DESCRI PTI ON PRODUCTI ON METHOD OF AROVATI C POLYCARBONATE Techni cal
Field [0001] The present invention relates to a production
nmet hod of an aromatic pol ycarbonate. Mre particularly, it relates to
a production nmethod of an aromatic pol ycarbonate, which can

remar kably restrain generation of eye boogers at the tinme of
extrusi on nol di ng. Background Art [0002] Conventional ly, an
interface nethod in which an al kali aqueous sol ution of bisphenols

and phosgene are reacted in the an organi c solvent, and a
melting method in which bispheno?@ggﬁgggl§érbonic di ester are

pol yconde | y rh§5ﬁ£# Fod8n ion are known as a
productiogﬁﬁ%¥ﬁggk§¢ﬁgsgg?oﬁgtlc po:vggﬁﬁbnateﬁﬁgg%ve all, the

mel ting mephiashifelt ke egat er exchange reaction has the advantage that
an aromati c pol ycarbonate resin can be produced inexpensively as
conpar ed wgdoilhe interface nethod. In the nmelting nethod,

pol ycondensation reaction is conducted in a nolten state using a

nol ten m xt ure Ther presantr iaventfomralatest ito di pyddozticwpethwl and
a carbonic diester -in the-presence- of an- ester exchange reaction
cat al yst, <fhd anf t arowaspei rgelyreagisinatendendMateon pazskécnbdarlyan it
aromatic pq%gcarbonate formed into pellets having a given particle
size i s obthaf@s [8003]a produgticpe \E§theghen of t haPnophEeRatic

resin ch a pol ycarbopate i s extrusi nmol ded to form pel | et
there vas RN BrnHPIgH (B  FHRIRRAP o O EAP 1 B AEPEFE L0 Tad

eye booger%é %O%%la&%%ag%dﬁﬁé g%?gtgé eégfte s?fﬁ lgmﬁ‘%f"g' of a die, and

adhered thereto, suc eriora eria m xed into
products, g Houdd hpedef ective product. To prevent the deteriorated
mat erial form™eing acconpanied with products, it is necessary to
conduct a pdoyi ng frequently, and this constituted a factor to
decrease production capacity and to increase production | oss.
In view of the @baventibsallesenin applteefiater apotlicell tihat wiybeler adri on
of eye boogers can remarkably restrained by providing a taper at an
out | et paralk#lia adeseyst Bodhtioni of heispherialer anderhesgenef argeed
to as a "die hole") (see Patent Docunent 1). .

- reacted in the presence of an ‘organic solvent, and a
melting method in which bisphenols and a carbonic diester
are polycondensation reacted by an ester exchange reaction
are known as a production method of an aromatic
polycarbonate. Above all, the melting method by the ester
exchange reaction has the advantage that an aromatic
polycarbonate zresin c¢an be produced inexpensively as
compared with the interface method.

In the melting method, polycondensation reaction is
conducted in a molten state using a molten mixture of raw
materials of an aromatic dihydroxy compound and a carbonic

diester -in the -presence of - an - ester exchange reaction

catalyst, and after stopping the polycondensation reaction,



[ 0004] Patent Docunent 1: JP-A-05-253997 Disclosure of the Invention
Probl enms that the Invention is to Solve [0005] However, as a
result of investigations in detail, when continuous operation for a

|l ong period of time is <carried out, it was revealed that to restrain
eye boogers generated on the outlet part of a die hole, it is not
sufficient to only provide a taper on the outlet part of a die, and
further Inprovenent is necessary. The present invention has

been nade to solve those problens in the production_of an_arqmatic
pol ycar bor2R earematic polycarhgrpte o fospEdetinto t Relprtge MaViiRgeR i on

Is to provide a production_net hod of. an, aromati ¢ pol ycarbonate, in
whi ch eye %‘Bﬂblp%r%[mﬁﬁesﬁ?rel%f‘g%ﬁ%'on nol di ng are reduced, and
cont i nuous t,_g:B,e's'ation for a long period of tinme is possible. Means for
Sol vi ng th% r(}bl ens [ 0006] According to the present

i nvention, ther gy SRt oyhgled \foRr WUEKEARPRINAL Ofedih ALAER! a5 a

pol ycarbonate, characterized in that 1n a " method for extrusion

mol di ng arpaliyimbonakel MeArdiraisl of ibldede id UESEm apall netd ot tHédF Y
the sane, extrusion nolding is conducted under that a shear rate 00
of the arora i ehpolpreinlaonatisatat aandatddisiratiod: heawstialdegensraliln
range of from 100 to 500 sec-1, and a shear stress CO of the aromatic
pol ycar borrgtld.egt eyre beeders ofist genexatedemti san noutlengefofa fflow 50

to 200 kPa. t[hOOO7t1
pa o a die, and adhered thereto, and such a

deteriorated material is mixed into products, resulting in
defective prcduct. To prevent the deteriorated material
form being accompanied with products, it is neceassary to
conduct a cleaning frequently, and this constituted a
factor to decrease production capacity and to increase
production loss.

In view of the above, the present applicant reported
that generation of eye boogers can remarkably restrained
by providing a taper at an outlet part of a flow path of a
die (hereinafter sometimes referred to as a “die hole”)
{see Patent Document 1}.

[0004]

Patent Document 1: JP-A-05-253997
Disclosure of the Invention
Problems that. the Invention is to Solve
[0005]

However, as a result of investigations in detail,

when continuous operation for a long period of time is



In the production nethod of an aromatic pol ycarbonate to which the
present invention is applied, it is preferred that the extruder used
for extrusion nolding is equipped wwth a die for extruder having a
taper having a half apex angle of from4 to 200 fornmed on the outl et
part of the die for extruder. The extruder is preferably that
die holes fornmed on a die plate are arranged in a staggered state.
The aromati c pol ycarbonate is preferably obtained by a reaction

bet ween an aromati c dlhydroxy conpqound and a carboni ¢ diester. [0008]

The ar orrat?%r’b’tﬂ%/c%}tuo &5t FAN °51ytﬂ"ﬁ§ ﬁPo&&éttFGﬁ“rr@Vﬁoh%ﬁe’éﬁ
aromatic car bopat e t he sent_jinventio ef er, tha a
vi scosity % "Pm?’éc Sr @%t g d%‘%rh Pe, H eél 8t
proportion Pok n_t Q r a9 S_ kS
fromb5 to %‘8&1 JU 182(39 %ﬁg g;'%'d%he ?50‘?&104 t"teheé‘nu q%r tokgg?aﬁghed
structural gyQi té,& Qu@%ﬁepgﬁpggv@nﬂéuﬁ Helasddrl, represented by the

following formula (a) from0.1 to 0.8 nmolsk. [0009] [Chem 1]

(0- 0-x--40-04) - thel Q;Ci:JéHen(tl v tionHagd (Wen YadRDr65c8bEvé Ehogh e
bond, an al kyl ene group having from1l to 8 carbon atons, an

al kyl i denepxphiligmandn thef ppodidctiol cfirdwarsmatic potycadadiateene
group having fromb5 to 15 carbon atons, a cycl oal kylidene group
havi ng from 5 t &ctordingdy, aronwbiscta off viierpresentp Sevewrtieh fism

t he group consisting of -0-, -8-, -CO, -SO and -202-.)
to provide a production method of an aromatic

polycarbonate, in which eye boogers at the time of
extrusion molding are reduced, and continuous operation
for a long period of time is possible.

Means for Solving the Problems

[o006]

According to the present invention, there is
provided a production methed of an aromatic polycarbonate,
characterized in that in a method for extrusion molding an
aromatic polycarbonate with an extruder and pelletizing
the same, extrusion molding is conducted under that a
shear rate (y) of the aromatic polycarbonate at an outlet
of the extruder is in a range of from 100 to 500 sec™
and a shear stress (1) of the arcmatic polycarbonate at
the outlet of the extruder is in a range of from 50 to 200
kPa.

[0007]
In the production method of an aromatic

polycarbonate to which the present invention is applied,



[ 0011] That is, the gist of the present invention resides in
the followwng (1) to (5). (1) A production nmethod of an aromatic

pol ycarbonate, characterized in that in a nmethod for extrusion
nol di ng an aromati c pol ycarbonate with an extruder and pelletizing
the sane, extrusion nolding is conducted under that a shear rate 00
at an outlet of the extruder is in a range of from 100 to 500 sec-1,
and a shear stress Cr) at the outlet of the extruder is in a range of

fromb50 to 200 kPa. _(2) The_production method of an aromatic
pol ycar borit e 18s DERETIRG ithatl) thehaxfzuder, cgeed dek axbresicn

trud hawi u .havi.ng. a hal f. I f 4 to_20

For mod on THELAG, 8, STAPPERT THER of 1 a5, SRIFRPOFS PAERDS & HPe
med . t 8

(2) " char Areo e el SpORTAnIRCRHT BB, koo e Sl o 6 ©f

arranged 4,2 eit pAGRr 8¢ $hat&ie [ HxtdullbrThe production nethod of
an aromati c pol ycarbonate as described in any one of (1) to (3),

characteri zed i phbhaktiridedr @8RprafEPANIAI 080t @id ShODéf FEEMEY on
reacti on between an aromati c di hydroxy conpound and a carbonic

di ester. 4 ddielpldapeoduet aonampsdicich ¢i staggeeedt stape!l ycar bonate as
described in any one of (1) to (4), characterized in that a
vi scosi ty aver abenaropatir pelytarigmate i3 preferahbyecbtatned by
proportion of hydroxyl gr oup (OH) in the whole term nal groups is
from5 to HOreRFTien Jpgtween anjargmagigr dikydrexyl cepPEUAdnided &

branched stryctuyral,.units to one nole of a structural unit
repr esent é‘?f’gﬁ?“llﬁ’ed?'SF Bing fornula (a) is from0.1 to 0.8 np196. -

[0013] [ Chgfogd]

The aromatic polycarbonate producaed by the
production method of an aromatic polycarbonate of the
present invention is preferably that a viscosity average
molecular weight (Mv) is 13,000 or more, the proportion of
hydroxyl group (OH) in the whole terminal groups is from 5
te 50 mol%, and a ratio of the total mole number of
branched structural units to one mole of a structurxal unit
repraesented by the following formula (a) is from 0.1 to
0.8 mel%.

[0008]

[Chem. 1]

- O~

[0010]

(In the formula (a), X represents a single bond, an



f-C.FX-0-13- ( a ) [0014] (In the formula (a), X represents a single
bond, an al kyl ene group having from1l to 8 carbon atons, an

al kyl i dene group having from2 to 8 carbon atons, a cycl oal kyl ene
group having from5 to 15 carbon atons, a cycl oal kylidene group
having from5 to 15 carbon atons, or a divalent group selected from
the group consisting of -0-, -S-, -CO, -SO and -SO2-.) Advantage
of the Invention [0015] According to the present invention, in

th duct f Lc.pol bonat b t the ti

of ext rusi SHORSTHR nG=2P [ BATESD, “ERR cant Fhuctic HGREt | BFPSr a=Fong
ext rusi BFRTH ng=arE r BALLE ot {Ruots | P8 oPo

P o 1) AEPHRIREeGRuE, (Rildle R3R 12 R O (el atiney )

appar at Us &fcyshidhAue fqmﬁqaﬁ%a_t £rom [ 61 @0 A5 Ridrboh | Stéme/] SW
for explaining a vertical cross-section of a die hole outlet part in

t he presendycldadividdene gbgp Biving. £fxbn $ &o/ilGWch@bofXAkaha| Ngr a
preferred arrangenent of die holes in the present enbodi nent.
Descri pti cn divaleindr groapNsedeated aficorsi thes g/ jconsisting of ~0-,
-8-, -CO-, -80- and -50;-.)
[0011}
That is, the gist of the present invention resides
in the following (1) to (5).
(1) A production method of an aromatic polycarbonate,
characterized in that in a method for extrusion molding an
aromatic polycarbonate with an extruder and pelletizing
the same, extrusion molding is conducted under that
a shear rata ({y) at an outlet of the extruder is in a

range of from 100 to 500 sec™!

, and

a shear stress (1) at the outlet of the extruder is in a
range of from 50 to 200 kPa.

{(2) The production method of an aromatic polycarbonata as
described in (1), characterized in that a die for extruder
having a taper having a half apex angle of from 4 to 20°
formed on the outlet part of the die for extruder is used.
(3) The production method of an aromatic polycarbonate as
described in (1) or (2), characterized in that die holes
formed on a die plate are arranged in a staggered state.

[0012]

(4) The production method of an aromatic polycarbonate as



| a- 1DPC supply port |Ib ... SPA supply port 2a ... First raw materi al

m xing tank 3a ... Anchor type stirring blade 4a ... Raw materi al
supply punp 5a ... Catalyst supply port 6a ... First vertical
stirring reactor 6b ... Second vertical stirring reactor 6c¢c

Third vertical stirring reactor 6d ... Fourth vertical stirring
reactor 7a, 7b, 7c ... MA2BLEND blade 7d ... Helical ribbon bl ade 8a,
8b, Sc, 8d, Be ... Distillation pipe 9a ... Fifth horizontal stirring
react or

described in any one of (1) to (3), characterized in that
the arcmatic polycarbonate is obtained by a reaction
between an aromatic dihydroxy compound and a carbonic
diester.
{5) The production method of an arocmatic polycarbonate as
described in any one of (1) to (4}, characterized in
that

a viscosity average molecular weight (Mv) is 13,000
or more, the proportion of hydroxyl group (OB) in the
whole terminal groups is from 5 to 50 mol%, and

a ratio of the total mole number of branched
structural units teo one mele of a structural unit
represanted by the following formula (a) is from 0.1 +to
0.8 mol%.
[0013]

[Cham. 2]

OO~

{In the formula (a), X represents a single bond, an

[0014]

alkylena group having from 1 to 8 carbon atoms, an
alkylidene group having fyxom 2 to B8 carbon atoms, a
cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidene group having from 5 to 15 carbon atoms, or

a divalent group selected from the group consisting of -0-,



10a ... Stirring blade ha ... Extruder bib ... De plate 12a, 12b,
12c ... Additive supply port 13a ... Strand cooling device l4a ..
Cutter 15b ... Dehydrator 16a, 16b ... Product silo 8la, 81b, 8lc,
81d, 81l1e ... Condenser 82a, 82b, 82c, 82d, 82e ... Pressure reducing
device 1 ... Tapered part 2 ... Die hole edge dianeter 3 ... Die hole
I nner dianeter 4 ... Edge of die hole outlet part 5 ... Taper depth

~8=-, ~CO-, =80- and -50:-.)
Advantage of the Invention
[0015]

According to the present invention, in the
production of an aromatic polycarbonate, eye hoogers at
the time of extrusion molding are reduced, and continuous
operation for a long period of time is possible.

Brief Description of the Drawings

[0016]

[Fig. 11 Fig. 1 is a view showing one example of the
production apparatus of an aromatic pclycarbonate.

