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TI TLE OF THE | NVENTI ON Met hod For Producing An Aronatic

Pol ycaf bonat e , BACKGROUND OF THE | NVENTI ON

Field of The Invention 5 The present invention relates to a

met hod _f or produci ng an aromati c pol ycarbonate. Mre particul ar-
ly, the present invention is concerned with a nethod for producing
an ‘aromati ¢ pol ycarbonate, conprising subjecting to a
transesterification reaction in a 10 pol yneri zer at |east one

pol ymeri zabl e material sel ect- TITLE OBJTHEONNVRET@ONuUp consisting of a
nol ten nononer m x- ture of an aromatic di hydroxy conpound and a
di aryl ' car bavatkeod afdraProditetingr apoAyomatdbt Bohgdabhoaapeo-

cess conprising reacting an aromatic di hydroxy conpound 15 with a

di aryl carbonate, wherein the BACKGROUNID|GF THE INVENWEQN|ial is present in
the formof a liquid mass in the pol yneri zer and wherein the
liqui d mass of pdigdsjiof The Inventjgre material being transesterified in

t he pol yneri zer has an exposed surface, and wherein the
transestebifi- 20 TheRGesieteddiieitian HRladteite mdeobdfYheri zabl e
material is perfornmed ynder reactiaon conditions such

t hat
evapor ati on sur f RFEERIS FhBF Wi T RO garbonate. MoR&H %%ﬁfﬁéu%?n%h
(nferr]) of the ﬁ.ﬁzﬁ?%%de fprl#gs\agg}ecu%fgn{%h%ion is conddMidh 5% A method

pol ynmeri zabl e ma
for producing an aromatic polycarbonate, comprising

subjecting to a transesterification reaction in a

10 polymerizer at least one polymerizable material select-
ed from the group consisting of a molten monomer mix-
ture of an aromatic dihydroxy compound and a diaryl
.carbonate, and a molten prepolymer obtained by a pro-
cess comprising reacting an aromatic dihydroxy compound

15 with a diaryl carbonate, wherein the polymerizable
material is present in the form of a liquid mass in the
polymerizer and wherein the liquid mass of polymeriz-
.able material being transesferified in the polymerizer
has an exposed surface; and wherein the transesterifi-

20 cation reaction of the liquid mass of polymerizablé"
material is performed under reaction conditions such
that an evaporation surface area S (mz) which is de-~ -
fined as the area (m2) of the exposed surface of the
liquid mass of polymerizable material, the volume V

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



25 .(nferr]) of the liquid mass of polynerizable material in

the polyneri zer, and the nunber average nol ecul ar
wei ght Mh of the aromatic pol ycarbonate to be produced satisfy
specific relationships. According to the nmet hod of the present
i nvention, not only can a high 5 qualjty aromatic pol ycarbonate
havi-ng hi gh heat resist- - ance be obtained at high pol ynerization
rate without suffering problenms (such as discoloration, entry of

inpurities and geRRl Yd1me¥i At heid@l e GARsSH tdrage molecRIQHUCT)
which are likely to be encountered in.the 10 prod%ctlon by a

conventional et ked.gHyiMAlSO the/ddomatic polycHEASon®Ed Vo PR¥eHrb@iced
agitation is not needed and a scal e-up of the polycarbonate

production is eagatisfy specilfhiet efalletidrnships hodhadotdiendgresethei nventi on
S commerci all y advant ageous. 15 Prior Art In
recent years, ar owsfhod o yiey oresdegst hiaweerbeieon, not only ckeh ya useghi n
various fields as engineering plastics havi ng excel | ent heat

resi stance, i npacuadddiysteamama il polycarbonattehdpawionz yhigli theatspesisto
met hods for producing 20 . aromatic polycarbonates, various studies
have her et o- ance by dtsdgiedrafe high pelymaniest Ondiate wipheebss

suffering problems (such as discoloration, entry of
impurities and generation of a thermal decomposition
product) which are likely to be encountered in the

10 production by a conventional method, but also a very
large motive power for agitation is not needed and a
scale-up of the polycarbonate production is easy.
Therefore, the method of the present invention is
commercially advantageous.

15 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

20 aromatic polycarbonates, various studies have hereto-
fore been made. Of the methods studied, a process
utiiizing an interfacial polycondensation between an
aromatic dihydroxy compound, such as 2,2-bis(4-hydroxy-
phenyl )propane (hereinafter,.frequently referred to as

25 "bisphenol A"), and phosgene has been commercially



utilizing an interfacial polycondensation between an aromatic

di hydr oxy conpound, such as 2, 2-bi s(4-hydroxy- phenyl ) pr opane
(hereinafter, frequently referred to as 25 "bi sphenol A"), and
phosgene has been commercially 3
practiced. However, the interfacial polycondensation process
has  problens in that it is necessary to use phosgene, which is

poi sonous, that a reaction apparatus is |ikely 5 to be corroded with
chlorine-contai njppg-~¢opRauUNds, such as hydrogen chloride and sodi um
chl oride, which are by- produced, and nethyl ene chloride which is

used as a - © sol yeRevieR, a the! A t@yFidilal puld ddiadertdticn| presesse
encountered in separating and renoving inpurities, such 10 as sodi um

chloride, and regpkgualroreihiy ame ttlltories necessamhith wsk eplsesyend f ect
properties of a produced poly- mer . Wth respect to a
met hod for produghtiighadsapoisonous, that Eolnsmartiomtapdamatas s ohdkely

di hydroxy conpound and a 15 di aryl carbonate, in a conventionally
known trarfsest er to be corriodiedatiidin mhdeasigie-acqriiajissim earpdengs odseed by
perform ng an ester exchange reacti on between bi sphenol A and

di phenyl carbonags hydregempichdiprids @ndufiqddium chlorideyhitclh are by-

by- pr oduced phenoli ¢ conpound (phenal). . . .
produced, and methylene chloride which is used as a

solvent in a large quantity, and that difficulties are
encountered in separating and removing impurities, such

10 as sodium chloride, and residuai methylene chloride,
which adversely affect properties of a produced poly-
mer. |

With respecf to a method for producing an aromatic
polycarbonate from an aromatic dihydroxy compound and a

15 diaryl carbonate, in a conventionally known transester-
ification proéess, a polycarbonate is produced by
performing an ester exchange reéction between bisphenol
A and diphenyl cérbonate in the molten state, while
remdving a by—pfoduded phenolic compound (phenél).

20 Unlike the interfacial polycondensation process, the
transeéterificétion process has an.advantage in that a
solvent need not be used. However, the transesterifi-
cation process has a serious problem, namely; since the
viscosity of polymer being formed increaées during the

25 progress of the polymerization reaction, it becomes



20 Unlike the interfacial polycondensation process, the
transesterification process has an advantage in that a sol vent need
not- be used. However, the transesterifi- cation process has a
serious problem nanely; since the viscosity of polyner being
formed’increases during the 25 progresg of the polynerization
reaction, it becones 4

difficult to renove by-produced phenol fromthe polym eri zation

reaction system efifkgigQlitytot Bumo¥BKbLYIpirbduced phendilf firor ttHed Ve a
hi gh degree of polynerization w th respect to pol ycarbonate

produced. 5  erizatYohi edScRObyTBYEZERS cEFLEibaRN ykNaNLs alakivgy i1t
produci ng aromati c pol ycarbonates by the transesterifi - cation

process. A verticaifagcuati 66 atyheepel grhighedegree of podysariegitijgped
with an agitator is widely used. The vertical agitation type

pol ynmeri zer vessewithurpppdctl®o poluychitbanaigi pabduced.advant ageous in
that it exhibits hi gh volunetric efficiency and has a sinple
construc- 5 t i oarioushpelypoeyisersabieye bren kmevin foal alssarie
efficiently carried out. However, the vertical agita- tion type
pol yrreri zer vessePTrAaddcingr 8EPBATLia PRAVCagponptes anﬁﬁ@i&ﬁ@?%ﬁﬁﬁﬁilé;ﬂa
by- pr oduced phenol becones diffi- . iult_to renove from.the .

pol yneri zati on r eSRFT3R 8§QF§§§- A vertical agitation type polymerizer

vessel equipped with an agitator is widely used. The’
vertical agitation type poiymerizer vessel equipped
10 with an agitator is advantageous in that it exhibits
high volumetric efficiency and has a simple construc-
tion, so that polymerization on a small scale can be
efficiently carried out. However, the vertical agita-
tion type polymeriéer vessel has a problem in that, as

15 mentioned above, fhe by-produced phenol becomes diffi-
cﬁlt to remove from the polymerization reaction system
efficiently in the production of aromatic polycar-
bonates on a commercial scale, so that the polymeriza-
tion rate becomes extremely low.

20 _Specifically, a large—sdale vertical agitation
type polymerizer vessel generaily has a greater ratio
of liguid volume to vaporization area than a small-
scale one. In other wbrds, the depth of a reaction
mixture in the polymerizer is large and, hence, the

25 pressure in the lower part of the agitation vessel is



efficiently in the production of aromatic polycar- bonates on a
comercial scale, so that the pol yneriza- tion rate becones .
exttenely low. 20 Specifically, a large-scale vertical agitation
type pal ynerizer vessel generally has a greater ratio of liquid
vol ume to vaporization area than a small - scal e one. In other

wor ds, the depth of a reaction : n1x§ure In the polynerizer is |arge
and, hence, the 25 pressure in the |lower part of the agitation vessel

i's _ large. In such a case, even Pf the degred@fevallufuse a
case, even if the déegree of vacuum of t he pol yherization reaction

zone is raised i Rhef ¢Rlyiferization ALLEEMSh b el £60F 1 ROLYHBET €4t 1 ON
in the | ower part of the agitation vessel, the polynerization pro-

5 ceeds undeachikiviéald \hiljrgadyress We phnidriec e dh the lowerOf the
reaction m xture, so that phenol and the Iike cannot be

efficiently renopesdt of the agitatibin smisssel hethad sty ipoaedoRr phbem
vari ous attenpts have been made to renove phenol and the Iike 10
fron1highiﬂscosbﬁﬁdﬁoMmdeﬂ'mingyak#ynhighFﬁresaunqﬂdue to the wé&kghtned
Japanese Patent Application Publication No. 50- 19600 ‘
(correspondi ng t 6EGBhE0EPIGHICH Sulxdgime t ke that phengle anid atlherbikeype
pol ymeri zer having a vent. Exam, i ned Japanese Patent Application
Publication No. §annot be efficiently removed.

To solve the above-mentioned problem, wvarious

attempts have been made to remove phenol and the like

10 from high viscosity polymer being formed. For example,
Examined Japanese Patent Application Publication No.
50-19600 (corresponding to GB-1007302) discloses the
use of a screw type polymerizer having a vent. Exam-
ined Japanese Patent Application Publication No. 52-

15 36159 discloses the use of an intermeshing twin-screw
extruder. Examined Jépanese Patent Application Publi-
cation No. 53-5718 (corresponding to U.S. Patent No.
3,888,826) describes a thin film evaporation type
reactor, such as a screw evaporator and a centrifugal

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

25 Of these polymerizers, horizontal polymerizers,



15 36159 di scl oses the use of an internmeshing tw n-screw _
extruder. Exami ned Japanese Patent Application Publi- cation No.
53-5718 (corresponding to U. S. Patent No. 3,888, 826) describes a
thin fil mevaporation type ' reactor, such as a screw evaporator and
a centrifugal 20 filmevaporator. Furgher, Unexanm ned Japanese Patent
Application Laid-Open Specification No. 2-153923 di s- closes a

met hod in which a conbination of a thin film evaporation type
apparatus and a heucHoféah egréat &08porator anllyBenhBekybBithiehgi@stalod S
used. 25 O these polynmerizers, horizontal polynerizers,

6 such agpa polemeeiaporatssedndatehdhtangbal tagihatde@’e, by
type polymerizer vessel, are intended to increase, by rotary
agitation, the surdtaey ragtbatioh, pohgnsurfbeengenewal of pelged) t(®eing

| evel as high as possible in an attenpt to 5 renove phenol and the
like efficiently fomepdbxepprelevel as highamsnpdssapieedn Bat enmttempt to
Application Publication No. 50-19600 describes that "A relatively
| arge, con?inu- Temove pherel rdcthnglikecefiieientliyr meHobeeweamlehe
liquid stem and_t he anbi ent gas or _vapor, so that a 10

vol atil e reactioﬁ%%$%gﬁg?§¥%P%%%S?np?ﬁ%nFiﬁHPHiFéﬁé?FOHUb icationsfierem i s
iét{gnggyofn?ﬁéhg(%&@ﬂggfg %sééfﬁégagga%’"A relativéighiégggq ggk%qu_llnes
ously renewing interface is formed between the liquid
reaction system and the ambient gas or wvapor, so that a
10 volatile reaction product formed in the liquid reaction
system is extremely smoothly removed." (see page 1,
right-hand column, lines 19 to 22 of the above patent
document). That is, the above patent document suggests
that phenol and the like can be efficiently removed by
15 the renewal of gas-liquid interface. Further, in
Examined Japanese Patent Application Publication No.
52-36159, surface renewal effect is defined as a func-
tion of the screw revolution rate, the screw surface
area in the reaction zone, the total screw pitch number
20 in the reaction zone, the feed amount'of raw material
and the effective volume per screw pitch in the reac-
tion zone, and if is descr;bed that it is important
that the value of the surface renewal effect be in a
specific range. However, these horizontal polymeriz-

25 ers need rotary agitation force provided by, for exam-



docunent) . That I's, the above patent docunent suggests t hat pheno

and the like can be efficiently removed by 15 t he renewal of
gas=liquid interface. Further, in Exam ned Japanese Patent
Application Publication No. 52-36159, surface renewal effect is
defined as a func- tion of the scr;M/revqutlon rate, the screw
surface area in the reaction zone, " the total screw pitch nunber
20 in the reaction zone, the feed anount of raw materi al and

the effective VO'I-H-'@, %erséfgﬁ%ﬁiéﬁrbéfté%,r eﬁcﬁ%tin reas 'rej%i gﬂef%ﬂffa@ d

It is described tthat it 1s 1nportan the va e surface

reneval effect bedmewal. It sh&pﬁfi-ﬂéCrlcseéweché@w&rvié@@éft{?o{;kz&ﬁt al
pol ymeriz- 25 ers need rotary agitation force provided by, for exam

7 pl e, sxrchital QoldeAddrad®d bd Mg | FEFRAS | b tdife 5Pl { A6Peases
renewal . It should be noted that the viscosity of an _ aromatic
pol ycar bonat e beiimg aslcayarethresd el ytheGiasesse in the MmdlE&SELaHaREEgMtt h
the increase in the nol ecul ar wei ght 5 thereof during the _
pol ymeri zétion r &derieof, duimmtthen polymerizaexiornseactisge agithatoan
force becones necessary. In . addition, when a large agitation force
is exerted on a extremelyhdiaxgs gwitiaticn Higpre ibramies nedmsgatymerIn
sustains a | ar ge shearin%_force and, hence, a breakage of the
addition, when a large agitation force is exerted on a
polymer having a high viscosity, the polymer sustains a
large shearing force and, hence, a breakage of the
10 molecular chain occurs, so that the increasing rate of
the molecular weight becomes low, making it impossible
to obtain an aromatic polycarbonate having a high
 molecular weight. Further, when an aromatic polycar-
bonate sustains a large shearing force, a discoloration
15 of the polycarbonate and a lowering of the heat resist-
ance thereof occur, so that the quality of the aromatic
polycarbonate is seriously adversely affected. Fur-
- thermore, when the production of an aromatic polycar-
bonate by using an agitation type polymerizer is per-
20 formed on a commercial scale, the size of the agitation
type polymerizer is inevitably limited. This is be-
cause when an increase in the size of the agitation
type polymerizer is intended, it is necessarily re-

quired to increase the strength of the agitator and the

25 motive power for agitation; however, it -is limited to



10 nol ecul ar chain occurs, so that the increasing rate of t he

mol ecul’ar wei ght becones | ow, nmaking it inmpossible to obtain an
aromati ¢ pol ycarbonate having a high nol ecul ar wei ght. Further
when an aromati c pol ycar - bonate sustains a | arge shearing force,
a discoloration 15 of the polycarbonatg and a | owering of the heat

resi st - ance thereof occur, so that the quality of the aromatic
pol ycarbonate is seriously adversely affected. Fur- t her nore, when

the production Qﬁd@}éﬂgangddhl§¥ﬂéﬁgfh and motiWONA ey u@ﬁ@ﬂef?re,

agitation type polynerizer is per- 0 formed on a commercl al scal e,

the size of the @ittt use of an lAPBAHBEYFEpdByhdLVEEAD] ¥nbi m ted.
This is be- cause when an increase in the size of the agitation
type pol yneri zer praduditdiieGmdunt o eIRs sfdnditi®-polycarbonéte €8nhét

I ncrease the strength of the agitator and the 25 notive power for

agi tation; howevér easiily liimddestsddn That is, agitation type polymer-

8 i ncrease such strength and notive power. Therefore, '
with the Use of dreay haveorrlismpe pololimm Zgr thdke a scale~-uproflutheon
anount of the aromatic pol ycarbonate cannot be easily increased.

That is, agitati ®Fodpsdisst pfean amomatiq polygprkonate bs plobfeaulh- t hat
a scal e-up of the . roduction of an aromatic pol ycarbonate is
difficult. With respect to centrifugal film evaporators,
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 2-153923 has a description to the effect
10 that, by using a centrifugal film evaporator as a
polycondensation reactor in the final stage of a tran-
sesterification reaction, the evaporation surface area
- of the liquid_feaction system per unit weight of the
liqﬁid.reaction system can be increased, thereby ena-
15 bling a decrease in the residence time of the liquid
reaction system in the reactor. However, the above
patent document also points out the following problems.
That is, when a centrifugal'film.evaporator is used, a
part of the polymer being formed éticks to the surfaces
20 of a driving shaft, a blade, a bearing for the driving
shaft, and the like, and is exposed to a thermal ex-
perience for a long period of time, so that the stick-
ing part of the polymer is decomposed to form a black

decomposition product, and the black decomposition

25 product undesirably enters the polymer being produced.



Wth respect to centrifugal film evaporators, Unexam ned Japanese
~ Patent "Application Laid-Open Speci - fication No. 2-153923 has a
destription to the effect 10 that, by using a centrifugal film
evaporator as a polycondensation reactor in the final stage of a
tran- sesterification reaction, evaporation surface area

of the liquid reaction system per unit melg t- of the liquid
reaction system can be increased, thereby ena- 15 bling a decrease in

the residence ting frddi® b BhFiate this pLAGLERAN ENSL 8HBLE %Q%eh%aﬁ or.
However, the above patent docunent also points out the follow ng

probl ens. " dodidnt sdisdEdsds cenidtho@aln fihitevapesatel figausedima
part of the polyner being forned sticks to the surfaces 20 of a
driving shaft, a examteratobeis iwnged ainttice diiddhg stage of shaf traasd-t he
like, and is exposed to a thermal ex- perience for a |ong period
of tine, so that sterisiiektion reactiomg Ipattnot ihethel firali stdgeooposed
to forma bl ack deconposition product, and the bl ack deconposition
25 pr adluct uridesireastiiems erfoverenol imethbei mngthwddugedilm of

9 In order to obviate this problem the above patent

docunent di scl os@PI¥MAR Hgy Formed c‘PP]gY ntEhe vijarer i vall surfaceegfpthat or

is used in the mddl e stage of _the transe- sterification reaction,
but not in the fiSYAPWY G d, hence, the volumetric efficiency of the

evaporator as a polymerlzer is extremely low, so that
a satlsfactory reaction time cannot be obtained without

10 using a reactor which is too iarge. Thus, the centrif-
ugal film evaporator cannot be suitably used on a
commercial scale.

As described hereinabove, in the production of an

aromatic polycarbonate by the transesterification

15 process (which is free from the problem that imﬁurities
and residual methylene chloride are contained in the
'produced polycarbonate and these unfavorable sﬁbstances
cannot be completely removed therefrom), when the
transesterification process is performed by the conven-

20 tional production methods using a vertical agitation
type pbiymerizer, a horizontal agitation type polymer-
izer, a centrifugal film evaporator, or the like,
various problems arise such that phenol cannot be
removed efficiently, thaf a very large motive power for

25 agitation is needed, that the molecular chain of a



5 the reaction. However, in this nmethod, a film of polymer is
formed only on the inner wall surface of the evapor at or and,

hente, the volunetric efficiency of the evaporator as a

pol yneri zer is extrenely |ow, so that a satisfactory reaction tine
cannot be obtained without 10 using a ygactor which is too |arge.

Thus, the centrif- ugal f|In1evaporator cannot be suitably used on
a conmerci al scal e. As descri bed herei nabove, in the
production of anpolymer bedmyTeidrénd® ik A o pytideshensegt eordecation
15 process (which is free fromthe problemthat inpurities

and residual met kdyecrte dheonedsy drergeomicaiinesl powdiefor agitatponduced

pol ycar bonat e and t hese unfavorabl e subst ances cannot be

conpl etely renoveesuidieiy dm a Mlweding of the incresebigrrdteadf obhe
process is performed by the conven- 20 tional production nethods
usi ng a verti cal mediecatliagn weight and;ﬂnaqxﬂaﬂnnlqnﬁthnrmi|thata¢lymer

agitation type pol yner- i zer, a centrifugal film evaporator
the Iike, 5 thagap $hersiadndaremRasidian prefichRhi mfﬁwrbes

r \Y} fficientl t hat ery |l arge nDtlve wer for 25, itation
S hreded, o ERESTEAM, R s dndatern thernal Sxpérience, gnd

. poI%g% t%gf%%f(gég%%5031 f%%”hraﬁué¥3&§‘eéi£§bi§r§§ters
the polymer being produced, that the volumetric effi-
ciency of a polymerizer is extremely low, and that a
10 scale-up of the production of an aromatic polycarbonate
is difficult.

It has been desired to develop a new method for
producing an aromatic polycarbonate, which method
solves all of the problems of the prior art simultane-

15 ously, namely, to develop a method which is commercial-
ly advantageous not only in that a high quality aromat-
ic polycarbonate having high heat resistance can be ob-

tained at high polymerization rate without suffering
serious problems (such as discoloration, entry of

| 20 impurities and generation of a thermal decomposition
product) which are likely to be encountered in the
production by a conventional method, but also in that a
very large motive power for agitation is not needed and
a scale-up of the polycarbonate production can be

25 easily achieved.



due to the very large notive power for agitation, resulting in a

| owering of the increasing rate of the nol ecul ar weight and in a

di stol oration of the pol yner, 5 that a thermal deconposition product

of a palymer is generated due to a long-termthermal experience, -

and the thermal deconposition prodyct undesirably enters

t he pol yner being produced, that the volunetric effi- ciency of a

polynerizer is extrenely low, and that a 10 scal e-up of the production

of an aromatic pol ycarbonate = gummar¥So# rhECENyENTION It has

been desired to devel op a new nethod for producing an aromatic

pol ycar bonat e, which mef Rftbse situatsi@ngs fdd B1¢irey pEd| esveiméhe prior

art simultane- 15 ously, namely, to develop a nethod which is

comerci al - tionddy rembldeinegeniisthwtpmidy drt t hglie piegdntuihivéytors

aromat - i ¢ pol ycarbonate having high heat resistance can be ob-

t ai ned at hi gh poledesextarisive @l vintendivwifdordigs. As a resulbus

probl enms (such as discoloration, entry of 20 impurities and generation

of a thermal decd#sdsibEven unexpectasiay fayndatiihat arier |4 ke thed Her '

encountered in the . production by a conventional nethod, but also in

that a vEFPIUGINg Fh iBFONIST HGyaafkanateh Whighcomertseand

a scal e-up of the @p%%ﬁgrboqgte roduction_%gn be 25 easi ]|y achi eved.
subj ing to a

ransesterification reaction in a
polymerizer at least one polymerizable material select-
ed from the group consisting of:

10 | a molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, and

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

15 wherein the polymerizable material is present in
the form of a liquid mass in the polymerizer and wher-
ein the liquid mass of polymerizable material being
transesterified in the polymerizer has an exposed
surface,

20 the above-mentioned serious problems can be obviated by
performing the transesterification reaction of the
liquid mass of polymerizable material under reaction
conditions such that the following formula (1) is

satisfied:

25 |
' log (S/V) 2 2 X 1072 X Mn + 0.8 (1)



SUMMARY COF THE | NVENTI ON In these situations, for solving the

above- rren- tioned problens of the prior art, the present inventors
made extensive and intensive studies. As a result, .5 t hey have
unexpectedly found that, in a nethod for - producing an aronatic
pol ycar bonat e whi ch conpri ses subjggting to a transesterification
reaCtion-in a pol yneri zer at | east one polynerizable materi al

sel ect - ed fromthe group consisting of: 10 a nolten
nmonomer m xture of an aromatic di hydroxy conmpound and a di aryl
carbonate, and a nolten prepol yner obtained by a process
conpri s- ' i ng wremedimg an aromati c di hydroxy conpound with a

di aryl carbonate, 15 wherein the polynerizable material is
present in the f®rrepfesentsuan ewssoratite paryseei azeaanayher -

ein the liquid mass of polynerizable material being
transesterified i n t helpicilyres idefimed an Bkposreea (m?) of shefegppsedd

t he above-nenti oned serious problens can be obviated b per form ng
the transdsterificati GVTERRe ioh Hre thiquid mass ¢fqn©éyma§éZ@ble mate-

pol yneri zabl e material_ under reaction conditions such that the
followng formula (1) nial; satisfied: 25 log (S/'V)
[err] 2 '

X 10[err] x M *-6l§%presents the(églume (m3) of the liquid

mass of polymerizable matérial in the polymeriz-

- er; and

10 Mn represents the number average molecular

weight of the aromatic polycarbonate to be pro-
duced.
Based on this novel finding, the present invention has
been completed. -

15 Accordingly, it is a primary object of the present
invention to provide a method for producing an aromatic
polycarbonate, which method solves ali of the problems
of the prior art simultaneously, and which is commer-
cially advantageous not only in that a high quality

