SPECI FI CATI ON  Production nmethod of pol ycarbonate resin
Techni cal Field [0001] The present invention relates to

a production nmethod of a polycarbonate resin. Mre
particularly, it relates to a continuous production

met hod of a pol ycarbonate resin. Background Art [0002]
Conventionally, an interface nethod of directly

reacting bi sphenols and carbonyl chloride, and a nelt

met hod of pol ycondensation reacting bi sphenols and a
carboni ¢ diester by an ]€¥@W§ﬁbe reaction are known
as a production nmethod of an aromatic pol ycarbonate
Fregdustiodirthad of mohefarbherabe BySah ester exchange
reaction has the advantage that an aromatic
Tssiydgedordait®ld esin can i nexpensively be- produced as
conpared with the interface nethod. [0003] The nelt
[B$0Hdd conducts a pol ycondensation reaction at high
tenperature under high vacuum and therefore, a

pol ycdhsormes argsi infenrtveen i selatbsetboacplrodnucEdnt meshod
reason, a production nethod of using a stainless steel-
afade pedyterbmastied mg¢sina | Mouied peomtiaiuliargl ygn atonetliates
hydroxy conpound is reported as a nethod of preventing
toueh cordalmrats grreduat iesi metsed Pat enpoDgcambohatk: resin.
Furthernore, a nethod wherein after stopping a nelt 1
Background Art

[0002]

Conventionally, an interface method of directly
reacting bisphenols and carbonyl chloride, and a melt
method of polycondensation reacting bisphenols and a
carbonic diester by an ester exchange reaction are known
as a production method of an aromatic polycarbonate resin.
Above all; the melt method by an ester exchange reaction
has the advantage that an aromatic polycarbonate resin can
inexpensively be produced as compared with the interface
method.

[0003]

The melt method conducts a polycondensation reaction
at high temperature under high wvacuum, and therefore, a
polycarbonate resin formed is liable to color. For this
reason, a production method of using a stainless steel-
made reactor washed with a liquid containing an arcmatic
hydroxy compound is reported as a method of preventing
such a coloration of a resin (see Patent Document 1).

Furthermore, a method wherein after stopping a melt




pol ymeri zation reaction, a nolten reactant is w thdrawn,
a resinrenmained in a reaction tank or the like is
di ssol ved and washed with a washing liquid containing a
nonohydr oxy conpound, a carbonic diester and the I|ike
within 24 hours, and the inside of an apparatus is held
under an inert gas atnosphere is reported (see Patent
Docunent 2). [0004] [Patent Docunent 1] JP-A-6- 056984
c{Patent cunment 21, JP- A-2004-197004 _Di scl.osu g 8
L SHE T ARt B HECHRGRNFFRRERE tbSSBIl 8 rabi?

0005 the way, where.an aropatic rbonate re
N G i)y b BAREELCRs G a0br bAGCLE B Sppstacd Y
conpr|5|ng | ural ctors connected ip seri
argt WAShed T HOTR. felMASI0Iieh iR oFOR babh B anpeaggfdgoxy
so- called batch start. In the batch_start, a, nol
cqnpeincht 3 CaFRRAbEsHyesEREr 8RdcERe ﬁ%eawéaépoﬁfluﬁlﬂwrsf
aliquid level, tenperature rising and pressure
anchdihiq | basbper afi ois anparatisackorietd grdemiapnyinert gas
conducted, and after reachlng the predeterm ned inner
aﬁWﬂﬁRﬁQﬁQﬂkﬁiﬁﬂPQﬁ%ﬁ@e peevBetemt BOCwWReRt pél yneri zation
reaction is started. However, the batch start requires
[G4GA until the inner tenperature and degree of vacuum

in each reactor reach the predetern1ned val ues.
Ther efftenty deianrmet t 1 he JE-A-$pdib%k e t han necessary.

As a result, crystallized 2
[Patent Document 2} JP-A-2004-197004

Disclosure of the Invention
Problems that the Invention is to Sclve
[0005]

By the way, where an aromatic polycarbonate resin is
continuously produced using a production apparatus
comprising plural reactors connected in series, a method
of -starting a melt polymerization reaction includes a so-
called batch start.

In the batch start, a molten reactant is previously
introduced into a reactor until a liquid level,
temperature rising and pressure reduction operations in a
reactor are gradually conducted, and after reaching the
predetermined inner temperature and degree of vacuum, a
melt polymerization reaction is started.

However, the batch start requires time until the
inner temperature and degree of vacuum in each reactor
reach the predetermined values. Therefore, residence time

is spent more than necessary. As a result, crystallized




foreign matters and foreign matters such as gel and
scorch are generated in an aromatic polycarbonate resin
obtained, resulting in further cause of coloration.

[ 0006] Where a nelt polynerization reaction was stopped
and a nolten reactant is w thdrawn, when an operation
of wthdrawing the nolten reactant froma purge val ve
provi ded at the respective bottomof plural reactors is
conduct ed, quid reseryoir is formed on a spice portion

f%elﬁ%ﬂ@fet%%? vNJf LehghIneRBt BRI SaftChhafe 9Pd ERE Scorch
problem that this gives rise to the cause of forei

armmidereratRe 1nsaBceFeRakhct RELNERELRPAGGCELSAD ?@t\ﬁe}é‘l‘?d
the inside of a reactor with a washing I|iquid

resgnttEing g pherdher cad vdni eL dFresPErtadl:-the 1ike after
st%%plng the nelt polynerization reaction and

drawing the nolten reactant, a |arge anount of

phenol is required. [0007] The present invention has
been Whake t ®olvepalgnerprablens reACaipprodast is¢ermstchend
of a polycarbonate resin. That is, an object of the
a preddmn | meadtiaot i 8 st owptbdirdwna pwbeluctamn qpartediaf of
pol ycarbonate resin_ show ng | ess coloration and
widdmmwimg redecetolteyst alddctaahtf oreign nat t prggend valve
foreign matters such as gel. Means for Solving the
prRrolddeshsat[ Q008] r8spective bottom of plural reactors is
conducted, liquid reservoir is formed on a space portion
of a purge valve of each reactor, and there is the problem
that this gives rise to the cause of foreign matters such
as scorch in the next production.

To wash the inside of a reactor with a washing
liquid containing phenol, carbonic diester and the like
after stopping the melt polymerization reaction and
withdrawing the molten reactant, a large amount of phenol
is required.

{0007]

The present invention has been made to solve such
problems in a production method of a polycarbonate resin.

That is, an object of the present invention is to
provide a production method of a polycarbonate resin
showing less coloration and containing reduced
crystallized foreign matters and foreign matters such as
gel.

Means for Solving the Problems

{0008]




According to the present invention, there is provided a
production nmethod of a polycarbonate resin which is a
nmet hod of continuously producing a polycarbonate resin
by an ester exchange reaction using a dihydroxy
conmpound and a carbonic diester as raw materials, and
is characterized in that before using a reactor in

whi ch the ester exchange reaction is conducted, inner
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The di hydroxy conpound as the raw material conponent 4 -
reaction is conducted, and after the inner temperature and

degree of wvacuum of the reactor reach in a range of from
-5% to +5% of the predetermined wvalues, raw materials are
supplied to the reactor to start the ester exchange
reaction.

The dihydroxy compound used as a component of the
raw materials is preferably an aromatic dihydroxy éompound.
[0009]

Next, according to the present invention, there is
provided a production method of a polycarbonate resin
which is a method of continuously producing a
polycarbonate resin by an ester exchange reaction between
a dihydroxy compound and a carbonic diester, and is
characterized in that before stopping the ester exchange
reaction, a polycarbonate resin having a viscosity average
molecular weight (Mv) of from 10,000 to 20,000 1is
continuously produced for a prescribed period of time.

The dihydroxy compound as the raw material component




is preferably an aromatic di hydroxy conpound, and after
stoppi ng the ester exchange reaction, a reactor in which
the ester exchange reaction is conducted is preferably
washed with a nolten mxture of an aromatic di hydroxy
conmpound and a carbonic diester. Furthernore, after
stoppi ng the ester exchange reaction, the reactor in
whi ch an ester exchange reaction is conducted is
. preferably washed with a nolten m xture of n aromati
i ii RYBEBRI DL BrBunaT SHALAC UM oSPBPOURAq and after
subsequently washed with an aromati ¢ nonohydroxy . ,
stppidthdthe neehes K amd oFe2Rhshi ng 3t rF@q*'-'é:é%‘ty ofRt yhich
nolten reactant is preferably discharged fromthe
thecaBser [DVABINIRcHMTHG D e prodentednvient Pggierably
there is further _provided a production nethod of an
waghsatht Wd thol §c bRl e Mizdgine whfchal s & afdtHcd gf-hydroxy
continuously producing an aromatic polycarbonate resin
cimpaimaesing xedvdneel ¢ cdtesoRr - using an aromatic
di hydroxy conpound and a carbonic diester as raw
mat erfudthezward s chlract esitoppling t Hde besbed sesgbiange
the ester exchange reaction, an aromatic pol ycarbonate
resgsti iomaving aeacsoosiiny wiertagen neeenl akchangghre@miion
of from 10,000 to 20,000 is continuously produced for a
i presuwhidesd pes | pdebérabhy; washed wibtppangolthe adwmsure of
exchange reaction, a reactor in which the ester
arexatangel ¢ edthydnokg compaohddand washebownichdaegsleiren and
m xture of the aromatic di hydroxy conpound and the
sutag dopue It 1y esd sted bef toh eamgaromat act npgobh idrexy egompound.
exchange 5
In this case, before washing the reactor, a molten

reactant is preferably discharged from the reactor.
[0010]

According to the present invention, there is further
provided a production method of an aromatic polycarbonate
resin which is a method of continuously producing an
aromatic polycarbonate resin by an ester exchange reaction
using an aromatic dihydroxy compound and a carbonic
diester as raw materials, and 1is characterized in that
before stopping the ester exchange reaction, an aromatic
polycarbonate resin having a viscosity average molecular
weight (Mv) of from 10,000 to 20,000 is continuously
produced for a prescribed period of time; after stopping
the ester exchange reaction, a reactor in which the ester
exchange reaction is conducted is washed with a molten
mixture of the aromatic dihydroxy compound and the

carbonic diester; before again starting the ester exchange




reaction, the inner tenperature and degree of vacuum of
the reactor are set to the predeterm ned val ues at which
the ester exchange reaction is conducted; and after the
i nner tenperature and degree of vacuum of the reactor
reach in a range of from-5%to +5% of the predeterm ned
val ues, the raw materials are supplied to the reactor to
start the ester exchange reaction. Advantage of the

| nvention 001 Ac ordln to the %duction t hod of

LR catBEn ?"és FUBP RS 5 3t OFAVERL | On, vacuum of

carbonate resin show ng Ies col or at
o FERRERg oFeue EPy T |5 R TR e ?@ff-é afq which
foreign natt such as eI | S obt%lned Bri
thesEFFBE G 290 BEAGT G [1906988vCERE 1a]n¢. gfterj dhe
. a VIeM/ShOMAng one exanpl e of a _production apggratus of
1IHH ar Hecra&d—}lﬁﬁcala%ina?@‘.ﬂeges%ﬁl W%W“bfo ef eR@ndgactor
Nunerals and Signs [0013] la-1 Di phenyl carbonate
reafpl ynpértran%% Of §r§f9her$&| % stiphl 9fp6|hte rredetegmined
material mxing tank 3a ... Anchor t(fe stirring bl ade
vakies, Raf faternatesimps yapanpuerdicd ot hhgseeagisy to

port 6a ... First vertical stirring reactor 6
start the ester exchange reaction.

Advantage of the Invention
[0011)

According to the production method of a
polycarbonate resin of the present invention, a
polycarbonate resin showing less coloration and containing
reduced crystallized foreign matters and foreign matters
such as gel is obtained.

Brief Description of the Drawing

{6012)

{Fig. 1] Fig. 1 1is a view showing one example of a
production apparatus of an aromatic polycarbonate.