[Fig. 2] Fig. 2 is a view for explaining a vertical cross-
gsection of a die hole outlet part in the present
embodiment.

[Fig. 3] Fig. 3 is a view for explaining a preferred
arrangement of die holes in the present embodiment.

Description of Reference Numerals and Signs

[0017]
la-1 ... DPC supply port
1b ... BPA supply port
2a ... First raw material mixing tank
3a ... Anchor type stirring blade
4a ... Raw material supply pump
5a ... Catalyst supply port
6a ... First vertical stirring reactor
6b ... Second vertical stirring reactor



9 ... Die hole 10 ... Die plate L ... Capillary I ength Best Mde for
Carrying Qut the Invention [0018] The best node for carrying
out the invention (hereinafter, the present enbodinent) is described
in detail below. The present invention is not limted to the

foll owi ng enbodi ments. [0019] (Aronmatic pol ycarbonate) In the
present invention, the aromatic polycarbonate is not particularly
limted as long as it is produced by any nethod of an interface

met hod and a nelting ngjhodg. . In.the foll ow ng enbodi nent, a
met hod of pr oduéi”ng'anmé?'ﬁgra'f?"ct’rﬁﬂ]ycs EEﬁ&FerﬁVm&%ﬁti nuousl y

conducting a rre:gtﬁidpol yg.ggggﬂs@}&rbddl'lgg%tiirgggafwgc@ aromatic

di hydroxy conpo ‘and a car boni € ster aw materials in the
presence of an ggt eR,exghange 1?&5”):!% p1agdescri bed bel ow as one
exanpl e. [0020] ? Argrréti C dlghy roxy conpound) The aromatic

di hydr oxy conpoggd  useflal ficdheriHmseM1a@gbodi nent includes a conpound
represented by the follow ng general formula (1). [0021]

8a, Bb, 8c, 8d, 8e ... Distillation pipe
9a ... Fifth horizontal stirring reactor
10a ... Stirring blade

1la ... Extruder

11b ... Die plate

12a, 12b, 12¢ ... Additive supply port
13a ... Strand cocling device

l4a ... Cutter

15b ... Dehydrator

16a, 16b ... Product silo

8la, 81b, 8lc, Bld, 8le ... Condenser
82a, 82b, 82c, 82d, 82e ... Pressure reducing device
1 ... Tapered part

2 ... Die hole edge diameter

3 ... Die hole inner diametex

4 ... Edge of die hole ocutlet part

5 ... Taper depth

9 ... Die heole

10 ... Die plate

L ... Capillary length

Best Mode for Carrying Cut the Invention

[0018]



[Chem 3] General Fornula (1) [0022] In the general formula
(1), Arepresents a single bond, a straight-chain, branched or cyclic
di val ent hydrocarbon group having from1 to 10 carbon atons which may
be substituted, or a divalent group represented by -0-, -S-, -CO or
-S02-. X and Y represent a hal ogen atom or a hydrocarbon group having
froml to 6 carbon atons. p and q are an integer of 0 or 1. X and Y,
and p and g may be the sane or different, respectively. [00231

Speci fi c exanpl gg of bre?g_ aLanat | gofl hx%eﬁ%ﬁgggsyndtwcl ¥ffantion

bi sphenol s such as bi's ydroxydr phen

2, 2-hi s(4- il huRRaRY | ) BROPPYbsetit?- BBOAiMAIELX Yis3- degcribed in
nmet hyl phenyl ) propane, 2,2 -bi's(4-hydroxy-3-t-butyl phenyl) -

propane, 2, &st¥i3( Hall . OXYhe, Srébdiy Hvdadiayh) RBEOR8ECLimited to the
2, 2- bi s(4- hydr oxy- 3, 5-di bronophenyl ) propane, 4, 4- bi s(4-

hydr oxyphegollloiwd pya embadimdntls hi s( 4- hydr oxyphenyl) - cycl ohexane;
bi phenol s such as 4, 4' -di hydr oxybi phenyl and

3,3 ,5,5" -k&xL9dnet hy1- 4, 4' - di hydr oxybi phenyl ; bi s(4-

hydr oxyphenyl ) sul fone, bi s(4-hydroxyphenyl)sul fide, bis(4-

hydr oxyphetAropatAe: podngashanate) dr oxyphenyl ) ket one.

O those, 2, 2-his(4-h droxggheny]&€ro ane "bi sphenol A!, h reiq?fter
someti mes abbr e?PatB8 BESSERAINTL Mo T8y ATPRESACPOMET T EPORALE

di nydr oxy COMRAUNIS G %Y 1a3180° oY Bngal YL Il Y ©

any method of an interface method and a melting method.

In the following embodiment, a method of producing
an aromatic polycarbonate by continucusly conducting a
melt polycondensation reaction using an aromatic dihydroxy
compound and a carbonic diester as raw materials in the
presence of an ester exchange catalyst is described below
as one example.
[0020]
(Aromatic dihydroxy compound)

The aromatic dihydroxy compound used in the present
embodiment includes a compound represented by the
following general formula (1).

[0021]

[Chem. 3]



(Carboni c diester) The carbonic diester used in the present
enbodi ment i ncludes a conpound represented by the foll ow ng general
formula (2) [0025] [Chem 4] General Formula (2) 0 [0026] I n
the general fornmula (2), A represents a straight-chain, branched or
cyclic nmonoval ent hydrocarbon group having from1 to 10 carbon atons
whi ch may be substituted. Two A's may be the sane or different.

[ 0027] Speci fic exanples of the carbonic diester include

di phenyl carbonat a substjtuted di phenyl carbonate such as ditolyl
carbonaiexé%ﬂ h?PrEEiﬁoiéie, di ethyl carbonate and di-t-butyl

car bonat e. O those,,_diphenyl c
abbrevi ated as "DPC') and substitute
preferred. Those car '
of two or nore thereof.

ate (hereinafter sonetines
henyl carbonate are
O one or as mixtures

i

[ 0828 _
(X)p (Y
[0022]

In the generxral formula (1), A represents a single
bond, a straight-chain, branched or cyclic divalent
hydrocarbon group having from 1 to 10 carbon atoms which
may be substituted, or a divalent group represented by -0-,
-8-, -CO- or -S0;-. X and Y represent a halogen atom or a
hydrocarbon group having from 1 to 6 carbon atoms. p and
q are an integer of 0 or 1. X and ¥, and p and g may be
the same or different, respectively.

[0023]

Specific examples of the arcmatic dihydroxy compound
include bisphenols such as bis (4-hydroxydiphenyl)methane,
2,2-bis {(4-hydroxyphenyl)propane, 2,2~bis (4-hydroxy-3-
methylphenyl)propane, 2,2-bis(4-hydroxy-3-t-butylphenyl) -
propane, 2,2-bis (4-hydroxy-3,5-dimethylphenyl)propane,
2,2-bis(4-hydroxy-3,5-dibromophenyl)propane, 4,4-bis(4-
hydroxyphenyl) heptane and 1,1-bis (4-hydroxyphenyl) -
cyclohexane; biphencls such as 4,4’ ~dihydroxybiphenyl and
3,3’,5,5" -tetramethyl-4, 4’ -dihydroxybiphenyl; bis(4-
hydroxyphenyl) sulfone, bis(4-hydroxyphenyl)sulfide, bis(4-
hydroxyphenyl) ether; and bis (4-hydroxyphenyl)ketone.

Of those, 2,2-bis (4-hydroxyphenyl)propane

10



The carbonic diester nmay be replaced by dicarboxylic acid or

di carboxylic ester in an anmount of preferably 50 nol % or |ess, and
nore preferably 30 nol % or | ess. The representative

di carboxylic acid or dicarboxylic ester includes terephthalic acid,
i sophthalic acid, ,diphenyl terephthal ate and di phenyl isophthal ate.
When the carbonic diester is replaced by such a dicarboxylic acid or
di carboxylic ester, a polyester carbonate is obtained. [0029)

lgﬁzeofaaP‘ch gieséer (|n gaﬁgfggﬁa??§¥gF%§ Iac dlcarbo§yllc
anount exg 4 O I he dé%lﬁ'éeoa‘ y Cfi@é’éj n%roma ic dﬁ?g%é;h? ?‘%Jﬁ;lxlio'%ﬂl%

carbonic di'e ' a gener

1.30, and %%'e\ﬁ LFBHL lofZad il tiflos! Be! teoaaermtf& GHdbelieoxy
conpound. ere t ratio is smaller than termnal COH
group of thwzanomatic pol ycarbonate obtalned IS |ncreased, and there
is the tendency that thermal stability of a resin deteriorates. On

t he ot her {(GavbondlecHdeekberyolar ratio is |arger than 1.30, reaction
rate of the ester exchange lowers, and it is difficult to produce an
l'aromatic pol yc&hkorarbohiei Agesher dased eiin nbhecprasenki ghivodinent
Addi tionally, residual amount of a carbonic diester in aresinis

i ncr eased,ingiddesi & negeren treprasentedu Ry cthedbpligwing genprak
nmol d processing and. odor of a nolded article, which is not preferred.
[ 0030] ( Eshmm H&hge catal yst) The ester exchange cat al yst
used in th@Hﬁ%ﬁsent enbodi nment includes catal ysts generally used in
produci-ng omati c pol ycarbonate by an ester exchange nethod, and
i s not parf,&g{arly limted. In general, exanples of the catalyst

i ncl ude ba5|c conpounds such as an alkali netal compound, a beryllium
or magnesigiRdxAIPedranian(2a) kal ine earth netal conpound, a basic
boron conpound, a basic phosphorus conmpound, a basic amoni um
conpound, and an am ne conpound. O those ester exchange
catal ysts, an alkali netal conpoyAd is practically desirable. Those
ester exchange catalysts nay be ed al one or as m xtures of two or
nore t hereof. Th e qef aﬂ@alyst is used in a range
of generally from 1x10- x10- preferably from 1x10-7 to
1x10-2 nol (Eﬁé nol e of the aromati ¢ di hydroxy conpound. [0031] The
al kal i Ht npound i ncl udes inorganic al kal

In the general formula (2), A’ represents a
straight-chain, branched or cyclic monovalent hydrocarbon
group having from 1 to 10 carbon atoms which may be
substituted. Two A’s may be the same or different.

[0027]

Specific examples of the carbonic diester include
diphenyl carbonate, a substituted diphenyl carbonate such
as ditolyl carbonate; dimethyl carbonate, diethyl
carbonate and di-t-butyl carbonate.

Of those, diphenyl carbonate (hereinafter sometimes

abbreviated as “DPC”) and a substituted diphenyl carbonate

11



met al compounds such as hydroxi des, carbonates and hydrogen carbonate
conpounds of alkali metals; and organic al kali netal conmpounds such
as salts of alkali netals with alcohols, phenols or organocarboxylic
acids. Exanples of the alkali netal include lithium sodium

pot assi um rubi di um and cesi um O those alkali netal
conpounds, a cesium conpound is preferred, and cesium carbonate,

cesi um hydrogen carbonate and cesi um hydroxi de are particularly
preferred._ [ 0032 anpl es t he,b | um or i
conpound tﬁfgfﬁrfﬁ'negégrs hcﬁﬁﬁé 1%0%%%%#% n%%%a%%%ere%a%ne

al kal i ne egtth EE?&%L::QQ”B?UE@? SHG{L RS tméQE;BFi.des or carbonates of
beryllium magnesium and al kaline earth netals; and salts of those
metal s w tfpgdgqohol s, phenols and organocarboxylic acids. Exanpl es of
the al kaline earth netal include calcium strontium and barium

[ 0033] Exraapkasbohit hédidsisdr mher e veplaced bypcHiderbosndicum
salt, a potassiumsalt, a lithiumsalt, a calciumsalt, a nagnesium
salt, a badigincealdicaxbaysiticorsbem sal tarofampundr ovf cprefarably 50
Exanpl es of the boron conpound include tetranethyl boron, tetraethyl
boron, tetmal¥ opylesss oAndteretrrafiensblyn 30t Pribt Ay k884 bor on,

tri met hyl benzyl boron, trinethyl heqyl boron, tri ethyl nethyl boron,
triethyl benzyl HBPOH?PF?FEFF??iﬁé;ﬂH ﬂﬁ595¥}1°tFFBGt9¥bg§§ b
tributyl phenyl boron, tetraphenyl .bqr.on, bengzyltri phenyl,.boron..

met hyl tri gHE REIEECr s RS RN TSy | . ’[%g%k\h'i%hc acid,
Exanpl es of- asj r S &ﬁgp ] L el [ t
phosphorugLé%%%gﬁniggg C asgﬁﬁ et ylgﬁ gﬁ ?%eggﬁm$&5g§5ea, When
tri-n-propgdhOsitidies 4iésepr Qaylraﬁ_@aaaana tduennbalt aiebﬂs&k%m;
tri phenyl phosphi ne and tri butyl phosphi ne; ang guat er nary phosphoni um
salts deriaad f bem dhesrbeoymiinédstek)035] polyestdrxacpkbsnate t hiss
basi ¢ anmoni um conpound i ncl ude tetramet hyl ammoni um hydr oxi de,

t et r aet hylcbtaimiedm hydr oxi de, tetrapropyl ammoni um hydr oxi de,

t et rabut yl ammoni um hydr oxi de, trinmethyl et hyl ammoni um hydr oxi de,

t ri met hyl bE#ARlammoni um hydr oxi de, trinet hyl phenyl anmoni um hydr oxi de,

tri et hyl met hyl anmoni um hydroxi de, . triethyl benzyl annoni um hydr Qxi de,
triethyl phenyl aﬁh&ﬁ?um%%acde,dﬁ?‘fﬁﬁ%l b h?é#‘él Wi u ﬁydrag?ﬁvc?e,
tributyl phenyl a nizu roxi de, t.etraphe i h id
benzyltriﬁﬁ 2 ﬁ%§%¥%€ﬁfﬁ&?dgfaﬁbt glt@%%%%%%ﬁgﬁg%n%gﬁgﬁyd§g¥%de

and butyl ty{d RRGALATMRRLUILAYS 9¥b08sed OPB0hn amount excess to the

dihydroxy compound.

Specifically, the carbonic diester is used in a
molar ratio of generally from 1.01 to 1.30, and preferably
from 1.02 to 1.20, to the aromatic dihydroxy compound.
Where thae molar ratio is smaller than 1.0l1, terminal OH
group of the aromatic polycarbonate obtained is increased,
and there is the tendency that thermal stability of a
resin deteriorates. On the other hand, where the molar
ratico is larger than 1.30, reaction rate of the ester

exchange lowers, and it is difficult to produce an

12



Exanpl es of the am ne conpound include 4-am nopyridi ne,

2-am nopyridi ne, N, N-di net hyl-4-am nopyri di ne,

4-di et hyl am nopyri di ne, 2-hydroxypyridi ne, 2-nethoxy- pyridine,

4- et hoxypyri di ne, 2-di nmet hyl am noi m dazol e, 2- net hoxyi m dazol e,

i m dazol e, 2-nercaptoi m dazole, 2- nethylim dazole and

am noqui nol i ne. [0037] (Production nmethod of aromatic pol ycarbonat e)
A production nmethod of an aronmatic polycarbonate is descri bed bel ow.