20 a;omatic polycarbonate having high heat resistance can
be obtained at high polymerization rate without suffer-
ing discoloration, entry of impurities and generation
of a thermal decomposition product, but also in that a
very large motive power for agitation is not needed and

25 a scale-up of the polycarbonate production can be



12 wher ei n: S represents an evaporation
surface area (nferr]) which is defined as the area (nferr])
of -t he exposed 5 surface of the liquid mass of pol ynerizabl e
mate- : rial; V represents the volune (nferr])
of the liquid mass of polyne&gzable material in the

polyneri z- er; and 10 Wh represents the nunber
aver age nol ecul ar wei ght of the aromatic pol ycarbonate to be
pr o- easﬁﬂ§egchieved. Based on this novel finding, the present
I nvention has ~ Dbeen conpleted. 15 . Accordingly, it is a
primary object of thepReegerbgoing and b%ﬁ%&tb%EeEQsQrQ@dQ%ﬁténﬁﬁHKlf0r
produci ng an aronatic pol'ycar bonat e, i ch nethod sol ves all of

t he probl ens advant@fekhefprher peekesitminvaneawsl wildndbaeripdadentcommer -
cially advantageous not only in that a high quality 20 aromatic

pol ycar bonat e ha¥reg Bhghfbeabwiag deanddedadescriptionbendbtsgipeedieat hi gh
pol ynmeri zation rate wi thout suffer- i ng discoloration, entry of
impuritie$ and gebedimbi tAken in conobciithemidh dbeo@eesimpagy i draw- but

also in that a
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 (a) is a diagrammatic view of one mode of
10  the polymerization method of the present invention,
explaining the evaporation area S (mz) which is one of
the requirements used for defining the present inven-
tion;

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

15 define the evaporation area S (mz) in the mode of Fig._
1 (a);

Fig. 2 (a) is a diagrammatic view of another mode
of the polymerization method of the present invention,
explaining the evaporation area S (mz) which is one of -

20 the requirements used for defining the éresent inven-_
tion;
"Fig. 2 (b-1) is a diagrammatic view showing how to
define the evaporation area S (mz) in the mode of Fig.
2 (a);

25 Fig. 2 (b-2) is another diagrammatic view show-



very large notive power for agitation is not needed and 25 a scal e-up
of the polycarbonate production can be

13 - easi |y achi eved. The foregoing and ot her
objects, features and advant ages of the present invention will be
appar ent fromthe follow ng detailggd description and appended 5
clainms taken in connection with the acconpanyi ng draw- I ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS In the draw ngs:

Fig. 1 (a) is a dinggmawmaid @ekitw athonsrdpsieaefon rea sthg2poiymenezation
met hod of the present invention, - expl ai ning the evaporation area S

(nferr]) which i modiee off Fig. 2 (alXhead egiéwealrenten Usitsivé othdepoDyngrihe
present inven- tion; Fig. 1 (b) is a diagrammtic
vi ew show ng howetro shbwn in Figf. % (tvel lgvaporation area S (nferr]) in the
node of Fig. 1 (a); Fig. 2 (a) is a diagranmatic
view of another mpde Fig. 3 (aof ishe pblagremneaitiocressroseotiohal prisent
i nventi on, expl aining the evaporation area S (nferr]) which is one
of 20 5 the P&q@MeefOTs Qfswlfymen;ewawmgahlkﬁe it chaitmebved-of the
tion; .

present invention;

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

10 Fig. 4 (a) is a diagrammatic cross-sectionai view
of another form of polymerizer usable in the method of
the present invention;

Fig. 4 (b) is an enlarged diagrammatic cross-
sectional view of the polymerizer of Fig. 4 (a), taken

15 along the line IV(b)-IV(b):;

Fig. 5 is a diagrammatic cross-sectional Viéw of
still another form of polymerizer usable in the method
of the present invention;

Fig. 6 (a) is a diagrammatic cross-sectional view

20 of a further form of polymerizer usable in the method
of the present invention;:;

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

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



Fig. 2 (b-1) is a diagrammatic view showi ng how to define the
~evaporation area S (nferr]) in the node of Fig. 2 (a); 25

Fig. 2 (b-2) is another diagrammatic view show

14 ing how to define the evaporation area S (merr]) in the

node of Fig. 2 (a), as viewed from above th ol ymeri z- er shown
in Fig. 2 (b-1);: Fig. 3 (a) is$™a diagrammti.c cross-sectional
view 5 of one form of polynerizer usable in the nethod of the

present inventionge a fyrther modél & %h@b)po'liméx‘i'z%g;&%lﬂ%t%od of the

cross-sectional view he polynerizer of Fig. 3 (a), taken along

the line Ebbéﬂk‘hhﬁ@@hlonloexplalnlngF&%e fvladoriatidrili=a@=AmEMmL i C

cross-sectional view anot her form of pol ynmeri zer usable in the

net hod of (mtzhewmemeﬂts Idh‘éEIaifl @he requirements used fobx( lHefis i
enl arged di agrammatic cross- sectional view of the polynerizer of
Fig. 4 (a), takenth&Spresendd dmyentdon;nandV(b)-1V(b); Fig. 5
is a diagrammtic cross-sectional view of still another form of

pol ymerizes usable in FHg.n¥téd is a diaggammedigr exosts-isecdioned; view
Fig. 6 (a) is a diagrammatic cross-sectional view

showing how to define the evaporation area S (m ) in
the mode of Fig. 7 (a).

Description of Reference Numerals

1 Polymerizer

10 2 Agitator
3 Polymerizing material
4 Horizontal liquid surface (evaporation surface)
or flowing liquid surface (evaporation surface)
5 Inlet for a polymerizable material
15 6 Distributing plate
7 Plate;shaped guide
7A Column-shaped guide
7B Cone-shaped guide
7C Cylindrical tubular guide
20 | 8 Gas feed port
9 Vent
10 Outlet

11 Shell chamber (space to be filled by Heating
medium)

25 12 Heating medium feed port



20 of a further form of pol ymeri zer usable in the method of

the present invention; Fig. 6 (b) is a diagrammtic
cross-sectional view of the polynerizer of Fig. 6 (a), taken along
the line VI (b)-VI(b); 25 Fig. 7 (a) is a diagrammtic
cross-sectional view 16 15

of a further node of the polynerization nmethod of the present

i nvention, explaining the evaporation area S (nferr]) which is one
of the requirenents usksl fHeatlidd me@ium outlettperpresent invention; and

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

showi ng how to define the RERRULED | DESCRERT BN NOEr THE) INVENTION t he node
of Fig. 7 (a). Descri ption of Reference Nunerals o 1
Pol yreri zer 10 Accordlingyi taitthe present invenBifn| yteerei hg materi al
4 Horizontal liquid surface (evaporation surface) _or flow ng
liquid surface (&FPEdad ¢h mefied efor producing anbarepeti¢opodycar-

pol ynmeri zabl e material 15 6 Distributing plate 7

Plate-shaﬁbd gu“mgnate, comprising subjecting to a transesterification
reaction in a polymerizer at least one polymerizable
material selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, and
10 - a molten prepolymer obtained by a process compris-
ing reacting an aromatic dihydroxy coﬁpound with a
diaryl carbonate,
wherein the polymerizable material is present in
the form of alliquid mass in the polymerizer and wher-
15 ein the liquid mass of polymerizable material being
transesterified in the polymerizer has an exposed
surface, and
wherein the transesterification reaction of the
liquid mass of polymerizable material is performed
20 under reaction conditions such that the following

formula (1) is satisfied:
log (S/V) 2 2 X 1073 X Wn + 0.8 (1)

wherein:

25 S represents an evaporation surface area (mz)



- 7A Col um-shaped gui de 7B Cone-shaped gui de 7C
.Cylindrical tubular guide 20 8 Gas feed port 9

Vent 10 CQutl et 11 Shell chanber (space to be

filled by Heating medi unm) 25 12 Heating nedlun1feed

port : 17 16 13

Heati ng nmedi um outl et port DETAI LED DESCRI PTI ON OF THE

| NVENTI ON ' According to the present |nvent|on there is

provi ded a met hod for iGN @RI E #hPABear(m?) oof thdosgpesed
conprising subjecting to a transesterification reaction in a

pol yneri zer at |east @mrﬂadqnuﬁWﬁhdﬂkiquld mass Nneff o mened eah el hadart he
group consisting of: a nolten nononmer mxture of an aronatic
di hydr oxy conpaind and a diaryl carbonate, and 10 a
nol ten prepol ynmer obtained by a process conpri s- I ng reacting an
aromatic di hydroxy conpothdepnesents the VOIHM&)Mm(ﬁuQﬁwﬁh% liquid

wherein the polymerizable material is present in the formof a
liquid mass in the poM@®s icfePodyiemigiable material in the polymeriz-

er; and

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

10 For an easy understanding of the present inven-
tion, the essential features and various preferred
embodiments of the present invention are enumerated
below.

1. In a method for producing an aromatic polycar-

o bonate which comprises subjecting to a transesterifica-
tion reaction in a polymerizer at least one polymeriz-
able material selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy
compouhd and a diaryl carbonate, and

20 a molten-prepolymer obtained by a process compris-

ing reacting an aromatic dihydroxy compound with a

diaryl carbonate,

wherein the polymerizable matérial is present in
the form of a liquid mass in the polymerizer and wher-

25
ein the liquid mass of polymerizable material being



15 ein the liquid mass of polynerizable material being .

transesterified in the polynerizer has an exposed surface, and
wherein the transesterification reaction of the | i quid mass of

pol ynerjzable material is perforned 20 under reaction conditions such
that the follow ng formula (1) is ggtisfied: | og
(S/IV) [err] 2 X 10[err] x [err]n + 0.8 (1)

wherein: 25 S represents an evaporation surface area (nierr])
17 todtigds i defddeth ashd hsoByRar{#é£rhds &h &RBosEposed
surface of the liquid mass of pol ynerizabl e nmate- “rial;

V represents the sadfize,(nferr]) of the liquid 5 mass of

pol ynmeri zable material in the polyneriz- er; and

M represents the nunbdre awwpmgemattecit athich the transesweéghfiodtiba
aromati c pol ycarbonate to be pro- duced. 10 For an

easy under st andi mpasftidne Qf edentliquigh-mass of polymexiziblesseherabl

features and various preferred '
5 is performed under reaction conditions such that the

following formula (1) is satisfied:

log (S/V) 2 2 X 1072 X Mn + 0.8 (1)
wherein:
10 S represents an evaporation surface area (mz)

which is defined as the area (m2) of the exposed
surface of the liquid mass of polymerizable mate-
rial;
V represents the volume (m3) of the ligquid mass
15 . of polymérizable material in the polymefizer; and
Mn represents the number a&erage molecular
weight of the aromatic polycarbonéte to be pro-

duced.

20 2. The method according to item 1 above, wherein the
transesterification reaction of the liquid mass of
polymerizable material is performed in a wetting fall
mode such that the liquid mass of polymerizable materi-
al is caused to fall along and in contact with a sur-

25 face of a solid object selected from the group consist-



enbodi ments of the present invention are enunerated bel ow.
1. In a nethod for producing an aromatic pol ycar- 15 bonat e whi ch
conprises subjecting to a transesterifica- tion reaction in a
pol ymeri zer at |east one polyneriz- able material selected from
t he group consisting of: a nojgen nononer m xture of an
aromati c di hydr oxy conpound and a diaryl carbonate, and 20
a nolten prepol yner obtained by a process conpris- i ng reacting an
aromati c di hydr oxyagc @pemdinmdn wall of the GpalyhefbzdONa@h&, a guide
wherein the pol ynerizable material is present in the formof a
liquid mass in t pergwildetde riirg erhearnmb hymes =i 25 . ein the liquid nmass of
pol yrmeri zabl e material being . 18
transesterified in the polynerizer has an exposed sur face,
the inprovenent in which the transesterification reaction of the
liquid mass of pd&-ynerdhsamathag ageprdimy to jtemel foF n2dabaver wbhareion
condi tions such that t he follomngg formula (1) is satisfied:

1

log (S/V) Jerr] I@[lé’;“}ﬁ w ([ﬂér)( ]Chf the quid mass 6f jgolymerizable

material is 5 % or more, based on the internal volume

of the polymerizer.

4. The method according to any one of items 1 to 3
10 . above, wherein the evaporation surface area S (m2) of
the liquid mass of polymerizable material satisfies the

following formula (2):
S > 0.03 ¢ (2)

15 wherein Q representé the rate (kg/hr) at which the

aromatic polycarbonate is produced.

5. The method according to item 4 above, wherein the
rate Q (kg/hr) at which the aromatic polycarbonate is
20 produced is 1 kg/hr or.more.

In conventional methods for producing an aromatic
polycarbénate by the transesterification process, for
removing by-produced phenol and the iike from the
liquid reaction system efficiently, it has been at-

25 tempted to increase the surface renewal of the polymer



wherein: 10 S represents an evaporation surface area (nferr])

which is defined as the area (nferr]) of the exposed surface
of -the liquid mass of polynerizable mate- - rial;

V represents the volune (nferr]) of the liquid mass 15 of

pol yneri zabl e material in the pol ynerizer; 2and vh
represents the nunber average nol ecul ar wei ght of the
aromatic pol ycarbonate to be pro- duced. 20 2. The
met hod accor di ng(beintgeformad)vey wheesiyn powerful rotaryr agddsttaonf,i cati on
reaction of the liquid nmass of pol ymeri zabl e material is perforned
in awetting fal ising horizomndelspolymeatizehs laisqmet timnedofabeyierneri zabl e
mat eri - al is caused to fall along and in contact with a sur- 25
face of a solid Bbpeverseldches musprisd nglaupesonfosnd that, by per-

19 ing of an inner wall of the polynerizer and a quide

provided in the S@FVﬁﬁgl £be. tranSESterlﬁ}CathﬁePW@FE§§ra@§&P@'ﬁgppéywren1l
or 2 above, wherei e vol une v Lﬁ% of, the 1iquid nmass of

pol yreri Zabl e erizer §HP§FP e £oTs aghde g%ﬁé BedndRindRg megstden

vol ume conditions satisfying the relationship defined by

formula (1) above, a high gquality aromatic polycar-
bonate having high heat resistance can be obtained at
high polymerization rate without suffering discolora-
10 tion, entry of impurities and generation of a thermal
decomposition product, and there is no need for a very.
large motive power for agitation. This is one of the
major aspects of fhe advantages of the present invention.
In the present inyentipn, the terminology "aromat-
15 ic dihydroxy compound" means a compound represented by
the following formula:.
HO—AY—OH
wherein Ar represents a divalent aromatic group.
Preferred examples of divalent aromatic groups as
20 Ar include a group represented by the following formu-
| la:

—Arl-v-ar?—

1 2

wherein each of Ar~ and Ar“ independently
represents a divalent carbocyclic or hetero-

25 cyclic aromatic group having from 5 to 70



of the polynerizer. 4. The nethod according to any one of

items L to 3 10 above, wherein the evaporation surface area S (nferr])
of - the liquid mass of polynerizable material satisfies the
following formula (2): S[err] 0.03 Q (2)
15 wherein Qrepresents the rate 4kg/ hr) at which the _
aromati c polycarbonate is produced. 5. The nmethod according to
item 4 above, wherein the - rate Q (kg/hr) at which the aronmatic

pol ycarbonate is 20 carbqrcthomes, iand kKgrdpresemos ea divalent I'n
conventional nethods for producing an aromatic : pol ycar bonat e by
the transesterificati @diarcasmud draving fromrenowid@ dgxponduced phenol
and the like fromthe . liquid reaction systemefficiently, it has
been at- 25 t e ®K-0 i ncrease the surface renewal of the pol yner
20 (being fornmed) by a very powerful rotary agitation,

usi ng horizontal pol ym& ith& diselang iprkPerelic or heterocyphigerrort has

surprisi ng}_l y been faund that, b

matic groups agli}r-and Arz, at least one hydrogen atom
may be substituted with a substituent which does not
adversely affect the reaction, such as a halogen atom,
an alkyl group having from 1 to 10 carbon atoms, an
alkoxy group having from 1 to 10 carbon atoms, a phenyl
10 group, a phenoxy group, a vinyl group, a cyano group,
an ester group, an amide group and/or a nitro group.
I;lustrative examples of heterocyclic aromatic

1 2

groups as Ar- and Ar

include an aromatic group having
at least one hetero atom, suéh as a nitrogen atom, an
15 oxygen atom or a sulfur atom.
Examples of divalenf aromatic groups as arl and
Ar2 include an unsubstituted or substituted phenylene
group; an unsubstituted or substituted biphenylene
group and an unsubstituted or substituted pyridylene
20 group. Substituents.for Arl and Ar? are as described
above.
Examples of divalent alkane groups as f include
organic groups respectively represented by the follow-

ing formulae:

25



formng the transesterification process, using a polym 5 erizer

sui tabl’e for achi eving and nai ntaining reaction condi tions
satisfying the relationship defined by formula (1) above, a high
qual ity aromatic pol ycar- bonat e havi ng hi gh heat resistance can
be obtai ned at hi gh pol ymerization,gate w thout suffering

di scolora- 10 tion, entry of inpurities and generation of a thernal
deconposi ti on product ﬁnd there_ is ng ,need for a very Iggge
notive power for agitg't on. ThiKis o of the - mgj or agpects of

t he advantages of the|present intlenti n. t he”'present
i nvention, the tergLn%lqu "aronmat -__ — aﬁgfaTth:;;gﬁagqpound" means a
a:

@ .
conpound represented Ry t he fiol | owi ng Lgrﬁuk\r_a//
wherein A} repriesents a dival en romat NG gr oup.

HO- Ar - OH

Preferred exanpl es of CdHwal,ent aRdémat Rc* grqups as 20 Ar i ncRide a
group represented by the foll ow ng fornu- | a:
-Ar[err]-Y-Arferr]- wherein each of Ar[err] and Ar[err]

i ndependert | y . represents ja diyal qgt_ car b,_PcycI ic or hetero-
25 cyclic avbeqai® @astp HaRhg BroRs and B independ-

21 carbon _atons, and Y represents a dival ent
ently represents a hydrogen atom, an alkyl

group having from 1 to 10 carbon atoms, an
'alkoxy group having from 1 to 10 carbon
16 atoms, a cycloalkyl group haviﬁg from 5 to 10
ring-forming carbon atoms, a carbocyclic
aromatic group having from 5 to 10 ring-
forming carbon atoms and.a carbocyclic aral-
kyl group having from 6 to 10 ring-forming
1s carbon atoms; k represents an integer of from
3 to 11; each X represents a carbon atom and
has R and R® bonded thereto; each R° inde-
pendently represents a hydrogen atom or an
alkyl group having from 1 to 6 carbon atoms,
20 ahd each‘R6 independently represents a hydro-
gen atom or an.alkyl group having from 1 to 6
carbon atoms, wherein RO and R6 are the same
or different; |
wherein at least one hydrogen atom of each of
Rl, R2, R3, R4, RO and R® may be substituted

25
with a substituent which does not édversely



al kane group having from1l to 30 carbon at ons.

I n the ‘dival ent carbocyclic or heterocyclic aro- 5 mati c groups as
Ar[err] and Ar[err], at |east one hydrogen atom : may be substituted
w th a substituent which does not adversely affect the reaction
such as a hal ogen atom an al kyl gﬁgup having from 1l to 10 carbon
at ons, an al koxy group having from1l to 10 carbon atons, a phenyl
10 group, a phenoxy group, a vinyl group, a cyano group, an

ester group, an am de g QP 2Pkl OFefcPibhO ?ﬁeﬂpas a halogen atom

Illustrative exanples of heterocyclic aromatic groups as Ar[err]

and Ar[err] include an@r&ieyi CgBb@YPhE&avh§dfrom 1 to 8b £8apbnone hetero
atom such as a nitrogen atom an 15 oxygen atom or a sul fur atom

Exanpl es of dival ent aatdmg) Cayr aLPSxASgLOLEr havang from 1 toAuperr]

i ncl ude an unsubstituted or substituted phenyl ene group, an
unsubstituted or substcaxihen di@henyd epieenyl groupgrauphandxgn
unsubstituted or substituted pyridylene 20 group. Substituents for Ar[err]
and Ar[err$ are as degrdurd @ vinyl gmbpepe.a cyano group, &raepltes of

di val ent al kane groups as Y include organi c groups respectively
represented by the fol9TRWP, an amid@n@r@@Pn%m@2©r asnitro group.

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

following formulae:

10

15

20

25



22 [err] and [err] 5
wherei n each of Rlerr], Rerr], Rerr] and R err] independ-

entty represents a hydrogen atom an al kyl group having from
1 to 10 carbon atons, an al koxy group having from1l to 10
car bon atonms, a cycl oal kyl 95 pup having from5 to 10 10
ring-form ng carbon atons, a carbocyclic aromati c group
having from5 to 10 ring- form ng carbon atons and a -
carbocyclic aral - kyl group having from6 to 10 ring-form ng
carbon atons; k represents an integer of from 15 3 to 11;
each X represents a carbon atom and - has Rlerr] and R err]
bonded t hereto; each Rlerr] inde- pendently represents a
hydr ogen atom or an (R)m dR®y|I group h&RAmg from®Ei o 6 carbon

at ons, : DE cach R6 |§§ependently present Z,j hydro- 20

gen atom or an al-kyl haUH to rbon atons,
wherein R err] and R[er are t he | or erent;

wherei n at51 east one hydrogen atom of each of Hs. R[err]

Rlerr], Rerr], Rerr], rr] and Rl err] may be substltuted

with a substituent which os 01y &RPersely ®RDm CHz  (R8)n

-0+0- -0+0-

10

RN (R8)a RN (R8)q
«%@ @CT -
 ®Da (I:Fa (R9)s C®m (RO

s -0 el
 -0LO- -O=0-
_ - CFs Lj\\
CHs CH3
(R7 (R®)n (R®)n

20 ‘@C@ —@»cm——cm-@‘

25



23 affect the reaction, such as a hal ogen at om

an al kyl group having from1 to 10 carbon o atons, an al koxy
group having from1l to 10 carbon atons, a phenyl group, a
phenoxy 5 group, a vinyl group, a cyano group, an ester

group, an amde group and/or a nitro group.,g Speci fic exanpl es
of divalent aromatic groups as Ar 1 nclude groups respectively
represented by the followi ng fornmulae: 10 15 20
25 wherein each of R’ and R® independently

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
5 carbbn atoms, a cycloalkyl group having from
5 to 1C 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, the R7’s are the same or different,
and when n is an integer of from 2 to 4, the
R8s are the same or different.
Further, examples 0of divalent aromatic.groups as
Ar also include those which are represented by the
15 following formula:

—Arl-z-ar2-

wherein Arl and aAr? are as defined above; and
Z represents a single bond or a divalent
group, such as -0-, -CO-, -S-, -S04, -S0-,

20 -C00-, or —CON(Rl)-, wherein R is as defined

above.

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

25 ing formulae:



24

[err]

10

15

20

25

10 15 20

26

®R)a  (R9a ®RDm (RO

RNm (R8)n RN (R8)n

RN Ra)n (RNm (R®)n

~O-so—D)— {d} o~
O oon ) {gi%@“i:

(R7)m CHs (R )n (R7)m CHs (R )n

@gm@oﬁ@ﬁo@g;@ _

wherein R7, RB, m and n are as defined above.

In the method of the present invention, the aro-

matic dihydroxy compounds can be used individually or



25 25 wher ei n

each of Rlerr] and Rlerr] independently : represents a
hydr ogen atom a hal ogen at om an al kyl group having from1l
to 10 carbon ~atonms, an al koxy group having from1l to 10 5
carbon atons, a cycl oal kyl group haV| ng frozn} 5to 10
ring-formng carbon atons, or a phenyl group; each of mand
n i ndependently represents an integer of from1l to 4, with

the proviso that ‘ﬂqﬁﬁ%éyﬁﬂrneﬁggrégegéé¥gvé'%F%WR}es of gré ? the

R7's are the samé or 'S an 1 n eger of

from2 to 4, thegﬁ%yq§0%¥ compolR& MndL & SGrRai® K. different.

Further, exanple | ent "aromati c groups a Ar al so include
those which are represey ed ¥ 1t r1’::'arb']c>l§‘1ate usdd®! 1 PWHY & f’éé@ﬂf‘ invention
-Ar[err]-Z-Arferr]- wherein Ar[err] and Arferr] are as
defined above, ang represented byi%ﬂéﬂﬁdmﬁﬁwﬁhgiﬁﬁfﬁﬂfﬁbond or a dival ent
group, such as -0, -CO, -S, -SOerr], -SO, 20 -COO, or
-CON(R[errg )-, wherein Rerr] is as deflneﬂ above.
- |
Ar3—OCO—-Ar4
wherein each of Ar3 and Ar? independently

represents a monovalent aromatic group.

10 In each of Ar3 and Ar4, which independently repre-
sents a monovalent carbocyclic or heterocyclic aromatic
group, at least one hydrogen atom may be substituted
with a substituent which does not adversely affect the -
reaction, such as a halogen atom, an alkyl group having

15 from 1 to 10 carbon atoms, an alkoxy'group having from
1 to 10 carbon atoms, a phenyl groﬁp, a phenoxy group,
a vinyl group, a cyano group, an ester group, an amide

group or a nitro group. Ard and ar? are the same or

different.
20 Representative examples of monovalent aromatic
groups as ArS3 and Ar? include a phenyl group, a

naphthyl group, a biphenyl group and a pyridyl group.
These groups may or may not be substituted with the
above-mentioned substitutent or substituents.