Description of Reference Numerals and Signs

[0013]

la-1 ... Diphenyl carbonate supply port
1b ... Bisphencl A supply port

2a ... Raw material mixing tank

3a ... Anchor type stirring blade

4a ... Raw material supply pump

5a ... Catalyst supply port

6a ... First wvertical stirring reactor




6b ... Second vertical stirring reactor 6c¢ ... Third

vertical stirring reactor 6d ... Fourth vertica
stirring reactor 7a, 7b, 7c ... MAXBLEND bl ade 7d ..
Hel i cal ribbon blade 8a, Bb, 8c, 8d, 8e ... Distillation
pipe 9a ... Fifth horizontal stirring reactor 10a ...
Stirring blade 8la, 81b, 81c, 81d, 8le ... Condenser
82a, 82b, 82c, 82d, 82e ... Pressure reducing device
Best de for Carrying Qut the lInveption [0014] The best
Siode: OTCRM rYFhG GaL PhetFRUSREFBRCOFher ei naf ter, t he

enbodi gent ,of the inve tionh is described in detai
6§ i ow, | THES pYREEHESS n3 BREF OR%T ESABECEI i m ted to t he
ol  own enbodinentf, and can carr¥ out wth various
6Gkoui { | EATF RSV FPRLASELEPORE! TERELGFst.  Further, the
drawi ngs used are to explain the present enbodinent,
Tand o Hot - shoWr¥BEENRt BARD8i ze. [0015] (Pol ycar bonat e)
A pol ycarponate used jn the present enbodinent is
T6r oducdRt b§2 hnt ERPer Bx&f8nge reacti on between a
di hydroxy conmpound and a carbonic diester. The
8&i h§kir o%§r c®&pol@d- prePéfhblyathenuBéBean aromatic
di hydroxy conpound. The pol ycarbonate preferably
93 ncl udest & e bhaentabobytarbBAareage6duced by a nelt 7

10a ... Stirring blade

8la, 81b, 8lc, 8l1ld, 8le ... Condenser

82a, 82b, B82c, 82d, 82e ... Pressure reducing device
Best Mode for Carrying Out the Invention

[0014]

The best mode for <carrying out the invention
(hereinafter, the embodiment of the invention) is
described in detail below. The present invention is not
limited to the following embodiments, and can carry out
with wvarious modifications within a scope of its gist.
Further, the drawings used are to explain the present
embodiment, and do not show the actual size.

[0015]
{Polycarbonate)

A polycarbonate used in the present embodiment is
produced by an ester exchange reaction between a dihydroxy
compound and a carbonic diester.

The dihydroxy «compound ©preferably includes an
aromatic dihydroxy compound. The peolycarbonate preferably

includes an aromatic polycarbonate produced by a melt




pol ycondensati on based on an ester exchange reaction

bet ween an aromati c di hydroxy conpound and a carbonic

di ester. A method of producing an aromatic pol ycar bonate
by continuously conducting a nelt polycondensati on
reaction wusing an aromatic di hydroxy conpound and a
carbonic diester as raw materials in the presence of an
ester exchange catalyst (nmelt process) is described

el ow, . [ 0016 (Aromati ¢ _di hydr oxy compoun The _
PQS‘rﬁbc‘er%ﬁi %‘?'ﬁ%‘?o%aéﬁﬂpoaﬁd éEedeisﬁetfhe e,g,ﬁcg'?ggme reaction
enbodi nent includes a ¢ ound represented by the )
bSIT I 1R} o SRS Foor RHHPASERRY [ GOTPPUNEOREME 13 @AFRNIC
Formula (1) HOA OH (X)P (Y)g [0018] In the genera
d¥&itRfa (1), A represents a single bond, a
straight-chain, branched, or cyclic divalent hydrocarbon
gr ou.&g haGFRGAf i m BT PEREHNE aford ERAEL WhPOR YCREPOREte by
substituted, or a divalent group represented by -0-, i
caf.inugysly, coggpctindang Yeldpr eerECRIRRFBGANatIGRTion
a8 hydrocarbon group having from1l to 6 carbon atons.
Uginghd 2y aRECBAL LAt eféhYSTOFYor cOmPRURGd Rndhnd p @b apic
may be the sanme or different, respectively.
diester as raw materials in the presence of an ester

exchange catalyst (melt process) is described below.

(0016]
(Aromatic dihydroxy compound)

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

[0017]
(Chem. 1]

General Formula (1)

[0018]
In the general 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-,

-5-, -CO~ or -S0;-. X and Y represent a halogen atom or a



[0019] Specific exanples of the aromatic di hydroxy
conpound i ncl ude bi sphenols such as

bi s( 4- hydr oxydi phenyl ) net hane,

2, 2- bi s(4- hydroxyphenyl ) propane, 2, 2-bi s(4-hydroxy- 3-
met hyl phenyl ) pr opane,

2, 2- bi s(4- hydr oxy-3-t-butyl phenyl)- propane,

2 2 bi s(4- hydr oxy- 3, 5- dinethylphenyl)propane,

YAy Ry PR End BTy by & 46 G RPBRTp RSN P and
a%rue”hexanéégb' et 4&%3&“ "% Siithyfar G BreRgI 4 may be

b|s(4 hydr px | )sulfo
t %ﬁ?dﬁ&%ﬁ ?X suF??B%CthE%X hydr oxyphenyl ) et her,
[QHL bIS(4 hydr oxyphenyl ) ketone. O those, 2, 2-bis

droxyphenyl) propane (bisphenol A, hereinafter
somet j nes, bbreviatgd as _BPA) is preferahle. Those
ar omatRSC i 1y P £ ﬁp%ﬁn&gecéﬁoﬁét&§e§¥ﬂﬂ9ﬁ9&ﬁ Gggnpound
m xtures,of two_or nore thereof. 5 020] (Carbonlc
inflederHispheralBoriuchii @8t & suded vidy opvel iphegen) methane,
enbodlnent i ncl udes ‘a_conpound represented by the
2 o1 ik ST B ePhe R bt hBFaPERS - [ 0021] 2 (Eothdrh (4oh Yekrrarir 3~
Formula (2). 9 0 -0-A 50022
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; biphenols 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.
0f those, 2,2-bis(4-hydroxyphenyl)propane (bisphenol
A, hereinafter sometimes abbreviated as BPA) is preferable.
Those aromatic dihydroxy compounds can be used alone or as
mixtures of two or more thereof.
(0020]
(Carbonic diester)
The carbonic diester used in the present embodiment
includes a compound represented by the following general
formula (2}

{0021]

{Chem. 2]

General Formula (2)




In the general formula (2), A represents a

strai ght-chain, branched or cyclic nonoval ent
hydrocarbon group having from1l to 10 carbon atons

whi ch may be substituted. Two A's may be the sane or
different. Exanples of the substituent on A include a
hal ogen atom an al kyl group having from1l to 10 carbon
atons, an al koxy group having from1l to 10 carbon

atons, a phenyl group, a phenoxy group, a vinyl group,
a cyano group, an ester group, an amdo group and nitro
group. ['0023] Specific exanples of the carbonic diester
i nclude di phenyl carbonate; a substituted di phenyl
carbonate such as ditolyl carbonate; and a dial kyl
carbonate such as i met hyl carbonate, diethyl carbonate
and di-t-butyl carlponate. O those, diphenyl carbonate
(hereinafter sonetd s abbreviated as DPC) and a
subst i t utAf— —eaf{penfi'e are preferable. Those
carbonic diesters can be used alone or as mxtures of
two or nore thereof. [0024] The carbonic diester may be
[d%4A Jaced by dicarboxylic 10 acid or dicarboxylic ester
in an anount of preferably 50 nol%or |ess, and nore
pr ef dfabl heo msinmrerl | efarmyha rd@esert’at i ¥epresents a
di carboxylic acid or dicarboxylic ester includes
s titarigdit Heha i achbyanciephtdral ¢ xc hi¢ dmongivphenyl hydrocarbon
terephthal ate and di phenyl isophthalate. \Wen the
greditbohiay ididesfaem slr eppacktl Bprdgeh atginsar vokghi gray be
substituted. Two A’'s may be the same or different.
Examples of the substituent on A’ include a halogen
atom, an alkyl group having from 1 to 10 carbon atoms, an

alkoxy group having from 1 to 10 carbon atoms, a phenyl

group, a phenoxy group, a vinyl group, a cyano group, an

ester group, an amido group and nitro group.
[00237

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

O0f those, diphenyl carbonate (hereinafter sometimes
abbreviated as DPC) and a substituted diphenyl carbonate
are preferable. Those carbonic diesters can be used alone
or as mixtures of two or more thereof.

[0024]

The carbonic diester may be replaced by dicarboxylic

10

-



acid or dicarboxylic ester, a polyester carbonate is
obt ai ned. [0025] Those carbonic diesters (including the
above replaced dicarboxylic acid or dicarboxylic ester,
and hereinafter the sane) are used in an anount excess
to the aromatic di hydroxy conpound. Specifically, the
carbonic diester is used in a nolar ratio of generally
fron11 01 to 1.30, and preferably fron11 02 to 1.20, to
he aronatic conpound

acidl Frodt F%P%}Xgﬁﬁ’@é it aEaHamOPa‘u R
PR R RO e ’f%i“@cowﬁeoggfi??argomic
eStEh o SRFITAGFT 16 O Hn aPigi o. BTy ponat 801
iR Tﬂgﬁééﬁsk 2a§'%§$%%ﬁf@“%%sxleﬁ‘dd' i?t?@ﬁ' §6. when
accléi a|09:8t}jl'1:ﬁé:h@§qtyg-rlcex(ﬂ§§ﬁd:e cat alfpdty i Ga ém fe is
present enbodi ment includes catalysts generally used in

O ‘ng a pol ycarbonate by an ester exchange nethod,

and i s not
[0025]

Those carbonic diesters (including the above
replaced dicarboxylic acid or dicarboxylic ester, and
hereinafter the same) are used in an amount excess to the
aromatic 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 the molar ratio is excessively small, terminal OH
group of the aromatic polycarbonate obtained increases,
and there is the tendency that thermal stability of a
resin detericrates. On the other hand, where the molar
ratio is excessively large, reaction rate of the ester
exchange reaction lowers, and there is the tendency that
it is difficult to produce an aromatic polycarbonate
having the desired molecular weight. Additionally,
residual amount of a carbonic diester in a resin increases,
and this may result in the cause of odor at the time of

processing and forming a molded product, which is not
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particularly limted. In general, exanples of the
catal yst include basic conpounds such as an al kali netal
conmpound, an al kaline earth nmetal conpound, a basic
boron conpound, a basic phosphorus conpound, a basic
amoni um conpound, and an am ne conpound. O those
ester exchange catal ysts, an alkali nmetal conpound is
practically desirable. Those ester exchange catalysts
Pf§$§£} sed alone or as mixtures of two or nore
thereof.” The ester exchange catalyst is used in a range
[qg 6 generally from 1x10-9 to 1x10-1 nol, and preferably
de1 1x10-7 to 1x10-2 nol, per nole of the aromatic

R H A WY | metal compounds such ms.
oy e s DN 8RB e L EREN, SRR SRR

B S Y W s

2 RS} Vi TBINEF o1 RS el AR ot A GBS b not
compound _is refergble, nd cesi um_carbonat e, cesi

P%@b]earfl)bar HAktedand c&& SRRy defxEples of " the
ALY Breterddl o, 10028] Exampl.es of 4E1s mecal
céﬁﬁgﬂAJF gﬁrnggE&gg %%EQ u%%ialﬂﬁbﬁgbund, a basic boron
compound, a basic phosphorus compound, a basic ammonium
compound, and an amine compound.

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

The ester exchange catalyst 1s used in a range of
generally from 1x10™° to 1x10™' mol, and preferably from
1x1077 to 1x107? mol, per mole of the arcmatic dihydroxy
compound.