Th duct f t bgonat e ducted.b
T D et AR ARG B9 IEBABBHR e ST T d plesiFeal BofEigy RAfORt. N9
material s %ﬁgﬁll é't z@sﬁ%?it 'asaguﬁ&e& andcﬂﬂun%g | J 41958 n a

conpounds age pol ycondensation reaction using plural

reactors '&H}ﬁ 4 e3RBEEaSdd ANak@t Bhi SXARFNFBsLERC O KA GHyd aunder
a nolten state (polycondensation step). e reaction nethod may be

any of a haigdh 4etansl, timé 08t | HODESpFEEdinthd Sdgibi $ifit & Ofio Died
batch nethod and a continuous nethod. The reactors used conprise

pl ural verdz#itialla, eabiehs iantdothherefdasglient at | east one hori zont al
reactor. In general, those reactors are arranged in series, and
treat nent [@3xdnduct ed conti nuously. After the

pol ycondensation step, the reaction is stopped with a termnator in
an ext r udefEst@as exchaggrafatalesthl s and reaction by-products are

d, addit t st d I t
Cdded (extrusi ofiBet cpF Eohin FxFRRIE (COF 1N tar BREES o oo aPRERERG
resin di sc%roqﬁgn f [0 tél%d@ét E&&%P"e'%l N ghggg%f%) “Lﬁggﬁg P%gu?g)“%et S

havi ng a given par AR ron ep o

productio m&%t'z% feigthbrdnked Wy 4:0Qier( BaWhTRLER! dkhod, and

pr epar at ion ste
is . not part:.cularly limited., In general, examples of the

catalyst include basic compounds such as an alkali metal
compound, a beryllium or magnesium compound, an alkaline
esarth metal compound, a basic boron compound, a basic
phosphorus compound, a basic ammonium compound, and an
anine compound.

Of those ester exchange catalysts, an alkali metal
compound is practically daesirable. Those ester exchange
catalysts may be used alone or as mixtures of two or more
thereof.

The ester exchange catalyst is used in a range of
generally from 1x10™? to 1x10™' mol, and preferably from
1x10"7 to 1x10™2 mol, per mole of the aromatic dihydroxy
compound.

[0031]

The alkali metal compound includes inorganic alkali

13



An aromati c di hydroxy conpound and a carbonic tester used as raw
materials of an aromatic pol ycarbonate are generally prepared as a
nolten m xture using a batch, sem -batch or continuous stirring tank
type apparatus in an atnosphere of an inert gas such as nitrogen or
argon. For exanple, in the case of using bisphenol A (BPA) as the
aromati ¢ di hydroxy conpound and di phenyl carbonate (DPC) as the
carbonic diester, the tenperature of nelt mxing is selected froma
range of qe eraII fronr 0 80¢, @ bly,

In this cg"sq: pr o‘Tyoo I ons ofé'%h ar oma gdpéf?%ﬁcfaoxy ;c%%%gn%

carboni ¢ teahledl Gadilbiatedaanibudditlod R1GEEAREG1Y) eﬁﬁﬁroi:éan:.c

excess, adj usted such that the carbonic diester is a

proporti on1gfaiden@rall b&ofnﬁ@ﬁh&s Odudlp als HA1W ofaadkALEl B8R Y &i€HN
1.02 to 1.20 nol, per nole of the aromatic di hydroxy conpound. [0039]
( Pol yconde;rmidm ,Sphphoksl yepndegamddarbdeylie actids.cxEkamgbes of
reaction between the aromatic di hydroxy conpound and the carbonic

di est er i stheontalkadas| petahdutnetudy alikHium,st sgdivmep pétysmium) |y
2 stages or nore, and preferably from3 to 7 stages. Specific
reaction GnMctuvmgnslree#h’am tenperature is in a range of from 150 to

320C, pressure |s in a range .of from nornal pressures to 0.01 Tor
(1.3 Ph), and affaffieage toaidelata) fomReynds, raanE)%’b‘fmfFﬁ‘ﬂ?%“‘f‘{)

150 mi nutes, n each react.or of a.nmu st ep her
hi gh t enpérat lﬁreeferfd"efddrt FEF iR Va vacuﬁr%rg?’éaéeet s%gﬁg):\'i\n&ée W?’E #lerf he
above reac d 0 rt.h I Sohy ge
phenol by- ‘%‘%uee% \%t\llh'l[i haéﬁi&n%yﬁ%’él%oéf Lﬁr%esarﬂ%g%%e%lga%%n
reaction. fdo329 preferred to set to a tenperature as |ow as possible
and a residence tinme as short as possible to prevent deterioration of
qual ity such aseRdfipbést b€ ghenbkir¢lDituy Cafbnaghes D accesourd Oty

In the case of the polycondensation of a nulti-stage step, generally
a plurali tsheof aidalicel egathor siedqdi pgedpwiind aisclnde ngimdrgrnin e
connected, and a horizontal reactor is provided as the final step,

t hereby i rediaddnag aﬁrﬁber%@#m@@epapdﬁmwh oﬁsanhxﬂaﬁﬁfﬁes or
pol ycar bonat e. The ver al actors provided are, ge 2 to b,
and pr ef erSARBPIEtRS 4°% ‘exyl 'vepgﬁﬁﬁ?i‘?%aﬁri?r &ggﬁg gel‘?laﬁgbns

t t t
(per pondi ARG AR Cesthed SEERGS mdedls (PL0P RLERLS, MG

ratio (LI Q) pf °,E§Q§I’ J:ir&iy}?zét %‘:.QQ" bog}&;ﬁgiést%f’i‘“t&a@eﬂﬁéﬂ@ er

D of a reactor ess pref’era 5to 3. [0041]
earth metal include calcium, strontium and barium.

[0033]

Examples of the basic boron compound include a
sodium salt, a potassium salt, a lithium salt, a calcium
salt, a magnesium salt, a barium salt and a strontium salt
of a boren compound. Examples of the boron compound
include tetramethyl boron, tetraethyl boron, tetrapropyl
boron, tetrabutyl boron, trimethylethyl boron,
trimethylbenzyl boron, trimethylphenyl boron, triethyl-

methyl boron, triethylbenzyl boron, triethylphenyl boron,

14



Exanpl es of the type of the stirring blade in the vertical reactor

i nclude a turbine blade, paddle blade, a pfaudler blade, an anchor

bl ade, a FULLZONE bl ade (nmanufactured by Shinko Pantek Co., Ltd.), a

sannel er bl ade (manufactured by M tsubishi Heavy Industries, Ltd.), a
MAXBLEND bl ade . (manufactured by Sum tonp Heavy Industries, Ltd.), a
helical ribbon blade, and a lattice-type tw sting blade (manufactured
by Hitachi, Ltd.). [0042] Furthernore, the horizontal reactor

- Furthermore. the horizontal re:
ot T 2ont a1 CORDISIBRPAN Lo\ PEERT o) = R AYPReRE} " iRty  EpREeBReanid i n

the horiz re i IHQQF [ sh L LE] a uc s a
di sc typeqz%'gand pgﬁﬁ?%ﬂ%%‘%a, l(?I tg\%c%ggha?{ett? I lrt?'.lg'higgg%gédggﬁgﬁch&ég
HVR, SCR, B AipheniAachyesd, by M tsubishi Heavy Industries, Ltd.),
Bi vol ac (manufactdred by Sum tonp Heavy Industries, Ltd.), a
spect acl e-péegEd bl ade and a lattice-type bl ade (manufactured by
Hitachi, Ltd.). [0043] The ester exchange catal yst used in

pol ycondensat i oExamplesecroft hehar detiicc phdsphioans coompamnmdl atslclide
carbonic diester is generally previously provided as an agueous

sol uti on. Gonsdentatbhesphbrule comparpde syghoas Sehethyiphasphine,
particularly limted, and is adjusted to an optional .concentration
accor di ng 6L IRIePYILPPosPhanR ot al yEFLiSPREAPYLPhEERBING 0| ventrETR T as
acetone, al cohol, tol.uene or, phenql. can be selected.in place of
vt BotriargsERipes " dH igheoVIRbAAPh e qRLdo P RYIPAG RN ine
cat al yst ar.e, not rti a kit a g Ki n

concent ratél%dﬁ ocfu%%ﬁura% eip cgk’?'g}‘%gg a?’giggnsgaﬁ%‘?&?n gg%rgra 13°se
distilled anddei oni zed water and the |ike are preferably used.
(0044) (Extrusion step) After the pol ycondensation step,
unreacted fgpssyterials in a nolten reactant, an ester exchange

catal yst, a hydroxy compound by-produced in an ester exchange

reacti on, and aExawpiekecof artheei @laisicommooeatieu c rcappoandar inelude
pol ycarbonate oligoner are renoved in an extrusion step. This renoval
i s gener al tgtnamedhyilagmephuhnuous ihydypxadeent ed drtragthylammoniumhe

extruder used is not particularly limted. Exanples of the extruder
i ncl ude veHEPxidey| o- Rt EAPTRPYAATMONd ey RYdTEdey. | hebErlv Bt ar,

ti t t.W n- d I, . Rot.ati di I f
The axi o GHRARENE: ; BURF TR be (RERSBRELBF P T8 o PORFEF S ne
di ff i i i . f i :

Ferent gl foghl ABehoh 3Lbaty: HonpAFREaf! 430 ch$19RBRY Phblonsun

mul tiple ven
hydroxide, triethylmethylammonium hydroxide, triethyl-

benzylammonium hydroxide, triethylphenylammonium hydroxide,
tributylbenzylammonium hydroxide, tributylphenylammonium
hydroxide, tetraphenylammonium hydroxide, benzyltriphenyl-
ammonium hydroxide, methyltriphenylammonium hydroxide and
butyltriphenylammonium hydroxide.
[0036]

Examples of the amine compound include 4-amino-
pyridine, 2-aminopyridine, N,N-dimethyl-4-aminopyridine,

4~-diethylaminopyridine, 2~-hydroxypyridine, 2-methoxy-

15



In the extrusion step, it is preferred to neutralize and deactivate

t he residual basic ester exchange catalyst in the aromatic

pol ycarbonate after the pol ycondensation reaction with an acidic
conpound or its derivatives. This can suppress a side-reaction in the
extruder, and renove residual unreacted raw materials and hydroxy
conpound. [0045] (Pelletization step) The strand-shaped
aromati ¢ pol ycarbonate di scharged fromthe extruder in the extrusion
step generally, passes through a.strand .h d.is.pelletized by,a
strand cameradi, cmeltoinyt8inay Sk Retiu apbS At | 21

wat er renmoval, by..a. at or ., i ke, e o] LN a o_

pr oduct si?%hc[%d%é%;? ?’%ductf‘%%déa%%éérht us% m&g%g&%agggﬁ%fe of the
producti o g’@;}h : ahRiBLh rygrate to which the present
enbodi ITEI’I'?RI S ag%r‘"lqeaé%?'g égem fif%%ﬁl{y gea'gl?:i bed bel ow based on the
drawi ngs. [po37] Fig. 1 is a view show ng one exanple of a production
apparatus of an aromatic pol ycarbonate. In the production apparatus
shown i n F{@roductdpna metthbdCoP oy tian aicd yicarpoadteked t hrough a raw
materi al preparation step which prepares an aromatic di hydroxy
conpound and a carpoaductibeswethed ofvammzronatiic padpcarbonate is

pol ycondensati on step which conducts a pol ycondensation reacti on of

t hose raw deganibedbedo¥.npl ten state using plural reactors.

Thereafter, pellets of the aromatjc polycarbonate are foyned through
an extrusion st écg‘ei nPRAPBARELAR e % edgr} afTRRARC, PoixgareaReten 18

by- products_.i lLten reactant _are _renpved .and i 0 itives
" added, SShaR H BRSReeR A e oA S c2papPht Hanp Qg 'and
[0047] 5 carbydnileSGib@ValBEGhbShnd &4 Nthy HHted 238U (Rafofia PBELLI 2l
supply punp 4a tor supplying the raw materials prepared to a

pol ycondensadgdatSloahd. st6pP’ Qhiddegubileétithg AWhBRLET EFApdiirRIRA 8bi 0
step. For exanple, an anchor type stirring blade 3a is provided in

t he raw naimeltixstiige NgpbapkoRdensation Furddedriar e, usdnghe phural
material m xing tank 2a, diphenyl carbonate (DPC) as the carbonic

di est er i sreagigirisedin n thenpnegenseatef f apmestORC exghpingeoreattian
and bi sphenol A (EPA) as the aromatic di hydroxy conpound is supplied
in a powderataigsd fupden PrARSLbPRy SFdte | pol¥ceopdanaationy skthol A

03170 is rrtl‘.‘a}LeE egcelagtgoxrxm l:&o%:qxog prgggylbecagpxgnacgte g.DPngtclL 0% od,

continuous methed, and a combination of a batch method and
a continuous method. The reactors used comprise plural

vertical reactors and the subsequent at least one

horizontal reactor. In general, those reactors are
arranged in saries, and treatment is conducted
continuously.

After the polycondensation step, the reaction is
stopped with a terminator in an extruder, unreacted raw
materials and reaction by-products are removed, additives
such as a heat stabilizer and a release agent are added

(extrusion step) , and a strand of an aromatic

16



A first vertical stirring reactor 6a, a second vertical stirring
reactor 6b, a third vertical stirring reactor 6¢c and a fourth
vertical stirring reactor 6d which are connected in series, and a
fifth horizontal stirring reactor 9a connected to the subsequent
stage of the fourth vertical stirring reactor 6d in series are

provi ded in the pol ycondensation step. NAXBLEND bl ades 7a, 7b and 7c
are provided in the first vertical stirring reactor 6a, the second

ti | stitri t 6 t i ti | LLrl
cort o SIS SATH Beh, AOFGARGHD by S S OOREETRAYY,
oLty S SRR ChmBMRA AT 3, Sy bt 08

Distillati @aidite®a830on8Btepr. 8d and fie for discharging by-products
or the like fornmed by pol ycondensation reaction are fitted to five

reactors, respe@ackel ytegheofli ghal |midductiione Sméthodb is8cdesdr Hsld Be
are connected to condensers 8la, 8lb, 81c 81d and 8le, respectively,
and each rlmicdwor is nmaintained in a given reduced pressure state by
pressure reduci ng devices 82a, 82b, 82c, 82d and 82e. [0049]

An extrudekOQ#Blhavi ng additive supply ports 12a, 12b and 12c is
provided in the extrusion step. A strand cooling device 13a

whi ch cool Ray aaterdad,prenazatien i259R ycar bonate di scharged from a

die plate lib fitted to the t of, the extruder. 11a ,a cutter, 14a
which cuts the @Boléﬁ“gfﬁéﬁd FEPgd5°ﬁ¥veﬁ°%%???%lea 768 STt or

f . : | ) L
15a for reﬂggﬁ% d\é%e [ als" =R Ju&&én%le‘ag ﬁ : %&onﬁ%&Q?gétﬁfcé‘%&@e

whi ch store ets are provi e pelleti on step.