25 Preferred examples of monovalent aromatic groups



Exanpl es of such dival ent aromatic groups as Ar I ncl ude groups

respect’ively represented by the follow 25 i ng formul ae:
26 - [err] 5 10 15 20
- _ 28
as Ard and Ar? are those respectively represented by

the following formulae:

- ' CHs
5 . I/\ ﬁlr\
O Gm Lo
. CHs
?EB ?Hb ?Hh
olo elTla
10 CHs CHs CHs

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

15 bonate compound represented by the following formula:

&, 0 —

20
wherein each of R? and RO indepehdently
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

25 cycloalkyl group having from 5 to 10 ring-



wherein R err], Rerr], mand n are as defined above. 25 In the
nmet hod- of the present invention, the aro- mati.c di hydroxy conpounds
can be used individually or 27

i n conmbi nati on. Representative exanples of aromatic di hydr oxy
conpounds i ncl ude bi sphenol A 5 The diaryl carbonate used in
the present invention IS represent’ed by the follow ng formula:

O || Arferr]-0OCO Ar[err] ' wherein
each of Ar3 and Ar4 ingepe r noval ent
aromati c group. 10 © rHbehé%ﬁr?oenac rore A er rﬁlﬁgﬁ;&rﬁ%ﬁ ,_whi ch

| ndependent | y' repre-  of p and SEMrabLRNGHA £ R SAIRARKE diE Tite-

het erocyclic aromatic ‘group, at |east one hydrogen atom may be
substit ut ed vq&h € St 11 uaits WhiGth daes pxdvast/esiset y af fect the
reaction, such as a hal ogen atom an al kyl group having 15 from1l to
10 carbon atons, an alwmty @rigipamatteydy af 2 or mode t ocHed) RArdon at ons,

a phenyl group,
ester grogp, an

10

15

20

25

a phenoxy group, a vinyl group, a ctyano group, an

ani de are the same or different, and when g is an
integer of 2 or more, the R10's are the same

or different.

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

These diaryl carbonates may be used individually
of'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
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

5



group or a nitro group. Ar3 and Ar4 are the sanme or different. 20
Represént ati ve exanpl es of nonoval ent aronmatic groups as Arferr]
and Ar[err] include a phenyl group, a napht hyl group, a bi phenyl
group and a pyridyl group. These groups may or may not be
substituted with the above- nenti om:éio substitutent or substituents.
25 7 Preferred exanpl es of nonoval e aromati c groups

28 as Ar3 and Ard are those respectively represented by

the follow ng forpgil % £ hvd
Represent ati ve exarrp é’s IedJ alreyIOfcaJ'f Sonat e ic dihy 1F\%’f}fldc(:ao"al\posltlfl':‘)st|tut ed
or unsubstituted di pheid fififser average molecular weight of the aromat-

ic polycarbonate obtained according to the method of
the present invention -is generally from 500 to 100,000,
5 preferably from 2,000 to 30,000.

As mentioned above, in the present-invention, as a
raw material, use is made of at least one polymerizable
material selected from the group consisting of:

a molten monomer mixture of an aromatic dihydroxy

10 compound and a diaryl carbonate, and

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

Even when a monomer mixture of an aromatic dihydroxy
15 compbund and a diaryl carbonate is simply melted by
heating, a polymerization reaction proceeds to some
- extent. Therefore, a molten monomer mixture of ah
aromatic dihydroxy compound'and a diaryl carbonate is
substantially equivalént to a molten prepolymer. In
20 this sense, the polymerizable material is hereinafter,
frequently referred to as "prepolymer". Further, when
the prepolymer is one which is having its polymeriza-
tion degree increased by the method of the present
invention, the prepolymer is hereinafter, occasionally

25 referred to simply as "polymer".



15 bonat e conpound represented by the follow ng formul a: 20

wherein each of Rlerr] and Rlerr] independently represents a
hydr ogen atom an al kyl group having from1 to 10 carbon atons,
an al koxy group having from1l to 10 carbon atons,.a 25

cycl oal kyl group having from5 to 10 ring- 3
29 7 form ng carbon atons or a bhenyl group; each _
of p and g independently represents an inte- ger of from1lto

5 with the proviso tr&ﬁe molte?h%re ol%ﬁgg §%3 #R %ﬂgeggmﬁgnt 1%vegpre

the Rerr]’ 5 BReY oF erent

I nteger of 2 or s e t.
O tﬁese dlphenyﬁgég}ﬁ%%g?gﬁg% oﬁﬁééﬁl%?g?erreal may be ORF og%agh%% by

car bonat es haV'nQu%a%%ﬁH%ﬂtf@ﬁaf0ﬂ$19ﬂé§1za%90n methbal, SUCh as
(unsubstituted) diphenyl carbonate and di phenyl carbonate
substituted with a | ovii Bh&Ypresent invention, the evaporation surface
5 afea S (mz) is an index of the area of the interface
between the polymer liquid phase and the gas phase, and
is defined as the area of the exposed surface of the
liquid mass of polymerizable material. Usually,-a gas-
liquid interface assumes a wavy, complicated configura-
10 tion due to the agitation, turbulence, foaming or the
like, so that it is.difficult to measure the area of
the gas-liquid interface precisely. However, in the
present invention, fhe area of the exposed surface_of
the liquid mass, that is, the eﬁaporation surface area
15 S (mz), is determined on the assumption that the liquid
polymer is in a stationary state in which there is no
agitation, turbulence, foaming or the like.

Illustrative explanation will be made below on how

to determine the evaporation surface area S (m2) de-
20 fined in the present invention.

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

25 flown-down liquid surface is in a stationary smooth



group, e.g., ditolyl carbonate and di-t-butyl phenyl car bonat e.

Particdlarly preferred is di phenyl car- bonate, which is the

di atyl carbonate having the sim 15 pl est structure.

These. di aryl carbonates may be used individually or in

¢onbi nat i on. The ratio in which the aromatic di hydroxy
conmpound and the diaryl carbonate ¥ e used (i.e. a charging 20
rati o) may vary depending on the types of the aromatic di hydr oxy

d d di I t | oyed, the ol ynmeri zati on
et ur s o e H RS e, ot o) kAT ene
b te is generally used in n_,amount, of from0.9.to 2.5 nol es,
orerarably rom Dake odbiff hne preq of RATHIH Lontd b ?Jr?m@@gnt o’
1.5 g 2\ s - ol es er_nol e
of the aromatic AT AFoxXy EohbaigEace (m7) is é&%easnuﬁ%%re‘é%g?ﬁagmn

mol ecul ar weightégrggé?zﬁfggus (m2). i ¢ pol ycarbonate obtained
according to the nmethod o the present invention is generally from

500 to 1005000, 5  wheH e Rt £Zs QO£ Ormibhs 000 5 wettin% fall As
menti oned above, in the present invention, ‘as a raw material, use

i's made of at |easidegnechopiBfmaabl £juid in thdB&IymdrsLbecigd-hhigant he
group- consi sting of: a nolten nononmer m xture of an aronatic
di hydr oxy to fall along and in contact with a part or entire of a
surface (hereinafter, frequently referred to as "polym-
er-flowing wall surface") of a solid object selected
10 from the group consisting of an inner wall of the
polymerizer and a .guide. 1In this case, it is assumed
that the polymer liquid has a uniform thickness and
forms a flowing liquid surface having a configuration
which is congruent with or homothetic to the configura-
15 tion of the polymer-flowing wall surface. (For exam-
ple, when a high viscosity polymer liquid is caused to
flow down along a wire, the flowing polymer liquid has
a peripheral configuration iarger than and homothetic
to the-peripheral configuration of the wire.). The
20 area (m2) of such a flowing liquid surface of the
polymer liquid is taken as the evaporation surface area
S (mz) of the flowing polymer liquid. Specifically,
when the polymer-flowing wall surface is a plane, the
- area (mz) of a planar flowing liquid surface is the

25 evaporation surface area S (mz) of the flowing polymef



10 conpound and a diaryl carbonate, and a nolten _
pr epol yner obtained by a process conpris- I ng reacting an aronmatic
di hydroxy conpound with a di aryl carbonate. Even when a
mononer. m xture of an aromatic di hydroxy 15 conmpound and a di aryl
carbonate is sinply nelted by heati ng, a polynerization reaction
proceeds to sonme extent. Therefore33a nolten nononer nixture of an
aromat i ¢ di hydroxy conpound and a diaryl carbonate is

"substantially equivalent tq a | ten prepol r, Inmé(n) this, sense, the
pol yneri zabl e rratié'rq‘%ﬁ&l s bﬂ?ﬁréir@-é? tR? ,Ymgr gfgw”??e tFYFFRFRri2d to as
"prepol ynmer". Fur g he preppl yner. i s.one i S_havi ng

its polynmneriza- éﬁeﬂ'nd 1'oh t eegraezéeelE ncre s(gg yc¥3h1en% %%%m%g T hed pr esent

nvent i on, the Driepel it fadier £l Neld SvagbEaplallde #5n2) SEfpRLEd Lo

simply as "pol yner™.

The nol ten prepolsidrins gbiyhdel Rnesent dif'bV&Ebuld be notdd Ofh&€ When
y

pol ymeri zabl e material may be one obtai ne any conventi onal

pol yneri zgti on neHwtrea of the flowiny lNEqRiESAMFiddY & i e ddBymer
evaporation surface 5 area S (nferr]) is an index of the area of the
i nterface licheitdveein. ¢ he i yeRdpdiditi oh phnsfacn hide gast ptrase, and
flowing polymer liquid) is directly obtained from the
area of the polymer-flowing wall surface, possible tiny
bumps and dents (of a size of up to several hundred um)
10 on the polymer-flowing wall surface are disregarded,
and the polymer—flowing wall surface is assumed to be
smoofh. Further, in the determination of the area of
the flowing liquid surface of the polymer liquid (i.e.,
the evaporation surface area S of the flowing polymer
15 liquid),_it is also assumed that, when the polymer
flows down along the polymer-flowing wall surface, the
liquid mass of the polymer does not become widened in a
direction perpendicular fo the flow direction, but
flows while maintaining the same width as at the start-
20 ing point of the flowing down. For example, in the
determination of the area of the flowing liquid surface
of the flowiﬁg polymer liquid (i.e., the evaporation
surface area S of the flowing polymer liquid), it is
assumed that, when a prepolymer is fed to a cylindrical

25 polymerizer through a prepolymer inlet positioned at an



I's defined as the area of the exposed surface of the i quid mass
of polynerizable material. Usually, a gas- ~liquid interface
assunes a wavy, conplicated configura- 10 tion due to the agitation,
tur bul ence, foam ng or the li ke, so that it is difficult to
nmeasure the area of. the gas-1iquidgjynterface precisely. However,
in the present invention, the area of the exposed surface of

the liquid mass, that is, the evaporation surface area 15 S (nmerr]),

is determned on 4ppenssuaBLi;aNLt Bat tthpb!LﬂHégi_zer,_thep?bI Brl $1bfisa
stationary state in which there is no agi tation, turbul ence,
foam ng or the |id#éwn along the innéklwallati¥ea8XpbanshéOpoWhkrhgebngs
bel ow.on how to determi ne the evaporation surface area S (nferr])
de- 20 finedthe bbetpnesénthenpebymenizer while maintéfnihg &Rehod of
t he present invention, even when the surface of the polyner liquid
in the pol yneri zesamg width asiatathevyiseatbedpelymethflagst atitofirom

t ur bul ence, foami ng or the |ike, assum ng that the horizontal or
25 f 1 dwn- downthe giRges uppertng sof nthe spuebohungr simbeh. The width

32 state_in which no agitation, turbulence, foam ng or the

li ke occurs, the Ff ethdfIiRBIRG PObWREF biduiduatdbp time the padpmar

liquid surface (n%fg&é)oﬁé %ggﬁntﬁg iggegvgggﬂfﬁéogf the prepolymer

inlet varies depending-on the viscosity of the prepo-
lymer, the feeding rate of the prepolymer and the

10 design of the prepolymer inlet. 1In the present inven-
tion, when the polymer liquid falls freely in the
polymerizer in the form of a filament or a droplet
(wherein the polymer liquid does not fall along and in
contact with an inner wall surface of the polymerizer

15 or the surface of a guide), the gas-liquid interface of
the freely falling polymer liquid is not included in
the evaporation surface area S (mz) defined in the.
present invention. Further, when the falling liquid
mass of polymer has a portion which does not fall along

20 and in contact with an inner wall surface of the polym-
erizer or the surface of a guide but falls freely, the
area of the exposed surface of the liquid mass of the
polymer in such a portion is not included in the evapo-
ration surface area S (m2) defined in the present

25 invention. When a plurality of guides provide a plu-



surface area S (nferr]). .5 When the reaction is performed in a

wetting fall node, the polymer liquid in the polynerizer is caused
tofall along and in contact with a part or entire of a ~surface
(hereinafter, frequently referred to as "polym er-flow ng wal
surface") of a solid object selected 10 fromthe group consisting of
an inner wall of the pol yneri zer and a guide. In this case, it is
assumned that the polyner liquid has a uniformthickness and

f fl ow l_i_cud f havi . f ti which is
conaruint o b P EEGBTAR AR o papon ofFe”d

-fl i a . . en _a.high
D svosi 1y pol yuer it P of (0% S A1ty of £1Bufag " TiluEa i rpcep

f1 ow ng p°|yner'ﬂémgﬂéfEV%P°rati°“5ﬁ%€§§5§2§f@é §0F$29u5§£%ﬁgdlgﬁgg&?than

and honot hetic to the peri Iguration o e wre. The

20 area (nf ergrddsetft sutherdefdoW ng |iquid surface of the
polymer liquid is taken as the evaporation surface area S (nmerr])

of the fl oy ng pol ymemwHdrW hol3pesi fiL@kld having a MBEDzbALal liquid
polymer-flow ng wall surface is a plane, the ~area (nferr]) of a
pl anar flow ng | ispmfhcaurifsagereserntei?5the beveqorpdéttios b fatReapedyh-
(nferr]) of the flow ng pol yner . _
33 Iiq@nizaﬂmﬂntaﬁﬂ#ﬂﬁqnnﬁhé|aww¢@wme¢Iltgmidcﬁlowing down
cylindrical, the area (nferr]) of a cylindrical flow ng
along the polymer-flowing wall surface and having a
flowing liquid surface, the total area of the horizon-
10 tal liquid surface and the flowing liquid surface is
the evaporation surface area S (mz) defined in the
present inventidn.
Further, in the determination of the evaporation
surface area S, when one flowing liquid surface (on one
15 polymer-flowing wall surface) interferes with another
flowing liquid surface (on another polymer-flowing wall
surface) to thereby produce respective portions of both
the flowing liquid surfaces which portions are not
exposed to the gas phase, the areas of such portions of
20 the flowing liquid surfaces are not included in the
evaporation surface area S (mz)'defined in the present
invention [see, for example, Figs. 7(a) and 7(b)].
In the present invention, the volume V (m3) of the

liquid mass of polymerizable material means the volume

25 of polymer which is present in the polymerizer and



liquid surface is the evaporation area S (nferr]) of the

fl ow ng

polymer liquid. -1t should be noted that when 5 the area of the
flowng |iquid surface of the pol yner liquid (i.e., the _
evaporation surface area S of the flow ng polymer liquid) is
directly obtained fromthe area of _the polynmer-fl ow ng wall
surface, possible tiny bunps and daft s (of a size of up to severa
hundred [err]nm 10 on the polyner-flow ng wall s?rfaca are .
di sregar ded, . p uWin surface is to e
snnot% Furt her, sub?ﬁgﬂgl%Efﬁ1§3¥loﬁ18? ?ﬁegﬁmgé oFeac Lon. '

liquid surface Of t2ﬁ3$05¥n§ﬁeliﬂyhgd(hi§s deflPed 18tQﬁee%§3%eﬁ% g%ven—

surface area S of t | ow ng po

IS a

that, when the po{yaﬁrdoes not 1£89ﬁﬁedeﬂﬂ QBQHHetB% EHEVBEEXEgngQ

surface t he | i quid mass of the polynmer does not

a di r ecti/RicRel §epdbsshdr ihothhepihaw Qhaeehéomugguzmlch are

flows while nmaintaining the sane width as at the start-

In

so assuned

w@l

ened in

g point

of the flowi ng dowtnnedoedesanphe, polyhBeizer and ufefeEBrn@rbaRpohrthihe

area of the flowing liquid surface of the flow ng polyner liquid
(i.e., the evaporetibemporarily soctmukatteg thefpbheméloningifol ynmer
liquid), it is assumed that, when a prepolyner is fed to a
cylindrical 25 pe fexringr to hFbgghes, pnepel yhbustnbetivposkpilenad at
an 34

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

ration surface area S (m2) and the volume V (m3) of the

10 liquid mass of polymerizable material, both defined in

the present invention.

Fig. 1 (a) is a diagrammatic view of a vertical

agitation type polymerizer, showing a polymerization

procéss in which a prepolymer is fed in a volume of V

15 (m3) in the form of a filament through inlet 5 into

the polymerizer, while agitating the prepolymer in the

polymerizer, so that a wavy, complicated gas-liquid

interface is formed by agitation and foaming.

Fig. 1

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

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

ed, and there is no foaming, so that a

stationary

smooth gas-liquid interface is formed in the polymeriz-

er. In the present invention, when the polymerization

is performed by a process as shown in Fig. 1 (a),

the

25 evaporation surface area S (mz) is determined on the



~upper side-wall of the polynerizer, the polynmer flows down al ong
the inrer wall surface of the polynerizer to the bottom of the
polymeri zer while naintaining the same width as at the tine the
pol ynmer. flows out from. 5 the-inner opening of the prepolyner inlet.
The wi dth of the flowi ng polymer liquid at the time the pol ymer
flows out fromthe inner opening of the pré%%lyner inlet varies
dependi ng on the viscosity of the prepo- | yner, the feeding rate

of the prepol yner._and _the desi gn of the prepolyner inlet. 1In the
present Ioi n\eeny as&éumptl‘ﬂ (]:)‘%‘,a e tenveag%ﬁ%ﬁfeqn I%ﬁf%c‘%/aﬁ STIEEPRATH the
pol ynmeri zer in t f Qhm i nt_.or a drapl et (wherein the
pol ymer liquid d%glsc"o%(rl)’t %Q‘Iaﬁ%éa‘% ££}£€Saﬁs o B qplg' 1(ct3))nt act with an inner

wal | surface of the pal ' . . ' face of, ui de), the
gas-liquid interface g{yr@{é ZPle"g%el artele y éltaljfecf%%n% sgjocf%nrrelrr?llgl i 2’2 [ %aﬂ’ot

1ol uded 10 ynen Wi SRR S 18 A AARd TETd 1doELANGH 1 N the

present invention. Further, when the falling qui _
pol ymer has a pomanpehitse degsineotw f@d) de0be Bbtained@ B 14 HOMES!

with an inner wall surface of the polym erizer or ‘the surtace of
a guide but fall<dnfwhdlch, theeweight of ameRa pflyne expased J’.i‘U!’if]:@é?%cS’fdyrﬁhe
|l iquid mass of the pol ymer in such a portion is not included in
t he evapo- erizezgt ien obiefiaed dyvesudbtmgaaring tef iteethl nedighpresent
25 I nvention. When a plurality of guides provide a plu-
_ polymer withdrawn from the polymerizer, an evaporated
substance, such as a by—produced, evaporated aromatic
10 monohydroxy compound, and a prepolymer in the conduits
(arranged in the polymerizer) and the like from the
weight of the prepolymer fed to the polymerizer; and
the weight of the pblymer liquid in the polymerizer is
then converted to the volume thereof, using the specif-
15 ic gravity of the polymer liquid as measured at the
polymerization temperature. [In addition to the evapo-
rated monohydroxy compound, the above-mentioned evapo-
rated substance may also contéin sméll amounts of a
diaryl carbonate, an aromatic dihydroxy compound and an
20 extremely low molecular weight prepolymer.(oligomer),
depending on the polymerization conditions. ] The
amount of the evaporated aromatic monohydroxy compound
can be obtained by measuring the weight of a condensate

of the whole of the evaporated substance (including the

25 by-produced aromatic monohydroxy compound) distilled



35 rality of flowng liquid surfaces, the total area S _
(nferr]) of all of the plurality of flowing liquid surfaces Is the
evaporation surface area S (nmerr]) defined in the ~ present

I nventi_on. 5 When a polymer Iiquid having a horizontal liquid
surface is present in the bottom portion ofszdhe polym erizer in
addition the a polynmer liquid flow ng down along the

pol ymer-flow ng wall surface and having a flowing |iquid surface,

the total area obffenidigot velt of #rl P&k S acer@ngnhd hg-ELoMing

liquid surface is the evaporation surface area S (nferr]) defined
in the - preserdidmVeiNd @®becific gravity JRIMtHE®IpoiyvméPeliquid
determ nati on of the evaporation surface area S, en one flow ng
liquid surface (dmtordhe Tolymericianiem flempexpinatd) sin fiioe)po ymet £12€6
wi t h anot her flowing liquid surface (on another polymner-flow ng
wal | sudffagssumed Her disy Ipridfudyg/mespedihare o tpahgnafitation
the flowing liquid surfaces which portions are not ~_exposed §o t he
gas phase,5the af€aPSFEOFRER For 8 ARFBWisE) mannahe ﬁhe)}/vqiﬂglmee o gn )
surfaces are not included in the evaporation. surface area

(nferr]) defined PR PFeopedasd by a methaddm gthiahedthe greishirmp®, tie gs.
7(a) and 7(b)]. resent invention, the volunme V

(nferr]) of the Polymer |J1i<$hﬁili‘nr?-té’23 RO 2R 1 % AR @428 Rangulhe
volume 25 of BAYWEY MY Pidad T df" e RP L L udlhnce,
such as a by-produced, evaporated aromatic monohydroxy
10 compound, and a prepolymer in the conduits and the like
from the weighf of the prepolymer charged to the polym-
erizer; and the weight of the polymer liquid in the
polymerizer is then convérted to the volume thereof,
using the specific gravity (1,100 kg/m3) of the polymer
15 liquid as measured at the polymerization temperature.
Fig. 2 (a) shows one mode of a wall-wetting fall
polymerization process, in which a prepolymer falls
along and in contact with an inner wall of a cylindri-
cal polymerizer. In Fig. 2 (b-1) and Fig. 2 (b-2), the
20 process of Fig. 2 (a) is illustrated on the assumption
that the prepolymer of the same volume as in Fig. 2
(a), which falls along and in contact with the inner
wall of the cylindrical polymerizer, is present in the
form of a liquid mass having a uniform thickness and

25 having a flowing liquid surface 4 having an arc config-



36 . substantially participates in the reaction. The vol une -

V (nefr]) of the liquid mass defined in the present inven- . tion
does. not include the volune of the polyner |iquid which is present
in the pipes and the |ike which are 5 connected to the polynerizer

and used for transporting or tenpqgﬁﬁlly_accunulaping t he pol yner
| i qui d. Referring to Figures, re illustrative expl ana-

tion will be nmade beIOM/on how t o detern1ne t he evapo- ration

o o (rn al’?ﬁflgvglé{?%%% d]é?l ne {rrlgt ttﬁ t %r I’%EEﬁ?%IaVY

mass of polyneriza

i nvention. " liquid mddd- 6}151 Srwid Sid ﬂrggrf ' c f{,e%gfpfleggﬁ{' cal

agitation type polynerlzer ow ng a polyreriza process in

whi ch a prepol ymMamviehi@sh | mr?eﬂ%wep&fyrhérﬂéamon :(ér[ﬁéf%\%rﬂm@dti?? form of

a filament through inlet 5 into he pol yneri zer e agitating

t he prepol yner i pddiess as shovﬂﬂ|ﬂ'if&|‘idgler2 &) | hate %V‘?&ra‘@?@iﬁ" 56RE8de
gas-liquid interface is formed by agltatlon and foamng. Fig. 1

(b) shows man i magires B et )e, i g rdente i reeprapotygredssitfbtion helva8gchde sane
V (nferr]) as in Fig. 1 (a) is not agltat- ed, and there is no
f oam ng, so that exyapoaEtdmay ysurface is SﬁﬁmtinggakhQumllsiJrfEceefacnaVSng

formed in the polyneriz-

an arc configuration in cross-section as shown in Fig.
2 (b-1) and Fig. 2 (b-2). The areas of the side sur-
faces.of the liquid mass shown in Fig. 2(b-2), which

10 side surfaces extend along the thicknesswise direction
of the liquid mass and are substantially perpendicular
to flowing liquid surface 4, are not included in thé
eﬁaporatign surface area S (m2), because each of these
side surfaces does not have a configuration which is

15 congruent with or homothetic to the polymer-flowing
wall surface of the polymerizer. Further, as in Fig. 2
(b-2), in the present invention, it is assumed that the
prepolymer fed through the prepolymer inlet to the
polymerizer falls down along the inner wall surface of

20 the polymerizer while maintaining the same width as at
the time the prepolymer flows out from the inner open-
ing of the prepolymer inlet, and without spreading in
the direction along'the curvature of the inner wall
surfade of the polymerizer.

25 In the polymerization process shown in Fig. 2 (a),



er. In the present invention, when the pol ynerization I's perforned
by a process as shown in Fig. 1 (a), the 25 evaporation surface area S
(n{err]) is determ ned on the

assunption that the evaporation surface is stationary
snDoth “surface 4 as shown in Fig. 1(b). In the polynerization
process shown in Flg 1 (a), when e pol yneri zation is performned
in a continuous - manner, the volume V (nierr]) can be obtained by a

(ranrait 22? i s obtai ne‘ﬂ‘%@ %ﬁ% é}?c%ﬁégi%%ei? Plg? pﬁeilgﬁ%mé?q%dal Qogtgn%lflgm

wi t hdrawn fromt %rﬂ%xyneéﬂé%ol&ﬁle e\\/aﬂm ?t QIFI be obtalﬁggsf)gng 8%}{88 as a

by- produced, evaporated aronatic ydr oxy oun

prepol yner in th%JPQH@Hﬂisthe welght(@%r@ﬁ@eﬂoi?méPel?QﬁyaeihZ%ﬁé Begyhh .

li ke fromthe wei ght of the prepolynmer  fed to"the polynerize

the wei ght of thepalereis ldsiththed BPesPOLYABEIZEIthe total weibReNof a
converted to the volune thereof, using the specif- 15 ic gravity of

t he pol yney I|qubkyme&%wﬂﬂhﬂk&ﬂntfmbm the poDghgtRréfat aANet,8ppPERALAr €.
[In addition to the evapo- rat ed nonohydr oxy conpound, the
above- ment i oned esudpEkance, such a=®ck shpspardecady evasporatedi aremaklic
amounts of a di aryl carbonate, an aromatic di hydroxy conmpound and
an monohydroxy compound, and a prepolymer in the conduits
(arranged in the polymerizer) and the like from the
weight df the prepolymer fed to the polymerizer; and
10 the weight of the liquid in the polymerizer is then
converted to the volume thereof, using fhe specific
gravity (1,100 kg/cm3) of the pqumer liquid as meas-
ured at the polymerization temperature. When the
polymerization is performed in a batchwise manner, the
15 volume V (m3) can be obtained by a method in which the
weight of the'polymer liquid in the polymerizer is
obtained by subtracting the total weight of an éﬁapo—
rated substance, such as a by?produced, evaporated
aromatic monohydroxy compound, and a prepolymer in the
20 - conduits and the like from the weight of the prepolymer
fed to the polymerizer; and the weight of the polymer
liquid in the polymerizer is then converted to the
volume thereof, using the specific gravity (1,100
kg/m3) of the polymer liquid as measured at the polym-

25 © erization temperature.