[(0027]

The alkali metal compound includes inorganic alkali
metal compounds such as hydroxides, <carbonates and
hydrogen carbonate compounds of alkali metals; and organic
alkali metal compounds such as salts of alkali metals with
alcohols, phenols or organocarboxylic acids. Examples of

the alkali metal include 1lithium, sodium, potassium,

rubidium and cesium.
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hydr oxi des or carbonates of alkaline earth netals; and
salts of alkaline earth netals with al cohols, phenols
and organocarboxylic acids. Exanples of the al kaline
earth metal include calcium strontium and barium
[ 0029] Exanpl es of the basic boron conmpound include a
sodiumsalt, a potassiumsalt, a lithiumsalt, a calcium
salt, a magnesiumsalt, a bariumsalt and a strontium
salt _of a boron _canpound._ Exanples of the boron
conpStindthPagl dddaldt rBfRe hy COBRCHRASret? aEERYHMpgTApound
 tetrapropyl. boron, tetrabutyl boron, trinethylethyl
igorRifrierah ket hy#BEnz §EShBMoN CarboRBitRy| plk@fiiuthotbirogen
triethyl- methyl boron, triethyl benzyl boron,
carhonahg phetyFe porBnhydrprbdey BEenPArtisdrly preferable.
tributyl phenyl boron, tetraphenyl boron,
Iyl triphenyl boron, nethyltriphenyl boron and
butyl triphenyl boron. [0030] Exanples of the basic
phos ghanisl @pelind thec| wddakine al earthhogghedus compound
~conpounds such as triethyl phosphi ne,
inglude ptopyPphesphi e ling | eaptbpyigilads ptvmeounds such as
tri-n-butyl- phosphine, triphenyl phosphine and
hydnasitdg phesphtasboandesi o yuatldralame pkesphonmmenabal t and
derived fromthose conpounds. [0031] Exanples of the
s&pldst coindbkb daneomeaiid nafod lslewitlet adnehhybampbeinghs and
hydr oxi de, tetraethyl amoni um hydroxi de,
ORGRNTEF IPSH b niaghdsy.dr oRikdmplest rabuttyle- ahkahinen earth

hydr oxi de, trimethyl et hyl ammoni um hydr oxi de,
metal include calcium, strontium and barium.

[0029]

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 boron 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,
tributylbeniyl boron, tributylphenyl boron, tetraphenyl
boron, benzyltriphenyl boron, methyltriphenyl boron and
butyltriphenyl boron.

[G030]

Examples of the basic phosphorus compound include
trivalent phosphorus compounds such as triethylphosphine,
tri-n-propylphosphine, triisopropylphosphine, tri-n-butyl-

phosphine, triphenylphosphine and tributylphosphine; and
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tri met hyl benzyl ammoni um hydr oxi de,

tri met hyl phenyl ammoni um hydr oxi de,

tri et hyl met hyl anmoni um hydr oxi de, triethyl -

benzyl anmoni um hydr oxi de, tri ethyl phenyl ammoni um

hydr oxi de, tributyl benzyl ammoni um hydr oxi de,

tri butyl phenyl anmoni um hydroxi de, tetraphenyl ammoni um
hydr oxi de, benzyltri phenyl - amoni um hydr oxi de,

ey RAYLRINP R L XA QKL 8588 son £ngss) sompupks

] conpound i ncl ude 4-am no- pyridine,
H%?%gfnopyridine, N, N- di net hyl - 4- am nopyri di ne,

4- di ' i di,ne, .2- hyd i di 2- met Y-

LSRN 0. e S LB
eGSR 9 ™ SoBR A s
P! OIS B BEIShE) LSt o0 RN, 8

BB ng :%wa%e ;&”ﬁiﬂfgﬁ%@?‘éﬁ}?@% edc‘ef’itaﬁ ny i de,
. [ [ ) 14 ,
t%%%&%%%ﬁ@ﬁﬁ%@?ﬁ%ﬁFg%ﬂ%%%ﬁé@ﬁgﬁ‘l’rﬁﬁr&&)ﬁ BT
oy | ARG " BebRo B Bt chYARCRARGe  Gaska a1

cat al yst unde nol.ten state pl.ural reactors

ool 8 huireRaps . CrnethyLRtion Liarnod iy i airrte.
téfbé%§fﬁéﬁ¥@f§h£§ﬁf&%’ ﬁy%%2§ﬁ g?usg??ﬂ&%%lﬁﬁg%gaammonium
hydroxide, tetraphenylammonium hydroxide, benzyltriphenyl-
ammonium hydroxide, methyltriphenylammonium hydroxide and
butyltriphenylammonium hydroxide.

[0032]

Examples of the amine compound include 4-amino-
pyridine, 2-aminopyridine, N,N-dimethyl-4-aminopyridine,
4-diethylaminopyridine, 2-hydroxypyridine, 2-methoxy-
pyridine, d4-methoxypyridine, 2-dimethylaminoimidazole, 2-
methoxyimidazole, imidazdle, 2-mercaptoimidazole, 2-
methylimidazole and aminoquinoline.

[0033]
(Production method of aromatic polycarbonate)

A production method of an aromatic polycarbonate is
described below.

The production of an aromatic polycarbonate is
conducted by preparing a molten mixture of an aromatic

dihydroxy compound and a carbonic diester compound as raw
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conbi nation of a batchw se nethod and a conti nuous
met hod. The reactors used conprise a plurality of
vertical reactors and the subsequent at |east one
hori zontal reactor. In general, those reactors are
arranged in series, and treatnent is conducted
conti nuously. After the pol ycondensation step, the
reaction is stopped, and a step of devolatilization

" . ti | .
nIID YBLERG AL (AN BRLEL AIMLIGEF LAY, pupiecting
t il , | t..and the , .
SR SHABULATET o2 RLERSE 530800 B RRLE AL 00 Ao
. havi ' ticl iLze, d h t
o B le Ao Ll B R BRG0P e RSt P B ot
thod i,s d ibed b . [ 0034 Ra terial
uiﬁ%ﬁgrabfonéggg%f%An aggﬁﬁ%ig d?ﬁ%ﬁ?gxy%%ﬁﬁﬁgtkgzﬂﬁf§$ors
(TR 60y 8t gBer ol 15F prepaFban ad i cesy be any
i Xt f teri ' pbat chwi se,
oot bR Es: Boiiunus (ool PRSI Tepbed, an
P Ra AP SR eraR iEhe BT hos.
bi sphenol A as the aromatic di hydro conmpound _ and .
THE pHERRAFC Q5T boHSEE aCHTRE (GF bohi cOUVESLLEY  émparoitie]
of melt mxing is selected froma rﬁg%e of gener

al |
ISR (4806 € andVBPEABRAEI y ofr onFESE t &1CL6 .rl%gntal

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

After the polycondensation step, the reaction is
stopped, and a step of devolatilization removing unreacted
raw materials and reaction by-products in a molten
reactant, a step of adding a heat stabilizer, a release
agent, -a colorant and the like, a step of forming the
aromatic polycarbonate into pellets having a given
particle size, and other steps may appropriately be added.

Each step of the production method is described
below.

[0034]
(Raw material preparation step)

An aromatic dihydroxy compound and a carbonic
diester used as raw materials of an aromatic polycarbonate
are (generally prepared as a molten mixture of raw
materials using a batchwise, semibatchwise or continuous

stirring tank type apparatus in an atmosphere of an inert
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In this case, proportions of the aromatic di hydroxy
conpound 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 nol, and preferably from1.02 to 1.20
nmol, per nole of the aromatic di hydroxy conpound.

[ 0035] (Polycondensation step) Polycondensation by an

oL SR a0 ennl L on Jhgbueen sthe AL C €hNYSEOsse

e ‘car boni ¢ I'ést er i s ‘cont’i Muousl

. [ ti- .
off RYYBLE U b SEAOEn S SR e 9ETSLA Yoy S A unc
ty. diti hat t i S . .
SR A W ER T St b R L
I 0..01 T 1.33 Ra), d
PGB Pl Tl f M Rhaget o1 Seiamiad of08s " o FEFRET%
I h t f j 5 St t f h hi gh
st uE Lol FutPhol PG Bt bt Sre AR P8 obgD o
1§ﬁ4¥WWSe within the above reaction conditions in order
o~ "further effectively discharge phenol by-produced

A e b R
cSFIBASLES Bl 95RO Bl 2 T epl s LR 3.
t}f%&gasﬁo#ﬂ:e Jleib8, gLommtlesPolyganhonate oBLa 18y that
the carbonic diester 1is 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.

[0035]
(Polycondensation step)

Polycondensation by an ester exchange reaction
between the aromatic dihydroxy compound and the carbonic
diester is continuously conducted by a multi-stage step of
generally 2 stages or more, and preferably from 3 to 7
stages. Specific reaction conditions are that temperature
is in a range of from 150 to 320°C, pressure is in a range
of from normal pressures to 0.01 Torr (1.33 Pa), and an
average residence time is in a range of from 5 to 150
minutes.

In each reactor of a multi-stage step, further high
temperature and further high degree of vacuum are set
stepwise within the above reaction conditions in order to

further effectively discharge phencl by-produced with the
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Where the pol ycondensation step is conducted by a

mul ti-stage step, generally a plurality of reactors
including a vertical stirring reactor are provided,

t hereby increasing an average nol ecul ar wei ght of a

pol ycarbonate resin. The reactors provided are generally
3 to 6, and preferably 4 to 5. Exanples of the reactor
used include a stirring tank type reactor, a thin film

pfsﬁ‘]?fé% » &8f Cet{}lﬁé | {%‘rg?}'zcéﬁr‘?&é‘nééjc['bﬁevﬁggégl&‘?”c@gﬁggé '+ fhe

ace renewal t W n- SCr ew neadi ng réa

s%t’fg‘f:é}ﬁ.scr oW Ry i%% ﬁ%é rELNg Jieacs o%’o}:e%#%ﬁmlel ds/Pfou

eactor, “a perf plat € type reac

*Ror¥arapds” ki o  SREEEaCROPARY: SaB%P@ﬁﬁ‘; %%'esp%“sﬁé%ﬁ‘iief to
i ybe redstor i
P e TR EP R kAN TR CORALELTSER, hy ruky Ot the

' ' d dl.e blade, a fardler bl ade,
a%éﬁ%ﬁgﬁo$°%?ég%ESEQ%%LEEE%E%EFade (manuf act ured by
[§W§g o Pantek Co., Ltd.), a sanneler bl ade

manuf actured by M tsubishi Heavy Industries, Ltd.), a

s T AT R
P SE5qb PBchl oL L BLAOE, (TRNULACLATER,Y IF {Scllsrors
T SR S SE P R T Y
tﬁ%@% §esigérégging an average molecular weight of a
polycarbonate resin. The reactors provided are generally
3 to 6, and preferably 4 to 5.

Examples of the reactor used include a stirring tank
type reactor, a thin film reactor, a centrifugal thin film
evaporation reactor, a surface renewal .type twin-screw
kneading reactor, a twin-screw horizontal stirring reactor,
a wet wall type reactor, a perforated plate type reactor
which polymerizes while freely dropping, and a wire-
equipped perforated plate type reactor which polymerizes
while dropping along the wire.