[0050] | nti@fﬁ@%ﬁ&@?@a&e&hagr AMRbLeeRONY 286 HENES Eng UDPbAESH | O
the extruder ha in a nolten state is extruded into a strand shape
froma di eséufil-®atdhl &ir oforthimudiue g ingh Hark egyded ppatdtuat of
the extruder ha. In this case, it is necessary that a shear rate 00
at the outdretatgiospherextofucar irents gas asucinges ofitragen Gfx t ardEdo.
seel, and a shear stress gT) isin arange of from50 to 200 kPa.

[ 0051] For epaaprdi9eadns she cdseref skag Risphened) Aof(BRN aa9nthe c

ol ycarbonate are nerally cal cul ated based on the fqll ow n
gqugti ons . arcmatic gc?ihy ro compound and Eiphenyl cazgaonate g(Dl:-‘C)

as the carbonic diester, the temperature of melt mixing is
selected from a range of generally from 120 to 180°C, and
preferably from 125 to 160°C.

In this case, proportions of the aromatic dihydroxy
compound and the carbonic diester are adjusted such that
the carbonic diester is excess, and are adjusted such that
the carbonic diester is a proportion of generally from
1.01 to 1.30 mol, and preferably from 1.02 to 1.20 mol,
per mole of the aromatic dihydroxy compound.

[0039]
(Polycondensation step)

Polycondensation by an ester exchange reaction
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Shear rate 00 (sec-1)=32Q n03/h Shear stress 00 (kPa)=g/ 1000

In the equations, Qis a volune velocity (0/sec) of an aromatic

pol yearbonate, Dis a die hole edge hole dianeter 010 of a die hole
outlet forned on the die plate 11b, h is the nunber of holes forned
in the die plate 11b, and s is an apparent viscosity (PaS) of an
aromati c pol ycarbonate. The apparent viscosity (Pa.S) was obtai ned
such that the correlations between nelt viscosity and tenperature,
and between nelt vi.scosity and ear_rate on the aro i C .

pol ycar boﬁ?ﬂt@ﬁ?@eaﬂﬁ e* %‘% °ea‘§'%¥#°§‘y P “rdne%'@?% S (PRI |
and the co -rﬁg [ : ' s/ IS 2SRt o e
shear rat eélca c%ng'tsg%ogi;? k%’ﬁ}éhgg%v%&g%yucgj’tﬁ r}fl“‘ﬁar;]:l d §ﬂtz'iﬂ'[ri%s ?%‘%% rr%%%lgt%fr e
at a die hpdfu.Qutivets E0R583 or morel,N dit PrOEGMULIDOEIRERL LoWhEN
extrusion nolding is conducted such that the shear rate 00 at the
outl et of dtduyeaxtrpgecifia fesctivh duarlitibhesar@lthae takperawatdi n
t he above-descri bed ranges, deteriorated nmaterials generally called
eye boogeriss aire agramigey ofe fwomd150 ote b326f§ ,agiressdrenis hencattagef a
gi ven nunber of die holes provided on the die plate 11b. The
shear ratefH0ofremt hernal| pregsurae &gt (ddr Tery s (hfelrdd Bpda an
vol une velocity of an,  aromatic polycarbonate, that is, a production
rate, and avefdgfetigsidengs HRP hdPe ify An FRBIALSFe Brffut Porfe Wrf e
the shear rate 00 is excessively small, discharge flow rate at the
die hol e SH%®Si's extrenely dropped, and take-off stability of a
strand tends to.geterjor h . e - hate
00 is excessi veIIgl Itegrége,r%t et?gnf’% ?hg‘h?gédgﬁggetﬁg&ft%ggtﬁl ?’lglc%}fit
to controlgghdefaitirbeMRRgat icHUE t QHBRT AfadSun | ShedU8et0 Sb&HUifieat
generation, and the shape of pellets Obtained is liable to be

nonuni f or RiBhinNtHd | dbArd cexdtitg dorddidivhsanth order tdUfidiEhemr e,
the shear stress 00 at the outlet of the extruder ha is not always
unequi vocadfifpctdvedyi dédchiarge hphetdaby-preoduted widbt thei pecyress i s
al so affected by a nelt viscosity of a resin. In other words, when a
resin t enpdr dthe eodaaondengation veaebieny (Fbl teuprefswueshtbe ofetan
aromati c polycarbonate is adjusted to an appropriate range, the

advant age F % hEPPRYAMTY REnTORTRPHE LRI AL BRI opdid y.
e (e ol 3o SR B8 P bk SO0 RO

)i

scorc 0 occur.
ot her han € hlBC o ENER SsSi d bl GRSELVELYaidfe, there is
t he tende%gﬁﬁgt t%eogi e %o% out epoi ?%Ia?gb e tog%eacl ogged, and it

is difficulgogipg conduct stable operation. [0053] The preferred
enbodi nent of the die plate IIb fitted to three vent holes of the
extruder ha is dasehebedséebPWwthe polycondensation of a multi-stage

step, generally a plurality of vertical reactors equipped
with a stirring bklade are -connected, and a horizontal
reactor is provided as the final step, thereby increasing
an average molecular weight of an aromatic polycarbonate.
The wvertical reactors provided are generally 2 to 5, and
preferably 3 to 4.

Thae vertical reactor used herein means a reactor

that an axis of rotation of a stirring blade is vertical

18



Fig. 2is

hol e outlet part in the present enbodinent. A die plate 10 shown in

a view for explaining a vertical cross section of a die

Fig. 2 conprises plural circular pipe-shaped die holes 9, and a
nolten resin is supplied to the die hole 9 fromthe upper part of
Fig. 2. The die hole 9 conprises an opening part 8 having an inner

di anet er

11b, a capillary part 6 forned with a constant inner dianeter (die

fro

reduced in two stages at the upper portion of the die plate

hol di t G t he_d h t] et
ower end BHRRS % T R W S A

| ower end 8?

di e hole
width 5 a
plate 11b.

?dﬁﬁﬁ%hdif B, QR B, TS RhE PR SxedtoRR uid Mk

tSaf hqwaeh_-n cﬁ'aﬂletgr wheget Be daarabed fars arl A 5y, Megh At

the die hole outlet part, an edge 4 at the die hole outl et part S
formed w gefefldiambiivhe.di eohsle inner diameter 3 OB) . Furthernore,
height L of fromthe bottomof the die plate 10 to the | ower end
portion of[ad¥Jopening part 8 of the die hole 9 is defined as a

capillary

| engt h. [ 0054]
Examples of the type of the stirring blade in the

vertical reactor include a turbine blade, paddle blade, a
pfaudler blade, an anchor blade, a FULLZONE blade
(manufactured by Shinko Pantek Co., Ltd.), a sanmmeler
blade (manufactured by Mitsubishi Heavy Industries, Ltd.),
a MAXBLEND blade . (manufactured by Sumitomc Heavy
Industries, Ltd.), a helical ribbon blade, and a lattice-
type twisting blade (manufactured by Hitachi, Ltd.).

[0042]

Furthermore, the hcorizontal reactor means a reactor
that an axis of revolution of a stirring blade is
horizontal (horizontal direction). Examples of the
stirring blade in the horizontal reactor include single
shaft stirring blades such as a disc type and a paddle
type, and two-shaft stirring blades such as HVR, SCR, N-
SCR (manufactured by Mitsubishi Heavy Industries, Ltd.),
Bivolac (manufactured by Sumitomo Heavy Industries, Ltd.},
a spectacle-shaped blade and a lattice-type blade
(manufactured by Hitachi, Ltd.).

[0043]

The ester exchange catalyst used in polycondensation

19
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The hal f apex angle (0) of the tapered part 1 is preferably from4 to
20. Were the half apex angle (0) is excessively small, the effect
for restraining generation of eye boogers is insufficient. Were the
hal f apex angle (0) is excessively large, there is the tendency that
when cl eaning the edge 4, a resin accunulates, and is |liable to be
scor ched. The taper depth 5 of the tapered part 1 is generally
adjusted in a range that the die hole edge dianeter 2 is 1.05 to 1.3

times the die hole _inner dianeter 3, Were the taper_depth 5 of the
t aper ed p:hett"fef‘s té&&e%%‘i’ﬂ?e‘i“f Fehydropge emRoandt @ng L JFRTRRPLC

generati on, of e booger n§¥ be 'Q§“fL cient. Jgrggg th%_ta er_depth
5is exceé%'ﬁ? 141 g °§ﬁaa Ce&FSVHRE xﬁ?ﬁ?rﬁ ter 4 TR and
at the “ u%nBar %&%nELLngStié‘n gﬁgt tﬁegﬁﬁﬁéf.'%?é. D é(f&!ﬂ Qoﬂi&é}{‘d a

resin, ere i's tendency t when cl®anin e edge 4

resin aCCLi@' Aoks: paRdibarhi P! €140 Ry, SCQnaheds [ Q@58kted to al'he
shape of an inlet part of the die hole ‘9 may be the known shape, and
My not hayidnhdPeleontenteA8psn Of adBoidify PEst $bLibilitiye e d is
determned in consideration with prevention of generation of nelt
fracture (cefadgiitvénphraterenaitisdr fadlvestr sach) asTacetane) | &lcalio) he
die plate 10 used is generally a.stainless steel (SUS304 and the
like), a ttwwduesecok fheonl a¢¢m>beecﬁﬁ1aﬁqtpﬁginrnh$qq *H waBRwf Cr, and
from0.8 to 1.2% of M), and the |ike. [0056] The nunber and
arrangement of BrePABEResg Ifor T’fé&an G d?@rpl‘%}’e’%%ﬁ‘ pef the

d d di h
i o hol o GAERI=Enate, Bt PRECHPUPEFFEGt S EhAbont 3 o8 A

holes 9 fofaed. i énmeradelemﬁ'éie gng)u'riag §Cra°%%qlnshovz4r§ constdid: 3

is a viewTtor E,‘Xp alning t rred arrangenent es 1In

the present, %%Eemal@tguadsm\e@rt h&e%x‘ii’ﬁd‘r@a@ér dadELSink like
di scharge surface si'de of the die plate . As shown in Fig. 3,

thirty di edobess@rbBigedsed. the resin dlscharge surface side of the
die plate 10 are alternately arranged such that neighboring two die

hol es 9 ar[@omdfual |y deviated in a vertical direction and a
horizontal direction to an extent of a radius |ength, respectively,
and const i Exteysaont aferl - shaped arrangenent which forns a dense
filling as a whole. [0057] The strand-shaped aronatic

pol ycar bonat e dPEEREr g&her rBRF‘Vﬁ@“@???%EFe?" ha®tep pas‘é’é’ﬁeﬁ%gﬁﬂ'

strand cooli,n vi ce 13a eti.zed with a cut l4a.

o o RRBRTEL I8 AoROUFER FSAtEind an aated Sibhihad 1Bar it |nto
roduct SI|O 0 I re d

gromau c poI yggjrg%oﬁate g?o‘éuceﬁrpr %ucp')eflestélnt gﬁbo%ﬁ%ﬁt %as a

Vi scosity Queniagq, mhaecw AowShSbcdAR GfeilitO Qo Suchhedse dihe
viscosity average nolecul ar weight amis excessively low, there is

t he tendengsmbltat NMRPIRIaERHonateenEligomel asatdpageméesd st ance ars
decr eased.
extrusion step. This removal is generally conducted
continuously by a vented extruder.
The extruder used is not particularly limited.
Examples of the extruder include vented single-screw or
multi-screw extruders. In particular, a mating type twin-

screw extruder is preferred. Rotating direction of the

axis of the extruder may be the same direction rotation or
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[ 0059] It is preferred that the proportion of hydroxyl group
(OH) in the whole term nal groups of the aromatic polycarbonate is in
a range of from5 to 50 nol % Where the proportion of the hydroxyl
group (OH) is excessively snmall, there is the tendency that hue of
the aromatic pol ycarbonate obtained deteriorates. On the other hand,
where the proportion of the hydroxyl group (OH) is excessively |arge,
heat stability of the aromatic pol ycarbonate tends to deteriorate.

[ 0060] Furthernmore, it is eferred that th aro tic ,
polycarboﬁﬁ%a?Hfﬁﬁﬁ%&Fl?P R S i Y% 1Te
total nole nunb gfanghed E%FLg% | |ts 0 one nDIe of a

st ruct ur al IR @bF@ 8 B§"the c)ﬁ(ﬂm % dPul a (a) (degree of

L T e, (i ) R

degree of branchlng 'S en wt
is high, blow solddiingdes ﬂﬁp%eﬁma&h%@lbs elsh@rt e&éﬁaﬁaetaaﬁafyst

product having good heat stability and hue, is obtained
Exanpl es ofn t bRe ba2ssliescSbolgbatBénae t aE¥eL Cahby pidliﬁzbdﬂehbet:.on

structures represented by the followng fornulae (b) to (e). [0061]
[ Chem 5] Beadtimn) with [ad0G2fidifChempodgd or its derivatives. This
can suppress a side-reaction in the extruder, and remove
residual unreacted raw materials and hydroxy compound.
[0045]
{Pelletization step)

The strand-shaped aromatic polycarbonate discharged
from the extruder in the extrusion step generally passes
through a strand bath and is pelletized by a strand cutter.
Thereafter, the pellets obtained are subjected to water
removal by a dehydrator or the like, and then placed in a
preduct silo.

[0046]
(Production apparatus)

One example of the production method of an aromatic
polycarbonate to which the present embodiment is applied
is specifically described below based on the drawings.

Fig. 1 is a view showing one example of a production
apparatus of an aromatic polycarbonate. 1In the production
apparatus shown in Fig. 1, an aromatic polycarbonate is

produced through a raw material preparation step which

prepares an aromatic dihydroxy compound and a carbenic
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(0) 4: ax:50:;- -000 [0063] In the fornulae (a) and GO to
(e), X represents a single bond, an al kyl ene group having from1 to 8
carbon atons, an al kylidene group having from2 to 8 carbon atons, a
cycl oal kyl ene group having from5 to 15 carbon atons, a

cycl oal kyl i dene group having from5 to 15 carbon atons, or a dival ent
group selected fromthe group consisting of -0-, -S-, -CO, -SO and
-S02-. [0064] The ratio of the total nole nunber of branched

t t | ..uni.t 1 . o) .(40
ol 6 of & AeRKe 8P R PRLPELRTF.q B, RO ARt LEaf"e
(degree ofﬁgﬁpg dcts Qb?%'lﬁ}fégnﬁaﬁﬁgt%ht REaBEPot o8f 18R raw

di fferent structural’ units measured w th high performnce
l'iquid chrQiedxqanaphyin( HRL Cinolgeh PetaRat i aBiahr OPpBLLFL aphyadtds. and
the like after alkali hydrolysis of the aromatic pol ycarbonate
produced. Thereafter, pellets of the aromatic polycarbonate are

formed through an extrusion step in which unreacted raw
materials and reaction by-products in a molten reactant
are removed and optional additives are added, followed by
melt kneading, and a pelletization step.

