DESCRI PTI ON  Production nethod of aromatic pol ycarbonate Technical Field
[ 0001] The present invention relates to a production nethod of an aromatic
pol ycarbonat e by ester exchange reaction. Mre particularly, it relates to
a production nethod of an aromatic polycarbonate, in which exchange
frequency of a filter for filtering a raw material is reduced. Background
Art [0002] In recent years, a polycarbonate resinis widely wused in QA
parts, autonobile parts, building materials and the |ike as engineering
pl astics having excellent nechanical properties such as inpact resistance
and additionally excellent heaPEﬁﬁgFggﬁﬂ e, transparency and the like. In
particul ar, utLIizin% Its properties such as_ inpact resistance,

h RO

t r anspaPEREPCEAAN REThpde of REomatAF: cagFPorEde, i s widely used in
applications of _.an, optical lens and a recording disc as optical materials
and of T8°8R&ERL EiBdfile and the Iike. [0003] A so-called interfacial

nmet hod E@iﬁg an aromatic diol such as a bisphenol conpound, and phosgene as
raw mat@PP3ls is industrialized as a production nmethod of the aronmatic

pol ycarbonat e'I'hé present invention relates to a production method

of an aromatic polycarbonate by ester exchange reaction.
More particularly, it relates to a production method of an
aromatic polycarbonate, in which exchange frequency of a
filter for filtering a raw material is reduced.

Background Art

[o002]

In recent years, a polycarbonate resin is widely
used in OA parts, automobile parts, building materials and
the 1like as engineering plastics having excellent
mechanical properties such as impact resistance and
additionally excellent heat zresistance, transparency and
the like. In particular, utilizing its properties such as
impact resistance, transparency and the 1like, the
polycarbonate resin is widely used in applications of an
optical lens and a recording disc as optical materials and
of a sheet, a bottle and the like.

[0003]

A so-called interfacial method using an aromatic
diol such as a bisphenol compound, and phosgene as raw
materials is industrialized as a production method of the

aromatic polycarbonate.



However, this nethod invol ves the problens such that phosgene harnful to
human body nust be used, a solvent such as dichl oronethane havi ng high | oad
to environnent is required, and sodium chloride by-produced in |arge anount
i ncorporates into a polyner. On the other hand, a nmethod in which an
aromatic diol and carbonic diester are ester-exchanged in a nolten state,
and an aronmatic pol ycarbonate is obtained while renoving a | ow nol ecul ar
wei ght material such as phenol by-produced is conventionally known as a
so-called nelt process. The neugugrocess has the advantage that an

aromati c pol ycEomavate déiaghrfliciaved veputhenrrabiems gushs itha® probl ens
as in the interfacial nethod. %0004] By the way, the aromatic pol ycarbonate
i s used Rhosgenspthaapfpdnsdanbunapekbthgmiesc R ¥geAcal 2 nBCdVERts as
descri bed above. |n _particular, incorporation_of foreign_ matters .is a fatal
probl em iSRN &se dHFhteranehans having RirohsiagdahcapBirdrramgnty dSoxy
conpound and , a carbopic dieste fr m\g¥<ﬂ1f reign matters have been
(11t or od SRR Ty ARG PAGLERT ChLeriars By GHosBiRP Dot LABIRAISI Y educ ng
foreign natt%%%F%ﬁﬁgﬂagggnathz%iﬁ%%carbonate (for exanple, see Patent
Docunent P°° © £ hf f nmixing and nelting an aromatic
di hydr oxy conpqund,_and carboni ¢ dies_t s raw . materials_and,then
filtering the o }"f’?iﬁ?@ﬁ'mﬁ cRethod” id whi8h®'ad" &-dnacid
diol and carbonic diester are ester-exchanged in a molten
state, and an aromaticl polycarbonate is obtained while
removing a low molecular weight material such as phenol
by-produced is conventionally known as a so-called melt
process. The melt process has the advantage that an
aromatic polycarbonate can be produced without the above-
described problems as in the interfacial method.
[0004]

By the way, the aromatic polycarbonate is used as an
optical lens and a recoding disc as optical materials as
described above. In particular, incorporation of foreign
matters is a fatal problem in those applications.