[0037]

Examples of the type of the stirring blade in the
vertical stirring reactor include a turbine blade, paddle
blade, a fardler blade, an anchor blade, a FULLZONE blade
{manufactured by Shinko Pantek Co., Ltd.), a sanmeler

blade (manufactured by Mitsubishi Heavy Industries, Ltd.},

a MAXBLEND blade {(manufactured by Sumitomo  Heavy
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stirring blade in the horizontal stirring reactor
include single shaft stirring blades such as a disc
type and a paddle type, and two-shaft stirring bl ades
such as HVR, SCR, N SCR (manufactured by M tsubish
Heavy Industries, Ltd.), Bivolac (manufactured by
Sum tono Heavy Industries, Ltd.), a spectacle-shaped
bl ade and a lattice-type bl ade (nanufactured by

Iﬂwsscz%&ycdhagaéa SPRRRT e iy
AR RS LD SRR P ERLCTCRTRRURS, | 2caoperl 1y

“ﬁyﬂﬁentratlon of the cat al yst aqueous solution is not
articularly limted, and adjusted to an optiona
Y y

ConSSALALAN S fl 10 B8L U LELY oo centalvslotn
el £2P558) 2ol ed i gl ace o il -

R LobE AT IR T GRRERL 8 e

- giid gt alen, dgopzel vele dsafr%ﬂsggsgsg%g iagude
se%sggfm:“ ﬁé&?ﬁﬁbﬁag@sﬁzg&ﬁf R AR
P SEp e deRstbed el on based on the Dran ng. e,
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.).
(00391

The ester exchange catalyst used in polycondensation
between the aromatic dihydroxy compound and the carbonic
diester compound 1is generally previously provided as an
aqueous solution. Concentration of the catalyst agueous
solution is not particularly limited, and adjusted to an
optional <concentration according to solubility of a
catalyst in water. Other solvent such as acetone, alcohol,
toluene or phencl can be selected in place of water.
Properties of water used for dissolution of the

catalyst are not particularly limited so lcng as kind and

concentration of impurities contained are constant. In

general, distilled water, deionized water and the like are

preferably used.




apparatus of an aromatic polycarbonate. In the
production apparatus shown in Fig. 1, an aromatic
pol ycarbonate is produced through a raw nmateri al
preparation step which prepares an aromatic di hydroxy
conmpound and a carbonic diester as raw materials, and a
pol ycondensation step which conducts a pol ycondensati on
reaction of those raw nmaterials in a nolten state using
reactors. Subsequently, the reaction is stopped,
an eIIets of the aromatic pol ycarbonate are forned

éﬁh %é& 9£tu9 vol atilization renoving unreacted
raM/na eria Ahd action by-products in a nDIten

h , f. addi h
0 Zﬁfﬁnieéggépi%f’ﬁl 52 B hERRBanE pp 1asaratic
t t f f
pdilaafiiiYe BB SPPLRE bHRY, SafIRIR | fs anglied
t 0 t k 2 d
i4 X S%ﬁ"?%}lw %{5%%%—;)%”30?0#3&&@1&%}?%6 neafapa-
materij.als pre ared to condensati qn step are
provﬁ*&&r P R R Bohan SPEparATEgT Hep. HApduction
t bl ade .3a ded th
L?é?é%ﬁ{% y(ﬁfx?ﬂgaifaw 635" Fod R AR aR (e thery Hra<id thon

t an DPC_as the carbonic dieste

ahR e Bl ok  Fatha orEs iy i T beLyearBARaEEA Ls
as the ar naa%ﬁbdlhydrox§ np ug%{ggﬁig ﬁbhgpﬁﬁ?g which

pégﬁéégﬁ' En? g?h%gglgfmélﬁygkoly compound and a carbonic

diester as raw materials, and a polycondensation step
which conducts a polycondensation reaction of those raw
materials in a molten state using plural reactors.

Subsequently, the reaction is stopped, and pellets
of the aromatic polycarbonate are formed through a step of
devolatilization removing unreacted raw materials and
reaction by-products in a molten reactant (not shown), a
step of adding a heat stabilizer, a release agent, a
colorant and the like (not shown), and a step of forming
the aromatic polycarbonate into pellets having a given
particle size (not shown).

[0041]

A 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. An anchor type stirring blade 3a is

provided in the raw material mixing tank 2a.
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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 wvertical stirring reactor 6d in series are
provided in the polycondensation step. MAXBLEND bl ades
7a, 7b and 7c are grovided in the first vert

' |
st} r it et b BRE LAY Nk VMM Sepkr ghg DEC as

reactor 6p agd the third vertical, .stirring reactor_ 6c,
the PREF yILASREFi 48 TUROE DI Hie? RAlFsNprodtged i @

the fourth vertical _stirrjng reactor 6d. Furtherpore, a
DEG i FYPRYYbIPRIE 153 1s Sr6Vi 8o A tHee f pFPREtRGr ikt oxy

stirring reactor 9a. [0043] Distillation pipes 8a, 8b,
COmPOURE ahE §8PPeAeddiidt har BPNE ek SHadduct=omr at REA iRWwPLy

formed by _pol ycondensation reaction are fitted to five
Patdactior sind r%%%eb%ilv‘él?‘?dm% 8i 8Pt eRt PBR- pi pes 8a, Bb,

8c, 8d and 8e are connected to condensers 8la, 81b, 81c
[ Jand 81e, respectively, and each reactor is

mai ntained in a given reduced pressure state by

pr esur & Ifducivify tledA kessBIZRL 1N 0 BIALL®RC,68B2d @andecond

82e. [0044] In the production apparatus of an aromatic
vegdl yaaak beRarE18HoWRERALFY .61, a DA nfkel YepEépat edtairming

given tenperature in a nitrogen gas atnosphere and a BPA
reFsider i g dd i hoarhht veg§eaCgas Satwsdpereagtor 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 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 ribbon blade
7d is provided in the fourth wvertical stirring reactor 6od.
Furthermore, a stirring blade 10a is provided in the fifth
horizontal stirring reactor 8%a.
(0043]

Distillation pipes 8a, 8b, B8c, 8d and 8e for
discharging by-products or the  like formed by
polycondensation reaction are fitted to five reactors,
respectively. The distillation pipes 8a, 8b, 8c, 8d and
8e are connected to condensers 8la, 81b, 8lc 81d and 8le,

respectively, and each reactor is maintained in a given

reduced pressure state by pressure reducing devices 8Z2a,
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continuously supplied to the raw material m xing tank 2a
fromthe DPC supply port la-1 and the BPA supply port

I b, respectively. Next, the nolten m xture of raw
materials is continuously supplied to the first

vertical stirring reactor 6a through the raw materia
supply punp 4a. Cesiumcarbonate in a formof an
aqueous solution as a catalyst is continuously supplied

% ?% upply port 5a in the course of a
% ?he nmolten nixture of raw materials.

@ﬁg%ﬁ] The flrst vertlcal stirring reactor 6a keeps, for
a tenperature of 220C, a pressure of 13.33 kPa
(100 Torr) and t he er of revolutlons f MAXBLEND
bladé“17a 16(5’r q A ni EPEGER SSmosPher edtandfromatic
ntai ns a uid ) evel constant such that the average
P‘?ﬁ%? Wm?h 8 68 nt hdt es! whi | @F gmfnﬂﬁepared at a
roduced henol, fromthe distillation pe 8a, and
glp‘)éﬁ“chﬁE}E%é M&R rdhcti SﬁtF§geélorﬁﬂRt%Hﬂo$xlé‘St?re aﬁﬁ‘l BenBEA
reactant di scharged fromthe first vertical stirring
PWReE or YA ANES hedconti nubisI88%uppl9asd 21mpgPhREe  are
second verti cal stlrrlng reactor 6b, the third, vertica
cRFIREoKS Lasueplded tHe FBar tRWwarateRtakt Mixing tank 2a
reactor 6d and the fifth horizontal reactor 9a

Frqre celsi DBFy Sugkd Ypdtidontns azidnt headtPof upRdcedrrt 1b,

Reaction conditions in each reactor are respectively set
rePeet highYt enperature, high degree of vacuum and | ow

Next, the molten mixture of raw materials 1is
continuously supplied to the first vertical stirring
reactor 6a through the raw material supply pump d4a.
Cesium carbonate 1in a form of an agqueous solution as a
catalyst is continucusly supplied from the catalyst supply
port 5a in the course of a transfer piping of the molten
mixture of raw materials.

(0045]

The first vertical stirring reactor 6a keeps, for
example, a temperature of 220°C, a pressure of 13.33 kPa
(100 Torr) and the number of revolutions of MAXBLEND blade
7a of 160 rpm in a nitrogen atmosphere, and maintains a
liquid level constant such that the average residence time
is 60 minutes while distilling by-produced phenol from the
distillation pipe 8a, and polycondensation reaction is
conducted.

Next, a molten reactant discharged from the first

vertical stirring reactor 6a is then continuously supplied
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stirring rate with the progress of pol ycondensation
reaction. During the pol ycondensation reaction, the
liquid level is controlled such that the average
residence tinme in each reactor is, for exanple, about
60 m nutes, and in each reactor, by-produced phenol is
distilled fromthe distillation pipes 8b, 8c, 8d and
Be. [0046] In the present enbodi nent, by-products such

toasth%hegglzoﬁ&e %ﬁﬁi@ggugél% %f:ﬁ#‘f 2 %‘1 rggpovergd ft{:}'%[rgd

the “condensers a an d to e flrét vert
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fourth ve tlcal atlrrln rqgctor 6d and _th

th
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p ar I.n_the present egﬁpdlne nt, t
Feonths it - oo N aHSBErE, SR oA ol

N etween an ronat ¢ qgg¥drox oun% and a car C .
SThidss | 53EPar PG acttt di RGSPESThe POl | QG oncensation
#) edur In thg contgnuou B uctlon a parat m. q
e uEHiG o PEABPGYSOLRFPSE T EP FEAC et ity L1dut
]i%é%CtgélcohtroﬁﬁpQP Xﬁéﬁ'%ﬁatsﬂhﬂi'g e£§ggtggsggence éame
in each reactor 1is, for example, about 60 minutes, and in
each reactor, by-produced phenol is distilled from the
distillation pipes 8b, 8c, 8d and Be.
[0046]

In the present embodiment, by-products such as
phencl are continuously liquefied and recovered from the
condensers 8la and 81lb fitted to the first vertical
stirring reactor 6a and the second vertical stirring
reactor ob, respectively. Furthermore, c¢old traps (not
shown) are provided in the condensers 8lc, 81ld and B8le
fitted to the third wvertical stirring reactor 6¢, the
fourth vertical stirring reactor 6d and the fifth
horizontal reactor 9a, respectively, and by-products are
continuously solidified and recovered.

[0047])
(Start of melt polycondensation in continuous production

apparatus)

In the present embodiment, the melt polycondensation
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stirring reactor 6¢, fourth vertical stirring reactor 6d
and fifth horizontal stirring reactor 9a) connected in
series are previously set to inner tenperature and
degree of vacuum according to nelt pol ycondensation
based on an ester exchange reaction, respectively. The
i nner tenperature and degree of vacuum of each reactor
are not particularly limted, and are generally as

a{s@cl OUR - a(nF' Eg%s}.‘eretzlzc%g%x% E’E!aeg bRAG A, %gr'ﬁq:romatic

enper at ur e: ree O vacuum
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sﬂgﬁﬁ%ﬁ%r§%§§tbgtgh, §ouggﬁewé¥tlcgfr%kff@fngar%gc%or 6d
and fifth horizontal stirring reactcor %a) connected in
series are previously set to inner temperature and degree
of wvacuum according to melt polycondensation based on an
ester exchange reaction, respectively.

The inner temperature and degree of vacuum of each
reactor are not particularly limited, and are generally as
follows.

(First vertical stirring reactor 6a)

Inner temperature: 200 to 250°C

Degree of vacuum: Normal pressure to 13.3 kPa
(Second vertical stirring reactor 6b)

Inner temperature: 200 to 250°C

Degree of vacuum: 70 kPa to 10 kPa
(Third vertical stirring reactor 6c)

Inner temperature: 240 to 320°C

Degree of wvacuum: 10 kPa to 0.1 kPa
(Fourth vertical stirring reactor 6d)

Inner temperature: 240 to 320°C

Degree of vacuum: 1,000 Pa to 1 Pa

{Fifth horizontal stirring reactor 9a)
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at nosphere to obtain a nolten m xture of raw materi al s.
Subsequently, after inner tenperature and degree of
vacuum of the above-described five reactors reach in a
range of from-5%to +5% of the predeterm ned val ue,
respectively, the nolten m xture of raw materials
separately prepared in the raw material m xi ng tank 2a
is continuously supplied to the first vertical stirring

reactQf, 62 -+ égy#égg gus?xomkbh3bhecstart to supply the

mol t €n” M Xt ur raw maferia a catalyst is

contl ggyb§u9$%ugﬂ tgP fkrsﬁ ¥grt|cal stirring

reactor a fromine cat supp y port 5a to start
pol ycondensati on based on an ester exchange
reac}ion [0049] In the first vertical stirring reactor

Fi‘vé{b%%"é%%tefﬁm ISR %2?22%"%%%&9’ e e
PGS AL METHSTS) SURRPSR ASRLARREEeh Totar
vertical stirrin reac r .6a co n |ncludes a net ho
: Fl%omﬂaﬁ‘?.ﬁaw BBERE g LoMid v JE (nge SHbviny PrEvtibas
oty oo d%‘ﬂ’eif??%gﬁph't?ﬁﬁ#ﬁet@ﬁk o8 Mty
no S Pt S PR L ey P e o
t he nDIt n_r eactant di scharg from the bottomof
VAREET PEL RF A SR T bactd® GReeghgrS. Teaeh in a
range of from -5% to +5% of the predetermined wvalue,
respectively, the molten mixture of raw materials
separately prepared in the raw material mixing tank 2a is
continuously supplied to the first wvertical stirring
reactor 6a. Simultaneously with the start to supply the
molten mixture of raw materials, a catalyst is
continuously supplied to the first wvertical stirring
reactor 6a from the catalyst supply port 5a to start melt
polycondensation based on an ester exchange reaction.
[0049]