20 extrenmely | ow nol ecul ar wei ght prepol ymer (oligoner),

depending on the polynerization conditions.] The ~anount of the
evapor at ed aronmati ¢ nonohydr oxy conpound can be obtai ned by
measuring the weight of a condensate of the whole of the evaporated
substance (including the 25 by- produced aromati ¢ nonohydroxy conpound)
distilled _ 41 38 of f

t hrough a vent of the polynerizer. In the present i nvention, the

Comperature) in’the parser) 4 o4 Stagramnatie Pl A A Gr GG or
enp u : :
Wh h |y ' I . ' f | t chwi se ner,.the
(oo LT Fhas gy g g.lgen?%ﬁé;n;e_ P AR Al
o] e J- e -
tracting the tot Eﬁ'%htdeg‘g g’réfgvapord;té%rggulb&s@él czaf %la} is/%%#?agoa

by- d d, t ' : b -
y- produced, evaganat ed odgOEMd G AP O%M4 thl Qach &pm%fn%;f?he

prepol yner in the conduits and the |ike fromt

prepol ynmers char geentto tiie dehiti-shaped guitld<,ehihedtd i hthavei e ofidde
polymer liquid in the pol yneri zer is then converted to the vol une

t her eof wawnyi g otiegs egufiicc syirdfddas ©h M kevor{esInngn-odhdhed
pol ymer 15 liquid as nmeasured at the pol ynerization tenperature.
Fig. 2 (a) showsguAdesodd dntenfeide wetth egdhaldther to theuebyrepradicen
process, in mhlCgegpggigggygg;ggﬁégsof both the wavy flowing liquid
surfaces which portions are not exposed to. the gas
10 phase. 1In Fig. 7 (b), the process of Fig. 7 (a) is
illust:ated on the assumption that the polymer liquid
of the same volume as in Fig. 7 (a) falls along and in
contact with the column-shaped guides 7A in the form
of mutually overlépping two cylindrical liquid masses
15 of polymer, but not in the form of a wavy ligquid mass
as shown in Fig. 7 (a). In the present invention, the
respective portions of both the cylindrical flowing
liquid surfaces shown in Fig. 7 (b), which are indicat-
ed by using the broken lines, are not included in the
20 evaporation surface area S (mz), because these bortions
are not exposed to the gas phase. In the present
invention, the area of the exposed surface 4 of the
pdlYmer liquid, indicated by using the solid line in
Fig. 7 (b), is taken as the evaporation surface area S

25 (m2).



along and in contact with an inner wall of a cylindri- cal
polynmerizer. In Fig. 2 (b-1) and Fig. 2 (b-2), the 20 process of Fig.
2 (@) is illustrated on the assunption that the prepol yner of the
sanme volume as in Fig. 2 (a), which falls along and in contact with
t he inner wal | of the cylindrical palynerizer, is present in the
formof a liquid mass having a uni form t hi @hess and 25 having a-
flowng liquid surface 4 having an arc config-

39 uration in 0ss-section, but .not in the formof a. wav :
liquid mass as shown i %hﬁ PIEEOPT MV IS dite pOlYmerl??ékﬁﬁi%ﬁ; when
the pol yneri zati ' rof . Ar.ocess ) .0 Fig. 2
(a), the evaporag’lggrlﬁ%srﬁl%fia%é%%l%)éa%télroena cgn(dn:{ elro_r@ﬁ si@iﬂe{}gé’rl?ﬁ {I;llg% on the
assunption that Lh&poration éﬂﬁﬁ%Eéﬂéfaﬁfﬁ”ﬁﬁﬂﬁg'Ghé'éHMJHbl¢aﬁﬁ@hs face
4 havi ng an arc configuration 1 n cross-section as sho | I g.

2 (b-1) and Fig. tBe( 113hidT MR &S g1 Jultl 158 SWaterial i the
| i qui d mass shown ?n Figjg.l 2(b-2), V\hE{a;h 10l Si dae esrulra11c acle% %%?%%Pong
the thickressw serdizeeGt edd the numbedl dvitrddelwidl BB Wb A48t (Mn) of

substantial ly perpendi cul ar to flowng liquid surface 4, are not
i ncluded in the the aromagiappodlyicarbeumnaiac ez srdddesd |9atbeenusige each
of these si de surfaces does not have a configuration which is

relationships represented by the following formula (1):

log (S/V) 2 2 x 1075 x Mn + 0.8 (1).
10
[It should be noted that formula (1) above is wvalid
dnly when the unit of the evaporation surface area S is

m2

and the unit of the volume V of the liquid mass is
m3.] The formﬁla (1) is an empirical formula obtained
15 by the present inventors in their production of poly-
carboniates having various average molecular weights
~under various polymerization conditions in which the S
.(mz)/V (m3) ratio was varied. When the polymerization
is performed under conditions in which the S (m2)/v
20 (m3) ratio is outside the range as defined in the
formula (1), it becomes difficult to produce a high
quality polycarbonate having high heat resistance at
high polymerization rate without suffering discolora-

tion, entry of impurities and generation of a thermal

25 decomposition product.



15 congruent with or honothetic to the polyner-flow ng wal |
surfacé of the polynerizer. Further, as in Fig. 2 (b-2), in the
present invention, it is assuned that the prepol yner fed through

t he prepolyner inlet to the pol ynerizer falls down al ong the inner
wal | surface of 20 t he pol ynerizer whi mai ntai ni ng the same width as
at = the time the prepolyner flows o fromthe inner open-

ing of the prepolyner inlet, and without spreading in t he

di rection al ong the_cw@gﬁlﬂé%q%?gfgﬁigﬂgﬁt lof theegg}iﬁﬁﬁﬁgéﬁoéfégez

pol ymeri zer. 25 e pol yneri l on proc

(a), . . _in the present invention, there Y no particuf@?nl%ﬂf—
pol ymeri zation is performed in a continuous manner, the volume V

(nferr]) can be aRidicheddVchgiNGbaction cordi tibfd dHecheigPispf the

polymer liquid in the polym erizer is obtained by subtracting the

total weight of above-menti@neterfornidl VI fddinbdeadioleved | &d , m&n-
evapor at ed subst ance, such as a by-produced, evaporated aromatic

nmonohydr oxy conpdaddedand Howavenn! yineris redgeeiadiduigseferred to (@se amged
in the polynerizer) and the like fromthe wei ght of the prepol yner
fed to the pol ymPolyaerigesr degigned Homaepfomsfinde |pajymerization by
pol ymeri zer is then .converted to the volunme thereof, using the
specific allowing a polymer liquid to fall along and in contact
with a surface of a guide. It is.more preferred that
the above-mentioned type of polymerizer have a plurali-
10 ty of guidesﬂ_ Examples of the shapes of the guide used
in such a polymerizer include a plate, a cylinder, a
cone, a chain and the like. Further, for example, the
guide may be hollow. In the case of the hollow guide,
for example, the polymerization may be performed by
15 éllowing a polymer.liquid to fall along and in contact
with an outer wall sUrfaée of the hollow guide, while
introducing a heating medium to the hollow portion of
the guide, or the polymerization may be performéd by
allowing a polymer liquid to fall along and'in contact
20 with an inner wall surface of the hollow guide, while
applying a heating medium to the outer wall of the
hollow guide.
In the production of an aromatic polycarbonate by

the method of the present invention, a single polymer-

25 izer which is constructed so as to achieve and maintain



gravity (1,100 kg/cnferr]) of the polyner liquid as neas- ured at

the polrynerization tenperature. \Wen the pol yneri zation is
performed in a batchwi se manner, the 15 volunme V (nferr]) pan_be_
obt ai ned by a nmethod in which the wei ght of. the polymer liquid in
the polynerizer is obt ai ned by subtracting the total weight of an
evapo- rated substance, such as a #%-produced, evaporated .
aromat i ¢ nonohydr oxy conpound, and a prepolymer in the 20 conduits and

he |ike f h i ght of t I ) ~fed to the polynerizer;
i thevel o SR et EeESSE L e LS PR B
ted to th volunme thereof, usin he specific gravity ,
Corntar T or Theyoh ¥ HARLLER S UG R ol B4 Wl
ori zalion teher Rikiher @ POLTIORHESF Hrheh 19 constructert 3RaP%, Hh of a
polymer [ zer, Shovidis &P UndBhd fieain reactibhOoRELELSAPELLOLIRIARY 1y
allowing a polynmer liquid to all along and 1 n contac eac

of nutually adjareqdiremeﬂ%ﬁﬂofW@béQﬁﬁ@@éﬁ@aPﬁQeHHigﬁsmayhﬁéehgehhgﬁ
respective wavy flowng |iquid surfaces on the two col um-shaped

gui des 7A interf efembiiriataac Dt esthér t HET phyr PEOHYCEor producih§SRECti Ve
portions of both the wavy flowing liquid

aromatic polycarbonate. The method of the present
invention is advantageous especially when the polymer-
izable material used has a relatively high viscosity

10 (specifically, a polymerizable material having a number
average molecular weight of about 1,500 or more).
Therefore, in one preferred mode of the method of the
present invention, a prepolymer having a number average
molecular weight not less than about 1,500 is produced

15 . by reacting an aromatic dihydroxy compound with a
diaryl carbonate using, for example, a vertical agita-~
tion type polymerizer, and then the obtained prepolymer
is polymerized using a polymerizer which is constructed
so as to achieve ahd maintain reaction conditions

20 satisfying the requirements of the present invention.

Hereinbelow, explanation is made with respect to

specific examples of polymerizers usable inlthe present
invention with reference to Figs. 3(a) and 3(b), Figs.
4(a) and 4(b), Fig. 5, and Figs. 6(a) and 6(b). Howev-

25 er, in the present invention, the polymerizer is not



surfaces which portions are not exposed to the gas 10 phase. In Fig.

7 (b), "the process of Fig. 7 (a) is illustrated on the assunption
that the polynmer liquid of the same volunme as in Fig. 7 (a) falls
along and in contact with the col um-shaped guides 7A in the form
of mutually overlapping two cylindrical quEgd masses 15  of ‘pol yner,
but not in the formof a wavy |iquid mass as shown in Fig. 7 (a).
In the present invention, the respective portions of(g§thm;heh
cylindrical flow L QUi d S n Fig. 7 ich are
[ %di cat - lr}"gmbye%sil:cglgh;uﬁé!é bsr%%;:[ffl n%%m eéé not included in the 20
evaporation surface ar s;g &irdpa P au§e b DeSEoRO5b ) PRS- 1 are not
exposed to the gas phégg; n§h£ prese ( ? %vg% g the area of the

exposed surface hafiddien pluralr@ﬁ' 1étéwé1€iapé@d¢&f&§§ Py 48bAg LA/
solid line in Fig. 7 (b), 1s taken as e evaporation surface area

S 2 25 in cdifest |[ith which polymer 3 is to be allowed to
42 In the present invention, the polynerization is

per f ormed sinder rf=ddt.i orFignd3 t@iD)’lSlSLE:I’ﬂidi@i’amﬂﬂ@tlc vertic&Yapposki-on
surface area S (nferr]), the volune V (nferr]) of the liquid mass
of pol ymeri zabl e sesttdidral jvieheoHaglymerfzer 1 ershewingntiohpttadihel
average nDleCUla%QggéﬂgeéQfgnéﬁof the plate-shaped guldes 7 taken in a
thicknesswise direction thereof. Fig. 3 (b) is a
diagrammatic cross-sectional view of the polymerizer of
10 Fig. 3 (a), taken along the line III(b)-III(b). In
Fig. 3 (a), prepolymer 3 is fed through inlet 5 onto
distributing plate 6 having holes, and is distributed
by distributing plate 6 to the plurality of plate-
.shaped guides 7. Prepolymer 3 is allowed to fall along
15 and in contaét with both opposite flat surfaces of.each
plate-shaped guide 7. A by-produced aromatic monohy-
droxy compound and the like are evaporated from evapo-
"ration surface 4 of prepolymer 3. The interior of
polYmerizer 1 is maintained at reduced pressure. Not
20 only an aromatic monohydroxy cbmpound as by-product and
the like, but also an inert gas, which is optionally
fed from gas feed port 8, is discharged through vént 9.
Polymer which has had ifs molecular weight increased

during the guide-wetting fall thereof is discharged

25 through outlet 10. It is requisite that the volume V



the aromatic pol ycarbonate to be produced satisfy the
rel ati dnships represented by the followng formula (1):

log (S/IV) [err] 2 x 10[err] x [err]n + 0.8 (1. 10 [1t
shoul d be noted that fornmula (1) above is valid only when the unit
of the ‘evaporation surface area Sis nmMerr] and the unit of the
volume V of the liquid nmass is mMefB].] The formula (1) is an
enpirical formula obtained 15 by the present inventors in their

production of poly- car bonat es havin ari ous avergaﬁ nmol ecul ar

wei ght s %éra%r*f*b%semmﬁ%t%ﬁgeéﬁdﬁfﬁené (A WhPEnthRe S
/ ) ' | ed. h I ' ' S
ber formed under | AT dIRST re s Retresrespts é%gé%%‘if(_ﬁ#grpﬁ PPAFTG i s
i d h fi | {. 0
ET) oo e arehAtede] e 4o Ko avorad8 M Sekike MEsBREORRR0E | 0oy

resi stance at thetpo .ﬁgEFﬁﬁégﬁg% éﬁiPPO&a%ﬁegb&ngErEELEeE%QgsfﬁeFﬁgl

di scol or a- lorl, entry o urities and genheration o

25 da§0”p05Lﬁé£Hk£5ﬁ§BE5-of the above-mentioned formula (1). The
43 Wth respect to the type of the polynerizer used

in the present irysdidiged WoByhér BaPabé i eebdfchlfted to inlett 8t kel as
| ong as reaction conditions which satisfy the
again allowed to fall along and in contact with plate-
shaped guides 7 to further increase the molecular
:.,F , weight of the polymer. The polymerization may be
10 performed in either a batchwise manner or a continuous
manner. When the polymerization is performed in a
batchwise manner, a polymer discharged from the polym-
eriier may be repeatedly recirculated to inlet 5. When
the polymerization is performed in a continuous manner,
15 it is possible that prepolymer 3 is continuously fed
through inlet 5 and a polymer which has had its molecu-
lar weight increased during the guide-~wetting fall
thereof is continuously discharged through outlet 10.
Alternatively, in the continuous manner practice, it is
20 also possible that fresh prepolymer 3 is continuously
fed through inlet 5, and a part of a discharged polymer
which has had its molecular weight increased during the
guide-wetting fall thereof is continuously reci:culated

to and fed through inlet 5 together with continuously

25 fed fresh prepolymer 3, while continuously withdrawing



above-nentioned fornmula (1) can be achieved and main- 5 t ai ned.

However, it is especially preferred to use a pol yneri zer desi gned
for perform ng a pol ynerization by allowing a polynmer liquid to
fall along and in contact with a surface of a guide. It is nore
preferred that t he above-mentioned type of polynerizer have a
plurali- 10 ty of guides. Exanples of47he shapes of the guide used

in such a polynerizer include a plate a cylinder, a cone, a chain.
and the like. Further, for exanp gui de naé be hollow In
the case of the HoM¢ kPBRIET "Bt °tne d%%?h@&aﬂ%@olmer FORePPIEPPEAZ MRy

I d
contact Y g el arfeBut aceree Brivhert fur ghrdbeakAt ad
. : ;
the. pol yreri st | GHasRe Rhrtdr hbavahed taRBELaPlEs, by mepsy b = ?t"qu.ed o
fall along and i n,contact . %gjac e%”fﬂo@n %ﬁﬁﬁ§tga¢%légr%a8gn EFto% =3 1 ow

gui de, while applyi eat e outer wa é

hol | ow gui de. for exam%lén £33d9§epﬂﬁﬁf %0£l§9e950§Ptf8 Qohxgérggﬂate

by t he method of the” present 1nventi a single polyner-
i zer which is constdmicties $p&s 1@n@shi;8VE SRURRI PbBiRerizer.

4 The use of this type polymerizer is commercially
advantageous, since the production rate of an aromatic
polycarbonate can be easily increased by increasing the

10 surface area of plate-shaped guide 7 or.increasing the
number of plate-shaped guides 7, so that a scale-up of
the production can be easily performed.

Fig. 4 (a) and Fig. 4 (b) show polymerizer 1
having a plurality of column;shaped guidés 7A, along

15 and in contact with which polymer 3 is to be allowed to
fall. Fig. 4 (a) is aldiagrammatic vertical cross-
sectional view of polymerizer 1. Fig. 4 (b) is a
diagrammatic cross-sectional view of the polymerizer of
Fig. 4 (a), taken along the line IV(b)—IV(b).. In Fig.

20 4 (a), prepolymer 3 is fed through inlet 5 onto dis-
tributing plate 6 having holes, and is distributed by
distributing plate 6 to the plurality of column-shaped
guides 7A. Prepolymer 3 is allowed to fall along and

in contact with the surface of each column-shaped guide

25 7A. A by-produced aromatic monohydroxy compound and



reaction conditions satisfying the formula (1) my be used, or a

plurality of such polynerizers may be used. Further, a pol ymerizer
whith is constructed so as to achi eve and naintain reaction
conditions satisfying the 5 Tequirements of the present invention may

be used in

aromati c pol ycarbonate. The nethod of the .
advant ageous especi ally when the pol yner- i zabl e material used has

conmbi nation wth other $€Iynerizers for producing an
present I nvention is

a relatively hiohnd 5G9 e rapord 84 Cﬂanﬁaéﬁpofaeg LY B EERRLC 4 REeT | 2

havi ng a nunbe

aver ag e ECU ar wel or ITDI’E,‘)

Therefore, in ongfuefff&d 3‘md9rr‘£l=§ ix@@eﬂ%ﬁogf i 1

i nvention, a pre%%lfﬁi%rhaV|ng a nunber averageoﬂ;O §ﬁérlzer ecﬁFar melght
not |ess than abaidinbdQl ifedlicsh sdfre. MYEIERLYI 88 §Poﬁ59ﬁ@t'c

di hydr oxy conpound wth a Il aryl carbonate using, for exanple, a
vertical agita- monohyddd:ih domsourtd YARIbZesrodidt taed the obkai ngdt

repol ymer
go gs ¥o aghi eve adsed read nitreent rgeesct iwhniclontls toptison@Dly fedafisimygag t he
requi renents of the present invention. Her ei nbel ow,
expl anation is nfgedindry dhpet disscharged Epeaugh cvextndl esPolymer

pol ynerizers usable in _the present i nvention with reference to

Figs. 3(a) and 3(vﬁylcfruhjss had its mglgcwlar Meyght :gncseaaa@ fuging6thp

and 6(b).
not

Howev -

10

15

20

25

is polynerized using a polynerizer which is construct ed

25 I n_the present invention, the g ynerizer is
guide- wettlng fall thereof is discharged t rough outlet

10. It is requ1s1te that the volume V (m ) and the
evaporation surface area S (mz) of the liquid mass of
the polymerizable material in the polymerizer, and the
number average molecular weight Mn of the polymer
discharged from the polymerizer satisff the relation-
ship of the above-mentioned formula (1). The dis-
charged polymer may be recirculated to inlet 5 and
again allowed to fall along and in contact with column-~
shaped guides 7A to further increase the molecular
weight of the polymer. The polymerization may be
performed in either a batchwise manner or a continuous
manner. When the polymerization is performed in a
batchwise manner, a polymér discharged from the polym-
erizer méy be repeatédly recirculated to inlet 5. When

the polymerization is performed in a continuous manner,

‘it is possible that prepolymer 3 is continuously fed

through inlet 5 and a polymer which has had its molecu-



45 limted to those specific exanpl es. Fig. 3 (a)

and Fig. 3 (b) show polynerizer 1 having a plurality of

pl at e- shaped gui des 7, al ong and in contact with which polynmer 3
is to he allowed to - 5 fall. Fig. 3 (a) is a diagrammatic verti cal
Cross- sectional view of polynerizgé 1, show ng | ongitudina
cross-sections of the pl ate-shaped guides 7°taken in a

t hi cknesswi se direction thereof. Fig. 3 (b) is a di agrammatic

nesswise dir | . o |
Chossrsect f?g)_qﬁvblgélgge BRLYEEELE hufling ne glrlgag-wét@gg agn @l ong

t hrough inlet- n h 0 ndnl S
Gistributed | hOTERE b, coRtEhabasl BB B B DR o 0k

shaped gui des 7. ilﬁé&ﬁ&ﬁ?@eﬁy'Slﬁ'%HéeéoﬁﬁlﬁébﬁsahQHHerléractlégd h% is
contact with both opposite flat surfaces of each pl at e- shaped

guide 7. A by-prashue®dpsoNBlé Cth@80h¥esh prepolyfeoxy genpedidnabdstiihe

i ke are evaporated from evapo- ration surface 4 of prepol yner 3.
The interigr of fed thropghyheietzes, land ampatai afdaaliiseHacgddppesymes.

Not 20 only an aromati c nonohydroxy conmpound as by-product and

the like, but al sthighimesthgdsitehnchecglaptvehghtyincreased fladihgorthgas
feed port '8, is dlscharged t hrough vent 9. Pol ymer whi ch has had
its nDIecuIar\MaQHﬁ derieethieg fall thereefihy cartinndushet reagreulpted

thereof is dlscharged 25 through outlet 10. It is requisite that the
vol une V and fed through inlet 5 together with continuously

fed fresh prepolymer 3, while continuously withdrawing
10 the remainder of the discharged polymer from polymeriz-

er 1 through outlet ib. The polymerizer is heated to

and kept at an elevated temperature by means of a

heater or a jacket (not shown). Guide 7A can be fixed,

for example, to distributing plate 6 or to a wire hung
15 from the.upper inner wall of the polymerizer.

The use of this type polymerizer is commercially
advantageous, since thé production rate of an aromatic
polycarbonate can be easily inhcreased by increasing the
number of column-shaped guides 7A, so thatla scale-~up

20 of the production can be easily performed.

Fig. 5 shows.polymerizer 1 having a plurality of
cone-shaped guides 7B, along and in contact with which
polymer 3 is to be allowed to fall. Fig. 5 is a dia-
‘grammatic vertical cross-sectional view of polymerizer

25 1. In Fig. 5, prepolymer 3 is fed through a pair of



46 (nferr]) and the evaporation surface area S (nferr]) of the.

i qui d-mass of the polynerizable material in the polym erizer
and the nunber average nol ecul ar wei ght M of the pol yner

di scharged fromthe polynerizer satisfy the 5 relationship of the
above-nentioned formula (1). The di scharged pol yner may be
recirculated to inlet 5 and again3 lowed to fall along and in
contact with plate- shaped guides 7 to further increase the

por formed i n el t REPAFARR AAWSS Mfid WHLONSGLIA 1Rk along and rihner .

P01 yrer d Schar QSR AT MR GHAPPemOSt Stsins P RNy )
Cont | nuous. manneluides T, prenolumes @l AL dhdt yiRE R ugper- ||
moleou ) SOt eeas SO ol Eranl bl VE dtRe e
A Ternati vely, | B e e e Syl dd 7o [{hd de ghloved 5o,

possi bl e that freghipzapely @id 30 TERRRHINYWAUH fhe second-fs%!a_#é"r&ﬂfg]— i nl et
5, and a part of a discharged pol yner - whi ch has had its ecul ar
wei ght i ncreasedstiagipeidg gitidle. In this manner, the prepolymer falls
along and in contact with the vertically arranged
several cone-shaped guides 7B successively until it
10 reaches the bottom of the polymerizer. A by-produced
aromatic monohydroxy compound and the like are evapo-
rated from evaporation surface 4 of prepolymer 3. The
interior of polymerizer 1 is maintained at reduced
pressure. Not only an aromatic monochydroxy compqund as
15 by-product and the like, but also an inert gas, which
is optionally fed from gas feed port 8, is discharged
through venf 9. Polymér which has had its molecular
weight increased during the-guidé—wetting fall thereof

is discharged through outlet 10. It is requisite that

20 the volume V (m3) and the evaporation surface area S
(mz) of the liquid mass of the polymerizable material
in the polymerizer, and the number average molecular
weight Mn of the polymer discharged from the.polymeriz—
er satisfy the relationship of the_above—mentioned

25

formula (1). In this mode of the method of the present



gui de-wetting fall thereof is continuously recircul ated to and fed
through inlet 5 together with continuously 25 fed fresh prepol yner 3,
whil e conti nuously w thdraw ng

47 t he remai nder of the discharged polynmer from polyneriz-

er 1 through outlet 10. The polynerizer is heated to _ and kept at
an ‘el evated tenperature by neans of a 31 heater or a jacket (not
shown). Quide 7 can be fixed, 5 for exanple, to distributing plate 6
or to a wire hun , fromthe upper .i nner | I of the polynerizer.
The use of this LpBETEIOPreAahe Erenmsomas, the stepclgylE Kitn i
since the producti.on rate _of an_aropati . pol.ycar bonat e can be
easily increasedBﬁﬁgﬁﬁbF%??Fh&opﬁ55hﬁ§é% gu&&Ff&Ebaaég <of ﬁ)%%?-F§ﬁ§5éd

O e ¢ O bneTegnaBda! Bhide, | +he MHHRNHPbAloos BANS] ANLAGEY a1l
a scal e-up of : t fre "pradducti on can~be easi |y performed.