A method of using an aromatic dihydroxy compound and
a carbonic diester, from which foreign matters have been
filtered and removed using a filter, is disclosed as a
method of reducing foreign matters in an aromatic
polycarbonate (for example, see Patent Document 1).

Furthermore, a method of mixing and melting an

aromatic dihydroxy compound and a carbonic diester as raw

materials and then filtering the melt using a filter which



has been subjected to specific treatnent is disclosed (for exanple, see

Pat ent Docunent 2). Alternatively, a nethod of stipulating flowrate of a
raw material liquid to be treated with a filter and a filtration area of
the filter is disclosed (for exanple, see Patent Docunent 3). [0005] Patent
Docunment 1: JP-A-5-239334 Patent Docunent 2: JP-A-2003-048975 Patent
Docunment 3: JP-A-2002-256071 Disclosure of the Invention Problens that the
Invention is to Solve [0006] However, the filter for filtering raw
materials gradually clogs with tinme. Therefore, in general when

di ffer enhiaal baeds :uke)ditfcal ccagpadific atfed tment chehdisalosedt difoxl evel |
the filter is replaced with a fresh filter or a cleaned filter. However, an

aromat i ¢ esiampdiegX seeo Radient Doduwmerdardjoni ¢ di ester, used as raw material s
of an aromatic polycarbonate by nelt process, and a m xture of those each

have a nel ti ngAldiernagiceillyy, ld ghethddaofr eipndeEidnat flyw Bateasfa result,
there is the problemthat exchange operation of a raw material filter

i nvol ves al araye maté&riaXo liephicke wxchandecateglioncth of F£iflidererandhaere is a
met hod of increasing a filtration area per unit flowrate. 3

filtration area of the filter is disclosed (for example,

see Patent Document 3).

[0005]

Patent Document 1: JP-A-5-239334

Patent Document 2: JP~-A-2003-048975

Patent Document 3: JP-A-2002-256071
Disclosure of the Invention
Problems that the Invention is to Solve
[0006]

However, the filter for filtering raw materials
gradually clogs with time. Therefore, in general when
differential pressure before and after a filter reaches a
certain level, the filter is replaced with a fresh filter
or a cléaned filter.

However, an aromatic dihydroxy compound and a
carbonic diester, used as raw materials of an aromatic
polycarbonate by melt process, and a mixture of those each
have a melting point greatly higher than room temperature,
and as a result, there is the problem that exchange
operation of a raw material filter involves large risk.

To reduce exchange frequency of a filter, there is a

method of increasing a filtration area per unit flow rate.



However, there is the problemthat an apparatus is excessively |arge,
resulting in further increasing risk of filter exchange operation. The
above-descri bed probl ens becone further serious by a slight anbunt of a
precipitated catal yst when an ester exchange catalyst is contained in raw
materials, and drastic resolution has been demanded. [0007] The invention
has been nade in view of the above- described problens in the prior art.
That is, the object of the invention is to provide a production nethod of
an aromatic pol ycarbonate that can reduce exchange frequency of a filter
for filtcHowavenw bwhereials. thansptobl@&wsoithaty ahe Rppeiratms [ GE08) As a
result of keen investigations to solve the above problens, the present

i nvent or :exeaesivalyl large wheesubtimgl ini Furthetrodntirensingg nisk mfierial s
are used, exchange frequency of a filter can be reduced, and have

conpl et edfikkepreschange epeyratiomsed on such a finding. [0009] Thus,
according to the invention, there is provided a nethod for producing an
aromati c pol ycadspnabevasdageaibed, probilens herens £unpbend s&¥doilscar boni c

diester as raw materials, characterized in that the raw material in a 4
by a slight amount of a precipitated catalyst when an

ester exchange catalyst is contained in raw materizals, and
drastic resolution has been demanded.
[0007]

The invention has been made in view of the above-
described problems in the prior art.