In the first wvertical stirring reactor 6a in which
melt polycondensation 1is conducted, liquid level of the
molten reactant is maintained constant so as to become the
predetermined average residence time. A method of
maintaining liquid level in the first wvertical stirring
reactor ®6a constant includes a method of controlling
opening of a wvalve (not shown) provided in a polymer

discharge line at the tank bottom.
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is then continuously supplied to the second vertica
stirring reactor 6b, the third vertical stirring reactor
6c, the fourth vertical stirring reactor 6d and the
fifth horizontal stirring reactor 9a, successively.
During the nelt polycondensation reaction, the Iliquid

| evel in each reactor is controlled so as to becone the
predeterm ned average residence tine The average

resi eata'eg% gen gachy ﬁé@t OElIh%O a 91”1%“&‘%&?' Yertical

Ilrnt i's generally from m nut es.
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densation reaction 1 n each react st'i |l
S stillation pipes (8a, 8b,
g%@ dqg%)§§ ?%e%§@3££gakg%eactor [0051] As
[dﬁ% rlbed above, the present enbodinent is that in the
cont’i nuous production apparatus shown in Fig. 1, after
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el als 89%&%65&%533@& Eafoutippons! yoaupgl od

pol yconde i on based on an e ter éxc
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YESI ence time en reac an |n eac reac

soite i o et iR G%SHE‘@%OFQELZ??S‘%%%”?%% REikt3h gﬁf%eearctor

t act ant. dges.. .not. receive, the i stary
ﬁDre OurécegggFlFa% ft%ﬁﬁéﬂ%ﬂ ea%ﬁP?oggasng X eﬂ%&fth

h&?%%énréi£%k£¥%£ﬁﬁsr§§890r %a, successively.

During the melt polycondensation reaction, the
liguid level in each reactor is controlled so as to become
the predetermined average residence time. The average
residence time in each reactor is not particularly limited,
and is generally from 30 to 120 minutes.

Phenol simultaneously by-produced with the melt
polycondensation reaction in each reactor is distilled
away outside the system from distillation pipes (8a, 8b,
8¢, 8d and 8e) fitted to each reactor.

[0051]

As described above, the present embodiment 1s that
in the continuous production apparatus shown in Fig. 1,
after inner temperature and pressure of five reactors
reach the prescribed values, the molten mixture of raw
materials and the catalyst are continuously supplied, and
melt polycondensation based on an ester exchange reaction

is started.
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gel and scorch, generated in the aromatic pol ycarbonate
resin obtained are reduced. [0052] (Stop of nelt

pol ycondensati on and washi ng of apparatus in continuous
producti on apparatus) In the present enbodi nent, the
conti nuous production of an aromatic pol ycarbonate
resin by nelt polycondensation is stopped by the
foll owi ng procedure, and the production apparatus is

mashqﬂuaquih%jﬁgpdu% iona%ggghgirge%gﬁggcgn Ehgsl}%f_ the

production operati‘on of an aro ycarbona Sin
Rt REF 1 E s TEoRIAL S 19r0% ed pPdRBLorR oA el Hd'd 2
09 h or BBRer b os 8 Wavi H & vi Shbs| Pyahber 8o the melt
eqRy o aEl R (M7= £3Fhen dhrlbe beFoF e BHE Wes
B RS e REbEh o Tt FBRY e o) S B e S8 st
I S_.St Ped tgasto roduction_operatian, The viscosit

syt Fo e AR ST SRei T UM FRbr AHE TG} ot Fers such as

oo ke, DR g 2 f SRREPL 1 A coonate
arti %!arlg limted, and is generally from 15,000 to
rﬁl,rbtﬁc)t.’ THEESi AEDsTEJUEFEr age nol ecul ar wei ght (M/2) of

[6@§%fronatic pol ycar bonate resin produced in the
co nuous production operation of the latter stage is

(o%%fg%#gﬁef{eéSi?QLngaggk}%hO%%dt%a% 1%%obfﬂg%paratus in

continuous production apparatus)

In the present embodiment, the continuocus production
of an aromatic_ polycarbonate resin by melt
polycondensation is stopped by the following procedure,
and the production apparatus is washed.

In the production apparatus shown in Fig.1,
production operation of an aromatic polycarbonate resin
having the predetermined viscosity average molecular
weight (Mvl) is conducted for the predetermined period of
time (tl), and production of an aromatic polycarbonate
resin having a viscosity average molecular weight (Mv2)
lower than the viscosity average molecular weight (Mvl) is
then conducted for the predetermined period of time (t2).
Thereafter, supply of the molten mixture of raw materials
and the catalyst is stopped to stop production operation.

The viscosity average molecular weight (Mvl) of the

aromatic polycarbonate resin produced in the continuous
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time (t2) for producing the aromatic pol ycarbonate in
the latter stage is generally equal to or nore than the
sum of the residence tinme (0) of the all reactors, and
is preferably 40 or nore. [0053] A nethod of producing
an aromatic polycarbonate resin having a | ow viscosity
average nol ecular weight (M/2) in the latter stage
production operation before stopping the continuous

I RAUGL PN S talmat be  pohycarnnaie reskhgeby MBIt not
pol ycondensation is not particularly limted, and
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of a carbonic diester in the ndlten mXture of raw
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conti nuous operation.” [0054] I n the present enbodi nent,

el L eh SRRRAINY bt ycsonlataLs 0B8iali 0BroliieetDl L8R the

reactant can be  di'scharged fromthe production

RS gjg.%?fdc*ﬁ%n hSFEEQ%ﬁB‘Er Lp g honk ekl odeQfe i
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time by produci ng an omati c polycar bonate resin
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i
contal ni ng an"aronat| pol ycar bonat e aving a | ow
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preferably 40 or more.

[0053]

A method of preducing an aromatic polycarbonate
resin having a low viscosity average molecular weight
(MvZ2) 1in the latter stage production operation before
stopping the continucus production of an aromatic
polycarbonate resin by melt polycondensation 1s not
particularly limited, and generally employs a method of
increasing a molar ratio of a carbonic diester in the
molten mixture of raw materials as compared with the case
of the former stage continuous operation.

[0054]

In the present embodiment, after stopping the
continuous operation, the molten reactant can be
discharged from the production apparatus described
hereinafter in a short period of time by producing an

aromatic polycarbonate resin having a low viscosity

average molecular weight (Mv2) in the latter stage
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be i ncreased. Mreover, due to the increase in the
washi ng efficiency, residual resin in reservoir portions
in piping and the like is reduced, and foreign matters
such as scorch can be prevented from bei ng gener at ed
when restarting. [0055] Subsequently, a washing nethod
of the continuous production apparatus is described. In
the present enbodi ment, after stopping production

iQn, r oducti on apparatus shown in Fig. 1 is
PR P

h m xture of an aromatic di hydroxy

compaud yand, & £ar bni cq el ery ,gnd, pben vashed yilh.an

aromat1c hononydr oxy conpoun t hé production
t h in Fig 1. aft t ' t I f
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| t tant, f the bottomof the fifth hori tal

AN o TR AR ERLRE BRELEMLL LIS (Lld hohar EeRh
bthe 28 fuéft vgﬁtical stirring reactor 6a to the Hpur%%e
Sertidaased rri HgTFRYEEFor BUCar e sutessiVESALentt o
%%f.fift? .hor i zont al stérring react.or 9a. Finall¥k)%ﬁ%ns
WargHh SFEAELERFYY n 1HE 943t nTRSEPZ At af SEBTYPT hg POX

. t 9a i [ d, th b I'1__of | t
T R A R S e

such as scorch can be prevented from being generated when
restarting.
[0055]

Subsequently, a washing method of the continuous
production apparatus is described.

In the present embodiment, after stopping production
operation, the production apparatus shown in Fig. 1 is
washed with a molten mixture of an aromatic dihydroxy
compound and a carbonic diester, and then washed with an
aromatic monohydroxy compound.

In the production apparatus shown in Fig. 1, after
stopping the supply of the molten mixture of raw materials
and the catalyst, a purge valve (not shown) at the bottom
of the fifth horizontal stirring reactor 9%9a is opened to
initiate discharging a molten reactant while connecting
five reactors in series. By the start of discharging the
molten reactant from the bottom of the fifth horizontal

stirring reactor 9a, the molten reactants remained in the
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[0056] Thus, in the present enbodi nent, after stopping
production operation, the nolten reactants in five
reactors are not discharged fromthe bottom of the
respective reactors, but are successively sent to from
the first vertical stirring reactor 6a to the fifth
hori zontal stirring reactor 9a, and finally discharged
fromthe fifth horizontal stirring reactor 9a. By this,

Sv%‘?%i%ﬁﬁ%%‘i'&%ﬁ% prroﬂcl[tdoer the Be%B%th'o‘ﬁertﬁn“r\Qertlcal

I SC en reac ant at ‘eac

sUBAMRL . LRLehy k'apxgeltsu%%%%ls v%ltyf LEAKCE d Nepe fifth

ero of purge valve.” As"a resul RS pOSSIb
GBS gl 0TS LI Shonter
r%a?%ti%r%?e i an PeEh T SRR rear ety ST TR Potts
IR e EhERERS] « B Sl rEPEREw EraflpParcr uhi cbe
en n1xture of an aronahac déhydroxy conpound and

proiﬁﬁ CRPAETEES RECSHpBFIed a washing 29 liquid

dﬁg shlng t he production apparatus to the first
§ cal stlrrlng reactor 6a fromthe raw nmateri al

t ank, 2 t hi t h | t of the
ol { PR Xt o 1S ¢ R SeT | EGHT ey (o A% (153bing

ve tical stirring reactor 6a |jﬁnot particul arly

TP anfPegat éﬁbral?@eanmg GRt  ore3Esdn by tH@ five

rea ngssqulled gt dlscharged from the bottom of the

respective reactors, but are successively sent to from the
first vertical stirring reactor 6a to the fifth horizontal
stirring reactor 9%a, and finally discharged from the fifth
horizontal stirring reactor %a.

By this, it 1is not necessary to provide the
respective purge valve for discharging a molten reactant
at each reactor, thereby making it possible to reduce the
number of purge valve. As a result, it is possible to
suppress deterioration of a resin due to formation of
liquid reservoir at a purge valve and formation of foreign
matters due to the same.

[0057]

Subsequently, pressure in each reactor is recovered,
and a valve (not shown) of a transfer pipe which connects
each reactor 1is shut. Next, a molten mixture of raw
materials, which a molten mixture of an aromatic dihydroxy

compound and a carbonic diester, is supplied as a washing
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steady operation. [0058] Next, the nolten m xture of raw
materials supplied to the first vertical stirring
reactor 6a is stirred in the first vertical stirring
reactor 6a for the predeterm ned period of tinme. The
time at which the nolten mxture of raw materials is
stirred in the first wvertical stirring reactor 6a is

not particularly limted, and is generally fromO0.5 to

111:%%1*&0“%& wggf‘fﬁﬂtgt Yhe ap}_‘@iiMEti stl ?}‘%)tu%” @otEﬁgSfﬁrr t

etween t first vertlca I Nng reactor 6a an
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the ureo raw nateri in the
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rtical stlrrlng react stirred In t € secon
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u sequen ten mXxture
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5 Egg%%ar operation 30 is conducted in the respective
kt 1fy, the nolten mixture of raw materials
{dquéeﬂ' scharged froma purge valve (not shown) of the
h horizontal stirring reactor 9a. [0059] Next, the

! nnerNetxeCr[pe{gt U lotfenear%{]xﬁggte:t o' IJ:Saw materials supplied

to the first vertical stirring reactor 6a is stirred in
the first  wvertical stirring reactor 6a for the
predetermined period of time. The time at which the
molten mixture of raw materials is stirred in the first
vertical stirring reactor 6a is not particularly limited,
and is generally from 0.5 to 12 hours.