Fig. 4 (a) and F;ngt 4a08) aShow @%gvr{%r icéﬁxé:al:t with an@a%@\gﬁxgplslﬁ{rq%ééey of

col um- shaped gui des 7A, al ong I n contact “wi I'ch polymer 3

is to be &llowedgl0a cone-shbdela dﬂﬂﬂe;4dﬁ9 fiad 13 Fr3Q1§MBIALC eidiidrla
Cross- sectional view of polynmerizer 1. Fig. 4 (b) is a

di agranmati ¢ cr oggovest ikpedlexpioRedoisudFadeolky@y bZelkueh a free-falQird (a),
taken -along the line IV(b)-1V(b). In Fig. '
portion of the prepolymer is not included in the evapo-
ration surface area S as defined in the present inven-
tion. The discharged polymer may be recirculated to
10 inlets 5 and again allowed to fall along and in contact
with cone~shaped guides 7B to further iﬁcrease the
molecular weight of the polymer. The polymerization
may be performed in either a batchwise manner or a
continuous manner. When the polymerization is per-
15 formed in a batchwise manner, a polymer discharged from
the polymerizer may be repeatedly recirculated to
inlets 5. When the polymerization is performed in a
continugus manner, it is poésible that prepolymer 3 is
continuously fed through a pair of opposite inlets 5
20 and a polymer which has had its moleculaf weight in-
creased during the guide-wetting fall thereof is con-
tinuously dischargédﬂfhrough outlet 10. Alternatively,
in the continuous manner practice,'it is also possible
that fresh prepolymer 3 is continuously fed through

25 inlets 5, and a part of a discharged polymer which has



20 4 (a), prepolymer 3 is fed through inlet 5 onto dis-

tributing plate 6 having holes, and is distributed by di stributing
plate 6 to the plurality of colum-shaped gui des 7A. Prepolynmer 3
is allowed to fall al ong and in contact with the surface of each
col um=shaped gui de 25 7A. A by-produ%ed aromat i ¢ nonohydr oxy
cormpound and 48 t he

| i ke are evaporated fron1evaporat|on surface 4 of prepolyner 3.
The interior of poly ed.at duced pressure.
Not only an aronﬁ c:rg%S mOEecuhﬁﬁoﬁﬁaggiyl@SﬁﬁSﬁﬁg ggrﬁ?g g&u@P Nd t he

ke bt S, | upiifgtghiothagane WO KRS ORLO0ALLL et a5

feed port 8, I'sC hrou

its mol ecul ar wejght géﬁc'izﬁiléﬁﬁthfﬂQQst Betogether %Ltﬂec%tttlh'i‘x%tfsﬁ  fed

t hereof is discharged through~out IS requisite t he

vol ume V (n[err]frggﬁ bBEpoi%mer 3eV%BQ&étbBRt&HhB@%@yah&%h%z@ﬁ%ﬁﬁf]Ghéﬁ
the liquid mass of e polymeri zabl'e materi al t he pol yneri zer,

and the 5 pURBehdayebEgenBohesehargaai ght yinekr ]f&oﬁf pbhgnmlﬂz@r 1
di scharged fromthe polynerizer satisfy the rel ation- ship of the

above- nenti oned through bmrlefheodlsThel5olyme¢ﬂaegedsphbﬁmeﬂ reay atnet
recirculated to inlet 5 and again allowed to fall along and in
contact with col kept at an elghaped empesaTAreobiumehos oifceebsatee or
ol ecul ar a jacket (not shown). Among the cone-shaped guides 7B
shown in Fig. 5, each of umbrella-shaped guides dis- |
10 posed at intermediate portions in the polymerizer can
be.fixed, for example, to a rod projecting from an
inner wall of the_polymerizer or to a -wire hung from
the upper inner wall of the polymerizer.
The use of this type polymerizer is commercially
15 advantageous, since tﬁe production rate of an aromatic
polycarbonate can be easily increased by increasing the
surface area of cone-shaped guide 7B, so that a scale-
up of the production can be.easily performed.
Fig. 6 (a) and Fig. 6 (b) show polymerizer 1 -
20 having a plurality of cylindrical tubular guides 7C
each having an inner wall surfacé, along and in contact
with which polymer 3 is to be allowed to fall. Fig. 6
(a) is a diagrammatic vertical cross-~sectional view of

polymerizer 1. Fig. 6 (b) is a diagrammatic cross-

25 - sectional view of the polymerizer of Fig. 6 (a), taken



wei ght of the polyner. The polynerization my be perfornmed in

ei ther "a batchwi se manner or a continuous 20  manner. \Wen the
polymeri zation is perfornmed in a bat chwi se manner, a pol ynmer
di scharged fromthe polym erizer may be repeatedly recirculated to
inlet 5. Wen the polynerization is_performed in a continuous
manher, it is possible that prepolyfmer 3 is continuously fed 25
through inlet 5 and a polymer which has had its nol ecu- faﬁ}
49 lar weighteddcr gas e dy -i-\f‘ﬂ(k%]h.e dﬁ'l et g, epolymer
thereof is continuously discharged tLroug ou?ﬁgt _%F_
Alternatively, im tfie gantd MBS PrASUIL polyhérizer ana QEEQmu—
possi bl e that fresh prepol yner i's continuously "~ fed through inlet
5 and a part of latlddwnrgedigsdy Prtion of thdi OhcdesoRagdri tBeMphegrlar
wei ght increased during the gui de-wetting fall. thereof is o
continuously recierdideat.ed Then, the teccambletbd bl yméet3 Sisogesheibwi th
conti nuously fed fresh prepolynmer 3, while continuously _
withdraw ng 10 uted héy emenidewisig.t he ditss helngel pof yorcy dndpotyleri z-
er 1 through outlet 10. The polynerizer is heated to _ and kept at an
el evat ed tenperaﬂmhyhﬁf|ﬁ§%&é$ﬁ7Q1Whlch arehefixgd ofo auppek eand nbowshown) .
Gui de 7A can be fi xed, for exanple, to distributing plate 6 or to a
wi re hung portions of the inner walls of shell-chamber 11.
Prepolymer 3 is allowed to fall along and in contact
with the inner wall of each cylindrical tubular guide
10 7C. A by-produced aromatic monohydroxy compound and
the like are evaporated from evaporation surface 4 of
prepolymer 3. The interior of polymerizer 1 is main-
tained at reduced pressure. Not only an aromatic
monohydroxy compound as a by-product and the like, but
15 also an inert gas, which is optionally fed from gas
feed port 8, is discharged through vent 9. Polymer
which has had its molecular weight increased during the
guide-wetting fall thereof is diécharged through outlet
10. It is requisite that the volume V (m3) and the
20 evaporation surface area S (m2) of the liguid mass of

the polymerizable material in the polymerizer, and the
number average molecular weight Mn of the polymer
discharged from the polymerizer satisfy the relation-
ship of the above-mentioned formula (1). The dis-

25 . charged polymer may be recirculated to inlet 5 and



15 fromthe upper inner wall of the polynerizer. The use
of this type polynerizer is comrercially advant ageous, since the
preduction rate of an aromatic pol ycarbonat e can be easily

i ncreased by increasing the nunber of col um-shaped gui des 7A, so
that a' scale-up 20 of the production ggn be easily perforned.

Fig. 5 shows polynerizer 1 having a plurality of ~ cone-shaped gui des
7B, along and in contact w th which polynmer 3 is to be allowed to

fall. Fig. 5is gq8iA-allowed tBF 2BHRL LG KB binAl nC LRI =RRC kiRl cMi 8 Of
pol yneri zer 25 1. In Fig. 5 prepolymer 3 is fed through a pair of

50 - oppgsitsli 8LBLSa? guddakl gweddt EukdheralioRgedid ithe molec-
contact with the uppernost first-stage cone-shaped gui de. Then

prepol ymer 3, whiithArhasibbkt ofheheppelymer. The fedlynerisatiicdgenay be
cone-shaped gui de 7B, reaches the 5 second- st age cone-shaped gui de
7B and is all onefetrfiormed in efithkrabobgtahtyiise camn@st om teh ddretinuous
second- st age cone- shaped guide. In this manner, the prepol yner
falls 5 amengeznd Whepofthecpolfymerikzaetiont iisaldeyr fanmadyad a

sever al cone-shgged gui des 7B successively until it 10 reaches the
bottom of the poPghehwise. mapngy.ppog@dydier dischargeghfinam i Ry

conpound and the |ike are evapo- rated from evapaoration surface 4
of prepol yner 3 erjhzer may be repeatedly recirculated to inlet 5. When

the polymerization is performed in a continuous manner,
it is possible that prepolymer 3 is continuously fed

10 thrbugh inlet 5 and a polymer which has had its‘molecu-
lar weight increased during the guide-wetting fall-
thereof is continuously discharged through outlet 10.
Alternatively, in the continuous manner practice, it is
also possible that fresh prepolymer 3 is continuously .

15 fed through inlet 5, and a part of a discharged polymer
which hés had its molecular weight increased during the
guide-wetting fall thereof is continuously recirculated
to and fed through inlet 5 together with continuously
fed fresh prepolymer 3, while continuously withdrawing

20 the remainder of the discharged polymer from polymeriz-
er 1 through outlet 10. Shell-chamber 11, which is a
space surrournding fhe outer wall surface of each cylin-
drical tubular guide 7C,.is heated by a heating medium.
The heating medium is fed to shell-chamber 11 through

25 inlet 12 for heating medium and discharged through



interior of polynerizer 1 is naintained at reduced pressure. Not
only an aromati c nonohydroxy conpound as 15 by- product and- the |ike,
but al so an inert gas, which is optionally fed fromgas feed port
8, is discharged t hrough vent 9. Polyner which has had its

nmol ecul ar wei ght increased duringghe guide-wetting fall thereof

i s*discharged through outlet 10. It is requisite that 20 the volune V
(mMerr]) and the evaporation surface area S (mMerr]) of the liquid

mass of the pol yggii1aabhg Mke ildlheating medifund, N&RRISHBIALELT . haddehi Adie
nunber average nol ecul ar wei ght” [err]n of the polyner discharged

fromthe pol yneripgdiums can b usld.sf Eddiler) df ot ihPimdditums

above- nenti oned 25 formula (1). In this node of the nethod of the
present include various heating mediums destiribed in pagewend9d on,
at the transition of the prepolyner froma hi gher stage
cone-shaped gui deot 418 lbdweNedtsag&kokandki Handbook Jlipetbapk def Hémt

prepol yner has a portion which does _ not fall along and in contact
with any gyi di ngEsghbagers)s (fiftf ediddmes,sledhidedhixiethey BEdivdrsatreel y.
As menti oned above, the exposed surface area of such a
free-falling Commi tieet iodh the Hiaadhagkolofirdleats Exthanadifle Rt t he
evapo- ration_surface area .S as _defined in the_ggesent i nven-

tion. The di schaP§edigbefnby e pekked Kagea Shimpurp Ltd- . jf#R4R) 5 and
gga;g ?LL?ﬁg? ?gékg%géﬁkﬁg%gﬁg é§1é:lﬂé§¥ing mediuméMfghfﬁgg%ﬁgg%gg gui des
steam, molten salt, SK-OIL#260, SK-OIL#240 and SK-
10 OIL#170.

The use of this type polymerizer is commercially
advantageoﬁs, since the production rate of an aromatic
polycarbonate can be easily increased by increasing the
number of cylindrical tubular guides 7C, so that a

15 scale-up of the production can be easily performed.

In the present invention, it is preferred that the
volume V of the liquid mass of polymerizable material
be 5 % or more, based on thé internal volume of the
polymerizer. ﬁhen the volume V of the liquid mass of

20 polymerizable material is less than 5 3, based.on the
internal volume of the polymerizer, the size of the
polymerizer needs to be large, which is commercially
undesirable. |

In the present invention, it is preferred that the

25 evaporation surface area S (mz) of the liquid mass of



nol ecul ar wei ght of the polymer. The pol ynerization may be
perforsred in either a batchw se manner or a ' conti nuous nmanner.
When the polynerization is per- 15 formed in a batchwi se manner, a
pol ymer di scharged from the polynerizer may be repeatedly
recirculated to inlets 5. Wien thggolynerization is performed in
a * continuous manner, it is possible that prepolyner 3 is
continuously fed through a pair of opposite inlets 5 20 and a pol yner

whi ch has had it?ﬁ?h@%&i&?‘b_ﬂ@h&@eﬂi&l satisfy tHELIRAA AWHN%ESARu1a

gui de-wetting fa ereof 1s con- tinuously di scharged t hrough
outlet 10. Alterpatively, ' in the continuous nmanner practice, it is
al so possible that fresh prepolynmer 3 is continuously fed through
25 inlets 5, and a part of a discharged pol ynmer which has

52 had its nol ecul & v@.@3 g ncreased dur(i2ig t he gui de-

wetting fall thereof is continuously recirculated to and fed
through inlets 5 together with continuously fed fresh prepol yner
3, while gpntinuousl ywherkedra® mgpriesents the nadigai(kgihnX athevhickhthged
polymer from polynerizer 1 through outlet 10. The polynerizer is
heated to and arpggitigy padvsasbanatre difp dradncedhy harginaf ter heat er
or a j acket ;not shown) . Anong thé cone-shaped gui des 7B

shown in Fig. 5, eachIZPayfBdy FeferFe&d g RIRlis-as [Produciiyg at

i nternedi ate portionsrngg@e pol ymeri zer can

[It should be noted that formula (2) above is wvalid
10 only when the unit of the evaporation surface area S is

m2

and the unit of the production rate Q is kg/hr.]
When the evaporation surface area S does not satisfy
formula (2), it is possible thaf when the production of
an aromatic polycarbonate is performed on a commercial

15 scale, there arises a need of effecting an extremely
efficient surface renewal-of the polymer being formed,
wherein the polymer is caused to sustain a large shear,
leading to a lowering of the quality of the final
polymer, for example, occurrence of discoloration.

20 As mentioned above, the method of fhe present
invention is advantageous especially when the produc-
tion of an aroﬁatic polycarbonate is performed on a
commercial scale. There is no particular limitation

with respect to the production rate Q (kg/hr) of the

25 aromatic polycarbonate. However, generally, it is



be fixed, for exanple, to a rod projecting from an I nner wall of
the pol ynerizer or to a wire hung from the upper inner wall of the
polyrmeri zer. . The use of this type polynerizer is comrercially
15 advant ageous, since the production rate of an aromatic

pol ycar bonate can be easily increased by |§9rea5|ng t he surface
area of cone-shaped guide 7B, so that a sc up of the
production can be easily perforned Fig. 6 (a) and Fig 6 (b)

h | [ |
;giO\élveEO?)C/:ne“ Zerprefgfﬁega Vg%%l r?%rd%\r/vgﬁl H"yr te? (Q{Hc/ng andiul n cont act
Wi th which poly %ic o: gc%kb Qéfgﬂoddééb R 1 ﬁ%/hr d@)mdSe 2

di agrarmatlc ver |ca cro ctiona V ew merizer 1. Flg

6 (b) is a diagrapmat hee¥e?ed1y Pkg/hr %@chkggal V|em10f t he pol yneri zer
of Fig. 6 (a), taken 53

along the line VI(b)-Yh(Rhe prefdetht Gnf@htiRrgpaneolymerizations fed
through inlet 5 to the polynerizer and accunu- | ated at an upper

portion ofg the i rempethtiflret is penghally in theemiargye ofhefrom HEOO to
accunulated prepolynmer 3 is distrib- 5 uted, by overflowi ng, to the
plurality of cyIBﬁ@rPCaIpreferablytdhuhaﬂs@uhde§9DC°Which are fixed to
upper and | ower portions of the inner walls of shell-chanber 11
As the reaction proceeds, an aromatic monohydroxy
compound is by-produced. By removing the aromatic
monohydroxy-compound from the reaction system, the
10 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
adversely affect the reaction, such as nitrogen, argon,
helium, carbon dioxide and a lower hydrocarbon gas, is
15 introduced so that the by-produced aromatic monohydroxy
compound is entrained by the inert gas, and the inert
gas entraining the aromatic monohydroxy compound is
withdrawﬁ to remove the aromatic monohydroxy compound;
or a method in which the reaction is carried out under
20 reduced pressure. The above two methods can be used
individually or in combination. The preferred reaction
pressure may vary depending on the type of the aromatic
polycarbonate to be produced, the ﬁolecular weight of

the molten monomer mixture or molten prepolymer, and

25 the polymerization temperature. For example, in the



Prepolyner 3.is allowed to fall along and in contact with the

i nner wall of each cylindrical tubular guide 10 7C. A by-produced
aromat i ¢ nonohydr oxy conpound and - the like are evaporated from
evaporation surface 4 of prepol yner 3. The interior of polymerizer
1is min- tained at reduced pressugce. Not only an aromatic
monohydr oxy conpound as a by-product and the |ike, but 15 al so an

i nert gas, which is optionally fed fromgas feed port 8, is

di scharged throughhaeeisr & RUAMESN in _Whicl‘("‘%&hapﬁﬁ??ﬁgh%ég%gg%ggﬂgﬁé

wei ght increased during the - gui de-wetting fall t

di scharged througls @fd@iced from BispHdndS X 64w Siishdéhpi thepy¥ahepe V
(mMerr]) and the 20 evaporation surface area S (nierr]) of the liquid

mass of twherpathsRiumedt caverdt ffé aholdciuher pbygREt i d€r thanflolikén

nunber average nol ecul ar wei ght M of the pol yner di scharged from
the polynerizer ssincgfer thixtetatommolten prepsdiymef ideledsvenannti oned
formula (1). The dis- 25 charged pol yner nay be recirculated to inlet
5 and ' 5 1,000, the reaction pressure isSgreferably figaimn6abbowed

to fall along and in contact with cylin- drical tubular guides 7C
to further incredse (5t mipk-to atmosphgric Rfegsuns. t hbn pbhyaecasghe

pol ymeri zati on may be perfornmed in either a batchwi se manner or a
continuous 5 dﬁﬁﬂnﬁﬁ? NURRST 13esRIS Reiecian waelget f b8 nEgonnla000

to 2,000, the reaction pressure is preferably from 400
to 6,660 Pa (3 to 50 mmHg). When the number average

10 molecular weight is greater than 2,000, the reaction
pressure is preferably 2,670 Pa (20 mmHg) or less, more
preferably 1,330 Pa (10 mmHg) or less, still more
preferably 267 Pa (2 mmHg) or less.

It is particularly preferred that the polymeriza-

is tion be carried out under reduced pressure while intro-
ducing an inert gas as mentioned above.

The polymerization by the transesterification
process may be carried out in the absence of a cata-
lyst. However, when it is desired-to accelerate the

20 - polymerization rate, tbe polymerization can be effected
in the presence of a datalyst. The polymerization
catalysts which are customarily used in the art can be
used without parficular limitations. Examples of such
catalysts include hydroxides of an alkali metal and of

25 an alkaline earth metal, such as lithium hydroxide,



bat chwi se manner, a polyner discharged fromthe polym erizer may
be repeatedly recirculated to inlet 5. Wen the polynerization is
performed in a continuous manner, it is possible that prepolyner 3
Is continuously fed 10 through inlet 5 and a pol yner which has had its
nol ecu- | ar wei ght increased during ghe guide-wetting fal

t hereof is continuously discharged through outlet 10.

Al ternatively, in the continuous manner practice, it is al so

possi bl e that fresddpiRPOy¥rEkide] Sp60ALEURUBLIrolPde anfiedatbiamnoh inl et
5, and a part of a discharged pol yner ich has had its nol ecul ar

wei ght increased mpdrogidde alkali m@ualless®ts) nglkallinkheneeh métal
continuously recircul ated to and fed through inlet 5 together wth
cont i nuously saltd eahd rgsétterepoy yammoldiumhsaEtsoafi buooal wyai-tiadr awi ng
20 t he remai nder of the di'scharged polynmer from polyneri z- er 1
through outlet 1Gandief|atumhven Nydrivechsushaas lithiuspatemsnumoundi ng
the outer wall surface of each cylin- drical tubular guide 7C, is
heat ed by & heat iHfT#IR unfFodium borq%ehﬁéﬁkdﬁgam@dt%hramethﬂltammonlum

- 11 thr inlet 12 for heating medi um and di scharged
fﬂsgtgﬁhanber toréﬁKLydrlde, -hydrides of an alkg%g metal andupfefn13, gAS

Bxampl es of - heat 1T rRasth Wetal D pueh va- THRIWR v g Red: GRaLun
described in pag%ﬁﬂﬂé%ée and calcium hydride; ‘alkoxides of an alkali
metal and of an alkaline earth metal, sﬁch as lithium
10 methoxide, sodium ethoxide and calcium methoxide;
aryloxides of an alkali metal énd of an alkaline earth
metal, such as lithium phenoxide, sodium phenoxide,
magnesium phenoxide, LiO-Ar-0Li wherein Af represents
an aryl group, and NaO-Ar-ONa wherein Ar is as defined
15 above; organic acid salts of an alkali metal and of an
alkaline earth métal, such as 'lithium acetate, calcium
acetate and sodium benzoate; zinc compounds, such as
zinc oxide, zinc acetate and zinc phenoxide; boron
compounds, such as boron oxide, boric acid, sodium
20 borate, trimethyl borate, tributyl borate, triphenyl
| borate, ammonium borates represented by the formula:
(R1 RZ R3 R4)NB(R1 R2 R3 R4), and phosphonium borates
represented by the formula:
(R! r? R3 r%)pB(R! R2 R3 R%), wherein R, RZ, R3 and R%

25 are as defined above; silicon compounds, such as sili-



to 110 of "Netsu-kokanki Handbook (Handbook of Heat 5 Exchangers) "
(fifth’edition, edited by the Editorial Comm ttee of the Handbook
of "Heat Exchangers, and publ i shed by The N kkan- Kogyo Shi mbun Ltd.,
Japan) . Speci fi c exanpl es of heating nediuns include heated

steam nolten salt, SK-O L#260, SK-O L#240 gyd SK- 10 O L#170.

The use of this type polynerizer is comercrally advant ageous,
since the production rate of an aromatic pol ycar bonat e can be

easi |y increased dph idiIRAS SEHLNR silicate NUBEEFafikgYbindebaal thibubar
guides 7C, so that a 15 scal e-up of the production can be easily

per f or med. ~ rylsilidon tded piEsientylreenyleathokysslpeeher gegdmbhdumt he
volunme V of the liquid nmass of polynerizable nmateri al be'5 % or
nore, based on tlteonpuwidsl swthines ofetmenium oxidepl geemantum Yeemrathe
volune V of the liquid mass of 20 pol ynmeri zabl e material is | ess than
5 % based on t hehloride, jgrmramiuwy odtimexibde t fmed pgéymeniver phehexsdee of
t he pol ymeri zer needs to be large, which is_commrercially '
undesi r abl ®. tin compoyndg hesSyphMttimveriden dialkglpinf okide.t hat

the 25 evaposation surface area S (nferr]) of the |iquid mass of
56 pol y PR a0t e het R Y L2k e s 1 1R eCe R Fowni Ry sPRaPynds

having an alkoxy group or aryloxy group bonded to tin,
such as ethyltin tributoxide, and organotin compounds;
lead compounds, such as lead oxide, lead acetate, lead

10 carbonate, basic lead carbonate, and alkoxides and
aryloxides of lead or organolead; onium compounds, such

- as a quaternary ammonium salt, a quaternary phosphonium
salt and a quéternary arsonium salt; antimoﬁy com-
pounds, such as antimbny oxide and antimony acetate;

15 manganese compounds, such as mangaﬁese acetate, manga-
nese carbonate and manganese borate; titanium com-
pounds,.such as titanium oxide and titanium alkoxides
and titanium aryloxide; and zirconium compounds, such
as zirconium acetate, zirconium oxide, zirconium alkox-

20 . 1ide, zirconium aryloxide and zirconium acetylacetone.

The catalysts can be used individually or in
combination. The amount of the catalfsts 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

25 weight of the aromatic dihydroxy compound.



(2): S[err] 0.03 Q (2) 5 wherein Q
represénts the rate (kg/hr) at which the aromatic ' '
pol-ycarbonate is produced (hereinafter, frequently referred to
sinply as "production rate"). [It should be noted that
formula (2) above is valid 10 only whep,the unit of the evaporation
surface area Sis nerr] and the unl% of the production rate Qis
kg/ hr.] When the evaporation surface area S does not satisfy
formula (2), it is posﬁi@ﬁerégﬁéc¥h€8 ﬁQ%ePiQQQCEbPanﬁstructln app@romatic
pol ycarbonate is perfornmed on commer ci al scal e, there arises a -

need of effeCtlngpé{FﬁﬁfiﬁéﬁéYto be use&f1thEQtméﬁﬁ&&céfrﬁﬁémﬁkegén%he
pol ymer being for wherein the polynmer is caused to sustain a

| ar ge shear, inveh€boh Ngtheré 1ewesi pareictber quahi tytobnt heuti nal

pol ynmer, for exanple, occurrence of discoloration. 20 As
nmentioned above, steimbésodsbtéel henpeleskndr glass isnyenérablySused as a
advant ageous especi ally when the produc- tion of an aromatic

pol ycar bosat e i s peteniakdfon at least thenbmneravablapertibeseof spobym-
particular limtation Wi th respect to the production rate Q (kg/hr)
of the 25 ar%ﬁ%ﬁ@%spolycarbonate However, generally, it is

With respect to materials for the guide used in
the presént invention, there is no particular limita-
tion. However, preferred examples of materials for the

10 guide include metals, glass and ceramics. Examples of
metals include stainless steél, carbon steel, nickel,

titanium, chromium and alloys, such as Hastelloy.