[0047]

A first raw material mixing tank 2a and a raw
material supply pump 4a for supplying the raw materials
prepared to a polycondensation step are provided in the
raw material preparation step. For example, an anchor
type stirring blade 3a is provided in the raw material
mixing tank 2a.

Furthermore, to the raw material mixing tank 2a,
diphenyl carbonate (DPC) as the carbonic diester is
supplied in a molten state frem a DPC supply port la-l,
and bisphenol A (BPA) as the aromatic dihydroxy compound
is supplied in a powder state from a BPA supply port 1b.
As a result, bisphenol A (BPA) is melted in a molten
diphenyl carbonate (DPC).

[0048]

A first vertical stirxring reactor 6a, a second

vertical stirring reactor 6b, a third vertical stirring

reactor 6c and a fourth vertical stirring reactor 6d which
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For exanpl e, when bisphenol A (EPA) is used as an aronmatic di hydroxy
conpound, the structural units represented by the above fornmul ae (a)
and (b) to (e) are detected as the conpounds of the follow ng
formulae (f) to (j), respectively, in high performance liquid
chromat ography (HPLC) and the |ike after al kali hydrolysis of the
aromati c pol ycarbonate, and therefore can be quantitatively

determ ned from an absorbance index of a standard material of each

compound. [ 0065] [ Cheim, 7] B 40100 SEhen OhEt 20 S 5,00

reactor 9a connected to the subsequent stage of the fourth
vertical stirring reactor 6d in series are provided in the
polycondensation step. MAXBLEND blades 7a, 7b and 7c are
provided in the first vertical stirring reactor 6a, the
second vertical stirring reactor 6b and the third vertical
stirring reactor 6c, respectively. A helical ribben blade
7d is provided in the fourth vertical stirring reactor 6d.
Furthermore, a stirring blade 1l0a is provided in the fifth
horizontal stirring reactor 9a.

Distillation pipes 8a, &b, 8¢, Bd and 8e for
discharging by-products or the like formed by
polycondensation reaction are fitted to five reactors,
ragpectively. The distillation pipes Ba, 8b, 8¢, B8d and
Be are connected to condensers 8la, 81lb, 8lc 81d and 8le,
respectively, and each reactor is maintained in a given
reduced pressure state by pressure reducing devices 82a,
82b, 82c, 82d and 82e.

[0049]

An extruder 1lla having additive supply ports 12a,
12k and 1l2¢c is provided in the extrusion step.

A strand cooling device 13a which cools a strand-
shaped aromatic polycarbonate discharged from a die plate
11b fitted to the tip of the extruder l1lla, a cutter 1l4a
which cuts the cooled strand into a given particle size, a

dehydrator 1l5a for removing water in pellets, and product
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[ 0066] Specifically, calibration curves of concentration and
peak area are prepared using a standard material of each conpound,
and each content is quantitatively determ ned. [0067] The
present invention is described further specifically based on the
Exanpl es. However, the present invention is not limted to the
foll owi ng Exanples so far as it does not depart fromits gist. (1)
Vi scosity average nol ecul ar weight (MO of aromatic polycarbonate

A vi scosity. .aver.age no | ar i gh M) _of . an mat i c -

ol yoar borfiP e et Eeh Fimdf Ptedd' drfee Befla¥¥ a%, Prevised g
alimted i S| . 1 n. et hyl ene chl ori de using Ubbel | ohde
Vi sconet erJ'?é1 rslfgl%/ éﬁ%g%i%lég%a%% Ti]=1.23x10-4x(MW)"3 (In the
equations,%ddgﬂlis a specific viscosity of a nmethylene chloride

solution of an aromati c pol ycarbonate neasured at 20C, and Cis a

concentration ofnt hi ssHget hypbeagestl or igti®oafhdhtpn. Hhe netdydmigic
chl oride solution used has an aromati c pol ycarbonate concentration of

0.6 g/dl . )pdipeasbonae Ruppdhibedontof thgdextrudgrovda Oy ian médlbien
term nal groups of aromatic pol ycarbonate
state is extruded into a strand shape from a die hole
outlet of the die plate 1lb fitted to an outlet of the
extruder lla. In this case, it is necessary that a shear
rate (y) at the outlet of the extruder 1la is in a range
of from 100 to 500 sec™, and a shear stress (1) is in a
range of from 50 to 200 kPa.
[0051]

The shear rate (y) .and shear stress (1) of an
aromatic polycarbonate are generally calculated based on
tha following equations.

Shear rate (y) (sec™’)=329Q/nD%/h

Shear stress (t) (kPa)=u-y/1000

In the equations, Q is a volume velocity (m*/saec) of
an aromatic polycarbonate, D is a die hole adge hole
diameter (m) of a die hole outlet formed on the die plate
ilb, h is the number of holes formed in the die plate llb,
and p is an apparent viscosity (Pa-S) of an aromatic
polycarbonate. The apparent viscosity {(Pa-S) was obtained
such that the correlations between melt wviscosity and

temperature, and between melt viscosity and shear rate on

the aromatic polycarbonate used are measured with a
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The proportion of hydroxyl group (OH) in the whole term nal groups of
an aromatic pol ycarbonate (hereinafter sonetines referred to as
"term nal hydroxyl group concentration") (unit: nol% was obtai ned by
di ssolving 0.02 g of a sanple in 0.4 m of chloroform containing
deuterium measuring the nunber of term nal hydroxyl groups (peq/Q)
and the nunber of term nal phenyl groups (geg/g) at 30C using 1H NWP.
(JMM+ A1400, a product of JEOL Co., Ltd.), and calculating a term nal
hydr oxyl group concentration (nmol% by the follow ng equation.

Termi nal hgapodddrhgometeson TH/19n (avdytheNurbrresponding naplt
hydroxyl groups)/( Nunmber of term nal hydroxyl groups + nunber of
term nal phEHASigRoup¥dly@00ipoosFtizareteqgf@omof HiincPRMRE (ukpte
nmol %9 The degree of branching of an aromati c.pol carbogate is

expressed Brsplatied Rhofes aPoYRee®BrEioR R nAnFEsL 1(‘) Ee5PatERed

structural _units. represen by the above-described fornmulae OD) to
(e) to onea#rflrtﬁeé‘(ﬁ ?{)q;'.ee é’tutrtﬁ'%fcural unit represented by the
above-descg' formula (a). Specifically, the content of
each structural” unit was obtained by calculating a ratio Onol %9 of

the nole nunber 10f ¢haf pr@SRAE! biBodindkt UlMen HitriARhemeNHedgbyst he
formulae (g) to (j) to one nole of the structural unit represented by

t he formul @oddyctrseshchl thet MeReushi@art maecr (Ypedtbetlo. od€Dg0)] of
First, 1 g of an aromatic pol ycarbonate (sanple) was dissolved in 100
m of nethtfhenextkuderdellandndd8 the ofsh®a28%stvessim(tet lapa déallen
nmet hanol solution and 80 m of nethanol were added thereto. 25 m of

pure wat erwifhiradehel akeverdesarihedh Fangesur detegirsatadppaserieing
at roomtenperature for_2 hours, thereby conpletely hydrplyzjng.
Ther caf t erdenaF it oERILEPRC SHS UPRATOEARFE o SEREE En RIS FEAP! o
neutraliz and net hyl ene, chl oride | ayer _wmas. separat o] Lp a
hydr ol yzaﬁ%?utgb relay en %x?‘:‘%‘?g?g %fg:\tlfeen a‘%@éﬁh% rgﬁﬁzg%gégvas

di ssol Vedaé:.%v]i(%le{? of +ageleni #i&l;&lﬁ?d_ nmeasur enent was conduct ed
usi ng negdtive phase hi gh performance 1iquid chronatography (HPLC).
The shear rate (y) at the outlet of the extruder lla
is affected by a veolume velocity of an aromatic
polycarbonate, that is, a production rate, and a diameter
of the die hole from the above equation. Where the shear
rate (y) is excessively small, discharge flow rate at the
die hole outlet is extremely dropped, and take-off
stability of a strand tends to deteriorate. On the other
hand, where the shear rate (y) is excessively large, there
is the tendency that it is difficult to control a resin
temperature by temperature rise duwe to shear heat
generation, and the shape of pellets cbtained is liable to
be nonuniform by insufficient cooling of the strand.

Furthermore, the shear stress (1) at the outlet of

the extruder lla is not always unequivocally determined if
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The negative phase high performance |iquid chromat ography (HPLC) used
a m xed sol vent conprising acetonitrile and 10 n24 of an anmoni um
acet ate aqueous solution as an elute, and neasurenent was conduct ed
at a colum tenperature of 40C under the condition that an
acetonitrile/10 nmM ammoni um acet ate aqueous solution ratio is changed
starting from (20/80) and ending to (80/20). Detection was conducted
using WV detector of wavel ength of 280 nm (SPD-6A, a product of

Shi madzu Cor poration). [0072] The structural units represented
by the abaier desari becd ofyfluiacdetprhinéd) aned iletselsedafiSe¢tsd by
conpounds of the formulae (f) to (j). The structural unit was
identifiec meilig vii€chBitpgrfeat rdd0, JTnproddest wokdsgi veen )a arrBINMR
(AL-400, a product of JEOL Co., Ltd.). Furthernore, regarding the
cont ent ofteeweﬁawrecaepardmmtoaadaquaeathyor{me%eelar weight) of

(concentration/ peak area J)re ared usi, ng a standard mat eri al _ of
each conp@hd®r Y% ePRORTRRORA L o ER 8P Fﬁﬁial ourftt fRRropriate
guantitati veI &'Igerm 0073%1 (é_% Shear emqroen n%nshga $id ess
(1) dar 3tea Sshdar 5 re§§°f?5‘ of* an a Sitat ¢

I b
Pespoct | vary edRaC£ady Hka%‘??e 247 gt UL FOU O 4
(kPa) = 100%xcesswe1§nsﬁﬁﬁ.1f Ofégﬂﬁfg p@én%nfén%ﬁ' 4B MBeLOmboYi £16H S8E) |
Dis an edge hole diameter (m at ‘a die plate outlet, h is the nunber

of hol es iah Sedlirf, pAdcredaifl @cbgeRN tapmrwtoucﬁ:eosu oy (tBe Jther
The apparent vi SCOSi ty (Pa-S) was obtained by that the correl ations
bet ween mblandyi sdtesie ythad sheaperstrass 4nd bet wemessdivelyi sbosge y
and shear rate on the aromatic pol ycarbonate used are previously
measur ed wWhemea isagihe drensianeyethat) tbeo/die hake terEledr ries pbih gy
melt vi sc05|t¥%val ue is estinated fromthe sllear rate 00 cal cul ted

by the AbdPe Por flogoedy a2ndsidt t Lepdififdcult 8 dicendyrt otk
[ 0074] (Arogga_gl gogdl ycar bonat e)

[0053]

The preferred embodiment of the die plate 1llb fitted
to three vent holes of the extruder lla is described below.

Fig. 2 is a view for explaining a vertical cross
section of a die hole outlet part in the present
embodiment. A die plate 10 shown in Fig. 2 comprises
plural circular pipe-shaped die holes 9, and a molten
resin is supplied to the die hole 9 from the upper part of
Fig. 2. The die hole 9 comprises an copening part 8 having
an inner diameter reduced in two stages at the upper
portion of the die plate 1lb, a capillary part 6 formed
with a constant inner diameter (die hole inner diameter 3
(®)) toward the die hole outlet part from the lower end of

the opening part 8, and a tapered part 1 having a given
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(Synthesis Exanple 1: Melting nethod) An aromatic

pol ycar bonat e was synt hesi zed by the continuous production apparatus
shown in Fig. 1 under the follow ng conditions. First, in a
raw nmat eri al preparation step, diphenyl carbonate (DPC) and bi sphenol
A (BPA) were mxed in a constant nolar ratio (DPC/ BPA=1.040) and
heated to 140C in a nitrogen gas atnosphere to prepare a nolten

m xture of raw material s. Next, the inside of a first vertica
stirring reactor 6a having a volume of 100 liters was controlled to

220C and 1d§§x%9ﬂa Rigd Winbter 2, a %&l%%q&{‘iﬁlk' %%e# Ihfrg@ L@ %Pt ure

of raw materials was ‘continuously supplied to t vertica
stirring rgaghpér ORidin BIGE AHAWiBhBLAAbut ¢ GHIA i thleP g oRbra
flowrate of 88.7 kg/hr, and the liquid | evel was naintained constant
whi | e cont potrtiay ¢fhetlopediagplaften 1dl.ve Agnahoghodn) Fagovdeshean a
pol ynmer discharge line at the bottom such that an average residence
time i s 60thentarered part lSisyfexmasbad] hei dhe shale onflsttereuppl y of
the nolten m xture of raw naterials, a cesium carbonate aqueous

sol uti on adna2qe A ?&r thasdie halrusutist RAFH teqfeemedieridersthan

ti I j i t. 6a .f t t I t 5a i
broportionch? S8 A BEPEnarERT oA (o SREPTIr e friAbFa
anmount per 1Mot eg.Qf ot 80ABde the die”pTRESCT0 &R HChag9ed

fromthe bottonloflﬁﬁg)Plrst vertical stirring reactor b6a was

CONt i NUOUShHYrtidiPPbE €ANe0 chetAGGNPard td CRlE SiHd M08 NRAG Org 6ps a
third vertical stirring reactor 6¢, a fourth vertical stirring
react or 6ddeficheal faisf aheioiilzont dbngthrri ng reactor 9a, successively,
and a polyner withdrawn fromthe bottomof the fifth horizontal
stirring ré@@i4r is held in a tank in a nolten state. The
second vertical stirring reactor _61,, the third vertical stirring

reactor Sc and {TH® fedEt RREE ﬁﬁ?&F‘ sﬁei’rﬁfngt%aﬁgﬁ“ﬁ’d%‘&'&n hat? a
101 oF A0SR RS g o AL ARl 161 ° 2
excessively small, the effact for restraining generation
of eye boogers isg insufficient. Where the half apex angle
(0) is excessively large, there is the tendency that when
cleaning the edge 4, a resin accumulates, and is liable to
be scorched.
The taper depth 5 of the tapered part 1 is generally
adjusted in a range that the die hole edge diameter 2 is
1.05 to 1.3 times the die hole inner diameter 3. Where
the taper depth 5 of the tapered part 1 is excessively
small, the eaffect for restraining genaration of eye
bocogers may be insufficient. Where the taper depth 5 is
oexcessivaely large and exceeds the maximum diameter of the

strand at the time of a Barus effect, a gap is generated

between a die and a resin, and there is the tendency that
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The pol ycondensati on reaction conditions (inner tenperature, degree
of vacuum and nunber of stirring) in the second vertical stirring
reactor 6b to fifth horizontal stirring reactor 9a were set as
follows so as to be high tenperature, high vacuumand |ow stirring
rate with the progress of the pol ycondensation reaction. Second
vertical stirring reactor 6b (220C, 13,300 Pa, 110 rpm Third
vertical stirring reactor 6c (240C, 1,995 Pa, 75 rpn) Fourth
vertical stirring reactor ( OC 67 Pa, 75 rgn%ia flfth horlzontal
stirring ré&%g of W’(%OE"&G? & Bn)res“‘ a PiaEegneand is

pol ycondensati.on r t h I|qU|d | evel in each reactor was
controlleg'g%@ﬁ Pﬁ c%ﬁ%$d€e residence tine in the second verti cal

stirring ESQ@%@ 6b to fifth horizontal stirring reactor 9a is 60
m nut es. rnmore, phenol by-produced sinultaneously with the

pol ycondensat i oahéeaﬁap@no»aéndiﬁiétlﬁﬁﬁw tHdWH hole 9 mbif be
aromati c pol ycarbonate obtained (P-1) had a viscosity average

mol ecul ar gyl HhowaMstaphh, 3R mayt @icH Malverenpdr gr e shape of

concentration (OH) of 9.5 nol % and the degree of branching of 0.23

nol % [004A% inlet part of the die hole 9 is determined in
consideration with prevention of generation of melt
fracture (defective phenomenon of film surface). The
material of the die plate 10 used is generally a stainless
steel (SUS304 and the like), a tool steel (iron alloy
containing from 11 to 13% of Cr, and from 0.8 to 1.2% of
Mo), and the like.
[0056]

