(second stﬁge) Agitation polymerization

- — all.wat
Molten thizd polymer

£a
ion : Molcen second
prapolymar <

prepolymer

As can be seen from the-above flow chart, the monomer

mixture, the first prepolymer, the second p er or the
third prepolvmer can be polvmerized by & £xee—fall polvmeriza-

tion to obtain an aromatic polvcarbonate of a desired degres

_of polvmerization, and the obtained aromatic polycarbonate may

.De_racirculated to the

for fmee=fall poly-

.merization in order' to increase the degrse of polymerization.




pol ynmer obtained at the bottomof said fall polynerization reaction zone,

and allowing said recir- culated polyner to pass downwardly through said

perfo- rated plate and fall, through said fall poléngri.t%@t isgg E?a"’ié}ﬁ

zone, thereby increasing the degree of polynerizati i f ted

pol ymer during the fall thereof to a prede- termned |evel.
63b

F_DESCRIPTION OF DRAWINGS

&)

BRI

Figs. 1 and 2 respectively show two forms of

ree~-fall polymerization apparatus usable in the

rh

present invention.

Figs. 3 to 8 are diagrams showing various systems

for practicing the method of the present invention.

DESCRIPTION OF REFERENCE NUMERALS
(Figs. 1 and 2)
l: Inlet for a polymerizing material

2: Recirculation line



130 3. A nmet hod according to claim1l, wherein said I nt roduction of

the polynerizing material .to said I ntroduction zone having the perforated
plate is con- ti nuously conducted, and which nethod further rises
continuously conducting a sequence of steps of @MMQM-%@E@ sai d

i ntroduction zone having the perforat ed’l plate a part of said pol yner
obtained at the bottomof said, fall polymerization reaction zone, and

al l owi ng an adm xt ur&&f @j’]ﬂd ﬁc %g#ﬁ ié/ dtﬁt rﬁﬁj%m}ﬁ@!?mi zi ng

material and the re hr ough said

perforated plate 3Rd [ablent! PROUAP:SAI 9112l LePRLYERELZA! i ANnore

detail with reference to the following Examples.
In the following Examples, the molecular weight is
> expressed in terms of the number average molecular
welght (hereinafter referred to simply as "Mn") as
measured by gel permeation chromatography (GPC). The
color of the aromatic polycarbonate produced was evalu-
ated, using a specimen having a thickness of 3.242%, in
10 accordance with the CIELAB method, and the yellowness.
of the specimen is expressed in terms of the b*-value.
Example 1 h

A free-fall polymerization reaction was carried

out using polymerization apparatus shown in Fig. 1.

15 Free~fall polymerizer 10 (contained in the polymeriza-
tion apparatus) is equipped with perforated plate 3,
which has 50 holes having a diameter of 7.5 mm and
arranged in a zigzag configuration in which the dis-
tance (pitch) between the adjacent holes is 30 mm, as

20

measured between the centers of the adjacent holes.
The free-fall aistance is 4 m.

A prepolymer having an Mn of 2,400, prepared by
reacting bisphenol A with diphenyl carbonate in a molar
ratio of 1:1.05, was continuously fed to fre?—fall

25 polymerizer 10 at 5 liters/hr, so that a free-fall



reaction zone, thereby continuously effecting a fall polynerization of
said adm xture during the fall thereof, while continuously w thdraw ing

t he remai nder of said polynmer obtained at the bottom.of said,f
pol ynmeri zati on reaction zone. 4. A netbhod acé&ﬁél.getieEFéggbf?g
wherein said poly- nerizing material is thée nolten prepol yner. 5 A

nmet hod according to claim4, wher ei n said nolten prepolymer is a nolten
second prepol ymeh AdHqH 23 BeeRc 1 GRt @i Aed by caaPLEEeSELEARRbNSIFNGw
pol ynerizing a start- '
rate of 20 liters/hr. A colorless transparent aromatic
polycarbonate having an Mn of 10,000 and a b*-value of

3.3 was obtained.

5 Zxample §
The same polymerization apparatus as in Example 3
and shown in Fig. 2 was used. As prepolymer, 30 liters

of an aromatic polycarbonate having an Mn of 4,700,

L

which was the same as that obtained in Example 5, was
introduced to free-fall polymerizer 10, and a free-fall

polymerization reaction was batchwise carried out for 2

3

hours under polymerization reaction ¢onditions wherei
the reaction temperature was 280 °C, the reaction

pressure was 0.4 mmHg, and the flow rate of nitrogen

'-l
wn

gas was 2 liters/hr to obtain a polymer, while recircu-
lating the obtained polymer to the introduction ééhe
(having perforated plate 3) of free-fall polymerizéf'lo
through recirculation line 2 at a recirculation flow
rate of 25 liters/hr. A colorless transparent aromatic

20 pclycarbonate having an Mn of 11,000 and a b*-value of

3.3 was obtained.