15

20

25



57 preferred that the production rate Q (kg/hr) of the

aromati'c pol ycarbonate is produced be 1 kg/hr or nore, nor e
preferably 3 kg/hr or nore. In the present invention, the

pol yner.i zati on 5 tenperature is generally in the range of from 100 to
350 [err]C, preferably from 150 to 290 [err%C. ' As the reaction
proceeds, an aromatic nonohydroxy C ﬁpound i s by-produced. By
renoving the aromatic nonohydr oxy conpound fromthe reaction
system the 10 reac 5 ) j : in the

met hod of the present iny e sHEY 0y a

rothod in whi ch an | ngid gasALEN 6RE%Plont tnvenBUNErSEhY BEISEL (he

reaction, such as nitrogen, ar um —car ioxi Snd a

| ower hydrocar borggashed Sin Ivore dé@éd:[i)dvk'fﬁq f&fé?é'{}gé?ﬁce)biéhgr ?gliﬁ%gliggd

aronati ¢ nonohydr oxy ~ conpound is entrained i'nert -gas,
the inert Eéﬁﬁbfﬁ&réﬁd"¢6hé£¥hé&@@ﬁtk£mﬁ989hygﬁex¥h&0ERQH?§e%S
wi t hdrawn to renove the aromati c nonohydroxy conpound, or a net hod

in which the reaciiold snearsé esbstriddess 20mitingCdHECdcBHESSY @he ThE

above two net hods can be used individually or in conbination. The
preferred reacti @resent inyesmrssate nmay vary depending on the type of the
aromatic pol ycarbonate to be produced, the nol ecul ar wei ght of

the nmolten nononer m X¥ruréherfeblowingrEpohybes , anddCofiparatitvbeExam-
pol yneri zation tenperature. For exanple, in the
ples, the molecular weight is expressed in terms of the
number average molecular weight (hereinafter referred
10 to simply as "Mn") as measured by gel permeation chro-
matography (GPC), utilizing the calibration curve
obtained with respect to the standard polystyrene
samples.
The color of the aromatic polycarbonate ptoduced
15 was evaluated, using a specimen having a thickness of
3.2 mm, in accordance with the CIELAB method,'and the

yellowness of the specimen is expressed'in terms of the

b*-value.

20 | Example 1

A polymerization reaction was carried out using a
cylindrical polymerizer.as shown in Fig. 3(a). Polym-
erizer 1 has an internal volume of 0.57 m3, and is
equipped with five plate-shaped guides 7 made of stain-

25 less steel SUS316L, each having a thickness of 1 mm, a



58 . case of a reaction in which an aromatic pol ycarbonate

I s produced from bi sphenol A and di phenyl carbonate, when the
nurtber average nol ecul ar wei ght of the nolten nononer m xture or
nol ten prepolynmer is |ess than 5 1,000, the reaction pressure is
preferably from 6, 660 Pa (50 mmHg) {o atnospheric pressure. In
this case, when t he nunber averagesﬁnlecular weight is from 1, 000
to 2,000, the reaction pressure is preferably from 400 to 6,660 Pa

nmHg) . 1 | i ght, | ter
than 2000, The ricdyh gge 6P e’f‘ g%‘?%%gﬁ?’éggg BFe?EFE%FyaEP\Q%gfaZéoqﬁ%g)e
' . . . es i r
o sk, o ey gt oigdlyein BRSO RLABE e U
preferred that trﬁ%éﬁ&&%ﬁ%fzﬁ'ﬁeé5to poliif8rbeetair Led Bgtdﬁggﬁgggsggp%g

pressure while intro- ucing an Tnert gas as nentione

The pol ymeri zat i g5l e liiapsdNGEE48E | 71881 tRAL the disPrPBEREATRY¥ePBlym-
carried out in t&?naGZencééofqggcata- | yst. However, mﬂgn ?t Fg

desired tosaccel esmt® ¢de b@Ocause@Oty BHLiZ8EMDY EALE, al BAgPEhMNMEHI zati on
can be effected In the presence of a catalyst. The pol ynerization

catal ysts whi ch aaentarst ontth | yheisedrfacédeofirbothnopposite sidesed£wi t hout
particular limtations. Exanples of such ‘catal ysts include
hydr oxi des of an ed®ulof eplatesshigpdéd guides 7. Further, polymerizer 1

has an external jacket (not shown), and the inside of
polyﬁerizer 1 is heated by passing a heating medium

10 through the jacket. Polymerizer 1 has no agitating
means for the prepolymer.

Prepolymer 3 having an Mn of 7,000, which had been
prepared by reacting bisphenol A with diphenyl car-
bonate in a molar fatio of 1:1.05, was continuously fed

15 to polymerizer 1 through inlet 5 at a flow rate of 50
kg/hr, so that a polymerization reaction of prepolymer
3 was carried out under polymerization feaCtion condi-
tions wherein the reaction temperature was 260 °C, and
the reaction pressure was 53 Pa (0.4 mmHg), while

20 continuously withdréwiné a produced aromatic polycar-

| bonate from outlet 10. Each of the aromatic polyéar—

bonate products obtained 25 hours and 50 hours after
the start of the polymerization reaction had an Mn of
11,200. Both of the aromatic polycarbonate products

25 were colorless, transparent (b*-value: 3.4) and



25 an alkaline earth nmetal, such as |ithium hydroxide,

59 > sodi um hydr oxi de, potassi um hydr oxi de and cal ci um

hydroxi de; alkali netal salts, alkaline earth netal salts and

guat ernary ammoni um salts of boron hydride and of al um num

hydri de, such as lithiumalumnum 5 Q¥Pride, sodi um boron hydri de and
tettranet hyl ammoni um boron hydride;” hydrides of an al kali netal
and of an . alkaline earth netal, such as |ithium hydride, sodium

hydride and cal cidddadid 6y &l L des, of g and of
an al kaline earth netal, such as 11t |tﬁ;aﬁg;éﬂé%%é&r&ﬁﬁ%@?°%%§%§h1ethoxide
and cal ci um net hg¥idficts. aryl oxi des of an alkali netal and of an

al kal i ne earth metal, such as |ithium phenoxi de, sodi um phenoxi de,
magnesi um phenoxi de, u&ﬁ}émh¢aﬂd\Mamuﬁé1vw(ﬁﬁgndgxggépolymer 3 @HndhYhed
group, and NaO- Ar-ONa wherein Ar is as defined 15 above; organic acid
salts of an al kaiin pelgmearicdeaf lamt a point alikatinke ®Bra2h metss, astdeh as
lithium acetate, calcium acetate and sodi um benzoate; zinc
conpounds,3 such &be start ofzithe @dlymerizitiaretmdactaivh zias Pdesonised
bor on conpounds, such as boron oxide, boric acid, sodium 20

borate, trinethyecserdiag o ey |fddcatiang thagmeiad bor at e,
anmoni um borates represented by the formul a:

vV = [(Wl—WZ—W3)/D] - Vo

wherein:

10 w1 represents the total amount (kg) of prepolymer
3 fed to polymerizer 1 during the 25-hour polymerizé-
tion reaction;

wy represents the total amount (kg) of an aromatic
polycarbonate withdrawn from polymerizer 1 during the

15 | 25-hour polymerization reaction;

w3 represents the total amount (kg) of phenol and
the like evaporated from polymerizer 1 during the 25-
hour polymerization reaction;

vo represents the volume (ﬁ3) of pfepolymer 3 in

20 | pipes as determined in terms of the total inner volume

of the pipes; and

p represents the specific gravity (kg/m3) of
prepolymer 3.

In the above formula, wy was 1,250 kg, w,y was

25 1,064 kg, w3 was 10 kg, vg was 0.01 m3 and o was 1,100



(Rlerr] Rerr] Rerr] Rerr])NB(Rlerr] Rerr] Rerr] Rerr]), and

phosphoni um bor at es represented by the formul a: . (Rl err]
Rlerr] Rlerr] Rerr] )PB(Rlerr] Rlerr] Rerr] Rerr] ), wherein Rerr],
Rlerr],, Rerr] and Rlerr] 25 are as defined above; silicon conpounds,
such as sili- 5 60 o con
oxi de, sodiumsilicate, tetraal kylsilicon, ?etraa-- rylsilicon and
di phenyl - et hyl - et hoxysi | i con; ger mani um ~conpounds, such as

germani um oxi de. jgemifni WRdRSfdre, the 1iqfllobdeme 09T SRNELELGYYAXAY and
ger mani um phenoxide; 5 tin conpounds, such as tin oxide, dialkyltin
oxi de, diralgollyndr C2EDOK YA 8L £, pdimt ALt Bife &EN250ABA¥RIAfter
havi ng an al koxy group or aryl oxy group bonded to tin, such as
ethyl tin tribut oxitde stanct arfatted i fresetponngss determinefiead 0ompomAds,
such as | ead oxide, |ead acetate, lead 10 carbonate, basic |ead
carbonate, and al¥ded.désramdche evaporayloxisiesfate | aada ovfothannbeadon-
oni um conpounds, such - as a quaternary anmoniumsalt, a quaternary
phosphoni uMm tal dgjquighdurfare «vharlye at sowidmass t of aprepohymeons
pounds, such as antinony oxide and antinony acetate; 15 manganese
conpounds, such &F Ry B f RELywemger 1, the htgeidavobnmeeodind
manganese borate; titani umcom ounds, such as_titani um oxi de and
titani um al koxi dg¢&® Prepolymer in a“rﬁ%rﬁ&%ﬁ%x?%‘fl%fh&%P%waméeﬁpéunds,

i i "Zi i.um oxi de, zirconi um al kox-
such as %'tr- %Orﬁ'ol’irpltacier{ 6!ttJ'.errie Zéf Cfg' l'l1Jours after the start of the

reaction was determined as 0.002 m3.

10 The total evaporation surface area of the flowing
liquid surfaces of the liquid mass of prepolymer 3
falling along and in contact with plate-shaped guides 7
at a point in time of 25 hours from the start of the
.reaction were determined according to the following

15 formula:

Total evaporation surface area of the flowing liguid
surfaces on plate-shaped guides 7

(width of each plate-shaped guide 7) x (length
of each plate-shaped guide 7) x (number of
plate-shaped guides 7) x 2

2o = 7.5 (m?)

The evaporation surface area of the horizontal
surface of the liquid mass of prepolymer 3 in the
bottom portion of polymerizer 1 determined 25 hours
from the start of the reaction was 0.008 m%. From the

25

above, it was found that the total evaporation surface



20 I de, zirconium aryl oxi de and zirconi um acetyl acet one.

The catal ysts can be used individually or in conbi nation. The
ampunt of the catalysts to be used is generally in the range of
from10[err] to 1 % by wei ght, preferably from10[err] to 10[err] %
by weight, based on the 25 wei ght of tpgg aromatic di hydroxy conpound.
61" . Wth respect to materials for constructing the

pol ymerizers to be used in the nethod of the present i nventi on,

there is no part'&ﬂé@roflﬁhéaér@ﬁol§ﬁér at a ?oinﬁtﬂhnfﬁﬁé stegh, houekel or
glass is generally used as a material for at |east the |nner wal |

portions of polynmafter the steftzefSthe reaction was\VébbutegpBch?to The
materials for the guide used in the present invention, there is no
particular |imtatotal amountioﬁ.thbmprep¢lpmefefeédtexan$Ymerm2enaterials
for the 10 gui de include netals, glass and ceram cs. Exanples of
metal s i ncl ude stdupiegstheecpplyvarbzatiorereagtifp| between thetpeintam

chrom um and al | oys, such as_Hastell oy. 15
5 in time of 25 hours and 50 hours after the start of the

reaction, was equal to the total amount of the aromatic
polycarbonate prdduct withdrawn from polymerizer 1 and
the phenol and thé like evaporated from polymerizer 1
during the polymerization reaction between the points

10 in time of 25 hours and 50 hours after the start of the
reaction. Also, the liquid volume V and the total
evaporation surface area S determined 50 hours after
the start of the reaction were equal to those deter-
mined 25 hours after the start of the reaction.

15 From the above dafa, with respect to each of the

| prepolymers determined 25 hours and 50 hours after the
start of the reaction, the values of the left side and
right side of the above-mentioned formula (1) were
calculated and found to be 1.70 and 1.00, respectively.

20 The liquid volume V of the prepolymer was 26 % of the .
internal volume of polymerizer 1. The rate Q at which
the aromatic polycarbonate was produced was 49.6 kg/hr.
The produced aromatic polycarbonate was molded at
300 °C to prepare a specimen having a thickness of 3 2

25 mm. The specimen was subjected to a heat aging test at



20 25 ' 62

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Her ei nbel ow, the
pre€sent invention will be de- scribed in nore detail with
reference to the foll ow ng Exanpl es and Conparative Exanpl es, but
t he, Exanpl es 5 shoul d not be construe 5 as limting the scope of the
present invention. In the fol omﬁng Exanpl es and Conparative
Exam pl es, the nol ecul ar weight is expressed in terns of the

nunber aver age wz%cu'@rfa@'m KOGES! ”azi%]eé fé’é&i{’:edltlQas fo& ?Egg'ty as

"[err]n") as neasured by gel perneation chro-

utilizing the caldHy ¥+ Qi Ufas 3.8, ﬂ@taﬁ@egpaéiﬁeﬁeéP&CﬁokoshE@er
standard pol ystyrene sanples he col or

aromati c pol ycar raieat endrieshiC®scoloration.

5 .~ Examples 2 to 5

- Using the same polymerizer as used in EXamﬁle 1,
polymerization reactions of prepolymers having differ-
ent Mn values, which had been prepared by reacting
5isphenol A and diphenyl carbonate in a molar ratio of

10 1:1.05, were indifidually conducted under various
polymerization conditions. The liguid volume V and the
total evaporation surface area S of each of the prepo-
lymers were determined in the same manner as in Examble
1. As a result, it was found that the liquid volume V

15 and the total evaporation surface area S of each prepo-
lymer, and the Mn of aromatic polycarbonate produced |
(the S, V and Mn were determined 50 hours after the
start of the reaction) were'eqﬁal to those déterﬁined
25 hours after the start of the reaction. The results

20 ~ are shown in Table 1.

25



15 was eval uated, using a specinen having a thickness of 3.2

mm i n~accordance with the CIELAB net hod,

specinen is expressed in ternms of the

pol ymeri zer as shown in Fig. 3(a). Polym
volume of 0.57 nferr], and is - § equi pped
gui des 7 made of stain- 25 glesg steel HUS31
of 1 mm a . N9t~ &
0.1 mand a length of 7.5 m |FETYHEE zer
distributing plate 6, through ﬁbﬁgﬁgg
pol ynerizer 1 can be distribut $Be~
the distributed prepolym 5|,,a8r-3 ce
al ong and in contact \W¥hSBe surf
each of plate-shaped guides 7.| i Lher 1
external jacket (not shown), gndidadsi
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heat ed by passing a heating tt—36 +he—
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and the
b*-val ue.
A polynerization reaction was carried out Using a

ple

Exam
Nos.

Example 2
Example 3
Example 4
Example 5

yel | owness of the
20 Exanmple 1
cylindri cal

1 has an internal
ve |pl at e- shaped
each having a thickness

wi dt h of

| so equi pped with
3 fed to

gui des 7 so that

niformy fall
pposi te. sides of

has an

olynerizer 1 is
cket. Polynerizer



Prepol yner 3 having an [err]n of 7,000, which had been

prepared by

reacti Ag bi sphenol A with di phenyl car- bonate in a nolar ratio of
1:I.05, was continuously fed 15 to polynerizer 1 through inlet 5 at a

flow rate of 50

kg/ hr, so that a polynerization reaction of

prepol yner 3 was carried out under é@lynerization reaction condi -
tions wherein the reaction tenperature was O [err]C and t he
reaction pressure was 53 Pa (0.4 mmtg), while 20 conti nuously

wi t hdrawi ng a produced. ar.onma a bonate fromoutlet 10.

Each of the arong£+%3%§§%ﬁ§§}ﬁxad%iéﬂi'bonate products obtai ned 25 hours and
50 hours after |

of 17, 200. Bofh OISR TrelAd R Y b%%%t%%é‘%%f By Ren®inll

colorless, transparent, (fé*ed\f@‘ldjea tq}ee?oal?gﬁ% o hjch, had been. prepared in

64 contal néd no 1 npuri deconposi ti

product s. the same HM¥hrldAWd MOIBMEI L ™ erEd )a?f i RESPREYRBRG3
cont ai ned in polynerizer 1 at a point in time of 25 hours after
5 the start - awinhedehy Ridptd it r(aaﬁ&eﬁfamnﬂﬁ@f b N€dn3; length:

according to the follow ng formnul a: :
[(WMerr]-werr] - eir lto'tfadr mumber \dfrgitches of the screW\heI £000; and

10

15

20

25

distance between two screws: 0.1 mm), while continuous-
ly withdrawing a produced polycarbonate from an outlet
of the evaporator. The polymérization reaction was
conducted under conditions such that the flow rate of
the prepolymer, the reaction temperature and the reac-

tion pressure were the same as those employed in Exam~

.ple 3, and the revolution rate of each screw was 30

rpm. Each.of the aromatic polycarbonate products
obtained 25 houfs and 50 hours after the start of the
reaction had an Mn of 5,100, which was only slightly
higher than the Mn of the prepolymer fed to the'evapo~
rator. Further, the aromatic polycarbonate products
suffered from discoloration (b*-value: 3.9). With
respect to the prepolymer contained in the evaporator,
each of the liquid volumes V's determined at points in
time of 25 hours and 50 hours after the start of the

reaction was 0.23 m3,

and each of the evaporation
surface areas S's determined at points in time of 25

hours and 50 hours after the start of the reaction (on



10 werr] represents the total amount (kg) of prepol yner

3 fed to polynerizer 1 during the 25-hour pol yneriza- tion
redction; werr] represents the total anount (kg) of an
aromati c pol ycarbonate wi t hdrawn from polymerizer 1 during the 15
25- hour pol ynerization reaction; 7 werr] represents the total
amount (kg) of phenol and the like %vaporated frompolynerizer 1
during the 25- hour pol ynerization reaction; vierr]

represents the V@h@%fs(étq]ngiéjlc?n of ¢ &H ﬁ%@li&rﬂe@is in gjﬁgﬁioﬁéry .

determned in terns total i1nner v e plpesi and
[err] represents ddigespad ic. ity (kg/nferr]) of prepol yner 3.
In the above formula, wWerr] was 1,250 kg, wWerr] was 25 1, 064 kg, :

wlerr] was 10 kg, V[erFdomashd. ddovd eidta angh {18 Ffesy@st 1td08ach of the
65 kg/merr]. Therefore, the liquid volunme V of prepolynmer 3

in polynerizer 1patepdblymdds idetedirmdd 255 Nobliss adh@r50 hours akbBérstrset of
~the reaction was determned as 0.15 nferr]. A so, fromthe
evaporati o surf atmrdr exf ofhd hesdutricamn-the Svalues abf | tigpi DeStr $age andt he
i quid mass of prepol yner 3 at the bottom of polynerizer 1, the
liquid volune of right side f frhepAbome-nentiendedt formpbat ( bh wére
pol yneri zer 1

calculated and found to be 0.75 and 0.9, respectively.

The production  rate Q of the produced aromatic polycar-

bonate was 69.8 kg/hr. A specimen of the produced

10 aromatic polycarbonate, which was prepared in the same

manner as in Example 1, was subjected to heat aging

test in the same manner as in Example 1. As a result,

it was found that the b*-value was 6.5, and the speci-

men suffered from marked discoloration.

15
Comparative Example 2
A polymerization reaction was conducted by contin-
uously feeding a prepolymer, which had been prepared in
the same manner as in Example 3, to a horizontal agita-
20 tion type reactor having twin-screw agitating blades

(internal volume: 0.6 m3; length: 3 m; rotation diamet-
er of each agitating blade: 0.25 m), while continuously
withdrawing a produced pdlycarbonafe from an outlet of

the reactor. The polymerization reaction was conducted

25 under conditions such that the flow rate of the prepo-



at a point intime of 25 hours after the start of the reacti on was
deternrned as 0.002 nferr]. 10 The total evaporation surface area
of ‘the flowing |l iquid surfaces of the liquid mass of prepolynmer 3
falling along and in contact with plate-shaped guides 7 at a point
intinme of 25 hours fromthe start of the 71 reaction were determ ned
according to the following 15 formul a: Total evaporation
surface area of the flowing liquid surfaces on pl ate-shaped gui des

7 Fyhk dt Bhef reaehiBhatempbaredraUbde fheXr&h8REbA pres-
of each pl ate-shaped guide 7) x (nunber of pl at e- shaped

guides 7) x 2° sure were the dahe(8Eethbye28mployed in Examplle 3, and
evaporation surface area of the horizontal surface of the liquid
mass of prepol yneth@ ravbhetion rate bfttaohpsctéwnwas pS| ypmii zBach of
determ ned 25 hours fromthe start of the reaction was 0.008
merr]. FromthetRé aromatboveelytcankendbengrofactshebtaiaedelapbpatrson
surface 66 area of
t he prepolyner ata@dpé@nBOPﬁStaﬁﬁeﬁftQQ atart of the rea¢téent hadsear Fnof

t he reaction was about 7.5 n% total anmount of the
prepol ymer fed to®p o?y%%?rz 1§h was OnleEF%QBt%Kehb@F?ﬁthiatFBﬁ Meaefi on

25 hours and 50 hours after the
gfgrfegftPﬁepOIntghe prepolymer fgg %é the reactor. Further, the aro-

matic polycafbonate products suffered from discolora-
tion (b*-value: 3.8). With respect to the prepolymer

10 contained in the evaporator, each of the liquid wvolumes
V's determined at poiﬁts in time of 25 hours and 50
hours after the start of the reaction was 0.24 m3,'and
each of the evaporation surface areas S's determined at
points in time of 25 hours and 50 hours after the start

15 of the reaction (on the assumption that the prepolymer
is in stationary state) was 1.4 m2.

From the above data, with respect to each of the
prepolymers determined 25 hours and 50 hours after the
start of the reaction; the wvalues §f the left side and

20 right side of the above-mentioned formula (1) were
calculated and found to be 0.76 and 0.9, respectively.
The production rate Q of the produced aromatic polycar-
bonate was 69.8 kg/hr. A specimen of the produced
aromatic polyéarbonate, which was prepared in the same

25 manner as in Example 1, was subjected to a heat aging



reaction, was equal to the total anmount of the aromatic

pol ycarbonate product wthdrawn from polynerizer 1 and t he phenol
and the |i ke evaporated from pol ynmeri zer 1 during the

pol ynmeri zation reaction between the p0|nts in time of 25 hours and
50 hours after the start of the Z&tlon Al'so, the liquid vol une
V and the total evaporation surfacé®“area S determ ned 50 hours

after ‘the start of the reaction were equal to those deter-

m ned 25 hours Eﬁ{égttiﬁi?ﬁéréaﬁg +Q§%é§a§§ P8 Ex&égle 1, As Fr%EELH%

above data, with respec 0 eac yiers dét rimned 25

hours and 50 hourse af4gredlifa that the ShALYa g tQSera‘z‘“QH bie uBLuss, of

the left side an rng above- nentlone ornu

ver e calgdhh adedrars f oreg lﬁé’r]@@dldfgcéﬂgrétﬂgn respectively. 20
The liquid volunme V of the prepolyner was 26 % of I nt er nal
vol unme of polynerizer 1. The rate Q at which "'the aromatic

pol ycar bonat e was produced was 49.6 kg/ hr. The produced aromatic
pol ycar bongt e wasExampsibsl &t 300 [err]C to prepare a specinen
having a thickness of 3.2 25 mm The speci nen was subjected to a
heat aging test at A polymerization reaction was carried out6idsing a
125 [err] C for 400 hours. As a result, it was found that t he

b*-val ue was 3. 8C&%ﬁﬁ@#&?%be@¢¥Emﬁ¥ﬂ%ﬁho@5s@$¢@m in Fig. 6(a) As

shown in Fig. 6(a), polymerizer 1 has a top chamber
having inlet 5, shell chamber 11 and a bottom chamber

10 - having outlet 10, and is equipped with nine cylindrical
tubuiar guides 7C made of stainless steel SUS316L, each
of which tabular guides has an internal diameter of 53
mm and a length of 6 m. In the polymerizer, the top
chamber communicates with the bottom chamber through

15 thé tabular guides. The top chamber and bottom chamber
are adapted to be heated by passing a heating medium
through shell chamber 11. The internal volume of
polymerizer 1, i.e., the total of the volumes of the
top chamber, shell chamber 11 and the bottom chamber,

20 is 0.22 mS3. Prepolymer 3 fed to the top chamber of
polyﬁerizer 1 through inlet 5 can be distributed to
cylindrical tubular guides 7C by overfiowing so that
the distributéd prepolymer 3 can be caused to uniformly
fall along and in contact with the inner wall surface

25 of cylindrical tubular guides 7C. Polymerizer 1 has no



from mar ked di scol orati on. 5 Examples 2 to 5 Usi ng

the sane pol ynerizer as used in Exanple 1, pol yneri zati on
reactions of prepolyners having differ- ent Mh val ues, which had
been prepared by reacting bi sphenol A and di phenyl carbonate in a
mol ar ratio of 10 1: 1. 05, were individually conducted under various
polymeri zation conditions. The liquid volumB3V and the t ot al
evaporation surface area S of each of the prepo- | ymers were

Found that the | 1Ak EVOTAMEERAS 0 THETRERRRIYMIS! evaporal| on surface
pol ycar bonat o pr oduced=ePoLymey (hdiad s iy 1601 b o9 HbeR: ed Been
MOV LT propmne ooty SRS AT 1% ST pRnHIOSEE
20 are shown ddh @bl £ la molar rat# of 1:1.07 58as continuously fed
5 to polymerizer 1 through inlet 5 at a flow rate of 70
kg/hr, so that a éolymerization reaction of prepolymer
3 was carried out undef polymerization reaction condi-
tions wherein the reaction temperature was 265 °C, and
the reaction pressure was 53 Pa (0.4 mmHg), while
10 continuously withdrawing a produced aromatic polycar-
bonate from outlet 10. Each of the aromatic polycar-
bonate products obtained 25 hours and 50 hours after
the start of the polymerization reaétion.had an Mn of
10,100. Both of the aromatic polycarbonate products
15 | were colorless, transparent (b*-value: 3.4) and con-
tained no impurities and thermal decomposition pro-
ducts. The liquid volume V (m3) of prepolymer 3 con-
tained in polymerizer 1 at a point in time of 25 hours
after the start of the polymerization reaction was
20 determinéd in substantially the same manner as in
Example 1, and was found to be 0.13 m3. Also, from the
horizontal liquid surféce of the liquid mass of prepo-
lymer 3 in the bottom'portion of polymerizer 1, the

1liquid volume of the prepolymer in the bottom portion

25 of polymerizer 1 at a point in time of 25 hours after



[err] ' 69 Conmparative

Exanple 1 A pol ynerization reaction was conducted by conti n-
uously feeding a prepolymer, which had been prepared in t he sane
manner as in Exanple 3, to an interneshing- 5 tw n-screw evapor at or
(internal volunme: 0.6 nferr]; length: 3 m total nunber of pitches
of the screw 1,000; and distancelﬁg%meen two screws: 0.1 mm,
whi l e conti nuous- Iy withdrawi ng a produced pol ycarbonate from an
out | et o] h ' ' t] ®
conduct ed under f:tgtr?d%tt%\c%ﬁ:g%;ﬁc %ﬁ%‘ﬁ?‘ﬁ@ﬁ %%%{E&E éQ”o‘t"ﬁgs 49.

prepol ymer, the rgackireRedl emRRy Q:[iléfﬁ&i%fd?@é rc?@cpz]‘epolymer tg Oérgégﬁf. uff
ple 3 h

were the sane as those enployed I n Exam ,and t revol ution

rate of each screweWeg13@drical tutRMarEffidds 1Ne O iEPPhygagbonat e
products 15 obtained 25 hours and 50 hours after the start of the

reaction had an Bhieb &3100, which was only slightly hi gher than
the [err]n of the prepolynmer fed to the evapo- rator. Further, the
aromati ¢ ol ycar bonat eher adtatls evaporatisif fearefhdd aifah S&O! €@t £ Dowin
(b*-value: 3.9). Wth 20 respect to the prepolynmer contained in t%e
evapor at or, liquid surfaces of the liquid mass of prepolymer 3
falling along and in contact with the inner walls of
cylindrical tubular guides 7C at a point in time of 25
hours from the start of the reaction were determined

10 according to the following formula:

Total evaporation surface area of the flowing liquid
surfaces on the inner walls of cylindrical tubular
guides 7C _ '

=2 x {(r; x ¥y x 3.14 ~ vy/ny/0;)/3.14}0-5

15 x 3.14 x n] x 24

wherein:

ri represents the internal radius (m) of each
cylindrical tubular guide;

20 v, represents the total liquid voluﬁe (m3) pf the

prepolymer in the cylindrical tubular guides;

n, represents the number of cylindrical tubular
guides; and

ll represents the length (m) of each cylindrical

25 tubular guide.



each of the liquid volunmes V's determ ned at points in time of 25
hours and 50 hours after the start of the reaction was 0.23 nferr],
and each of the evaporation surface areas S's deternmi ned at points
intime of 25 25 hours and 50 hours after the start of the reaction
(on 75 70 t he assunption
that the prepolyner is in stationary state) was 1.3 nferr].