That is, the object of the invention is to provide a
production method of an aromatic polycarbonate that can
reduce exchange frequency of a filter for filtering raw
materials,

Means for Resolving the Problems
[0008]

As a result of keen investigations to solve the
above problems, the present inventors have found that when
plural filters for filtering raw materials are used,
exchange frequency of a filter can be reduced, and have
completed the present invention based on such a finding.
[0009}]

Thus, according to the invention, there is provided
a method for producing an aromatic polycarbonate using an
aromatic dihydroxy compound and a carbonic diester as raw

materials, characterized in that the raw material in a



nolten state is filtered using plural filters arranged in series, and then
supplied to a reactor. [0010] The raw material is preferably a m xture of
the aromatic di hydroxy conpound and the carbonic diester, and the raw
material preferably further contains an ester exchange catal yst. \Wen the
filter has an opening at the upstreamside of A mand an opening at a
downstream side of B pun, in at |east one conbination, it is preferred that
Ais larger than B (A>B), and it is further preferred that Ais 8 or nore
at the nost upstreamside and B is 2 or |less at the nost downstream side.
It is pmeflderecstaka b Fidseredr seing wdiurad ofilkemenarrangedt ins
preferred that at |east one filter of the filters is a pleat type filter.

On the @srdeshadnd itheans surldedEa mtrgashPr vel ocity on at |east one
filter surface of the filters for the raw material in a nolten state is
from1 tl@WB@Imhr, and it is further preferred to satisfy the conditions
that (1) where the opening of the filter is_less than pm the. flow

vel ocity on t ff&@ef i Faur mafemtel ofis hprriRraldyri &l th‘ar%quentg‘?ate i's
froml1l to 5 nmhr,_ and (2) where the opening of the filter is 5 pmor nore,
the floRBAATdS \Bihedreny, coppovnd pRd the (FAKRRREE ‘Tl{-e?‘ée’ﬁreﬁ@fﬂr ed that a

static mxer is 5
the raw material preferably further contains an ester

exchange catalyst.

When the filter has an opening at the upstream side
of A ym and an opening at a downstream side of B um, in at
least one combination, it is preferred that A is larger
than B (A>B), and it is further preferred that A is 8 or
more at the most upstream'side and B is 2 or less at the
most downstream side.

It is preferred that at least three filters are
present, and it is preferred that at least one filter of
the filters is a pleat type filter.

On the other bhand, it is preferred that flow
velocity on at least one filter surface of the filters for
the raw material in a molten state is from 1 to 20 m/hr,
and it is further preferred to satisfy the conditions that
(1) where the opening of the filter is less than 5 um, the
flow velocity on the filter surface of the raw material in
a molten state is from 1 to 5 m/hr, and (2) where the
opening of the filter is 5 pm or more, the flow velocity
is from 5 to 20 m/hr.

Furthermore, it is preferred that a static mixer is



further arranged between a raw material preparation tank and a reactor, and
raw materials are mxed using the static mxer, and it is preferred that an
ester exchange catalyst is added to the raw nmaterials between the raw
material preparation tank and the reactor. [0011] That is, the gist of the
invention resides in the followng (1) to (11). (1) A nethod for producing
an aromati c pol ycarbonate using an aromatic di hydroxy conpound and a
carbonic diester as raw materials, characterized in that the raw materials
in anmolten state is filtered using plural filters arranged in series, and
t hen supfhurblero axrnmawgsidrbetwgenhe praxiumateniadt powpairadicar ovank c
pol ycarbonate as described in (1), characterized in that the raw materi al
i s a m xande af neaetowmaend draydmadersonbdurarantdized uvaingni theliester.
(3) The production nethod of an aromatic polycarbonate as described in (1)
or (2), shkatietoixexy iandhat is eneferzedhbhab ant Askar jex¢harger added
to the raw material, and the resulting mxture is filtered using the plural
filters. cpiplyat prpodadepdn Wt kbe dfawnmaterdals Relesedoltdee AW
described in anx one of (1) to (3), characterized in that when the filter
has an opafPréat PrREALASLPBatABKJaNGs the geactor.

[0011]

That is, the gist of the invention resides in the

following (1) to (11).

(1) A method for producing an aromatic polycarbonate using

an aromatic dihydroxy compound and a carbonic diester as

raw materials,

characterized in that the raw materials in a molten state

is filtered using plural filters arranged in series, and

then supplied to a reactor.

(2) The production method of an aromatic polycarbonate as

described in (1), characterized in that the raw material

is a mixture of the aromatic dihydroxy compound and the

carbonic diester.

(3) The production method cf an aromatic polycarbonate as

described in (1) or (2), characterized in that an ester

exchange catalyst is further added to the raw material,

and the resulting mixture is filtered using the plural

filters.