131 ing material in a nolten state, while agitating in an agitation type
pol yneri zer vessel, said starting mate- rial being at |east one nenber

sel ected fromthe group consisting of: a nonong nlxture of an
aromatic di hydroxy com pound and a di aryl 7gar bonat e2uBgtHute sheet ; 3/8/99
prepol yner obtained by reacting an aromat- ic di hydroxy conpound with a

di aryl carbonate, thereby effectlng an agitation polynerlzatlon of said

N
oW Ok = by oo e - - .
= rs s oata B B Ay N v R Y o O N e R e W N S S T o T~ S ¥ G ) - mpeapangtl - () &

the reservoir portion at the bottom of the free-£a
polymerizer, so that the prepolymer did not f&1l freely

(not free-fall) but fell along and in cgefact with the

wn

wires (wire-wetting fall). A polypeTtization reaction
was batchwise carried out for hours under the same

reaction conditions as i?x‘xamole S except that the

7
-~

wire-wetting fall wz# used instead of the free-fall.

An aromatic poly€arbonate having an Mn of 5,500 and a

.wl
o

b*-value g# 3.3 was obtained. It was found that the

rate #T the increase in molecular weight was about one

Example 10

The same polymerization apparatus'as in Example 3
15 and shown in Fig. 2 was used. 50 Liters of a molten
mixture of biséhenol A and diphenyl carbonate in a
molar ratio of 1:1.15 was introduced to frée—fall
polymerizer 10, and a free-fall polymerization-reaction
was batchwise carried out for 1 hour under polymeriza-
20 tion reaction conditions wherein the reaction tempera-
ture was 250 °C, the reaction pressure was 100 mmHg and
the flow rate of nitrogen gas was 2 liters/hr to obtain

a polymer, while recirculating the obtained polymer to

the introduction zone (having perforated plate 3) of

)]
w

free~fall polymerizer 10 through recirculation line 2



starting material, and wherein said nolten second prepolymer is

subjected to said fall polynerization to obtain said polyner
at the bottomof said fall polynmer- ization reaction,zone. 6. ‘Aygﬁﬁ;od
according to claim5, which further conpri recir e

introduction zone a part or all of said pol'ymer obtained at the bottom of
said fall polynerization reaction zone, and allow ng said recirculated

polymer to pass deyaweidh Yweddciah- 1900 R fraratgrdh St e and Al |4 thiough
said fall polynerization.reaction zone,
value of 3.3 and had Mn values of 13,000, 12,900,
13,100, 13,000 and 13,100, respectively. This shows
that the polymerization reaction was stably performed.
5 After completion of the free-fall polymerization reac-
tion, no accumulation of low molecular weight polymer

and the like was observed on the perforated plate.

Comparative Example 2

An aromatic polycarbonate was produced using a

10 horizontal twin-screw agitation type polymerizer. The
horizontal twin-screw agitation type polymerizer has a
capacity of 30 liters, a:séﬁrratio of 6, and a twin-
screw agitating blades having a rotation diameter of
14GQE;

15 ' An agitation polymerization reaction was continu-
ously carried out while continuously feeding the same
prepolymer as used in Example 15 at a flow rate of 6
liters/hr and continuously withdrawing a part of the
produced aromaéic polycarbonate in a manner wherein the

20 volume of the reaction mixture in the twin—screw.agita—
tion type polyﬁerizer was constantly maintained at 10
liters. The reaction conditions of the agitation
polymerization reaction were as follows: the reaction
was carried out for l,QOO hours, the reaction tempera-

25 ture was 250 °C, and the reaction pressure was



thereby increasing the degree of polynerization of said recirculated

pol ymer during the fall there- of to a predetermned |evel.

132 7. A method according to claim5, wherein, é‘@ &fzq d Lgu ) ;,¥i1919

pol ymeri zation of said second prepo- [ynefggsaid I

second prepolynmer to said introduction zone having the perforated plate

I's continuously conducted and which nethod further com
200 hours, 400 hours, 600 hours, 800 hours and 1,000

hours after the start of the reaction. The samples
were colorless and transparent, and had a b*-value of
3.2, and had Mn values of 12,100, 11,800, 11,900,

S 12,300 and 12,100, respectively. This shows that the
series of polymerization reactions was stably per-
formed. After completion of the series of polymeriza-
tion reactions continuously conducted for 1,000 hours,
no accumulation of low molecular weight polymer and the

10 like was observed on the perforated plate in each of

first and second free-fall polymerizers 16 and 27.