From the above data, with respect to each of'the prepolyners

det erm ned 25 hours arlq1 %e andjsveaffoeltml;fg, h’{1 ;@%‘%e above Leact i on,

the values of the left's nentloned

formula (1) wereg 112 3cq.{ At efl %@bw?éf?m% Orl(Yﬁ%ed a{r} ofation

respectively. the pr uction rate e produ omati C

pol ycar - - g%ﬁrfeécﬂe W £ B il Hor SPEs] %facé hee PEREUELgyid0
aromati c pol ycarbonate, which was prepared in the sane manner as in
Example 1, was sulyseCicyd gregtiimediNdin the bot€Sh pdrtieh SGHEpHBPREE-aS
in Exanple 1. As a result, it was found that the b*-value was 6.5,
and the spgci- izer 1 meds ufdlemetl f rEaronrarhe dhisthweol DE ata®NFoudd that
Conpar ati ve Exanple 2 A pol ynerization reaction was conduct ed
by conti n- the total evaporation surface area S of the prepolymer

at a éoint in time of 25 hours after the start of the
reaction was about 2.2 m%. The total amount of the
prepolymer fed to polymerizer 1 during the polymeriza-

10 tion reaction between the points in time of 25 houxs
and 50 hours after the start of the reaction, was equal
tb_the total amount of the aromatic polycarbonate
product withdrawn from polymerizer 1 and the phenol and
the like evaporated from polymerizer 1 during the

15 polymerization reaction between the points in time of
25 hours and 50 hours after the start of the reaction.
Also, the liquid volume V and the evaporation surface
area S determined 50 hours éfter the start of the
‘reaction were equal to those determined 25 hours after

20._ the start of the reaction.

From the above data, with respect to each of the
prepolymers determined 25 hours and 50 hours after the
start of the reaction, the values of the left side and
right side of the above-mentioned formula (1) were

25 calculated and found to be 1.23 and 1.00, respectively.



uously feeding a prepolymer, which had been prepared in t he sane
manner “as in Exanple 3, to a horizontal agita- 20 tion type reactor
havi ng tw n-screw agitating bl ades (internal volune: 0.6 nerr];

|l ength: 3 m rotation dianet- er of each agitating blade: 0.25 m,
whi l e continuously w t hdrawi ng a pr,gguced pol ycar bonate from an
outT et of o the reactor. The polynerization reaction was conducted
25 under conditions such that the flow rate of the prepo-

71 |y t.he o ' i r r r tEQnopres;

sure were the sarrrﬁ\;{easllthﬁ“ols(gqgérrip oye‘gr%)fn: @éjargf@gl%g%ﬁ was 58N E?hghe

revolution rate qrn%&lsQ;@lvﬁrﬂ@soﬁ-%J%e%&oi. T eoplr_lodﬁaﬁi?floggrthg

pol ycar bonat e products obtai ned 25 hour's and 5 ours after 't _
start of the reagsigm $1 ¥oddbed aromatff polPOarMbhsbe Wass0BbYesS! ightly
hi gher than the [err]n of t he prepolymer fed to the reactor. '
Further, the aroxkg/hr. mati ¢ pol ycarbonate products suffered from -

di scol or a- tion (b*-value: 3.8). Wth respect to the prepol yner
10 contained in the evaporator, each of the liquid vol unes

V's determ ned at points in tine of 25 hours and 50 hours after
the start of the ExemplieorY was 0.24 nferr], and each of the
evaporation surface areas S's determ ned at ' points in time of 25

hours and 50 hours af fePalymesigatiors reactign tvas reaxried ¢vh uaéng

assunption that the repo_layrrer '
substantidlly the same polymerizer as used in Example 6

- [wherein a polymerizer as shown in Fig. 6(a) was used],

10 except that outlet 10 and inlet 5 of the polymerizer
are -connected to each other by a circulation line so
that a part of the produced polymer falling down to the
bottom of the polymerizer 1 can be withdrawn from the
outlet, while the remaining polymer can be returned to

15 inlet 5 of polymerizer 1 through the circulation line.
Polymerizer 1 has no agitating means for the prepolym-
er.

Prepolymer 3 having an Mn of 1,800, which had been
prepared by reacting bisphenol A with diphenyl car-

20 bonate in a molar ratio of 1:1, was continuously fed to
polymerizer 1 through inlet 5 at é flow rate of 10
kg/hr, so that a polymerization reaction of prepolymer
3 was carried out under polymerization reaction condi-
tions wherein the reaction temperature was 240 °C, and

25 the reaction pressure was 133 Pa (1.0 mmHg), while



IS in stationary state) was 1.4 nferr]. ' From t he above data,

Wi th respect to each of the prepol yners determ ned 25 hours and 50
hours after the start of the reaction, the values of the left side
and 20 right side of the above-nentioned formula (1) were

cal cul ated and found to be 0.76 and 0.9, r pectively. The
production rate Q of the produced aromatic pol ycar- bonat e was
69.8 kg/hr. A specinen of the produced aromati c pol ycarbonat e,

whi ch was preparQQMJﬁEﬁJEhéf?“%iéﬁhrawin&EQnﬁérésoknaEgﬁgghge&’a%@ﬁat$§_

subjected to a heat aging _
test in the same gBRAGI-isnd th AR Sudie#S1@. M ©6lb tremaining pbiyiBs found

that the b*-value was 6.2, and the speci- . nmen suffereq fron1narked
discoloration. ywad returfBeiPt® thlet 5 of polymérPOLYNErhgahi eNofeagkbon
was carried out using a cylindrical p&Yynerlzer as shown in Fig.
6(a). As of5 B0 Ky Gto Gfldrelpp| yfbsdges  fubtlhed bOPyRBaNRAr
having inlet 5, shell chanber 11 and a bottom chanber 10 havi ng outl et
10, and i s5equi ppeicdbnyi tdo nilreet cshe nditeatal volume dfibtharpgapdegm@E fade
of stainless steel. SUS316L, each of which tabul ar gui des has an

i nt ernal di anet erthsef IFtom portion of polymerizer 1 was maintained at a
| constant level. Each of the aromatic polycarbonate
products obtainedl25 hours and 50 hours after the start
of the polymerizatiqn reaction had an Mn of 6,200.

10 Both of the aromatic polycarbonate products were color-
less, transparent (b*-value: 3.3) and contained no
impurities and thermal decomposition products. Thé
liquid vblUme V and the evaporation surface area S of
prepolymer 3 contained in polymerizer 1 at a point in

15. time of 25 hours and 50 hours after the start of the
polymerization reaction were determined in the.same
manner as in Example 6. The liquid volume V and the
total evaporation surface area S of prepolymer 3 con-
tained in polymerizer 1 at a point in time of 25 hours

20 after the start of the polymerization reaction were
determined as 0.09 m3 and 5.6 mz, respectively. Also,
the liquid volume V and the total evaporatidn surface
area S determined 50 hours after the start of the
reaction were equal to those determined 25 hours after

25 the start of the reaction.



mmand a length of 6 m In the polynerizer, the top chanber
comunircates with the bottom chanber through 15 t he tabul ar gui des.
The top chanber and bottom chanber are adapted to be heated by
passi ng. a heating nedi um through shell chanber 11. The internal
vol ume " of polynerizer 1, i.e., the total of the volunmes of the
top chanber, shell chanber 11 and the bot t off chanber, 20 Is O. 22
nMerr]. Prepolymer 3 fed to the top chanber of polynerlzer

h h inl 5 be_ distr.ibuted to d t ubu d 7C
by overtl owi ng so thatFom £AS RRGve date p rbE I ERRPS RaFo 3388 Be%hEce

be M o Tt narERO R ﬁa%o‘g%?ﬁg 78 WBES dhq 7o Mol agchetRL! cRY' T ace
/3 agi t ?19 ﬁaﬂﬁe %eenrpr el ViR yes of ‘éh%yleft EcgpoLyger 3

havi ng an Mh of 6, 900 prepa reacting

bi sphenol A wthﬂd@ﬁeryidé:acsf the abovelm%foﬁéaafaméiar@il)owe£e1 1.07,
was continuously fed to polymerizer 1 through inlet 5 °at a flow

rate of 70s caldﬂﬂdﬁedfﬁhdfEﬁuﬁﬁFE&Y@@flZﬁ@'éﬁﬂf®agilOﬂegﬁeE%ﬁﬂahy”EV
3 was carried out under polynerization reaction condi- tions
wher ei n the reactTien Lieppel aiolwnavas ZHScherpvtdpobyiier was 41 &hefr eneti on
pressure was 53 Pa (0.4 mmHg), while 10 continuously w thdrawi ng a
produced aronati clrgsdmyosl -volume of polymerizer 1. The production rate

Q of the produced aromatic polycarbonate was 9.4 kg/hr.

10 Comparative Example 3

A polymerization reaction was carried out in
substantially the same manﬁer as in Example 7, except
that the flow rate of prepolymer 3 to be returned to
inlet 5 of polymerizer 1 through the circulation line

15 was changed to 1,100 kg/hr, to thereby produce an
aromatic polycarbonate. Each of the aromatic_polycar—
bonate'products obtained from outlet 10 at the péints
in time of 25 hours and 50 hours after the start‘of the
polymerization reaction had an Mn of 2,500. The in-

20 crease in Mn value during the polymerization, that is,
the difference in Mn value between the produced aromat-
ic polycarbonate and the fed prepolymer 3, was 700,
which was not larger than 1/6 of the increase in Mn
value during the polymerization in Example 7. The

25 liquid volume V of prepolymer 3 in polymerizer 1 and



bonate fromoutlet 10. Each of the aromatic polycar- bonat e

products obtai ned 25 hours and 50 hours after the start of the
polymeri zati on reaction had an Wh of 10, 100. Both of the aromatic
pol ycar bonate products 15 were col orless, transparent (b*-value: 3.4)
and, con- tained no inpurities and thermal deconposition pro-

dudts The liquid volume V (nferr]) of prepolyner 3 con- tained in
polynerizer 1 at a point in tinme of 25 hours after the start of the

pol ymeri zati on r%%&'ﬁg}&%“év ratféﬁ” f@é%?t%ﬂ%éqgségn%%éh'?o&ﬁ? $4ME

manner as in oun from

the hor i 2qieal, d 'Z‘B“rﬁmf:ég fzﬁ‘lﬁ? 55 Hd\grd 'ﬂi"c?]rﬁl f@éss%rﬁrSEO he

| ymer 3 in the bottom portion of nmerizer I'i qui d vol une

of the prepol yneg dl@ﬂéﬁigﬁﬂd}mmdﬁ% Were calduPOty¥deihZehelsahed POI Nt
intime of 25 hours after 74

the start of themapa@dd @ ias Heings18 Ned ass (a Oddswl€f rit was found that

Therefore, the liquid volune of prepolyner 3 present in t he
cylindrical tubuleaichguflahe/Qnpsldetsluneed/ agas 0.13 m OaﬂdZeai:hrb}S 5
The total evaporation surface area of the flow ng Il quid surfaces

of the |iquid madheofevarepdtimer Birface aredsal$ iwap a0 08¢ mnhd | Accontiact

with the inner walls of
ingly, the left side and right side of the above-men-

tioned formula (1) was 0.83 and 0.86, respectively.
That is, the value of the left side was lower than that

10 of the right side in formula (1).

Example 8

A polymerization reaction was carried out using a
cylindridal polymerizer as shown in Fig. 4(a). Polym-
15 erizer 1 has an internal volume of 0.6 mS and is
equipped with thirty column-shaped guides 7A made of
stainless steel SUS316L, each having a diameter of 1 mm
and a length of 8 m. Polymerizer 1 is also equipped
wifh distributing plate 6, through which prepolymer .3
20 fed to polymerizer 1 can be distributed to cylindrical
guides 7A so that the distributed prepolymer 3 can be
caused to uniformly fall along and in contact with the
surface of each of cylindriqal guides 7A. Further, the
polymerizer 1 has an external jacket (not shown), and

25 the inside of polymerizer 1 is adapted to be heated by



cylindrical tubular guides 7C at a point in time of 25 hours from
the start of the reaction were determned 10 according to the
fol'l owi ng formul a: Total evaporation surface area of the flow ng
liquid, - surfaces on the inner walls of cylindrical tubular

gui des "7C 2 x {(r[err] x r[%gr] x 3.14
-v[err]/n[err]/1[err])/3.14}[err] 15 x3.14 x nferr] x |[err]
wher ei n: rferr] represents the internal radius (n) of e?ch |
cylindrical tubul e, err r esent |_qU|
vol ume (nferr]) (Bag St%ﬂ{& hezatln;ﬁ em%qu%réhro\]’ @S‘/‘Fl?\ }ﬁ%g %P%ME I

gui des; n[ ] eéﬁgg t t ubul ar
gui des; and tzer I H'%Herﬁ] reprerz%r{;@ ﬁ@%nﬂﬁ% %"%B 4‘ e%ch _

C Iindrical 25 tpggg I f 6, hi h b

7)5/ In the acl?;ioxle fgfrrl}ﬁ%m [aerFr "was 0 %)%%‘5 V'rqnlﬁ:/ err] vas.
0.112 nferr], n[e¢dparass by %é&ﬁ{glbﬂ@@l&@i zif h&ﬁ’(%ﬁéhﬂ car-
surface area of the horizontal surface of the liquid mass of.

prepol yners 3 in tbundi tioimgaidlian @ tiwlfer-1.05, was continuously fed

10

15

20

25

to polymerizer 1 through inlet 5 at a flow rate of 1§

kg/hr, so that a pdlymerizatién reaction of prepolymer
3 was carried out under polymerization reaction condi-
tions wherein the reaction temperature was 265 °C, and

the reaction pressure was 67 Pa (0.5 mmHg), while

continuously withdrawing a produced aromatic polycar-

bonate from outlet 10. Each of the aromatic polycar-
bonate products obtained 25 hours and 50 hours after
the start of the polymerization reaction had an Mn of
11,700. Both of the aromatic polycarbonate products
were colorless, transparent (b*-value: 3.4) and con-
tained no impurities and thermal decomposition pro-
ducts. The liquid volume V of prepolymer 3 contained
in polymerizer 1 at a point in time of 25 hours after
the start.of the polymerization reaction was determined
as 0.07 m3 in the same manner as in Example 1. Also,
from the evaporation surface area of the horizontal
liquid surface of the liquid mass of prepolymer 3 in
the bottom portion of polymerizer 1, the liquid volume

of the prepolymer in the bottom portion of polymerizer



5 izer 1 was 0.01 nferr]. Fromthe above, it was found that

the total evaporation surface area S of the prepol yner at a point
in~time of 25 hours after the start of the reacti on was about 2.2
nferr]. The total amount of the prepol yner fed to polynerizer 1
during the polyneriza- 10 tion reacti bet ween the points in tine of
25 "hour's and 50 hours after the start of the reaction; was equa
to the total ampunt of the aromatic pol ycarbonate pr oduct

wi t hdrawn from pal w¥erd zRyink and ¢4k RIENS ROGrs after thBeskhk® of the

evaporated from polynerizer 1 during the 15 pol ynmeri zation reaction

bet ween the poi nik@adtiidi&ay determined®SadionreLsngs 50 ﬂ@@bﬁdiﬁ%@&,t ke
start of the reaction. Al so, the liquid volune V and the

evapor ati on surf&edume of thearleianSdaisssn aedelnd hospslahéer 3t faisiagt of
t he reaction were equal to those determ ned 25 hours after 20
the start of thealeagt iagw contact with the sutfmcaebofeedahaofweyhindspect
to each of the prepol ymers determiped 25 hours and 50 hours after
t he -5 starcadf guigleaseddt iwas QHSYatles of the left side and

right side of the above-nentioned formula (1) were 25 cal cul ated and
found to be 1.23 and Thgo tatap&aMarayation surface area of the flowing

76 The _l.i quid vol une V of the:PreppIyner was 59 % of the
liguid surfaces of the

iquid 'mass of prepolymer 3
falling along and in contact with the surface of each
of cylindricél guides 7A at a point in time of 25 hours

10 from the start of the reaction were determined accord-
ing to the following formula: | |
Total evaporation surface area of the flowing iiquid
surfaces on the column-shaped guides 7A

=2 x {( 1y x1yx 3.14 + Vp/ny/0,)/3.1430-5
15 x 3.14 x ny x £y |
wherein:
ro, represents the radius (m) of each column-shaped
guide;
V, represents the volume (m3) of the liquid mass

20 - of the prepolymer falling along and in contact with the
surface of each column-shaped guide;

n, represents the number of the éolumn—shaped-
guides; and |
sz represents the length (m) of each column-shaped

25 guide.



i nternal volunme of polynerizer 1. The production rate Q of the

produced aromati c pol ycarbonate was 69. 6 kg/ hr . 5

Exanmple 7 A pol ynerization reaction was carried out using
substantially the sane pol ymerizer as used in Exanple 6 [wherein a
pol ymeri zer as shown in Fig. 6(a) was used]g, 10 except that outlet 10
and inlet 5 of the polynerizer are connected to each other by a
circulation line so that a part of the produced polyner falling
down to the bot 9B Hndhe ALNERL | 28 % wa&ad, @@05" ,},hd{;&\/\@agrom the
outlet, while the remaining pol yner can be returned to inlet 5 of

pol ynerizer 1'thiouds i, Giy %&@ts@rhﬂxdn@z was 8 m. Pﬁwne{za%efa%laas no
agitating neans for the prepolyn} repol ymer 3

havi ng an Mh of EuifaceMdrda hafl ﬂe@monzont_al psepbaed by tracliggid

bi sphenol A with di phenyl car- 20 bonate in a molar ratio of 1:1, was
continuously fedmass of polymetisaesriZein Ithdriorgbom nb£t the apodyhmboizeat e
of 10 kg/ hr, so that a polynerization reaction of prepolyner

3 was carrd ed outl dietermpgiathedd Zmuns feemtthe sbamt-of the reactios
wherein the reaction tenperajure was 240 [err]C, and 25 t he reaction
pressure was 133 %R§ @y ), Kypm cthe above, it was found that the

total evaporation surface area of the prepolymer at a
point in time of 25 hours after the start of the reac-
tion was 13.0 mZ2. The total amount of the prepolymer

10 fed to polymerizer 1 during the polymerization reaction
between the points in time of 25 hours and 50 hours.
after the start of the reaction, was equal to the total
amount of the aromatic polycarbonate product withdrawn
from polymerizer 1 and of the phenol and the like

15 | evaporated from polymerizer 1 during the polymerization
reaction between the points in time of 25 hours and 50
hours after the start of the reaction. Also, the
liquid volume V and the evaporation surface area S
determined 50 hours after the start of the reaction

20 were equal to those determined 25 hours after the start
of the reaction.

The value of the left side and right side of the

above-mentioned formuia (1) were calculated and found

to be 2.27 and 1.03, respectively. The liquid volume V

25 of the prepolymer 3 was 12 % of the internal volume of



77 continuously wthdrawing a part of a produced aromatic

pol ycarbonate fromoutlet 10. The remai ni ng pol yner was returned
toinlet 5 of polynerizer 1 at a flowrate of 200 kg/ hr to thereby
effect a further polyneriza- 5 tion, so that the internal volune of
the preépol ymer in the bottom portigg of polynerizer 1 was
mai‘nt ai ned at a constant |level. Each of the aromatic pol ycarbonate
products obtai ned 25 hours and 50 hours after the start of the

pol ymeri zati on r epmlymerhasarah. MiTleé Praf@ictidf rateBgt bfothéhpradaasdi c
pol ycar bonat e products were col or- | ess, transparent (b*-value:
3.3) and cont ai negireratic polycanipomate esaantl7t Bekgphrdecthpoprbdaned
products. The liquid volune V and the evaporation surface area S
of pr epcdEeratEc copl ¥¢aebonate ovyaendided 1intoaapspaciman 15

time of 25 hours and 50 hours after the start of the pol yneri zati on
reaction were det'eh®ri FREE | FRRPRL saPein Examplephner TAe FRPEEkBAP| ¥a6. The
liquid volLune V anq)the total evaporation surface area S of

prepol ymeP 3 con-SubJjectedte pheat REing TosE- 1 4% a PBSHLTtI niti WBSof 25

h 20 ft t t f.Lh I ' ' ti .
deter i ned as 0. GPHIT PGt B i1 "Fesiott | 98y iy SgecThén aia pe
L quid vol ue V afde LU0k A Y ARAHALY OBy SULIBE ion.  area S determ ned

50 hours after the st reactiiron were  equal to those
determ ned 25 hours after 25 the start of the reaction.

Examples 9 to 12

10 Using the same polymerizer as used in Example 8,
polymerization reactions of prepolymers having differ-
ent Mn values, which had been prepared by reacting
bisphenol A with diphenyl carbonate in a molar ratio of
1:1.05, were individuélly conducted undér various

15 polymerization conditions. The liquid volume V and the
total evaporation surface area S of each of the prepo—'
lymers were determined in the same manner as in Example
8. As a result, it was found that the liquid volume V
and the total evaporation surface area S of each prepo-

20 lymer, and the Mn of aromatic polycarbonate produced
(the S, V and Mn were determined 50 hours after the
start of the reaction) were equal to those determined
25 hours after the start of the reaction. The results

are shown in Table 2.