(4) The production method of an aromatic polycarbonate as

described in any one of (1) to (3), characterized in that

when the filter has an opening at the upstream side of A



M and an opening at a downstreamside of Bm in at |east one conbination,
Ais larger than B (A>B). (5) The production nethod of an aromatic

pol ycarbonate as described in (4), characterized in that Ais 8 or nore at
the nost upstreamside and Bis 2 or |less at the nost downstream side.
(0012] (6) The production nethod of an aromatic pol ycarbonate as descri bed
in any one of (1) to (5), characterized in that at least three filters are
present. (7) The production nmethod of an aromatic pol ycarbonate as

described in any one of (1) to (6), characterized in that at |east one
filter om taedfian cppening pitead CGpwastinean  sidg) ofheBpiH®duci® oftnet hod of
an aromatic polycarbonate as described in any one of (1) to (7),

char act digasdy ane ambinabipnel e Larger YRartBoR>Bliter surface of the
filters for the raw_material in a nmolten state is froml to 20 mhr. (9)
The prodi®t iBhe nereduchionnmgtbre: of Bt \REBIRME cPaiycaEbepabedasn (8),
characterized_ in_ that the flJow velocity .on the filter surface of the raw
mat er i al99SFEERRS i (4} ot ePRE2CEEFIFREd iR dRathd 17 | BwPRg™eERAIAS ons (1)
and (2) .: (1% when the o enigg of fhe tiltfr is J]ess than 5 pin,  the flow
vel oci t Fh& PP8h PRIFEPAN hFidgn@nd) Butdeh ¢h&Toptdfhgad R MOSter is 5 Nm

or nDreHo#;sﬁream side.

{0012]
(6) The production method of an aromatic polycarbonate as
described in any one of (1) to (5), characterized in that
at least three filters are present.
(7) The production method of an aromatic polycarbonate as
described in any one of (1) to (6), characterized in that
at least one filter of the filters is a pleat type filter.
{(8) The production method of an aromatic polycarbonate as
described in any one of (1) to (7), characterized in that
flow velocity on at least one filter surface of the
filters for the raw material in a molten state is from 1
to 20 m/hr.
{9) The production method of an arcmatic polycarbonate as
described in (8), characterized in that the flow velocity
on the filter surface of the raw material in a molten
state is satisfied with the following conditions (1) and
{2):

(1) when the opening of the filter is less than 5 um,
the flow velocity is from 1 to 5 m/hr, and

(2) when the opening of the filtexr is 5 um or moxe,



the flow velocity is from5 to 20 mfhr. (10) The production nmethod of an
aromati c pol ycarbonate as described in any one of (1) to (9), characterized
in that a static mxer is further arranged between a raw materi al
preparation tank and the reactor, and the raw materials are m xed using the
static m xer (11) The production nethod of an aromatic pol ycarbonate as
described in any one of (1) to (10), characterized in that the ester
exchange catalyst is added to the raw naterials between the raw nateri al
preparation tank and the reactor. _ Advant agf of the Invention [0013]

Accor di fge Fiate YHQEHY iR FRIr Fh 4¢ha@/ RF oduction of an aromatic

pol ycarbgnate. exchapge . frequency of the filter for_filtering raw naterials
Pan be. 0y dne BRI et MR OF $heATPEAEhGSBOBBIAPORRRg. a8 Fig. 1

52t ISP, SO, SaIRLe B (e P UCt 00, SUPSLELES OF, BRopr Ol ©
constitution of a filter section. Descripti n_@f F@feren%e N%gggg s and
Signs GAEtIR-AxeE %ﬁngﬁtBSFt ad:fra&q%‘#e%ﬁ WS bohat ey Peter: éuppl y port
of biSp%QQ%afgéion tank and the reactor, and the raw materials

are mixed using the static mixer

(11) The production method of an aromatic polycarbonate as

described in any one of (1) to (10), characterized in that

the ester exchange catalyst is added to the raw materials

between the raw material preparation tank and the reactor.

Advantage of the Invention

[0013]

According to the ©present invention, in the
production of an aromatic  polycarbonate, exchange
frequency of the filter for filtering raw materials can be
reduced.