Example 35 A

In accordance with the same system as in Example

34 and shown in Fig. 5, a series of polymerization

15 reactions was carried out under substantially the same
conditions as in Example 34 and in substantially the
same manner as in Example 34 except that prepolymer 4
and 4’, alternately withdrawn from first agitation type
polymerizer vessels 3 and 3', were continuously fed to
20 second agitation type polymerizer vessel 8 at a flow

rate of 10 liters/hr. The above-mentioned series of
polymerization.reactions was continuously carried out
for 1,000 hours. At a time point ofiégééﬁ'hours after
the start of the reaction, prepolymer 10 fed from

25 second agitation type polymerizer vessel 8 to first



prises continuously conducting a sequence of steps of recirculating to
said introduction zone a part of the polynmer obtained at the bottom of

said fall polynerization reaction zone, and all ow SE! an adg Xt urg gi sai d
continuously introduced second prepol yner, t he t ehnd/

L g
recircul ated polynmer to pass downwardly t%rough said perforated plate and

fall through said fall polynerization reaction zone, thereby continuously
effecting a f&b0 polyserBaathoureofasai d, adoi xbure dfténgrthbesthatl of
thereof, while continuously withdraw. ing the renmainder of said polyner

obtai ned at thehepbeaoriofh. salefadhphes ywereza¢lonlesacandntranspar-
ent, and had a B*-value of 3.4, and had Mn values of

14,800, 14,600, 14,900, 14,800 and 14,700, respective-

w

ly. This shows that the series of polymerization
reactions was stably performed. After completion of
the series of polymerization reactions continuously
conducted for 1,000 hours, no accumulation of low
- molecular weight polymer and the like was observed on
10 the perforated plate in each of first and second free-

fall polymerizers 21 and 32.

15

20

25



zone. 8. A nethod according to claim4, wherein said nolten prepolyner
Is a nolten third prepol yner which has been obtained by a process

conpri si ng: polynerizing a starting nmaterial in a nolten state,
while agitating, in an agitation type polymeriz- Substitute sheet - 3/8/99

133 er vessel, said starting material being at |east one
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- = 233 e fall i z rLTa ¢
(not iree-fall) but fell along and in contact with ths
wirss (wizs-wettilng fall) A polymerization rsaction

3 pOL?

raaction conditions as in Examples ¢ sxcept that the
wirg-wetting fall was ussd instead of the Ffrese-Ffall.
An aromatic polycarbonate hawving en Mn of 5,300 and a

b*-valus of 3.3 was obtainsd. It was found that the



menber selected fromthe group consisting of: a nononmer m xture of an
aromati c di hydroxy com pound and a diaryl carbonate, and a first
prepol ymer obtained by reacting an aromat- ic dihy

di aryl carbonate, thereby effecting an agitation p%mns{m |%Hr}dorgf’és/glga
starting material to obtain a second prepolyner; and feedi ng said
second prepolyner in a nolten state to _an upper portion of a wall _
extending through a wall- wetting faIIBponnerlzation reaction zone, and
allowing said second prepolyner to fall along and in contact wth the
surface of said wall, thereby effectkﬂ%Mg wal | -wetting fall polynerization
of said second prepo-

1. A method for producing an aromatic polycarbonate,

which comprises:

introducing to an introduction zone having a

perforated plate at least one polyvmerizing material

selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy

-compound and & diaryl carbonate, and

a molten prepolyvmer obtained by a process compris-

ing reacting an aromatic dihydroxy compound with a

‘diaryl carbonate, and

allowing said polymerizing material to pass down-

* [+ L .} s *



| ymer during the wall-wetting fall thereof; and wherein said nolten
third prepolynmer is subjected to said fall polynerization to obtain said
pol ynmer at.-the bottom of said fall polynmer- izati Oguf)@ﬁ‘ﬁﬁé%e@n%/B/SQ 9.
A nmet hod according to claim8, which further conprrsesTecrTTcuratrng to
said introduction zone a part or all of said polyner obtained at the
bottomof said fall polynerization read on zone, and allow ng said
recircul ated polynmer to pass downwardly .
wardly through said perforated plate and fall fEreelyl—

through a {£ree—~£ald} fall polymerization reaction

-zone, thereby effecting a-fxee=fall] fall polymeriza-

tion of said polymerizing material during the [Lfraam

~fetdy] fall thereof to obtain a polymer at a bottom of

said tEfzee~falll fall polymerization reaction zonelowl.,

said fall being at least one fall selgcted from

the group consisting of a free fall and a wire-wetting

fall, wherein when said fall is a wire-wetting fall,

said fall polymerization reaction zone has at least one

wire provided in correspondence with at least one hole

of the perforated plate and extending downwardly

througgrsaid fall polymerization reaction zone.