The number and arrangement of die holes 9 formed in
the die plate 10 can be determined according to a size of
pellets, the shear rate (y) in the die hole 9, and the
like. The preferred arrangement of plural die holes 9
formed in the die plate 10 is described below.

Fig. 3 is a wview for explaining the preferred
arrangement ©of die holes in the present embodiment. Fig.
3 shows the structure at a resin discharge surface side of
the die plate 10. As shown in Fig. 3, thirty die holes 9
formed at the resin discharge suxface side of the die
plate 10 are alternately arranged such that neighboring

two die holes 9 are mutually deviated in a vertical

direction and a horizontal direction to an extent of a
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(Synthesis Exanple 2: Melting nethod) An aromatic

pol ycar bonat e was synt hesi zed by setting to the sane conditions as in
Synthesis Exanple 1, except that the nolar ratio (DPC/ BPA) of

di phenyl carbonate (DPC) to bisphenol A (BPA) is 1.04, the cesium
carbonat e agqueous solution (catalyst) is 1.6 pnol per nole of BPA,
and the tenperatures of the fourth vertical stirring reactor 6d and
the fifth horizontal stirring reactor 9a are 270C and 280C,

tively,. h ti | t tai ned (P-2) had
Ui Seos 1y ERBPRGd M Sl SPORET OIS 508 S2hes0BueR, & pTTadecE

Y Sy ng MAvRaSSREEREERM O N ) HlenbkdaaBRLL LIRS BAOBRIL.

An aronati[(bogqhycar bonat e was synt hesi zed by setting to the sane
conditions as in Synthesis Exanple 2, except that the cesium

carbonat e aqueodifesghithh@lshapéd! ¥sbhatse Oﬂgl b tdT0ELs SHa RN
The aromati c pol ycarbonate obtained (2-3) had a viscosity average

nol ecul ar fiaing the( Mt raide25,18Q0,i 0 passed athdoidiho)g/ | sEfamdh cooling
concentration mn of 33.8 nol % and the degree of branching of 0.45
mol % [ 008Evic8ynIresi anBxappl bettizddit withcea menitbey l4a. KfFe3]
kg/ hr of BPA, 5.93 kg/hr of sodium hydroxide and 101.1 kg/hr of water
were di ss@ereyirg twaken c¥ihbe f dohpdeatey hdSah hihp o?&&if*?é RATre35C,

and then cooled to 25C to prepare .an agueous phase. Next, an organic
phase of 68tFoRYFRd Htﬂe?’gﬁ;‘g?fe ’&ﬁ'PS'r tha %Glﬁ%to 5C was prepar ed.
The aqueog% gg?se and the organi c phase were supplied to a stainless
st eel - mad BI fng (inner dianeter: 6 nm outer dianeter: 8 s and

m xed t herein. e S j 19Xt | S Lol i ]m#gyg xer
(product nane: %QK %n:)arﬁéﬁr% F%ﬁtrgélfgguw%g%ﬁgau%?%% 0
Tokushuki kgo@acpdl £n PERS b Fe Adh i€ Al ARt BRsALUGDHSOSDEY tdRikade BPA

sodi um (BPA-Na) salt (aqueous phase) and nethyl ene chloride (organic
phase). [ @d2kubiext  wéighte (M) onof huss @ldtai bed mese I akewherd dhe
viscosity average molecular weight (Mv) is excessively low,
there is the tendency that mechanical strength such as
impact resistance is decreased.
[0059]

It is preferred that the proportion of hydroxyl
group (OH) in the whole terminal groups of the arcmatic
polycarbonate is in a range of from 5 to 50 mol%. Where
the propertion of the hydroxyl group (OH) is excessively
small, there is the tendency that hue of the aromatic
polycarbonate obtained deteriorates. ©On the other hand,
where the proportion of the hydroxyl group (OH) is
excessively large, heat stability of the aromatic

polycarbonate tends to deteriorate,

[0060]
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t he honom xer by a piping (inner diameter: 6 mm outer dianmeter: 8
mm) branched from the honom xer, and contacted with 7.5 kg/hr of

| i quefi ed phosgene supplied froma pipe cooled to OC separately
introduced into a pipe reactor, in the pipe reactor (nmade of Teflon
(registered trade mark), inner dianeter: 6 mm length: 34 m
connected to the piping. Phosgene reaction and ol igonerization
reacti on were conducted during passing the ermulsion and the |iquefied
phosgene through the pipe reactor at a linear velocity of 1.7 msec
for 20 seconds WRrFReEmeFact ity tibsProafereris &hat, lz-h% r BERRIGAF

t enperature was adj usted so, as to. be 60C respectivel and each was
ex'[ne)r nal | POLESRE °%’8§§5(?"'&§]f“6:t°él i Wt r 588ciRffd ‘3;0 amla%%{.ment Bas" d

ol i goneri zati.on n 0 i g A | sl i ned
fromthe ﬁgtﬁégr e%%t lé:rh e[asg‘%g%)]\?em\%se iﬁﬁ%ééucggiﬂnﬁ%ggﬁa%t?gﬁ%ﬁk

(ol i gonerigzalisoRs! 3Rk) AW BE AN JeHBEu¥) UHR: £ rafrdidficn agHi aRed
wth a stirring machine, and stirred at 30C in a nitrogen gas

at nospher go1Bywh Ht P6fm@la JQAET (ddd¥he WE B3ahediBRA BRibF 6R6IR) idh t he
aqueous phase was conpl etely consuned, and the aqueous phase and the
organi ¢ plaseangs eofefrcat ed. Dy ot i 0 /8 smab¥l ng WHeier thy dely@ieni f a
net hyl ene chl ori de sol ution of an oli ganer. I n oligonerizing,
0. 005 kg/ brasthingeibyfahliew il yidte albode)rafgky/ armelt tension
p-t-butyl phenol (nol ecular weight nodifier) were introduced into the
ol i gomer i A&t ikd@ht,afdoW awd4ing is googh dihane Im the ofendency

nmet hyl ene chl oride sol ution of the oligoner pre aied was chﬁﬁged_in a
reaction tERAf MAvIBREMFY NRAYIRG| gredofhent | stapilityi Afwh h %

pf audl er %%%ge. go the reaction tank, 10 kg of nethylene chloride for
dilution Ras 58884, and 2.2 kg of a 25 wt % sodi um hydroxi de aqueous
sol ution, 6 kg PLI f 165 8Pd he? Klhiftindd | SLNE AT WRIE Eﬁiéﬂlsy

added. The result m xture was stirred at 30C in a nitrogen ga

at mospher gnb@uagndiab Pt¥aeRdeasat k8préfactddn BPr €k M POl ESwing

t her eby synthesi zing an aromati c pol ycarbonate. Next, 30 kg
of net hyl esemahhar i(de dsd(g) kg of water were added to the nolten
reactant, followed by stirring for 20 m nutes. The stirring was

st opped, d@@6ilhe aqueous phase and the organi c phase were separated.
20 kg of 0.1N hydrochloric acid was added to the organic phase

separ at ed,[Cheml- of&d by stirring for 15 minutes. After extracting
triethylam ne and a snall amount of a residual alkali conponent, the
stirring was stopped, and the aqueous phase and fhg organic were

separated. [0085] waﬂ afided aoéthe
m nuges. The

organi ¢ phase sepa 4
stirring was stoppe e aqueous ¥se and th organi ¢ phase
were separated. This operation was repeated (three'tines) until

chlorine ifgpgbp the extracted waste water is not detected.
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The purified aromatic pol ycarbonate sol uti on obtai ned was powder ed
with a kneader. After drying, granular powder (flake) was obtained.
The aromati c pol ycarbonate obtained (P-4) had a viscosity average

nol ecul ar wei ght MAO of 21,000, a term nal hydroxyl group
concentration (OH) of 1.4 nol% and the degree of branching of 0O
nol % [0086] (Synthesis Exanple 5: Interface nethod) An
aromati ¢ pol ycarbonate was synt hesi zed under the sanme conditions as
in Synthe?di Exag?le 4, except that pt-butyl phenol (nolecul ar weight
modi fi er) Y% kg/ hr. The aromati c pol ycar bonat e obt ai ned
(P-5) had a vis 05|ty average nol ecul ar_ wei ght (M) of 31,000, a
term nal hydro i on ( of 1.3 nol% and the
degree of brangk WA ) e 1) Particul ates
: prepi ously synthesi zed were
introduced into a tw n-screw extr ﬁr (‘fa product of Kobe Steel, Ltd.,
screw dianeter: 0.046 m L/13=36) 1 Ofrate of 50 kg/ hr, extrusion
nol ded while controlling such that a resin tenperature at a die

outlet is 300C{f and el e g et reM/extruder IS
provi ded with 4Gk e XFed O-eH4 schermat i c
Cross section s\ ¥ Fig. %4 ' stago- d s ape), and

t hree vent hol es. The digobale 9 has an inner dianeter c(b)
of 3.0 mMmand a capillary length (L) of 13 mm A taper (half apex
angle (0): 10, depth: 1.4 mm edge dianmeter: 3.5 Obs formed at the
tip of the die | s conduct ed

under the abovg.d @ be gper at ed
by 103 hours wi\t houl_ gk

_ he operati on,
the shear rate (%B as 181 (sec 1], and the shear streS§s CO was 107
(kPal .

[0063]

In the formulae (a) and (b) to (e), X represents a
single bond, an alkylene group having from 1 to 8 carbon
atoms, an alkylidene group having from 2 to 8 carbon atoms,
a cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidenae group having from 5 to 15 carbon atoms, or
a divalent group selected from the group consisting of -0-,
~§~-, —-CO0-, -S0- and -S0,-.

[0064]

The ratio of the total mole number of branched

structural units represented by the above formulae (b) to

(e) to one mole of a structural unit represented by the
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[ 0088] (Exanple 2) The aromatic pol ycarbonate(P-1)previously

synt hesi zed was introduced in a nolten state into a tw n-screw
extruder (a product of Kobe Steel, Ltd., screw dianeter: 0.046 m

L/ D=36), and 5 ppm of butyl ptoluenesul fonate was added thereto. The
resulting nolten m xture was extrusion nol ded while hydrogenati ng and

devol atilizing, and pelletized. The tw n-screw extruder does
not forma taper at a the hole outlet part and is provided with a die
pl ate having 17 die holes 9 (inner dianeter capillary

0): 3.8
| ength (L)3bome HoFmndei dg)a h(ﬂegr-aﬁgeﬁ aPréarj’éJ(Je%)r r"a?lg‘élifnlg"rf‘%‘%rl?ae%ﬁ‘}
dth t. hol es. . extrusi an. npl dj duct ed
Cnder 1t he hoshe GG 7, 239 G STRI b0 Sh EETASE TR %
by 60 h ' t i f i ion,
The shoar eatergfl| «HC) BibRT PpeRbEnRRS0° Beqidd Pontlfa LR A"
[ kPa] . [00G#Hr.chExqya! goéamemgoar mategkxﬁﬁ{rbqaﬁé?( Bnd) Vi ouad ¥

synt hesi zed was 'introduced in a nolten sfate 1Tnto a tw n-screw
extruder eappedlrvald tHRL1gsas Used the Bartilatid, PolySailivhate
butyl p-toluenesul fonate was added thereto. The resulting nolten

m xt ure wgsroehiewdsi on nol ded whil e hydrogenating and devol atili zi ng,
and pelletized. The twi n-screw extruder used is provided with
a die plate havFay erappdehowben) Kimphengdd A n(BRNgots edseflapys) ,amnd
three vent holes. The die hole 9 has an inner dianeter (01)'1 of 3.0 mMm
and a capidiopafipen@ihydmoxy 15oRRPUAL: apethq haBtrupERrahgl anid)s

LD e ko Eoa "B SRSt eBronBib 1) LB S R e
i thout  oRFatas,ba; o8 SRl 45, Mhel SR En gL B g Yy B S
rate 00 wag)154 [AgGseduivald,the shear pgEhess deldroiaantd0 [ kiajuid
chromatography (HPLC)} and the like after alkali hydrolysis
of the aromatic polycarbonate, and therefore can be
quantitatively determined from an absorbance index of a

standard material of each compound.