Thereafter, a valve (not shown} on a transfer pipe
between the first vertical stirring reactor 6a and the
second vertical stirring reactor 6b is opened, and the
molten mixture of raw materials in the first vertical
stirring reactor 6a is sent to the second vertical
stirring reactor 6b, and stirred in the second vertical
stirring reactor 6b for the predetermined period of time.

Subsequently, the molten mixture of raw materials is
successively sent from the second stirring vertical
reactor 6b to the third vertical stirring reactor 6c, the
fourth vertical stirring reactor 6d and the fifth

horizontal stirring reactor 9%a, and the similar operation
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adj usted, and a valve (not shown) connecting each
reactor is again shut. The inner tenperature is not
particularly limted, and is generally from 150 to
200C. Subsequently, phenol which is an aromatic
nmonohydr oxy conpound as a washing liquid for washing the
production apparatus is supplied to the first vertica
stirring reactor 6a, and stirred under slightly reduced
i Pr essieded the predetesniped, erfjﬁ%ﬂc Limey; hi's
* case, the amount of phenoﬁésuppgie t&g%%e ???%égliy’ the
&l GRlxt SEd T8 ENDafCAGEAL 183 6! § O SRR
mVJ,I r?tlte ,xand i's g%nergﬁ%lggguﬁéog Slt%?;la_tfl.g%l&t ?rr#e%{“ thé1t9¢
AR L4 AV MBRET ealeeky QLG SRRl & ial i otaabhor
operati on. e pressure of the first vertical 'stirring
eactor 6a is generally from101.3 to 33.3 kPa. Tine
t'hat phenol is stirred in the first vertical stirring
[ JRAFL or 6a is not particularly limted, and is
genérally from0.5 to 24 hours. [0060] Next, a valve
(not. V\,’n) .tq{laaitr{r%]zsf Ye é)r_eatgf% Veel: t aceFl{l Sactor 1s
vertical ‘stirring reactor 6a an e Secont vertica
fiJr1ng cto i S,.open d.th nol _i.n, 31 the
a8 178t Satv gt aet v BachiReBRENE, cpfp Yeddtor
. se % jcal I rarj r I at tirred..n the
L%é%%%ijgﬁF#éalTgtiﬁ%d%}rééﬁé%?aggr?o?gtﬁgt particularly
Hol ery hed ' LIre. bseqyeptly, the pheno
1iR{iq4e] ergi p s &gﬂéfg}?gm%kgﬁelggcgﬁ H§§r¢

I'S successi Vel y’sent d fcal stirring
reamﬂﬁbégﬁ&éhgﬁf,th'Egenol which is an aromatic

monohydroxy compound as a washing liquid for washing the

production apparatus 1is supplied to the first vertical
stirring reactor 6a, and stirred under slightly reduced
pressure for the predetermined period  of time. In this
case, the amount of phenol supplied to the first vertical
stirring reactor 6a is not particularly limited, and 1is
generally about (0.1 to 1.5 times the amount of the raw
material 1liquid supplied at a steady operation. The
pressure of the first vertical stirring reactor 6a 1is
generally from 101.3 to 33.3 kPa. Time that phenol is
stirred in the first vertical stirring reactor 6a is not
particularly limited, and is generally from 0.5 to 24
hours,
[0060]

Next, a valve (not shown) on a transfer pipe between
the first vertical stirring reactor 6a and the second

vertical stirring reactor 6b is opened, and the phenol in
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vertical stirring reactor 6¢, the fourth vertica
stirring reactor 6d and the fifth horizontal vertica
stirring reactor 9a, and the simlar operationis
conducted in the respective reactor. Finally, the
phenol is discharged as a phenol waste liquid froma
purge val ve (not shown) of the fifth horizontal
stirring reactor 9a. (0061] Thus, in the present

credrbedira@nt yeat § 86 1St OPPE RGN he o HQAUCELON OPALH OBy the
the inside of the production apparatus is first washed
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time. [0062] Furthernore, e present enbod
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resin by the continuous production apparatus equi ppe
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procedures are preferre Accor
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an aromatl c pol ycarbonate resin OW VI ScoSity

r NSRS, 0L e5ULBE Ve gL 1GM 2)1 188 phenol is discharged as

a phencl waste liquid from a purge valve (not shown) of
the fifth horizontal stirring reactor 9a.
{0061]

Thus, in the present embodiment, after stopping the
production operation, the inside of the production
apparatus 1s first washed with a molten mixture of an
aromatic dihydroxy compound and a carbonic diester as raw
material monomers. By this, depolymerization of polymers
remained in the production apparatus is accelerated, and
by discharging a molten mixture of raw material monomers,
almost all of polymers remained can be removed.

Furthermore, in the washing with phenol subsequently
conducted, it 1is possible to reduce the amount of phenol
used, and additionally it 1is possible to shorten the
washing time.

[0062]

Furthermore, in the present embodiment, in

32



conpared wth an aromati c pol ycarbonate resin produced
in a steady operation is produced in the latter stage
producti on operation conducted for the predeterm ned
period of tinme. After stopping the continuous operation,
the inside of the apparatus fromwhich a nolten reactant
has been di scharged is washed with a nolten m xture of
an aronmatic di hydroxy conpound and a carbonic diester

coMd nURR WM Fo@fic Bh9MBL G /BT 9 Yy EQPPONALe %'%étm by

in restarting the same production apparatus accordi ng
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period of time. After stopping the continuous operation,
the inside of the apparatus from which a molten reactant
has been discharged is washed with a molten mixture of an
aromatic dihydroxy compound and a carbonic diester and
then with an aromatic monchydroxy compound. Next, 1in
restarting the same production apparatus, according to the
above-described procedures, inner temperature and pressure
of plural reactors are set to the predetermined values at
a steady operation, after the inner temperature and
pressure of those reactors reach the predetermined values,
a molten mixture of raw materials and & catalyst are
continuously supplied to the reactor, and melt
polycondensation based on an ester exchange reaction is
started.
[0063]

The present invention is described further
specifically based on the Examples. However, the present

invention is not limited to the following Examples so far

33



an aromatic polycarbonate (concentration (C: 0.6
g/dl), nmeasuring a specific viscosity (r)sp) of this
solution at a tenperature of 20C using Ubbel | ohde

vi sconmeter, and calculating by the follow ng equations.
rysp/ C=[r)] (1+O.28 rysp) [r) ] =1 . 2 3x 10-4M/' e3
[0065] (2) Nunmber (N) of transparent forelgn matters of

ast04im oﬁoegorﬁo{:uréﬁ%paPﬁm‘blﬁf&g) A a @%t' c A& s

was dried at 120C t'or 6 ours or ger in a |trogen
d t
o ne'?éﬁo?ﬁ%o%ﬁﬁfg%%g??ns?@ ‘(’-‘O?“ S0 o Bbles, vere
145?[?@&{ r b L ive sheets
each havi g@@;S?g%f%%ﬂg&ﬁﬁ?%bg%@gﬁpt(ggouPdg g) were cut

[ }of this sheet. Core-free transparent foreign
natters (=fish eye) were marked on each sheet, and size

(B, U 1038 a0gpas s Ll gt o1 s ver
nagnlfIC@E§§§§% g gQ%rg%%§uQ§gﬁgénl¥%angglgggndqﬁ%(ﬁ(yas

core-1ree nsparent forei gn etermne

o sy ) { fEEBOGe o I Slaagsi ve: | prex it chroynlerenge. o,

heé maxi num |stan

obt ai ned by preparing a nmethylene chloride solution of
RS BRSO e,
mella%gd?mia a Cgﬁgéfgicaggsggglg§nq%%p?f offort%'l%n sm?t tei oh P a
temperature of 20°C using Ubbellohde viscometer, and
calculating by the following equations.
nsp/C=[n] (1+0.28 nsp)
ml=1.23x10"Mv"®3
[0065]
(2) Number (N) of transparent foreign matters of 10 um or
more (unit: number/g)
i An aromatic polycarbonate was dried at 120°C for 6
hours or longer in a nitrogen atmosphere, and film-formed
into a film having a thickness of 70pm using a single-

screw 30 mm extruder (manufactured by Isuzu Kakoki Co.,

each sheet, and size and number of those transparent

. Ltd.). Five sheets each having a size of 9 cm x 50 cm
l (about 4 g) were cut out of this sheet. Core-free
transparent foreign matters (=fish eye} were marked on

foreign matters were measured using a stereomicroscope of
200 magnifications.

In the measurement, planar boundary of core-free
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cal cul ated, ana used as "nunper (N) orf transparent
foreign mtters of 10 pmor nore". [0066] (3)

I nspection of film appearance The film prepared in (2)
above was visually observed, and the appearance was
eval uated by the following criteria. Good: Filmsurface
is transparent and uniform Poor: Filmsurface is opaque
or rough. [0067] (4) Plate color tone (YlI) A flat plate

tr(a‘?l%p?]?e’&tm 'E‘@r’élgmtz ”mat‘ﬁfe an 19% mMat 4Gy o PRL YL PORAL € 1

rmed by inj |onnm I ng arre t enper at ure:
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c'd ﬁaégd“'g%h ucggltlonﬁu eEOlh? of transparent foreign
matters of 10 pm or more”

[0066]
(3) Inspection of film appearance

The film prepared in (2) above was visually observed,
and the appearance was evaluated by the following criteria.

Good: Film surface is transparent and uniform.

Poor: Film surface is opagque or rough.

[0067]
(4) Plate color tene (YI)

A flat plate (60 mm x 60 mm x 3.2 mm) of an aromatic
polycarbonate was formed by 1injection molding (barrel
temperature: 360°C, mold temperature: B80°C), and yellow
index {YI) of this flat plate was measured with a
spectrophotometric instrument (CM-3700d, a product of
Minolta Co., Ltd.). Color tone is good as the value 1is
small.

Example 1
[0068]
An aromatic polycarbonate was produced by the

continuous production apparatus having four vertical
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(FIrst vertical stirring reactor oa):.: 220C, nornal
pressure (Second vertical stirring reactor 6b): 220C
13.3 kPa (Third vertical stirring reactor 6c¢): 240C, 2
kPa (Fourth vertical stirring reactor 6d): 270C, 67 Pa
(Fifth horizontal stirring reactor 9a): 290C, 67 Pa

[ 0069] Separately, ‘bi sphenol A (BPA) and di phenyl
carbonate (DPC) were mixed in a constant nolar ratio

stiDRIIBPAH D4 rs | Nadd Ni 4K O, Seso A SPSphef €rify t he davs
material preparation step, and heated at 140C to obtain
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nolten m xture of raw nmaterials ~“was continuously

cappligdsto the first vertical stirring reactor 6a
havi ng the tenperature and pressure controlled in a

range: fly 56 9+ L he,aboyecreBRLLed RN @UCLITE N6t nperature

tenperature and degree to vacuum through a raw materia
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ottom such that the average residence tine
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of the nolten mxture of raw materrals, a cesium
p e te aqueous solution as a catal yst was

continuously supplied to the first vertical stirring
react o G4 rom? 16ahal ¥8irring reactor 6b): 220°C, 13.3

kPa

(Third vertical stirring reactor 6c): 240°C, 2 kPa

(Fourth vertical stirring reactor 6d): 270°C, 67 Pa

{(Fifth horizontal stirring reactor 9a): 290°C, 67 Pa
[0069]

Separately, bisphenocl A (BPA) and diphenyl carbonate
(DPC} were mixed in a constant molar ratio (DPC/BPA=1.040)
in a nitrogen gas atmosphere 1in the raw material
preparation step, and heated at 140°C to obtain a molten
mixture of raw materials.