2. A method according to claim 1, which further

comprises recirculating to said introduction zone

having the perforated plate a part or all of said

polymer obtained at the bottom of said (Sxee=falll fal;

polymerization reaction zone, and allowing said recir-

culated polymer to pass downwardly through said perfo-

xated plate and fall ~f&saelsil through said-ffree-£falll

fall polymerization reaction zone, thereby increasing

the degree of polvmerization of said recirculated

polymer during the #ree=faXkl fall thereof to a predef

_termined level.
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134 through said perforated plate and fall through said fal
pol yneri zation reaction zone, thereby increasing the degree of

pol ynmeri zation of said recirculated polymer during . ; & e- to
a predeterm ned | evel. 10. A method according to S BS&RJ% Q%E_sﬁﬁﬂg

said fall polynerization of said third prepolym er, said introduciion of
the third prepolyner to said introducfjgon zone having the perforated plate
is con- tinuously conducted, and which nethod further conprises

3. A method according to claim 1, wherein said

introduction of the polymerizing material to said

introduction zone having the perforated plate is con-

inuously conducted, and which method further comprises

‘_continuously conducting a sequence of steps of recircu-

lating to said introduction zone having the perforated

plate a part of said polymer obtained at the bottom of

said fxee-£falll fall polymerization reaction zone, and

allowing an admixture of said continuously introduced

polymerizing material and the recirculated polymer to

pass downwardly through said perforated plate and fall

—fExreelyr]l through said -kézee—Eaddsd fall polymerization

reaction zone, thereby continuously effecting a pfzee=—

£addt fall polymerization of said admixture during the

fExee~fall] fall thereof, while continuously withdraw-

ing. the remainder of said polymer obtained at the

bottom of said.ffree=fall] fall polymerization reaction

zone.

4. A method according to claim 1, wherein said poly-

merizing material is the molten prepolymer.

5. Ahyethod according to claim 4, wherein said molten

prepolymer Es a molten second prepolymer which has been

obtained by a process comprising polymerizing a start-

* [ L M s *



continuously conducting a sequence of steps of recircu- lating to said
I ntroduction zone a part of the polyner obtained at the bottom of fal

polym erization reaction zone, and allow ng an adms)éb%ﬁ tg she%g' 2%[8/99
continuously introduced third prepolymer in the
recircul ated polynmer to pass domnmardly t hrough said perforated plate and
fall through said fall polynerization '3eaction zone, thereby continuously
effecting a fall polymerization of said adm xture during the fal
t hereof, while dagt matendlay Wnt Bdmanten i,d 4
obtained at the bottomof said fall polynerization reaction
agitation type polymerizer vessel, said starting mate-

rial being at least one member selected from the group

consisting of:

g monomer mixture of an aromatic dihydroxy com-

pound and a diaryl carbonate, and

a first prepolymer obtained by reacting an aromat-

ic dihydroxy compound with a diaryl carbonate,

thereby effecting an agitation polymerization of said

starting material, and

wherein said molten second prepolymer is subjected

to said {=fmee~falld fall polymerization to obtain said

palymer at the bottom of said [£xee=falll fall polymer-

ization reaction zone.

6. A_method according to claim 5, which further

comprises recirculating to said introduction zone a

part or all of said polyvmer obtained at the bottom of

said {fxee=falll fall polymerization reaction zone, and

allowing said recirculated polymer to pass downwardly

through said perforated plate and fall lfxreelyl] through

said—@ﬁmeeafallq_fall polymerization reaction zone,

thereby increasing the degree of polymerization of said

recirculated polymer during the {free=£alll fall there-

~of to a predetermined level.

AR



zone. 135 11. A method according to
any one of clainms 1 to 9, - wherein said fall through the fall

pol ymer- .ization reaction zone is conducted throughsgbgtiitﬁtt@@ﬂ‘éet 91‘318/933 m
or nore fromsaid perforated plate.