Brief Description of the Drawings

[0014]

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

[Fig. 2] Fig. 2 is a view explaining one example of the
constitution of a filter section.

Description of Reference Numerals and Signs

{0015}
la-1 ... Supply port of diphenyl carbonate
1b ... Supply port of bisphenol A



2a ... First raw material preparation tank 2b ... Second raw materi al

preparation tank 3a, 3b ... Anchor type stirring blade 4a ... Raw nateri al
feed punp 5a ... Catalyst supply port 6a ... First vertical reactor 6b
Second vertical reactor 6c ... Third vertical reactor 7a, 7b, 7c, 10a
... Stirring blade Sa, 8b, 8c, 8d ... Distillation pipe 9a ... Fourth
hori zontal reactor 20, 20-1, 20-2 ... Filter section 21, 22, 23 ... Filter
24 ... Static m xer 8la, 81b, Sic, 81d ... Condenser 82a, 82b, 82c, 82d ...

Pressure reduci ng device Best Mdde for Carrying Qut the Invention [0016]

The best @de f%rlr%eg r%yg%}aﬂ_%tr&tﬁe 13#@’1{4%%1( inafter, the enbodi ment

of the |nvent|on) e present invention is

not |imged to fcpI:_J dlﬂp%; % Capearry out  with various
urt

nmodi fications wWthin a scope 0 her,” the draw ngs used are to

expl ain %Qg %%??QQtAm&ﬁﬁ&dﬂ@ﬂ&’s€¥¥¥£ﬂb'ﬁ¥aégmwvthe actual size. (0017] 9

4a ... Raw material feed pump

5a ... Catalyst supply port

6a ... First vertical reactor

6b ... Second vertical reactor

6c ... Third vertical reactor

7a, 7b, 7c¢, 10a ... Stirring blade
8a, 8b, 8c, 8d ... Distillation pipe
9a ... Fourth horizontal reactor

20, 20~1, 20-2 ... Filter section
21, 22, 23 B Filter

24 ... Static mixer

8la, 81b, 8lc, 8l1ld ... Condenser
82a, 82b, 82c, 82d ... Pressure reducing device

Best Mode for Carrxying Out the Invention
[c0l6]

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 various modifications within a scope of its gist.
Further, the drawings used are to explain the present
embodiment, and do net show the actual size.

[0017]



(Pol ycarbonate resin) In the present invention, a polycarbonate resin is
produced by nelt pol ycondensati on based on an ester exchange reaction

bet ween an aromatic di hydroxy conpound and a carbonic diester. A method of
produci ng a pol ycarbonate resin by using an aromatic dihydroxy conpound and
a carbonic diester as raw materials, and continuously conducting nelt

pol ycondensation reaction in the presence of an ester exchange catalyst is
descri bed below. [0018] (Aromatic dihydroxy conpound) The aromatic

di hydr oxy_ conpound used in the present enbodi nent includes a conpound
represené@ﬂﬁﬁ??@ﬁﬂaﬁ?n¥?ﬁ&%b general formula (1). [0019] [Chem 1] General

Formils (1 PO LSk (08,0 100201 1 e ssnerdl tormia ;A
ot ocan bom AOHP v A L1 Akl Soa0ncatbon Selanieh O mde )
and ¥ reéoxrcq_;saennée argglcggcenq %eotnvqweoern 4an aromatic dihydroxy compound

and a carbonic diester.

A method of producing a polycarbonate resin by using
an aromatic dihydroxy compound and a carbonic diester as
raw materials, and continuously conducting melt
polycondensation reaction in the presence of an ester
exchange catalyst is described below.

[0018]
(Aromatic dihydroxy compound)

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

{0019]
[Chem. 1]

General Formula (1)

HO-@-A‘—@‘OH

(Xp (Y)q
[C020]

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

10



hydr ocar bon grouprhaving from1l to 6 carbon atons. p and q are an integer
of 0to 2. Xand Y, and p and g nmay be the sane or different, respectively.
[ 0021] Specific exanples of the aromatic di hydroxy conpound i nclude

bi sphenol s such as bi s(4-hydroxydi phenyl ) net hane,

2, 2- bi s(4- hydr oxyphenyl ) propane, 2, 2-bi s(4-hydroxy-3- nethyl phenyl) propane,
2, 2-bi s(4- hydroxy-3-t-butyl phenyl)- propane,