[0065]
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[ 0090] (Exanple 4) The aromatic pol ycarbonat e(P-3) previously
synt hesi zed was introduced in a nolten state into the sane tw n-screw
extruder equipped with a die plate as in Exanple 3, and 5 ppm of
butyl p-toluenesul fonate was added thereto. The resulting nolten
m xture was extrusion nol ded whil e hydrogenating and devol atili zi ng,
and , pell etized. When extrusion nol di ng was conduct ed under
t he above conditions, the nolding extrusion could be operated by 79
hour s mﬁtgﬂgt geg?ration of eye boogers. During the operation, the
shear rat 454 [sec-l], and the shear stress (T) was 118
[kPa]. [0091] (Co |
pol ycar bonat e

éﬁde

le 1) The aromatic

|n a Iten state into a

tw n-screw ext e $fde Ltd., screw di aneter:
0.046 m L/ D=36) provi de(;-“%t a die pI ate havi ng 17 die holes (inner
dianeter 040: 2.4 mm capjllary length (L): 11 mm which each do not
have a taper at an | e p nd have a rectangul ar edge (arranged
in series), ard0 - d 5(gpm of butyl

p- toluenesulfonate‘u. The resulting nolten m xture
eyt | ng and devol atilizing, and
pell eti zed. VMen extrusi on nol di ng was conducted under the
above conditions, g n 4 hours. During
t he operati on,4& ik t hegshear
stress (T) was 233 e 2)

GOOH
HO OH (i
HOOC
HOO
?Hs GH3
Ho—O—§ X H (D
GHg3 6H3 '
COOH
[0066]

Specifically, calibration curves of c¢oncentration
and peak area are prepared using a standard material of
each compound, and each c¢ontent is quantitatively
determined.

[0067]

The present invention is described  fuxther
spacifically based on the Examples. However, the present
invention is not limited to the following Examples so far
as it does not depart from its gist.

(1) Viscosity average molecular weight (Mv) of aromatic
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G anul ates of the aromatic pol ycarbonate (P-5) previously synthesized
were introduced into a twi n-screw extruder equipped with a die plate
having 17 die holes (arranged in series) each having a taper (half
apex angle (0): 5, depth: 1.0 mm edge dianeter: 2.4 mm forned at
the tip thereof, and 5 ppm of butyl p-toluenesul fonate was added
thereto. The resulting m xture was extrusion nol ded while

hydr ogenating and devol atilizing, and pelletized. When
extrusion | di ng> vvag conduct ed under the above conditions, many eye
boogers wHEYFATEFEPEE in 6 hours. During the operation, the shear

rate 00 was 338 [igfﬁé%ﬁgdg)%gaage%ﬁ%rﬁii (ﬁli&ﬁﬁ 3&&)[ kP8l - an

[0093] (Conparati . he aromati c™pol ycarbonate
(P-1) resif}dya@¥ic0UssYySy S iifsieZ fa ¥aoH tHimyAUCRHoh N 15 TOEL ETowi i ©

into a twi n-screw extruder equipped with a die plate having 17 die
hol es (arrap@atdond Pyagesedisgapelindebdneybsgsity apg] abakb apax
angle (8): 15, depth: 1.5 mm edge dianeter: 3.8 nm forned at the

ti p thereafethyiene phiveiddutying-Ubkelllvhdeswliboaneéteras added
thereto. The resulting nolten m xture was extrusion nol ded while

hydr ogenat i ng ames/de[ollat{L-Pz28sy) and pel | eti zed. When
extrusion nol ding was_condyct ed under the above conditions, eye
boogers were nottNdsheldr: B0 Hours. However, in the course of the
operation, strand cutting frequently occurred, and conti r,uﬁlous

oper ati on T3ul #Rot o BBabE et fee BFr i g PRECHIAT atiSTOStHE shBar?
rate QO War‘éset%gr e %e%hjﬂ(ﬂri%%d dd %,Itf:{.b: al ot gsg,gga@@$ d}%ﬁlg;%%ﬁ%%%ate

The condi tTons of the €S use he "extrusi on no

Exanpl es gl ffdRaCoURar gbicye BHATPLESLEr G SikdrtrbRlbh lof ! Mehis

properties of the resins used 1n the extrusion nolding are shown in
Table 2, apdnyheneesdhlisrffieeXsblstivh N0l diIThe amethROBRe | NcHEM BRI

[0095] 1- l---....... Cu0dC

solution used has an aromatic polycarbonate concentration
of 0.6 g/dl.)
[0068]
(2) Proportion of hydroxyl group (OH) in whole terminal
groups of aromatic polycarbonate

The proportion of hydroxyl group (OH) in the whole
terminal groups of an aromatie polycarbonate (hereinafter
sometimes referred to as “terminal hydroxyl group
concentration”) (unit: mol%) was obtained by dissolving
0.02 g of a sample in 0.4 ml of chlorecform containing
deuterium, measuring the number of terminal hydroxyl
groups (peq/g) and the number of terminal phenyl groups
(neq/g) at 30°C using 'H-NMR (JNM-A1400, a product of JEOL
Co., Ltd.), and calculating a terminal hydroxyl group

concentration (mol%)} by the following equation.
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Terminal hydroxyl group concentration (mol%)=(Number of
terminal hydroxyl groups)/( Number of terminal hydroxyl
groups + number of terminal phenyl groups)x100

[0069]

(3) Degree of branching {(unit: mol%)

The degree of branching of an aromatic polycarbonate
is expressed by a ratio (mol%) of the total mole number of
the branched structural units representad by the above-
daescribed formulae (k) to (e) to one mole of the
structural unit represented by the above-described formula
(a).

Specifically, the content of each structural unit
was obtained by calculating a ratio (mol%) of the mole
number of the respective structural units represented by
the formulae (g) to (j) to one mole of the structural unit
represented by the formula (£f) based on the measurement
described below.

[0070)

First, 1 g of an aromatic polycarbonate (sample) was
dissclved in 100 ml of methylene chloride, and 18 ml of a
28% sodium methoxide methanol solution and 80 ml of
methanol were added thereto. 25 ml of pure water was
added to the resulting mixture, followed by stirring at
room temperature for 2 hours, thereby completely
hydrelyzing.

Thereafter, 1IN hydrochloric acid was added to the
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above solution to neutralize, and a methylene chloride
layer was seaparated to obtain a hydrolyzate.
[0071]

Next, 0.05 g of the above hydrolyzate was diasolved
in 10 ml of acetonitrile, and measurement was conducted
using negative phase high performance liquid
chromatography (HPLC).

The negative rhase high performance liquid
chromatography (HPLC) used a mixed solvent comprising
acetonitrile and 10 wmM of an ammonium acetate agueous
solution as an elute, and measurement was conducted at a
column temperature of 40°C wunder the condition that an
acetonitrile/10 mM ammonium acetate acqueous solution ratio
is changed starting from (20/80) and ending to (80/20).
Detection was conducted using UV detector of wavelength of
280 nm (SPD-6A, a product of Shimadzu Corporation).

[0072]

The structural units represented by the above-
dascribed formulae (a) to (e) are detected as the
compounds of the formulae (f) to (j). The structural unit
was identified using LC-MS (Agilent-1100, a product of
Agilent) and NMR (AL-400, a product of JEOL Co., Ltd.).
Furthermore, regarding the content of each structural unit,
a calibration curve (concentration/peak area) was prepared
using a standard material of each compound, and the

content of each structural unit was quantitatively
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determined.
[0073]
(4) Shear rate (y) and shear stress (1)

Shear rate (y) and shear stress (1) of an aromatic
polycarbonate were calculated based on the following
equations, respectively.

Shear rate (Yy) (sec™')=32Q/7D*/h

Shear stress (1) (kPa)=q-y/1000

In the formulae, Q is a volume velocity (m?/sec), D
is an edge hole diameter (m) at a die plate outlet, h is
the number of holes in a die plate, and {4 is an apparent
viscosity (Pa-8).

The apparent viscosity (Pa-S} was obtained by that
the correlations between melt viscosity and temperature,
and between melt viscosity and shear rate on the aromatic
polycarbonate used are previcusly measured with a
capillorheometer (L/D=10/1), and the corresponding melt
viscosity value is estimated from the shear rate (Y)
calculated by the above formula and a resin temperature at
a die hole outlet.

[0074]
(Aromatic polycarbonate)
(Synthesis Example 1: Melting method)

An aromatic polycarbonate was sgnthesizad. by the
continuous production apparatus shown in Fig. 1 under the

following conditions.
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FPirst, in a raw matexrial preparation step, diphenyl
carbonate (DPC} and bisphenol A (BPA) were mixed in a
constant molar ratio (DPC/BPA=1.040) and heated to 140°C
in a nitrogen gas atmosphere to prepare a molten mixture
of raw materials.

Next, the inside of a first vertical stirring
reactor 6a having a volume of 100 liters was controlled to
220°C and 1.33x10° Pa.

[0075]

Subsequently, the molten mixture of raw materials
was continuously supplied to the first vertical stirring
reactor 6a through a raw material introduction pipe at a
flow rate of 88.7 kg/hr, and the 1liquid level was
maintained constant while controlling the opening of a
valve (not shown) provided in a polymer discharge line at
the bottom such that an average residence time is 60
minutes.

Simultaneously with starting the supply of the
molten mixture of raw materials, a cesium carbonate
agueous solution as a catalyst was continuously supplied
to the first vertical stirring reactor 6a from a catalyst
supply port 5a in a proportion of 0.6 umol per mole of BPA
(1.2 pmol in terms of metal amount per mole of BPA).

[0076]
A molten reactant discharged from the bottom of the

first vertical stirring reactor 6éa was continuously
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supplied to a second vertical stirring reactor 6b, a third
vertical stirring reactor 6¢, a fourth vertical stirring
reactor 6d and a fifth horizontal stirring reactor 9a,
successively, and a polymer withdrawn from the bottom of
the fifth horizontal stirring reactor is held in a tank in
a molten state.

The second vertical stirring reactor 6b, the third
vertical stirring reactor 6c and the fourth vertical
stirring reactor 6d each have a volume of 100 liters, and
the fifth horizontal stirring reacter 9a has a volume of
150 liters.

[0077]

The polycondensation reaction conditions (innex
temperature, degree of vacuum and number of stirring) in
the second vertical stirring xreactor 6b to fifth
horizontal stirring reactor 9a were set as follows soc as
to be high temperature, high vacuum and low stirring rate
with the progress of the polycondensation reaction.

- Second vertical stirring reactor 6éb
(220°c, 13,300 Pa, 110 rpm)

- Third vertical stirring reactor éc
(240°C, 1,995 Pa, 75 rpm)

- Fourth vertical stirring reactor €d
(260°C, 67 Pa, 75 rpm)

- Fifth horizontal stirring reactor 9%a

(260°C, 67 Pa, 5 rpm)
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During the polycondensation reaction, the liquid
level in each reactor was controlled such that an average
residence time in the second vertical stirring reactor 6b
to fifth horizontal stirring reactor 9a is 60 minutes.
Furthermore, phenol by-produced simultaneously with the
polycondensation reaction was distilled away.

[0078]

The aromatic polycarbonate obtained (P-1) had a
viscosity averaga molecular weight Myv) of 15,300, a
terminal hydroxyl group concentration (OH) of 9.5 mol$%,
and the degree cof branching of 0.23 mol%.

[0079]
{(Synthesis Example 2: Melting method)

An aromatic polycarbonate was synthesized by setting
to the same conditions as in Synthesis Example 1, eaxcept
that the molar ratio (DPC/BPA) of diphenyl carbonate (DPC)
to bisphenol A (BPA) is 1.04, the cesium carbonate aquecus
solution (catalyst)} is 1.6 pmol per mole of BPA, and the
temperatures of the fourth vertical stirring reactor 6d
and the fifth horizontal stirring reactor 9%a are 270°C and
280°C, respectively.

The aromatic polycarbonate c¢btained (P-2) had a
viscosity average molecular weight (Mv) of 21,200, a
terminal hydroxyl group concentration (OH) of 13.7 mol%,
and the degree of branching of 0.31 mol%.

{0CBO]}
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{Synthesis Example 3: Melting method)

An aromatic polycarbonate was synthesized by setting
to the same conditions as in Synthesis Example 2, except
that the cesium carbonate aqueous solution (catalyst) is
0.8 umol per mole of BPA.

The aromatic polycarbonate obtained (P-3) had a
viscosity average molecular weight (Mv) of 25,800, a
terminal hydroxyl gqroup concentration (OH) of 33.8 moly,
and the degree of branching of 0.45 mol%.

[0081]
(Synthesis Example 4: Interface method)

16.31 kg/hr of BPA, 5.93 kg/hr of sodium hydroxide
and 101.,1 kg/hr of water were dissolved in the presence of
0.018 kg/hr of hydrosulfite at 35°C, and then cooled to
25°C to prepare an aqueous phase. Next, an organic phase
of 68.0 kg/hr of methylena chloride cooled to 5°C was
prepared. The aqueous phase and the organic phase were
suppliaed to a stainless steel-made piping (inner diameter:
€ mm, outer diameter: 8 mm) and mixed therein. The
resulting mixture was emulsified using a homomixer
(product name: T.K Homomix Line Flow LF-500 Model, a
product of Tokushukika Co.) to prepare an emulsion of an
aqueous solution of BPA sodium (BBA-Na) salt (aqueous
phase) and methylene chloride (organic phase).

[0082]

Next, the emulsion thus obtained was taken out of
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the homomixer by a piping (inner diameter: 6 mm, outer
diameter: 8 mm} branched from the homomixer, and contacted
with 7.5 kg/hrxr of liquefied phosgene supplied from a pipe
cooled to 0°C separately introduced into a pipe reactor,
in the pipe reactor (made of Tefloen (registered trade
mark), inner diameter: 6 mm, length: 34 m) connected to
the piping.

Phosgene reaction and oligomerization reaction were
conducted during passing the emulsion and the liquefied
phosgene through the pipe reactor at a linear velocity of
1.7 m/sec for 20 seconds while contacting those. 1In this
case, the reaction temperature was adjusted so as to be
60°C, respectively, and each was externally cooled to 35°C
before introducing into a next oligomerization tank.

[0083]

An oligomerized emulsion obtained from the pipe
reactor as above was introduced inte a reaction tank
(oligomerization tank) having an inner volume of 50 liters
equipped with a stirring machine, and stirred at 30°C in a
nitrogen gas atmosphere. By further oligomerizing,
unreacted BPA-Na present in the aqueous phase was
completely consumed, and the agqueous phase and the organic
phase were separated by still standing, thereby obtaining
a methylene chloride solution of an oligomer.

In oligomerizing, 0.005 kg/hr of triethylamine

(catalyst) and 0.42 kg/hr of p-t-butylphenol (molecular

42



11, O0: OOt

1- NCO1, 1- 04 CO O a

waight modifier) were introduced intec the oligomerization
tank.
[0084]

Subsequently, 23 kg of a methylene chloride solution
of the oligomer prepared was charged in a reaction tank
having an inner volume of 70 1liters equipped with a
pfaudler blade. To the reaction tank, 10 kg of methylene
chloride for dilution was added, and 2.2 kg of a 25 wt%
sodium hydroxide aqueous solution, 6 kg of water and 2.2
kg of triethylamine were further added. The resulting
mixture was stirred at 30°C in a nitrogen gas atmosphere
to conduct polycondensation reaction for €60 minutes,
thereby synthesizing an arcmatic polycarbonate.