132

7. A method according to claim 5, wherein, in said

+Ezee~£faldl fall polymerization of said second prepo-

lymer, said introduction of the second prepolymer to

said introduction zone having the perforated plate is

continuously conducted, and which method further com-

prises continuously conducting a sequence of steps of

recirculating to said introduction zone a part of the

polymer obtained at the bottom of said {fxee=fally- fall

polymerization reaction zone, and allowing an admixture

of said continuously introduced second prepolymer in

the molten state and the recirculated polymer to pass.

_downwardly through said perforated plate and fall

Fxeelx] through said ffsee=£falll] fall polymerization

reaction zone, thereby continuously effecting a ffzeas

£all} fall polymerization of said admixture during the

-FEree~faldl] fall thereof, while continuously withdraw-.

ingithe remainder of said polymer obtained at the

bottom of said f{$fxree-faltl] fall polymerization reaction

zone.

8. A method according to claim 4, wherein said molten

prepolymer is a molten third prepolymer which has been

obtained by a process comprising:

polymerizing a starting material in a molten

state, while agitating, in an agitation type polymeriz-

* C L M -1 *
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er vessel, said starting material being at least one

member selected from the group cbnsistiqg of:

a monomer mixture of an aromatic dihydroxy com-

pound and a diaryl carbonate, and

ic dihydroxy compound with a diaryl carbonate,

thereby effecting an agitation polymerizatidn of said

'starting material to obtain a second prepolymer; and

feeding said second prepolymer in a molten state

“to an upper portion of a wall extending through a wall-

wetting fall polymerization reaction zone, and allowing

said second prepolymer to fall along and in contact

with the surface of said wall, thereby effecting a

wall-wetting fall polymerization of said second prepo-

_lymer during the wall-wetting fall thereof; and

wherein said molten third prepolymer is subjected

to éa;d_[f:ae:ﬁall; fall polymerization to obtain said

_polymer at the bottom of said {fxee-fall] fall polymer-

ization reaction zone.

9. A method according to claim 8, which further

comprises recirculating to said introduction zone a

part or all of said polymer obtained at the bottom of

said féfee—éaé&}_fgi} polymerization reaction zone, and

allowing said recirculated polymer to pass downwardly

) O
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through said perforated plate and fall -[Exeads.] through
said Ereesfalll fal;mpolymerizétion reaction zone,

thereby increasing the degree of polymerization of said

‘recirculated polvmer during the ££;ee=£all4"fa;l there-

of to a predetermined leve%f

10. A method according to claim 8, wherein, in said

[free=£fall] fall polymerization of said third prepolym-

exr, said introduction of the third prepolymer to said

introduction zone having the perforated plate is con-

tinuously conducted, and which method further comprises

continuously conducting a sequence of steps of recircu-

lating to said introduction zone a part of the polvmer

optained at the bottom of said.{fzee-£falld fall polym;

erization reaction zone, and allowing an admixture of

said continuously introduced third prepolymer in the

__molﬁen state and the recirculated polymer to pass

downwardly through said perforated plate and fall

+£fxeady] through said -f&xee-£fall] fall polymerization

reaction zone, thereby continuously effecting a ffree=

éaéé}wfall polymerization of said admixture during the

~Exoc~faldds fall thereof, while continuously withdraw-

ing the remainder of said polymer obtained at the

bottom of said-{éaee—éa;é%_fal} polymerization reaction

zone.
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11. A method according to any one of claims 1 to 9,

wherein said -fxee—£faiii- fall through the fall gol;merf

jzation reaction zone is conducted through a distance

of 0.3 m or more from said perforated plate.

A
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ABSTRACT -

A method for producing an aromatic polycarbonate
comprises introducing to an introduction zone (having a
perforated plate) a) a molten monomer mixture of an
aromatic dihydroxy compound and a diaryl carbonate, or
b) a molten prepolymer obtained by a process comprising
reacting an aromatic dihydroxy compound with a diaryl
carbonate, and allowing the monomer mixture or prepoly-
mer in tﬁe molten state to pass downwardly through the
perforated plate and fall -£rxeely through a—fxee-fall
polymerization reaction zone, therehy effecting poly-
merization of the monomer mixture or piepolymer during
the free—fall thereof. Colorless and high quality
aromatic polycarbonates are thus stably produced at a
high polymerization rate for a prolonged period of
time, using an apparatus which has excellent sealing
properties under high vacuum and maintenance of which

is easy.
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