2, 2- bi s(4- hydr oxy- 3, 5-di met hyl phenyl ) pr opane,

2, 2- bi s(4- hydr oxy- 3, 5-di bronophenyl ) pr opane, 4, 4-bi s(4-

hydr oxyphgay! b cpkBae; 8ated, Lol &l dilvudenny ghoy Irepuudatiaeansy Lopfienol s
such as 4, 4" -di hydr oxybi phenyl and

3,3",5,5 =gef ragethpk- 48é,~di hydagaybi papprbenki a( halbydnoataeros )sul f one,
bi s(4- hydr oxyphenyl ) sul fi de, bis(4- hydroxyphenyl) ether, and

bi s(4- hydfipayeberybnkgienp. h@ingoErom, - bb s 64 caybonx wilemy.| ) gy apade
(bi sphenol A, hereinafter sonetines abbreviated as BPA) is preferable.
Those ar ognare dnhyditegercapolintds 2an Ne ameed aland prand grmetwirlss of two
or nore thereof. (0022] (Carbonic diester) The carbonic diester used in the
present etihedsamatori diffideent, coappactivepyesented by the foll owi ng general
formula (2). 11 [0023] [Chem 2)

[0021]

Specific examples of the aromatic dihydroxy compound
include bisphencls such as bis (4-hydroxydiphenyl)methane,
2,2~bis (4-hydroxyphenyl)propane, 2,2-bis(4-hydroxy-3-
methylphenyl)propane, 2,2~bis(4-hydroxy-3-t-butylphenyl)-
propane, 2,2-bis (4-hydroxy-3,5-dimethylphenyl)propane,
2,2-bis{4-hydroxy-3,5-dibromophenyl)propane, 4,4-bis (4-
hydroxyphenyl)hheptane 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.
{0022]
{Carbonic diester)
The carbonic diester used in the present embodiment

includes a compound represented by the following general

formula (2).

11



General Formula (2) 0 A -O'GOA [0024] In the general formula (2), A
represents a straight-chain, branched or cyclic nonoval ent hydrocarbon
group having from1l to 10 carbon atons which nay 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 from1 to 10 carbon atons, a phenyl group, a phenoxy group, a
vinyl group, a cyano group, an ester group, an am do group and an nitro
group. [0025] Specific exanples of the carbonic dies ter include diphenyl
car bonat g,ogpfubsti tuted di phenyl carbonate such as ditolyl carbonate; and
a di al kyl carbonate such as dinethyl carbonate, diethyl carbonate and

di - t- but ylche@r gnate. O those, di phenyl carbonate (hereinafter sonetines
abbrevi ated as C) and a substituted di phenyl carbonate are preferable.
Those calgdeidraldiEgsdniilsa c@r) be used alone or as mxtures of two or nore
thereof. 12 [0026] The carbonic diester may be replaced by dicarboxylic
acid or dicarboxylic ester in an anount of preferably 50

0O
|

A—O0—C—O0—A
[0024]

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

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 dJgroup, an
ester group, an amido group and an nitro group.

[0025]

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.

Of 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.

12



e e A i e

- _ et or S
mol % or |ess, and nore preferably 30 nole or |ess. The representative
di carboxylic acid or dicarboxylic ester include terephthalic acid,
i sophthalic acid, diphenyl terephthalate and di phenyl isophthalate. Wen
repl aced by such a dicarboxylic acid or dicarboxylic ester, a polyester
carbonate is obtained. [0027] Those carboxylic diesters (including the above
repl aced di carboxylic acid or dicarboxylic ester, and hereinafter the sane)
are used in an anopunt excess to the dihydroxy conpound. Specifically, the
carboxylic diester is used in a nolar ratio of preferably 1.01 or nore and
particulag?qupreferably 1.02 or nore, and preferably 1.30 or less and
particularly preferably 1.20 or less, to the aromatic di hydroxy conpound.
Wiere the nol arrgat bQrbensRBhlgstbbaRayl bel replldlef by s D085 1 fo
pol ycarbonate resin obtained is increased, and thermal stability of the
resin tengdeifoordtiNd ¥k idUssbeF  ivheire dGun®! 3F pdferablvars®er than
1.30, reaction rate of ester exchange lowers, and there is the tendency
that it igotéfbicubisl 0anROfUee Pregekubaybgnamelresicn 1laadwi.ng the desired
nol ecul ar weight. Additionally, the residual anmount of carbonic diester in
13 the resin isThacerepgedentadivli diraybbeyllic atietl@r adidd¥bosty e of
nol ding or of a nolded article, which is not preferred.

ester include terephthalic acid, isophthalic acid,

diphenyl terephthalate and diphenyl isophthalate. When
replaced by such a dicarboxylic acid or dicarboxylic ester,
a polyester carbonate is obtained.