Next, 30 kg of methylene chloride and 7 kg of water
were added to the molten reactant, followed by stirring
for 20 minuvtes. The stirring was stopped, and the aquecus
phase and the organic phase were separated. 20 kg of 0.1N
hydrochloric acid was added to the organic phase separated,
followad by stirring for 15 minutes. After extracting
triethylamine and a small amount of a residual alkali
component, the stirring was stopped, and the aqueocus phase
and the organic were separated.

[0085]

20 kg of pure water was added to the organic phase

separated, followed by stirring for 15 minutes. Thea

stirring was stopped, and the aqueous phase and the

43



E CC x w Conparative Exanple [00 95] [Table 2] Resin Viscosity
average nol ecul ar wei ght (M/) Term nal hydroxyl group concentration
(nol %9 Degree of

organic phase were separated. This operation was repeated
(three times) until chlorine ion in the extracted waste
water is not detectad.

The purified aromatic polycarbonate solution
cbtained was powdered with a kneader. After drying,
granular powder (flake) was obtained.

The aromatic polycarbonate obtained (P-4) had a
viscosity average molecular weight (Mv) of 21,000, a
terminal hydroxyl group concentration (OH) of 1.4 mol%,
and the degree of branching of 0 mol%.

[0086]
{Synthesis Example 5: Interface method)

An aromatic polycarbonate was synthesized under the
same conditions as in Synthesis Example 4, except that p-~
t-butylphenol (molecular weight modifier) is 0.27 kg/hr.

The arcmatic polycarbonate obtained (P-5) had a
viscosity average molecular weight (Mv) of 31,000, a
terminal hydroxyl group concentration (OH) of 1.3 mol$%,
and the degree of branching of 0 mol%.

[0087]
(Example 1)

Particulates of the aromatic polycarbonate (P-4)
previously synthesized were introduced into a twin-screw
extruder (a product of Kobe Steel, Ltd., screw diameter:
0.046 m, L/D=36) in a rate of 50 kg/hr, extrusion molded

while controlling such that a resin temperature at a die
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outlet is 300°C, and pelletized.

The twin-screw extruder is provided with a die plate
having 17 die holes 9 having a schematic cross section
shown in Fig. 2 (arranged in staggered shape), and three
vent holes.

The die hole 9 has an inner diameter (®) of 3.0 mm
and a capillary length (L) of 13 mm. A taper (half apex
angle (0): 10°, depth: 1.4 mm, edge diameter: 3.5 mm) is
formed at the tip of the die hole 9.

When extrusion molding was conducted under the above
conditions, the molding extrusion could be operated by 103
hours without generation of eye boogers. During the
operation, the shear rate (y) was 181 [sec], and the
shear stress (t) was 107 [kPa].

[0088]
(Example 2)

The arcmatic polycarbonate {P-1) previously
synthesized was introduced in a molten state into a twin-
screw extruder (a product of Kobe Steel, Ltd., screw
diameter: 0.046 m, L/D=36), and 5 ppm of butyl p-
toluenesulfonate was added thereto. The resulting molten
mixture was extrusion molded while hydrogenating and
devolatilizing, and pelletized.

The twin-screw extruder does not form a taper at a
die hole outlet part and is provided with a die plate

having 17 die holes 9 (inner diameter (®): 3.8 mm,
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capillary length (L): 15 mm) having a rectangular edge
(arranged in series), and three vant holes.

When extrusion molding was conducted undex the above
conditions, the molding extrusion could be operated by 60
hours without generation of eye boogers. During the
operation, the shear rate (y) was 454 ([sec™’}, and the
shear strass {t) was 60 [kPa].

[0089]
(Example 3)

The aromatic polycarbonate {P-2) previously
synthesized was introduced in a molten state into a twin-
screw extruder equipped with the die as used in Example 1,
and 5 ppm of butyl p-toluenesulfonate was added thereto.
The resulting molten mixture was extrusion molded while
hydrogenating and devolatilizing, and pelletized.

The twin-screw extruder used is provided with a die
plate having 17 die holes 9 (arranged in staggered shape),
and three vent holes. The die hole 9 has an inner
diameter (®) of 3.0 mm and a capillary length (L) of 13 mm.
A taper (half apex angle (0): 10°, depth: 1.4 mm, edge
diameter: 3.5 mm) is formed at the tip of the die hole 9.

When extrusion molding was conducted under the above
conditions, the molding extrusion could be operated by 74
hours without generation of eye boogers. During the
operation, the shear rate (y) was 154 [sec™], and the

shear stress (t) was 180 [kPa].
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[0090]
(Example 4)

The aromatic polycarbonate (P-3) previously
synthesized was introduced in a molten state intoc the same
twin-screw extruder equipped with a die plate as in
Example 3, and 5 ppm of butyl p-toluenesulfonate was added
thexato. The resulting molten mixture was extrusion
molded while hydrogenating and devolatilizing, and

. pelletized.
When extrusion molding was conducted under the above
- conditions, the molding extrusion could be operated by 79
hours without generation of eye boeogers. During the
operation, the shear rate (y) was 454 [sec™], and the
shear stress (t) was 118 [kPa].
[6091]
(Comparative Example 1)

The arcmatic polycarbonate (P-1) was introduced in a
molten state into a twin-screw extruder (a product of Kobe
Steel, Ltd., screw diameter: 0.046 m, L/D=36) provided
with a die plate having 17 die holes (inner diameter (®):
2.4 mm, capillary length (L): 11 mm) which each do not
have a taper at an outlet part and have a rectangular edge
{(arranged in series), and three vent holes, and 5 ppm of
butyl p-tcluenesulfonate was added thereto. The resulting
molten mixture was extrusion molded while hydrogenating

and devolatilizing, and pelletized.
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9.6 0.23

[00 96] [Table 3] Extrusion anmount (kg/hr) Resin

tenperature (C) Apparent viscosity (Ft) (PaS) Tinme at which

When extrusion molding was conducted under the above
conditions, many eye boogers were generated in 4 hours,
During the operation, the shear rate (y) was 1,801 [sec™] ‘
and the shear stress (1) was 233 [kPa].

[0092]
(Comparative Example 2)

Granulatas of the aromatic polycarbonate {P-5)
previously synthesized were introduced into a twin-screw
extruder equipped with a die plate having 17 die holes
(arranged in series) each having a taper (half apex angle
(8): 5° depth: 1.0 mm, edge diameter: 2.4 mm) formed at
the tip thereof, and 5 ppm of butyl p-toluenesulfonate was
added thereto. Thae resulting mixture was extrusion molded
while hydrogenating and devolatilizing, and pelletized.

When extrusion molding was conducted under the above
conditions, many eye boogers were generated in 6 hours.
During the operation, the shear rate (y) was 338 [sec™],
and the shear stress (t) was 352 [kPa].

[0093]
{Comparative Example 3)

The aromatic pclycarbonate (P-1) resin previously
synthesized was introduced in a molten state into a twin-
screw extruder equipped with a die plate having 17 die
holes (arranged in staggered shape) each having a taper
{half apex angle (6): 15° depth: 1.5 mm, edge diameter:

3.8 mm) formed at the tip therecf, and 5 ppm of butyl p-
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eye boogers are generated (hr) Exanple 1 50 300 590 103 2 160 290
132

toluenasulfonate was added therete. The resulting molten
mixture was extrusion molded while hydrogenating and
devolatilizing, and pelletized.

When extrusion molding was conducted under the above
conditions, eye boogers were not generated by 90 hours.
However, in the course of the operation, strand cutting
frequently occurred, and continuous operation could not be
conducted. During the operation, the shear rate (y) was
454 [sec™], and the shear stress (1) was 29 [kPa].

The conditions of the dies used in the extrusion
molding in the Examples and the Comparative Examples are
shown in Table 1, the properties of the resins used in the
extrusion molding are shown in Table 2, and the results of
axtrusion molding are shown in Table 3.

[0095]
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1 160 290 129 4 2 30 320 1043 6 3 160

[0095]
[Table 2]
Resin | Viscosity average Terminal Degree of
molecular weight | hydroxyl group branching
(Mv) concentration (mol%)
{mol%)
1 P-4 21000 1.4 -
2 P-1 15300 9.5 0.23
Example
3 p-2 21200 13.7 0.31
4 P-3 25800 338 0.45
c i 1 P-1 15300 9.5 0.23
omparatve 1 p-s 30100 13 ]
Example
3 P-1 15300 9.5 0.23
[0096]
[Table 3]
Extrusion Resin Apparent Time at which
amount temperature (°C) | viscosity (u) eye hoogers
{kgi/hr) (PaS) are generated
(hr)
1 50 300 590 103
2 160 290 132 82
Example
3 160 310 397 74
4 160 350 260 79
e . 1 160 290 129 4
omparative
P 2 30 320 1043 6
Example :
3 160 290 64 ap*

*) Strand cutting frequently occurred, and continuous operation could not be

conducted.
[0097]

As

production

shown

method

in Tables

of

the
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290 64 90** **) Strand cutting frequently occurred, and conti nuous
operation could not be conducted. [00 97 ] As shown in Tabl es
1 to 3, according to the production nethod of the present enbodi nent,
when extrusion nolding is conducted using a die having a taper
having a half apex angle (0) of from4 to 20 fornmed at a die hole
outlet part in a shear rate 00 at an extruder outlet in a range of
from 100 to 500 sec-1 and a shear stress Cr) in a range of fromb50 to

200 kPa in pelletizing an aromatic polgcarbonate,.eye boogers at the
tinme of ex@¥t@isden Figdais cenduched R RPM i AR URIGHRT a3 i RPN er

a lon eriod of ti | S_possi bl e. 09 i Le,the inyention
has bgeg R N%DH &d hr;‘.jréd@#%"l a&?&‘w“b P 1‘5F8’ﬁc@ ¥\g %ﬁe PELT i%t a
enbodi nents, thereof ., if will_ be.apparegnt .t ne illed [n rt
that vari ous (?h%lﬁege%u%fn%t n%%i]f?i %3{) r‘%onsgmgé:no’:@e erra@é tahteraéljll ne%/t\nlef'ﬁ%ﬁ
departin e Spi Ll n CEPSH t eqf.. -Thi,s apPl | on
ispbas;dgéﬁhﬁg%%gggegkgkg ? lelcatigﬁé(ggtggp &gﬁficgﬁgo%pﬁgaaf

2007- 0143Q)rdds qd) JARUAT ¥a 2O ¥ G0l apanedexPat ent pdPpbt Latdpn
(Patent Application No. 2007-291018) fil ed Novenber 8, 2007, the

entire condrenhsondiei €@obdlgicagbbratly idyeoripasgdmd hy riier enme. of
I ndustrial Applicability [0099]
extrusion molding are reduced, and continuous operation
over a long pericd of time is possible.
{0098]

While the invention has been described in detail and
with reference t¢ the specific embodiments thereof, it
will be apparent to one skilled in the art that wvarious
changes and modifications can be made therein without
departing from the spirit and scope thereof.

This application is based on Japanese Patent
Application ({Patent Application No. 2007-014309) filed
January 24, 2007 and Japanese Patent Application (Patent
Application No. 2007-291018) filed November 8, 2007, the
entire contents thereof being hereby incorporated by
reference.

Industrial Applicability
[0099]

According to the present invention, in the

production of an aromatic polycarbonate, eye boogers at

the time of extrusion molding are reduced, and continuous

operation over a long period of time is possible.
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According to the present invention, in the production of an aronatic
pol ycar bonat e, eye boogers at the tinme of extrusion nolding are
reduced, and continuous operation over a long period of tine is
possi ble. Therefore, the industrial value of the present invention
is remarkable. CLAIMS 1. A production nethod of an aromatic
pol ycarbonate, characterized in that in a nethod for extrusion

nol ding an aromati ¢ pol ycarbonate with an extruder and pelletizing

t he same, extrusion nolding is conducted under that a shear rate
(10 at an Thereéere; the dndugdeials viadug ofhddeaPFemRY ORGP
sec-1, andq ahgg ar stress (T) at the outlet of the extruder is
in a rangéSffePfy ®to 200 kPa. 2. The production nethod of
an aromati c polycarbonate as claimed in claim1, characterized in
that a die for extruder having a taper having a half apex angle of
from4 to 20 formed on the outlet part of the die for extruder is

used. 3. The production nethod of an aronatic pol ycarbonate as
claimed in claiml, characterized in that die holes formed on a die
plate are arranged in a staggered state. 4. The production

nmet hod of an aromatic pol ycarbonate as clainmed in claiml1,
characterized in that the aromatic polycarbonate is obtained by a
reacti on between an aromati c di hydroxy conpound and a carbonic

di ester. 5. The production nmethod of an aronmatic pol ycarbonate
as claimed in claiml1, characterized in that a viscosity average
nol ecul ar weight OMis 13,000 or nore, the proportion of hydroxyl
group (OH) in the whole termnal groups is from5 to 50 nol% and
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aratio of the total nole nunber of branched structural units to one
nol e of a structural unit represented by the followng fornula (a) is
from0.1to 0.8 nol %1 [ Chem 11 (In the formula (a), ,X
represents a single bond, an al kyl ene group having from1 to 8 carbon
atons, an al kylidene group having from2 to 8 carbon atons, a

cycl oal kyl ene group having from5 to 15 carbon atons, a

cycl oal kyl i dene group having from5 to 15 carbon atons, or a dival ent
group selected fromthe group consicsl'EAirg!%of -0-, -S-, -CO, -SO and
Z$02-.) 1

1. A production method of an aromatic polycarbonate,
characterized in that in a method for extrusion molding an
aromatic polycarbonate with an extruder and pelletizing
the same, extrusion molding is conducted under that

a shear zate (y) at an outlet of the extruder is in a
range of from 100 to 500 sec™?, and

a shear stress (1) at the outlet of the extruder is in
a range of from 50 to 200 kPa.

2. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that a die for
extruder having a taper having a half apex angle of from 4
to 20° formed on the outlet part of the die for extruder
is used,

3. The production methcocd of an aromatic polycarbonate
as claimed in c¢claim 1, characterized in that die holes
formed on a die plate are arranged in a staggered state.

4. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that the aromatic
polycarbonate is obtained by a reaction between an
aromatic dihydroxy compound and a carbonic diester.

5. Tha production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that

a viscosity average molecular weight (Mv) is 13,000 or
more, the proportion of hydroxyl group (OH) in the whole

terminal groups is from 5 to 50 mol%, and
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a ratio of the total mole number of branched
structural wunits to one mole of a structural unit
represented by the following formula (a} is from 0.1 to
0.8 mol%.’

[Chem. 1}
0

e SO A

(In the formula (a), .X represents a single bond, an
alkylene group having from 1 to 8 carbon atoms, an
alkylidene group having from 2 tc¢ 8 carbon atoms, a
cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidene group having from 5 to 15 carbon atoms, ox
a divalent group selected from the group consisting of -0-,

-§-, -CO-, ~-SO- and -SO;-.)

55