Subsequently, the meclten mixture of raw materials
was continucously supplied to the first vertical stirring
reactor 6a having the temperature and pressure controlled
in a range of 5% of the above-mentioned predetermined
temperature and degree to vacuum through a raw material
introduction pipe heated to 140°C, and the 1liquid level
was maintained constant while contrelling opening of a

valve {(not shown) provided in a polymer discharge line of
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supply port 5a in a proportion of 0.35 nol per nole of

bi sphenol A. [0070] A nolten reactant discharged from
the bottomof the first vertical stirring reactor 6a
was then continuously supplied to the second vertica
stirring reactor 6b, the third vertical stirring
reactor 6¢c, the fourth vertical stirring reactor 6d and
the fifth horizontal stirring reactor 9a, successively.

tHAr bRg toRe BabXMerh Zat iR ' 83ethel, tdesddqud d digkel 55 60
was controlled such that the average residence tine in

m&aged eactor is 60 m nutes, and phenol by-produced
simul taneously with the polynerization reaction was

di stid{feh @yRYou T PAUGEEAN 5RESL9he@N tROMRY
polycgibonate ?% 5% kg/ hr. The aro ticepgﬁi%g?ﬁbné%% the

0 ] hadra VL,sCOS| r.age I I '
R T T ol i

a 'é&F@fSQuftg%‘t LT iLh 21000 2008 aboftlih E?%&E’f@f%glied

a was I ntroduced I1nto a twn- screw extru

tdafg el fi?@er\i%frﬂ;ri%:alzé%)ﬁ)brfﬂ?@ rS{cfBLt 80 $Lake MILL A yst

gear punp, an ppm ut'yl” p- 7o uenesul%onate Was

teq, T, tized
S gR oty ir P CSE 1 Gat e Fypen e 6bl isde ©f

b{ﬁﬁﬁéﬁ used here is that 135 woven netal wre-nmade | eaf
I'scs %aving an absolute filtration accuracy of 40 m
[@BPut on a center post. In t he use

A molten reactant discharged from the bottom of the
first vertical stirring reactor 6a was then continuocusly
supplied to the second vertical stirring reactor 6b, the
third vertical stirring reactor 6c¢, the fourth vertical
stirring reactor 6d and the fifth horizontal stirring
reactor 9a, successively.

Puring the polymerization reaction, the ligquid level
was controlled such that the average residence time in
each reactor is 60 minutes, and phenol by-produced
simultaneously with the polymerization reaction was
distilled away. Production rate of an aromatic
pclycarbonate is 50 kg/hr. The aromatic polycarbonate
thus obtained had a viscosity average molecular weight
{Mv) of 25,000.

[0071]

Next, the molten reactant discharged from the fifth

horizontal stirring reactor 9a was introduced into a twin-

screw extruder (L/D=42, barrel temperature: 240°C) in a
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bef ore passing a nolten reactant through the polyner
filter, the polynmer filter was previously heated to 280C
at aflowrate of 5 M/mn for 36 hours in a nitrogen

at nosphere, and then used. The pellets thus obtained
were nolded into a filmand a plate, and the nunber (N)
of transparent foreign matters of 10 pmor nore, film
appear ance i nspection and plate color tone (Yl) were

mdBasHr edaee thethi lan ged pl Thed esul alg SHEWRL i p-
Table 1. Exanple 2 3072] }a%?%er conducté% t he e

t FINRAHCd 1} OFbePEE atiia@n éﬁdé"dﬂ anerBELG PofcamBonahe J:Q%édthﬁ)t
conti nuous production apparatus shown in Fig. 1 for 100

OS] undesfed hen 8angh §0pdivhepsrasthp Fxappl asst. tipe) .
" rmL%r rati oe of BP%H%nd %ch(was changedEZDPC/ BPAfl Ogg

the "I’Hlae(spéP;FFﬁ)@f af Pt eepf yskhenkbour th vanki qals sidvdd Mktal
reactor 6d was changed 260C, the inner tenperature of

wﬂﬁkﬁ‘—r{d&éh herirzomd@d-$ti hELAGG T eaft Opp81WRE changstition
265C, and the production operation was further

&anduc edr f ap %ﬁ‘nvhéwés put NBHERY Qbi@lni Bgsan Iﬁo%te' Gse,

a
pol ycar bonate ing a viscosity average 38 m) ecul ar

peiaht (M .0f 15, QR ¢ Jhergaf ﬁgntthﬁ1 y 9f \;y%lymer

nolten m xture of raw rraterla and the catal yst

flslté&pedthé‘”g g 'fle_Lﬂ: f%‘&é aﬁ&e'fvﬂohgﬁ r%%%tt%rd a5 280°C

successli vel rged rom I rst ert I cal

atféé&[ﬂol@amégéggggovgfgd%ﬂ%ﬂgg%%y 36 pﬁSﬁ%Er & Na€af rogen
atmosphere, and then used. The pellets thus obtained were
molded into a film and a  plate, and the number (N} of
transparent foreign matters of 10 um or more, film
appearance inspection and plate color tone (YI) were
measured on the film and plate. The results are shown in
Table 1.

Example 2

{0072]

After conducting the production operation of an
aromatic polycarbonate by the continﬁous production
apparatus shown in Fig. 1 for 100 hours under the same
conditions as in Examples 1, the molar ratio of BPA and
DPC was changed DPC/BPA=1.060, the inner temperature of
the fourth vertical stirring reactor 6d was changed 260°C,
the inner temperature of the fifth horizontal stirring
reactor 9a was changed 265°C, and the production operation

was further conducted for 24 hours, thereby obtaining an

aromatic polycarbonate having a viscosity average
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nolten m xture of raw materials was supplied to the
first wvertical stirring reactor 6a fromthe raw
material mxing tank 2a. [0073] After stirring the
nolten mixture of raw materials in the first vertical
stirring reactor 6a for 2 hours, the nolten m xture of
raw materials in the first vertical stirring reactor 6a
was transferred to the second vertical stirring reactor

mcflsceh skdidied terebp fgrodohours.  Subsequently, the
same operation was perforned inthe third vertica

stirriadLacdof ke %ﬂ% plQUrdih MeLthgdtenShiiktu?@ of raw
reactor 6d and the fifth horizontal stirring reactor

nat®riiccesd vehy, eadaiibal lyad hevmiden ”hﬁburﬁheoﬂnéfWén
materials was di scharged froma purge valve (not shown)

réHcﬁJﬁtfhﬁtﬁﬂgﬂféQBEék aldl M4 0GeL 2L 01 9613&%@?@Ed from

Tenperature of each reactor was set to 180C

tHherqly wasyavpplihed EQlEP?HB'rﬁéaé%ﬁf'QﬁJ St'%gﬁgéhuently,

reactor 6a and stirred theréin for hour's un

pfﬂééﬂgéylnr%g%ﬁeqﬁﬁ%ﬁ@éyr@asaQ@cBQ%r%@?thu¥a§0tQ ofk}he

transferred to e second vertical sti'rring reactor 6

moURSEANERE hYe 39 AW AR LPES afL ONg @@ﬁl@ﬁﬁfﬁl d MFirst
- the fourt

the third vertical stirring reactor

vé@.ﬁtdﬁa' sﬁmhggr@%@%@ 6a6df€t5e}ﬁyﬁﬂagnghﬂ ;]hqaalf&%yiégggngifxing

tirring reacto successi
tgﬁg;féjqu|d was W thdrawn fromthe fifth horizontal
stirring reactor 9a. One nonth |ater, continuous
[Pl yjeri zation operation

After stirring the molten mixture of raw materials
in the first vertical stirring reactor 6a for 2 hours, the
molten mixture of raw materials in the first vertical
stirring reactor 6a was transferred to the second vertical
stirring reactor 6b, and stirred therein for 2 hours.
Subsequently, the same operation was performed in the
third vertical stirring reactor 6c, the fourth vertical
stirring reactor 6d and the fifth horizontal stirring
reactor 9a, successively, and finally the molten mixture
of raw materials was discharged from a purge valve ({not
shown) of the fifth horizontal stirring reactor 9a.

[0074]

Temperature of each reactor was set to 180°C, 60 kg
of phenol was supplied to the first wvertical stirring
reactor 6a and stirred therein for 5 hours under slightly
reduced pressure, and the phenol was then transferred to

the second vertical stirring reactor 6b. Subsequently,
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of an aromati c pol ycarbonate was conducted using the
conti nuous production apparatus to which the above-
descri bed washi ng operati on had been conducted, under
the sanme conditions as in Exanple 1. The pellets thus
obt ai ned were nolded into a filmand a plate, and the
nunmber (N) of transparent foreign matters of 10 gm or
nore, film appearance inspection and plate color tone

theYl jamer epaeasised wars t perfbkreandipl ahe. Therd esadrttsical
are shown in Table 1. [0075;] [Conparative Exanple 1]

st tifgy coORddtepUSchr aductiQn-appasat Usashewd ricinkl Geackor
each reactor was set to 140C and nornmal pressures.

6d\extnda rald enfrirxhur en®f i Bidcand BRGras pw pasetbal s 9a,
was supplied to each reactor so as to becone the

sudcedetierdiyned ahiqqui dihgvel. Subseauenyhgteeach; ggagt ofwas
was set to the sane tenperature and pressure as In

wibRiie Lrand i telrreaghri e8at Q1 Eeacheflgt beactor 9a.
predeterm ned tenperature and pressure, the nolten

M Xt Wre Wasnet | 14€8rf ORof0 1 RLiBULE o1 yHReieaktli®h operation
cont | huous polynerlzatlon was start ed, and cont | nuous

o POl LIZAAG: ORI IAIHb NS CONAICT &bifeled 4Aidfiy  the

same conditions as i'n Exanple 1. The pellets thus

chtidNRe Wek eoARLdedni Nt fidys and ayplake, tard theve-
nunber (N)

( of transparent foreign matters of 10 m or
de@\?{;{ﬁbé‘d | 74 8RPRGT %E;%%a'tﬁ%%eﬁd&rb@&? cBhahereal onnkiRe the

(Yl') were neasured on the filmand plate. The results
sE a4 @bl g5 1. JWepf ynHour sy were the pellets thus
obtained were molded into a film and a plate, and the
number (N) of transparent foreign matters of 10 um or more,
film appearance inspection and plate color tone (YI) were
measured on the film and plate. The results are shown in
Table 1.

[0075])
[Comparative Example 1]

In the continuous production apparatus shown in Fig.
1, each reactor was set to 140°C and normal pressures.
Next, a molten mixture of BPA and DPC as raw materials was
supplied to each reactor so as to become the predetermined
liguid level. Subsequently, each reactor was set to the
same temperature and pressure as in Example 1, and after
each reactor reached the predetermined temperature and
pressure, the molten mixture was stirred for 60 minutes.

Thereafter, continuous polymerization was started, and

continuous polymerization operation was conducted under
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required until the sane plate color tone (Yl) as in
Exanple 1 was obtai ned. [0076] |[Conparative Exanple 21
In Conparative Exanple 1, the nolten mixture of BPA and
DPC as raw materials was supplied to only the first
vertical stirring reactor 6a up to the predeterm ned
[iquid level. Next, the tenperature and pressure of the
first vertical stirring reactor 6a were set to the sane
troorghinie condist ionExagpie Exampdealter reaching the
predeterm ned tenperature and pressure, the nolten
m xt Wtee paslster righd obbG@imedgutiaste Theddabt einto a film
simultaneously wth starting the supply of the nolten
ard xhunsl afe r awndneties | ausndea t he) segondryespheaht foreign
stirring reactor 6b, a nolten mxture of raw materi a

maese SppEi ed ton the kst A | g@beStaREd NG nkpaekabnband
fromthe raw material mxing tank 2a, and conti nuous

plRaley RSl @At t Sfie OPLL ft veReWas asteRdUGhed hendannt kG aiate .
conditions as in Exanple 1. The pellets thus obtained

THEr @ ciilded EREO shékbhmimndapdlpl ate, angehhe nushes (Mre
of transparent foreign matters of 10 mor nore, film

refpess@ncmdinspetld oaakd pAktRl ate1eel otohene(tY|) xerein
nmeasured on the filmand plate. The results are shown

Estdingiedl B as [89Fdinedi Tabl e 1] Conparative Conparative
Exanple 1 Exanple 2

[0076]

[Comparative Example 2]

In Comparative Example 1, the molten mixture of BPA
and DPC as raw materials was supplied to only the first
vertical stirring reactor 6a up to the predetermined
liquid level. Next, the temperature and pressure of the
first wvertical stirring reactor 6a were set to the same
conditions as in Example 1, and after reaching the
predetermined‘temperature and pressure, the molten mixture
was stirred for 60 minutes. Thereafter, simultaneously
with starting the supply of the molten mixfure of raw
materials to the second vertical stirring reactor 6b, a
molten mixture of raw material was supplied te the first
vertical stirring reactor 6a from the raw material mixing
tank 2Za, and continuous polymerization operation was
conducted under the same conditions as in Example 1.