25



78 From the above data, wth respect to each of the

prepol yners obtai ned 25 hours and 50 hours after the start of the
reaction, the values of the left side and right side of the
above-nentioned fornula (1) were 5 cal cul ated and found to be 1.79
and 0. 92, respectively. : The liquidgyolume V of the prepol ymer was
41 % of the i nternal volune of polynerizer 1. The production rate
Q of the produced aromati ¢—polycarbonate was_9 4 kg/ hr 10
Conpar ati ve Exanple 3 % A pol ynerji zatji on{reacti on was carried
out in subst anti al Igy@hg same mahner| as (i n~ Exanpl e 7, except
that the flow rate of prepglyaee 3 to be|returqeddp o inlet 5 of
pol ymerizer 1 through thejg—rgglkation lipe (15 has |changed to 1, 100
kg/ hr, to thereby produce|&®*E>% aropatilc pol ycarbognate. Each of the
aromat.i ¢ pol ycar - btk 8%product b obtained fromoutlet 10 at the
poi nts in tinme of [Z5 hoyss and 5P hgqurs [after the start of the
pol ymeri zation reaction hat 2, 5P0x~ Th:g | R crease in M
val ue during the polyneri] of the difference in M
val ue between the produceg: e, iflc pol ycprbanate and the fed
prepol yner 3, was 700, ~ o wrrchrwasyngtrHaoerthan 1/6 of the
i ncrease in M val Ug @¥ring the pofynetijzat| oR |in Exanple 7. The
. o FHA o o — ~ _
-
g Do N (=] (=)
o | 4o “ “ - <
-0 [ORL] o~ o) o
|~
el 1 ~
S8 2857: S| 3| I 3
Tous iy B s| | S| S
-1 5> 0/ ' et
o
[o]
B
W= o
™~ < O .
HO— B [ o~ 2] —
: Sy -
a Haho
= |e53y
£~
0o @| 3 S B B
= (%] ] (a2 ™ ™ 3]
@ o xoa
=] = >
Q Q
o0
Daoun ol o| o o
2538 | g 2| 8| 2| 8
b “| =} 5] s
H8hR= — —~
@
-
ow sl | 4l a
0y o -
.u)v
y
1
g —~ wn (=] o o
208 3| &) &g
Q3
[ o)
i 2| 8| 8] 2
[+ L & o0 .
E| 0agX
] S N
'3 Q (o] (=] (o]
ol g = <| 3| R
- = = ~ Lol 2]
a 7]
Q — o~
[+)} - ~ —~
a [J] [ }] [: 1} [
a al 8 & &
g - §| & &§| &
== = =] =1 43




25 l'iquid volune V of prepolyner 3 in polynerizer 1 and

79 - the total evaporation surface area S at each point in .
time of 25 hours and 50 hours fromthe start of the pol ymeri zati o
reaction were calculated in the sane manner as in Exanple 6. As a
result, it was found that 5 each of the liquid volunes V was 0.13
nfeérr] and each of t he evaporatio@@uuface areas S was 0.88
nmMerr]. Accord- ingly, the left side and right side of the
above- nen- B t& n % formula (1) was 0.83 and 0.86, respectively.
That is, the valuéégp—%he—Jeft side was | ower than that 10 of the

right syde !n for”“'?A(£B- erizag&onﬁ@@ggéi&% was carrie .gﬁf.in sub-
poI ymarlzatlon reaction was carrie out using a cylin fical

pol ynerizer as showdiRifkd+rd VamePHatBer ]atéh itnhiﬁ{ain?pfirel L h_aeghogé&ﬁ Nhgfnal

volune of 0.6 nB and is equi pped w rty col urmn ed gui des

7A made of  use ¥ed MaRES oH Qehragedifler ?‘f_’iﬁ;}lr{?a\é'rﬁ@hﬁég m(ﬁf, of 1 mm

and a length of 8 m Polynerizer 1 is alSo equippe

di stributbng pl awRiGh hbaow@nv@z@l@a@@p@gywa&in@ in pIfReek ¥

pol ynerizer 1 can be distributed to cylindrical . gui des 7A so that

- the distributed piepbensdr A3 danl-bds(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane with diphenyl carbonaté. Each of
aromatic polycarbonate products withdrawn from outlet
10 after 25 hours and 50 hours from the start of the

10 polymerization reaction had an Mn of 11,000. Both of
the aromatic polycaibonate products were colorless,
tfansparent (b*-value: 3.4) and contained no impurities
and thermal decomposition products. The liquid volume
A (m3) and the total evaporation surface area S, which

15 were determined at each point in time of 25 hours and
50 hours from the start of the reaction in the same
‘'manner as Example 1, were 0.17 m3 and 7.5 m2, respec-
tively. The values of the ieft side and right side of
the above-mentioned formula (1) were calculated and

20 found to be 1.64 and 1.00, respectively. The liquid
volume V of the prepolymer was 30 $ of the internal
volume of the polymerizer. Furthermofe, the production

rate of the produced aromatic polycarbonate was 49.7

‘kg/hr.
25



caused to uniformy fall along and in contact with the surface of

each of cylindrical guides 7A. Further, the pol yneri zer 1 has an
external jacket (not shown), and 25 the inside of polynerizer 1 is
adapted to be heated by .80
passing a heating nmedi umthrough the jacket, Polyner- . izer 1 has
no ‘agitating means for the prepol yner. 86 _ Prepol yner 3 having an
Wvh of 6,200, which had been prepared by reacting bi sphenol A wth

nolar ratio of 1:1.05, was continuously

di phenyl car- _ bonat e ,in
f ed to%am les_alf_t a7ugh_in|et 5 at a flowrate of 18 .
kg/hr, so that a pol YEHLAALIRAUL Lo RERRANIRLs as in mxandfiS

carried out under polymerization I on co rons r i% t he

ti t | 5 0 2 i (S
67 Pa (0.5 gy o, e Ty, edtibed ercen e dlad bl HE e

aromati c pol ycar prepolymerd Mtihd Mt &fodl0-wrEaah da tdseRr dfed
er

pol ycar - bonate products "obtai ned 25 hours and 50 hours a

the start 5of thebgolngaestizgf,i Ah Racld GF kel of, dlhixtudd dP0. Both
of the aromatic pol ycarbonate products were col orl ess, transparent
(b*-value: 3.4) aigpbemol A and oreaicwembdiund rfEliddteRd MArth hefigls
deconposi tion pro- ducts. The liquid volume V of prepolynmer 3

cont ai ned types of aromatic dihydroxy compounds other than

bisphenol A, with diphenyl carbonate. in each of these
Examples, the molar ratio of bisphenol A to the aromat-

10 ic dihydroxy compound was 1l:1, and the total molar
amount of the mixture of bisphenol A and the aromatic
dihydroxy compound was equivalent to the molar amount
of bisphenol A used in Eﬁample 1. The liquid volume V
and total evaporation surface area S of the prepolymer

15 were determined in the same manner as described in
Example 1. In each of these Examples, the liquid
volume V, total evaporation surface area S and Mn value
of the aromatic polycarbonafe product determined 50
hours after the start of the reaction were equal to

20 those determined 25 hours after the start of the reac-

tion. Results are shown in Table 3.

25



in polynerizer 1 at a point in time of 25 hours after 20 the start of

t he pofryneri zation reaction was determ ned as 0.07 nferr] in the
same nmanner as in Exanple 1. Al so, fromthe evaporation surface
area of the horizontal l'iquid surfg@ce of the liquid mass of
prepolyner 3 in the bottom portion of polynerizer 1, the liquid
volunme 25 of the prepa ymer Ty the borrom portjom of pprymerizegr
81 1 at a pping i time gf 25 hours after|the staft ofwthea
reaction was deterninggl_gs £.015 nilerr] Accorgingly, the 2 |vol une
of the liquid nmass. of| $&EZ T epol ymgr 3 falljing ~ <Tal ong amd cont act
with the surface of epghadftylindri- 5 cal guides 7A was 0. 0%5
nerr]. 3'E€?u‘tg§al evgporation surface| area of|{the flow ng
|l i quid surfaces of thegtTquigmassof—prepotymer—3 fat+neq al ong
and in contact with themégrfgbceéof eachan o Of| cyliondr| cal gui fles 7A
at a point in time of| 252kdy% 516 Tromthe“start of' the redttipn were
determ ned accord- G8%2. | 43gatio {the fol ljow ng fof nul a: Tot al
evaporati on surface arep.of the frgwngsiquid surfaceson— he
col utm- shaped gui des [/ &S 22 X {( Plerr] xSrlefr] £3.14 +
Vierr]/n[err]/I[err])/Bi 22} [err] 15 X 3.14™x nR x Merr]
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r2 represents the radius (n) of each col um-shaped gui de;

V2 represents the volunme (nferr]) of the liquid mass 20 of the

prepol yner falling along and in contact with the surface of each
col um- shaped gui de; n2 represents the nunber of the

col um- shaped gui des; and 88 | [err] represents the length
(m of each col um-shaped 25 gui de.

82 In the above formula, r2 was 0.0005 m V2 was

0.055 nferr] , n %%@h1Q?§830 and I[err] was 8 m The evaporation

surface area of tal surface of the liquid mass of

hours fromthe start of "thé reaction From

above, it was fougdithadtdale polymerizdotsd éﬁﬁ%ﬁ”iﬁ'ﬁi@suéééye apga@ of the
prepolynmer at a point in time of 25 hours after the start of the
reac- t Lorew@all ¥ uileelof polilendiAdr AIMOLEt0 018 thie. pregoymaer 10
fed to polynerizer 1 during the polynerization reaction : bet ween
the pointsin tideeaf 125 sheausipped 54 thoEG column-shapé®rgibh@est aatmadet he
reaction, was equal to the total anount of the aromatic

pol ycar bonat e pr edusttaintliesisawteel SUS316L, each having 'a diameter of 2

pol ymeri zer 3 in the ﬁpkkﬁgﬁ@}féﬁ%ﬂaﬂBHEadE%Hn wé% carﬂ$$€r§T€1@§§n§5

mm and a length of 4 m. Polymerizer 1 is also equipped
with distributing plate 6, through which prepolymer 3
fed to the polymerizer 1 can be distributed to column-

10 shaped guides 7A so that the distributed prepolymer 3
can be caused to uniformly fall along and in contact
with the surface of the guides. Outlet 10 is connected
to inlet 5 for prepolymer by a circulation line so that
the prepolymer falling down to the bottom of polymeriz-

15 er 1 can be returned to inlet 5 through the circulafion
line. Polymerizer i has no agitating means for the
prepolymer.

0.03 m3 of prepolymer 3 having an Mn of 4,700,

which had been prepared by reacting bisphenol A with

20 diphenyl carbonate in a molecular ratio 1:1.05, was
charged in polymeriier 1 through inlet 5, so that a
polymerization reaction of prepolymer 3 was carried out
in a batchwise manner for 2 hours, under polymerization
reaction conditions wherein the reaction temperature

25 was 280 °C, the reactidn-pressure_was 53 Pa (0.4 mmHg)



from polynmerizer 1 and of the phenol and the |like 15 evaporated from

pol yneri zer 1 during the polynerization reacti on between the
pornts in tinme of 25 hours and 50 hours after the start of the
reaction. Also, the l'iquid volune V and the evaporation surface
area S determ ned 50 hours after t § start of the reaction 20
were equal to those determined 25 hours after the start of the
reaction. _ The value of the left side and right side of the

above-rent | oned faranula, (-t o3l oplh el eands ovedze /. rk0obe 2. 27

and 1.03, respectlvel Iquid volunme V repofymer 3
was 12 9% of the'dﬂdﬂdﬁﬁrdﬁﬁtiﬁf§51ycarbonate had an Mn of 8,100, and

83 pol ymeri zer 1. The production rate Q of the producéd

aromatic pol ycar henate sl dds 8 dtspaddiet p(odueetiue: 3.3) andl @FRLIC
pol ycar bonate was nolded into a specinen in the sane manner as in
Exanpl e 1. The speximeh nv@simpirities safifl ethertimad debemporgitignt @so~- AsS a
result, it was ' found that the b*-value was 3.9, and the specinen
di d 5 notdwwfs er Aftaw monk e2-lwbse opolwteénhzation reactiobxarghlees 9
to 12 10 Usi ng the sane polynerizer as used in Exanple 8,

pol yneri zati on redcUishsvofune podfnehe PeepPelyaerf evhich was present on

the surface of the column-shaped guides and in the
bottom portion of the polymerizer, was calculated by
subtracting the volume of the prepolymer, present in

10 the circulation line and the 1like, and the volume of
phenol and the like evaporated off from the polymeriz-
er, from the volume of prepolymer 3 initially charged
in the polymerizer, and was found to be 0.028 m3. The -
total evaporation surface area S, determined in the

15 same manner as described in Example 1, was 1.8 m2. The
left side and right side of the above-mentioned formulé
(1) were calculated and found to be 1.81 and 0.96,
respectively; The liquid volume V of the prepolymer
was 10 % of the internal volume of the polymerizer.

20 The production rate Q of the produced aromatic polycar-

bonate was 16.3 kg/hr.

Comparative Example 4

Substantially the same procedure for a batchwise

25 polymerization reaction as in Example 18 was repeated,



ent M val ues, which had been prepared by reacting bi sphenol A

wi th drphenyl carbonate in a nolar ratio of 1:1.05, were

i ndi vi dual Iy conducted under various 15 pol ymeri zati on conditions.
The liquid volunme V and the total evaporation surface area S of
each of the prepo- lymers were detggm ned in the same nmanner as in
Exanpl e 8. As aresult, it was found that the liquid volune V

and the total evaporation surface area S of each prepo- 20 l.ynmer, and

the [err]n of aramddet PEHYEALONMEE REQEUSE0column-shapblegRia¥sand [err]n
were determ ned 50 hours after the start of the reaction) were

equal to those détarimigned diameter @B hourmmaftehet Beonbdit pbliyher-

reaction. The results are shown in Table 2. 25

[err] bonate product, obtained 2 hours 8bter the start of the
reaction, had an Mn of 5,500. The liquid volume V and

5 total evaporation surface area S of the prepolymer,

each determined 2 hours after the start of the reaction
in the same manner as described in Example 18, were
0.028 m3 and 0.22 mz, respectively. The left side and

right side of the above-mentioned formula (1) were

10 - calculated and found to be 0.90 and 0.91, respectively.

15

20

25



Exanpl e 13 A pol ynerization reaction was carried out in sub-
stantially the sane manner as in Exanple 1, except that use was
maede of a prepol ynmer having an [err]n of 7,000, 5 whi ch had been
prepared by reacting, in place of bi sphenol A,

1, 1- bi 5(4- hydr oxyphenyl)-3,3, 5- t%inethylcyclohexane W th

di phenyl carbonate. ‘Each of aromat1 c pol ycarbonat e products

wi t hdrawn from out | et 10 after 25 hours and 50 hours fromthe

start of the 10 pol ymeri zaghpsireadll appiadagtlmery | n of 11, 000.
Bot h of the aromati c polycarbonate products were colorless

t ranspar ent (b*-valueAdthdﬁﬁgiﬁﬁﬂﬁﬁ%rMEkmﬁﬁlaﬁufhélﬁﬁesent 1nveﬁ%§bn
t hermal deconposition products. The liquid vol une V (rerr]) and

the total evapor atdtororsiy feare arteiaghS, qudll Tty l&romatisepelgesebshaed at each

point in tinme of 25 hours and 50 hours fromthe start of the

reaction in the d@wing high hemnhnesiostdncabe dbtaknedOat7highr pblgnd 7.5

nerr], respec- tively. The -values of the left side and right side
5 the &Fvvatian itakel Wwigihmit sujfewing cptceblensd( andh28s

found to be 1.64 and 1.00, respectively. The liquid vol ume V of

the prepol yner widiss@laration ierternghf impuritiee)amé genenatponynsrzer.

Fur t her nor e, thegﬂ{oduaﬂd rate of theIEroduced aromatic
pol ycar bonat e wa LRgma ecompoq&ﬁ*ﬂq prpduct) which are likely to be

encountered in the production by a conventional method,

but also a very large motive power for agitation is not
10 needed and a scale-up of the polycarbonate production

is easy. Therefore, the method of the present inveﬂ—

tion is commercially advantageous.

15

20

25



86 Examples 14 to 17 . Substantially the sane
procedures as in Exanple 1 : wer e individually LQWM
use was nade of prepol yners having M of 7,000, whic

pr epar ed 5 by reacting, in place of bisphenol A,I ' f
bi sphenol A and one conpound sel ected from ggri ous I"Mllﬂywﬂamjﬂml
aromati ¢ di hydroxy conpounds other than bi sphenol ¢ AL ph enyl
carbonate. In each of these Exanpl es, the nolar ratio of bispheno
Ato the aromat- 10 i ¢ di hydroxy cogpaums was 1:1, and the total

nol ar anount of the m xture of bisphenol A and the aromatic

~di hydroxy conpound was equival ent to the nolar anount , of bi spheno
A used in Exanple 1. The liquid volume V and total evaporation
surface area S ofi.t he Ipr epolethesd fidr prodweleg deh eanbnaedicnpbhgcagre
manner as described in Example 1. In each of these Exanples, the
liquid veingte Which atompmizesitswnjscuting etar eatSanadshbriflica-

of the aromatic pol ycarbonate product determ ned 50 hours after
the start df the WS HaRACHIOR ymlpekymerizer ahoteasbt enei nedy@erhiaur s

after the start of _the reac- tion. Results are shown in Table 3.
25 able material selected from the group consisting of:

a-molten monomer mixture of an aromatic dihydroxy
compound and a diaryl carbonate, and
a molten prepolymer obtained by a process compris-
10 ing reacting an aromatic dihydroxy compound with a
diaryl carbonate,
wherein said polymerizable material is present in
the form of a liquid mass in the polymerizer and wher-
ein said liquid mass of polymerizable material being
15 'transestefified in said polymerizer has an exposed
surface,
the improvement in which said transesterification
reaction of said liquid masé of polymerizable material

is performed under reaction conditions such that the

20 following formula (1) is satisfied:
log (S/V) 2 2 X 107 X Mn + 0.8 (1)
wherein:

S represents an evaporation surface area (mz)

25 which is defined as the area (m2) of said expoéed



87 [err] Exanpl e
18 = A polynerlzatlon reaction was carrled‘BUT‘usrﬁg—a—-

cybindrical polynerizer as shown in Fig. 4(a). The ernal vol une
of polymerizer 1 is 0.28 nferr]. Polyner- 5 |zer ” ﬂﬂ ,ﬂMWLth
50 col um-shaped gui des 7A nmade of ggt ai nl ess st€
havi ng a di aneter of 2 mmand a |l ength of 4 m Polynerlzer
al so equi pped with distributing plate 6, through which prepolyner
3 fed to the sot§ams i gertHe Chbghigddinassi bt pdlifMettizalle mbEe-
shaped gui des 7A so that the distributed prepolyner 3 _ can be
caused to uniforny fatiali ong and in contact with the surface of
the guides. Qutlet 10 is connected toinlegr 5 for prepquqer by a
circulation line so that V represente phepwbyume {af)i of dewd fldgulid bottom
of polymeriz- 15 er 1 can be returned to inlet 5 through the
circul ation IR3RsS gH|Bekynerizabkgsmatesgpl ainngakdapolvoertiize
pr epol yner 0.03 nerr] of prepolynmer 3 having an Mh of

5 er; and
4,700,

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

10 2. The method according to claim 1, wherein said
transesterification reaction of the liquid mass of
polymerizable material is performed in a wetting fall
mode such that said liquid mass of polymerizable mate-
rial is caused to fall along and in contact with a

15 - surface of a solid object selected from the group
consisting of an inner wall of said polymerizer and a
guide provided in said pblymerizer.

‘3. The method according to claim 1 or 2, wherein said

20 volume V (m3) of the liquid mass of polymerizable mate-
rial is 5 % or more, based on the internal volume of
said polymerizer.

4. The method according to any one of claims 1 to 3,

25

_wherein said evaporation surface area S (mz) of the



whi ch had been prepared by reacting bisphenol A wth 20 di phenyl

carbonate in a nolecular ratio 1:1.05, was - charged in polynerizer
1 through inlet 5, so that a pol ymeri zati on reaction of prepol yner
3 was carried out in a batchw se manner for 2 hours, under

pol ymeri zation reaction conditionsgyherein the reaction

t eperature 25 was 280 [err]C, the reactlon pressure was 53 Pa (0.4
mTHg) 89 and the
circulation rate Wgud xhéé@féfhboliﬂﬂérﬂkﬁble materiadusadidFAR! ithe

pol ycar bonate had an Mh of 8, 100, and was col orl ess, transparent
(b*-val ue: 3.3) afwiltewing formulat aRped no inpurities and therwa

deconposi tion pro- 5 ducts. After the 2-hour polynerization
reaction, the liquid volunme V of the prepolynmer, which was present
on the surface of theSckl Qmi3s@aped gui des &8d in the

bottom portion of the polynerizer, was cal cul ated by subtracting

t he volune of the prepolyner, present in 10 the circulation line and
the |ike, &nd the vol Wee%ein O represenss she rasel ( ke/Brdpertawddcdf fthier om
t he pol yneri z- er, fromthe vol une of prepolyner 3initially

char ged in théaEEW?E%?lE%}Yc%ﬁﬁoﬂé§efbﬁnHrPQUSS 0.028 nferr]. The
total evaporation surface area S, determned in the 15 same manner as
described in Exanple 1, was 1.8 nferr]. The | eft side and right

si de of the above- nent 1 re cal ulated an nd
to be 1.81 and O. 6 Tﬁ@qﬂeéﬂgauéécordlng tg nge ereln sa % %e

Q (kg/hr) at which the aromatic polycarbonate is pro-

10 duced is 1 kg/hr or more.

15
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respectively. The liquid volume V of the prepol yner was 10 % of the
i nternal vol une of the polynerizer. 20 .- .. The production rate Q of the
produced aromatic pol ycar - bonate was 16.3 kg/ hr

Conpar ati ve Exanple 4 Substantially the sane procedure for a
‘bat chwi se 25 pol ynmeri zation reaction a?Sin Exanpl e 18 was repeat ed,

90 . except that use was made of colum-shaped gui des 7A

having a dianmeter of 0.1 mm The aromatic pol ycar- bonat e product,
obtained 2 hours after the start of the apsrracdeaction, had an M of
5,500. The liquid volune V and 5 totar_evaporation surface area S of

the prepolymer,  pisc168€8 ﬂstsrﬂéeﬁgdeBeugﬁoaﬁbghgt he shdnlatdlc PHycar-
reaction in the sane manner as described in Exanple 18, were

0.028 nferr] ansbrih® Wheth] compbpeesi yebyecthagl ebt asiktensedterification
right side of the above-nentioned formula (1) were 10 cal cul ated and
found to be 0. ¥ramididn %n aespkyheviigr at least one polymerizable material
5 selected from a molten monomer mixture of an aromatic dihy-
droxy compound and a diaryl carbonate, and a molten prepolym-
er obtained from the monomer mixture, wherein a liquid mass
of polymerizable material being transesterified in the polym-
erizer ﬁas an exposed surface, and wherein the transesterifi-
10 cation reaction of the liquid mass of polymerizable material
is performed under reaction conditions such that the follow—
ing formula (1) is satisfied:
log (S/V) 2 2 X 1075 X Wn + 0.8 (1)
wherein S represents én evaporation surface area (mz) which
15 is defined és the area (mz) of the exposed surface of the
liquid mass of polymerizable material; V represents the
volume (m3) of the liquid mass of polymerizable material in
the polymerizer; and Mn represents the'number average molecu-
lar weight of the aromatic polycarbonate to be produced.: As
20 compared to the prior art method, this method is commercially
advantageous not only in that a high quality aromatic poly-
carbonate having high heat resistance can be obtained at high
polymerization rate without suffering discoloration, entry of
impurities and generation of a thermal decomposition product,
25 but also in that a very large motive power for agitation is
not needed and a scale-up of the polycarbonate production can

be easily achieved.



15 .20 _ 25 91
| NDUSTRI AL APPLI CABI LI TY According to the nethod of the
present invention, , not only can a high quality aromatic

pol ycar bonat e : havi ng hi gh heat resistance be obtained at high
pol ym 5 erization rate wi thout suffering problens (such as

di scoloration, entry of inpurities and generation of a t her mal
deconposi tion product) which are likely to be encountered in the
production by a conventional nethod, but also a very large notive
power for agitation is not 10 needed and a scal e-up of the

pol ycar bonat e producti on is easy. Therefore, the nethod of the
present inven- tion is conmercially advant ageous.

INFORMAL DRAWING(S)
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CLAIMS ° 1. In a nmethod for producing an aromatic pol ycar-
bonat e which conprises subjecting to a transesterifica- 5 tion
reaction in a polynerizer at |east one polyneriz- able materi al
sel ected fromthe group consisting of: a nolten nononer

m xture of an aromatic di hydroxy conpound and a di aryl carbonate,
and a nolten prepol yner obtained by a process conpri s-
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10 ing reacting an aromatic di hydroxy conmpound with a di aryl
car bonat €, wherein said polynerizable material is present in
the formof a liquid nass in the polynerizer and wher- ein said
l'iquid mass of polynerizable material being 15 transesterified in said
pol yneri zer has an exposed surf ace, t he i nprovenent
in which said transesterification reaction of said |iquid nass of
pol ymeri zabl e materi al is perforned under reaction conditions such
that the 20 following formula (1) is satisfied: | og
(SIV) [err] 2 x 10[err] X [err]n + 0.8

it | (1
serein: e LG R @) e v 2 s Ly (e D)

93 surface of the liquid mass of pol ynerizable mate-
rial; Weimap-aseii=e=t he vol une Loferr]) of said liquid
mass of poly i 4able material i said polyneyiz- 5 er| and

[err]n repreg

{ he nunber averjage nol ecu
aromati c pol '

ate to be pro-/,/f1

N

i gh th
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10 2. The nethod according to claim11, wherein said

transestérification reaction of the liquid mass of pol yneri zabl e
material is perforned in a wetting fall node such that said |iquid
mass of pol ynerizabl e nate- rial is caused to fall along and in
contact with a 15 surface of a solid object selected fromthe group
consisting of angd | 1, 0f ysai d polynerlzer and a gui de
provided in said |{zh;%§e§ ) The met hod according to claim1
or 2, wherein said 20 vol une V (n[err]) of the liquid nmass of

polynerizable na%e- rial is 5 %or re,bagsed,on { he internal
vol ume of saﬂl p{l ynerizer, HI% G ® (righ d according to

any one of clainms f1 to 3, 25;////W§ere|n sai d evaporation ‘surface area S
(mMerr]) of the p 94
l'iquid mass of _polly By glelopjeri al satisfies the foll ow ng
formula (2): T~ W ——8 [err] 0.03 @ 7 (2) 5
wherein Q represe s?é §fte xg/ hr) at which the aromatic
pol ycar bonate is rogg v —7
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5. The met hod according to claim4, wherein said rate Q (kg/ hr)
at which"the aromatic pol ycarbonate is pro- 10 duced is 1 kg/hr or
nor e. 15 20 25

FIG.5 | FIG.6 (a)
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