The pellets thus obtained were molded into a film

and a plate, and the number (N) of transparent foreign

matters of 10 pum or more, film appearance inspection and

41




Exanple 1 Exanple 2 Viscosity average nol ecul ar wei ght
25,000 25,100 24,500 24,800 (M) Nunber of transparent
foreign 30 5 500 1,200 matters of 10 gmor nore (N)
Fi | m appearance Good Good Poor Poor inspection Plate
color tone 1.5 1.4 2.2 1 (Yl) [0078] It is seen from
the results shown in Table 1 that in the continuous
producti on apparatus shown in Fig. 1, by starting nelt
pRolyresigat teRebaged QBranmeskeir-eeXChardR fieactdR plate.
after the inner tenperature and pressure of five
THeaed Qi Bt § eacheshbhe pPhedgbeenined val ues, an aromatic
pol ycarbonate resin having | ess nunber (N) of
[dgAnsparent foreign nmatters of 10 pmor nore, and
havi ng good film appearance inspection and plate col or
[Ty (Y ) is obtained (Exanple 1). Furthernore, it is
seen that in the continuous production apparatus shown

nnnnn + |

g —after—stopptng—the—produgtion—operaiion—by

washi ng the inside_of the Comparative | Comparative
Example 1 | Example 2

Example 1 Example 2

Viscosity average
molecular weight 25,000 25,100 24,500 24,800
(Mv)

Number of
transparent foreign
30 5 500 1,200
matters of

10 pm or more (N)

Film appearance
. ] Good Good Poor Poor
inspection

Plate color tone

{(YI)

{00781

It is seen from the results shown in Table 1 that in
the continuous production apparatus shown in Fig. 1, by
starting melt polymerization based on an ester exchange
reaction after the inner temperature and pressure of five
reactors reached the predetermined wvalues, an aromatic
polycarbonate resin having less number (N} of transparent
foreign matters of 10 pm or more, and having good film
appearance inspection and plate <c¢olor tone (YI) is
obtained {(Example 1).

Furthermore, 1t 1is seen that in the continuous
production apparatus shown in Fig. 1, after stopping the

production operation, by washing the inside of the
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42 production apparatus with a nolten m xture of raw
material nononmers and then washing with phenol, an
aromati c pol ycarbonate resin having | ess nunber (N) of
transparent foreign matters of 10 mor nore, and having
good film appearance inspection and plate color tone
(Yl) is obtained (Exanple 2). On the other hand, it is
seen that where the inner tenperature and pressure of a

prRBME Il &Hptaces §othval Hegtah ﬁl%&%%@yoqp%%ﬂlmaterlal
(Conparative Exanple 1) and in the case of the batch

mcHcMdrd Cosmar ath¥g EXamMie2) .wth J00HeAhPML b  aromatic
pol ycarbonate i's not obtained. [0079] As described in

pdlisi@idpahane, ré9ihhaapiesente s enbefhaenin) b%fc%rﬂéﬂéicﬂarent
out both the starting method and stopplng nmet hod as

rélascy bRdrapoe 4 80MaNogr Ofno.CONt LAHOYSY Pf OgHBHNE i 1m
an aromatic poI ycar bonat e resi n, 1 t |1 S pOSSI eto

agPQANGE-AN 85 9FBEL €oRO! RS b‘iﬂaétee reshor SO¥HEY 9989 s

color tone fromthe start tinme and having [ess foreign

OHEﬁfﬁg@ A eL my e, the aromatic polycarbonate resin
t hus ob&alned can suitably be used in building

mat erg Al $hSUBRKedS 1hREL S; V§§S%|e%ns%@5w}l?8£él fefl AMmner

wat er, optical |enses suc as head | enses for

%&m]}eesa%ﬂ pe¥eghass b |scsq%td&%t r%%gfdh set to

mat eri al s such as opti cal gui ates

B s gty gl oo e e 61
in the case of the batch start (Comparative Example 2), a
good aromatic polycarbonate is not obtained.

[0079]

As described in detail above, in the present
embodiment, by carrying out both the starting method and
stopping method as described above in a method of
continuously producing an aromatic polycarbonate resin, it
is possible to produce an aromatic polycarbonate resin
showing good color tone from the start time and having
less foreign matters.

Furthermore, the aromatic polycarbonate resin thus
obtained can suitably be used in building materials such
as sheets, vessels such as bottles for water, optical
lenses such as head lamp lenses for automobiles and
eyeglass lens, optical recording materials such as optical
discs, light guide plates such as liquid crystal display,

and the like.

While the invention has been described in detail and
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45 W th rererence to specitic enpodl nents thereor, It
will be apparent to one skilled in the art that various
changes and nodifications can be nade therein w thout
departing fromthe spirit and scope thereof. This
application is based on Japanese Patent Application
(Patent Application No. 2006-340464) filed Decenber 18,
2006, the entire contents thereof being hereby
wil e OF POE BEREe bY o T 8hBEERGE. clhiBdMSendls AMRIALAD! it Yyill be
[0080] According to the production nethod of an aromatic
agiod D bepatnd eskn19kdt hg, pPrgsenird Mgt | QAriBus changes
pol ycarbonate resin show ng | ess coloration and having
ad®dHeRd FEketiadhnls Z88nf Qe ﬁQdEHtﬁrFérsei%{‘dwa%Shgn_d?éé@if’ng
such as gels is obtained. Therefore, the industria
£2(6h Une Ofpd Rer PARSEDLoLBVERLEAR S Temarkabl e 44 CLAING
1. A production nethod of a polycarbonate resin which
s a fipiodaph Geallipiously PLAJUA NGR POLYGAERANAUG, tent
resin by an ester exchange reaction using a dihydroxy
AGPIROMEL AN £, CALDON 5 Pl 3¢ £hn A AW S EI3A Pog ANCES feq
aracterized 1n that 'before using a reactor 1n I ch

Dééghﬁéferl§xcggﬂﬁ? 'fﬁ%ﬁiéHEifeCQ%ﬁﬁ%#ﬁ% o0 being

t enper at ure’ and degree of ~vacuum e reactor are seft

hd i he REss eLgel, vabygsenal Which the ester exchange
reactl an

on 1s conduct ed,
Industrial Applicability

(0080]

According to the production method of an aromatic
polycarbonate resin of the present invention, a
polycarbonate resin showing less coloration and having
reduced crystallized foreign matters and foreign matters
such .as gels is obtained. Therefore, the industrial value

of the present invention is remarkable.
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after the inner tenperature and degree of vacuum of the
reactor reach in a range of from-5%to +5% of the
predeterm ned val ues, the raw materials are supplied to
the reactor to start the ester exchange reaction. 2. The
5 producti on nethod of a polycarbonate resin as clanmed in
5 claim1l, characterized in that the di hydroxy conpound
; is an aronmatic di hydroxy conpound. 3. A production
nmet hod of a pol ycar bonat eCLRIMA which is a nmethod of
conti nuously producing a pol ycarbonate resin by an

1.est e exrddugeioraaisittwded ean wo ldiduadsangte cogporndvhich
and a carbonic diester, characterized in that before

isst appinaghble est efoekthangel yeasiodiicing Ol yeanketichate
resin having a viscosity average nol ecul ar weight of

referiom BQ, 090 tas 280k 0RKdhmareent rauetdloy pnsdhgeds fddmyidiexy
predeterm ned period of time. 4. The production nethod

cofpourd| year Roratrdreisd nd8sst el abged-dw wheéAi3ls, and is
characterized in that 45 the di hydroxy conpound is an

| chalr@ald o ZdHdhyidt oyat conpound, and after stopping the
| ester exchange reaction, a reactor in which the ester

excharg® reagsing ias wanstust edn iws @S hege Wekhe2 BAdRINge
m xture of the aromatic di hydroxy conpound and the

reQ@tIN Cidi esbRBuckbed]hel Mi®dutlenpe mried ahda degree of
pol ycarbonate resin as claimed in claim 3,

vatharad rtEedreActbat afd efetStOpPLRE bhedestenitrehandaies
reaction, a reactor in which the ester exchange
atl 2GR HeS £pditicdLehange reaction is conducted, and
after the inner temperature and degree of vacuum of
the reactor reach in a range of from -5% to +5% of the
predetermined values, the raw materials are supplied to
the reactor to start the ester exchange reaction.
2. The production method of a polycarbonate resin as
clamed 1in claim 1, characterized in that the dihydroxy
compound is an aromatic dihydroxy compound.
3. A production method of a polycarbonate resin which
is a method of continucusly producing a polycarbonate
resin by an ester exchange reaction between a dihydroxy
compound and a carbonic diester, characterized in that
before stopping the ester exchange reaction, a
polycarbonate resin having a viscosity average moclecular
weight of from 10,000 to 20,000 is continuously produced
for the predetermined period of time.

4. The produétion method of a polycarbonate resin as

claimed in claim 3, characterized in that
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Is washed with a nmolten m xture of an aromatic di hydroxy
conpound and the carbonic diester, and the reactor is
further washed with an aromati ¢ nonohydroxy conpound. 6.
The production nethod of a polycarbonate resin as
claimed in claim4 or 5 characterized in that before
washi ng the reactor, a nolten reactant is discharged
from the reactor. 7. A production nethod of an aromatic

pol yaafdorgtteydr®@s} N ddtipduns a dretdiod afontantd nuausioroxy

produci ng an aromatic pol ycarbonate resin by an ester
caeange drefction using an aronmatic di hydroxy conpound

and a carbonic diester as raw materials, characterized

in t hatt def owo;s%m@i nghthe aatar exgbRAEGe! €26hi@AondN a
aronmati c poI ycar onate resin havi Nng a VI SCOosSI ty aver age

remieoil B Wei ght tole fdABA 000t Qe 20e800ibR is conducted
conti nuously produced for the predeterm ned period of

id ivBshéd t Rf Bt QPRJIE drhn 88t 8F e €XENBAGE a8RGH1 N d iy xy
reactor in which the ester exchange reaction is

cHPUUHG &thq | hyvashedom ENadegPEEen m xture of the
aromati ¢ di hydroxy conpound and the carbonic diester;

5.bef org 298 BIRERR bNdnd 180 §SLET £XPRANE rRAGIIONres R as
I nner tenperature and degree of vacuum of the reactor

clafignexetid @ 1den Ps edet gratpedi yahues ahawhi ch the ester
exchange reaction is conducted; and after the inner

tenperaidy e apghgdeggee tpk vacuyp Ofex&}‘?SngéaCE%c‘cg%%*} a

in arange of from-5%to +5% of the predetermne

roUss, id hgntaw mRkerd Al afe-viPPl| 8dakPion is conducted

is washed with a molten mixture of an aromatic dihydroxy
compound and the carbonic diester, and the reactor is
further washed with an aromatic monohydroxy compound.
6. The production method of a polycarbonate resin as
claimed in claim 4 or 5, characterized in that before
washing the reactor, a molten reactant is discharged from
the reactor.
7. A production method of an aromatic polycarbonate
resin which 1is a method of continuously producing an
aromatic polycarbonate resin by an ester exchange reaction
using an aromatic dihydroxy compound and a carbonic
diester as raw materials, characterized in that

before stopping the ester exchange reaction, an
aromatic polycarbonate resin having a viscosity average
mclecular weight of from 1G,000 to 20,000 is continuously
produced for the predetermined period of time;

after stopping the ester exchange reaction, a
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the reactor to start the ester exchange reaction. 47

reactor in which the ester exchange reaction is conducted
is washed with a molten mixture of the aromatic dihydroxy
compound and the carbonic diester;

before again starting the ester exchange reaction,
the inner temperature and degree of vacuum of the reactor
are set. to the predetermined values at which the ester
exchange reaction is conducted; and

after the inner temperature and degree of vacuum of
the reactor reach in a range of from -5% to +5% of the
predetermined values, the raw materials are supplied to

the reactor to start the ester exchange reaction.
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