[0027]

Those carboxylic diesters (including the above
replaced dicarboxylic acid or dicarboxylic ester, and
hereinafter the same) are used in an amount excess to the
dihydroxy compound.

Specifically, the carboxylic diester is used in a
molar ratio of preferably 1.01 or more and particularly
preferably 1.02 or more, and preferably 1.30 or less and
particularly preferably 1.20 or 1less, to the aromatic
dihydroxy compound. Where the molar ratio is smaller than
1.01, terminal OH group of a polycarbonate resin obtained
is increased, and thermal stability of the resin tends to
deteriorate. Further, where the molar ratio is larger
than 1.30, reaction rate of ester exchange lowers, and
there is the tendency that it is difficult to produce a
polycarbonate resin having the desired molecular weight.

Additionally, the residual amount of carbonic diester in
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[0028] (Ester exchange catal yst) The ester exchange catal yst used in the
present enbodi nent includes catalysts generally used in producing a

pol ycarbonate by an ester exchange nmethod, and is not particularly limted.
In general, exanples of the catalyst include basic conpounds such as an

al kali metal conpound, a berylliumor magnesi um conpound, an al kal i ne
earth netal conpound, a basic boron conpound, a basic phosphorus conpound,
a basi c ammoni um conpound, and an am ne conpound. OF those ester exchange
catal ysts, the alkali nmetal conmpound or the alkaline earth nmetal conpound
has | arge tiRf frddin Nid henPLésted] 4R4UERDY RXPh2EgalLr @aUGESY @ft ahd ilter
for filtering raw materials, purposed in the present enbodi nent. Those
ester exchaige 6t ahy3dSngRlobe ofusad nfdlahal Oardd dliext UnRichf isvonet nore

t hereof . The ester exchange catalyst is used in a range of preferably
1x10-9 nolpsgfemteri.and particularly 1x10-7 nol or nore, and preferably
1x10-1 nol or less and particularly preferably 1x102 nol or |ess, per nole
of the arofed8] di hydroxy conpound. [0029] 14 The al kali netal conpound

i ncludes inorganic alkali netal conpounds such as hydroxi des, carbonates
and hydr ofisterarssortetnge ospgalst of al kali netal s; and organic

The ester exchange catalyst used in the present

embodiment includes catalysts generally used in producing
a polycarbonate by an ester exchange method, and is not
particularly limited. In general, examples of the
catalyst include basic compounds such as an alkali metal
compound, a beryllium or magnesium compound, an alkaline
earth metal compound, a basic boron compound, a basic
phosphorus compound, a basic ammonium compound, and an
amine compound.

Of those ester exchange catalysts, the alkali metal
compound or the alkaline earth metal compound has large
effect in the point of reducing exchange frequency of a
filter for filtering raw materials, purposed in the
present embodiment. Those ester exchange catalysts may be
used alone or as mixtures of two or more thereof.

The ester exchange catalyst is used in a range of
preferably 1x10™° mol or more and particularly 1x10™’ mol
or more, and preferably 1x10™! mol or less and particularly
preferably 1x10™° mol or less, per mole of the aromatic
dihydroxy compound.

[0029]
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or organocarboxylic acids. Exanples of the alkali netal include |ithium
sodi um potassium rubidiumand cesium O those alkali metal conpounds, a

cesium conpound is preferred, and cesium carbonate, cesium hydrogen
carbonate and cesium hydroxi de are particularly preferred.
of the beryllium or nmagnesi um conpound and the al kaline earth netal

conmpound i nclude inorganic alkaline earth netal conpounds such as

hydr oxi des or

metals; and salphg Q‘lﬂaflqux‘%né’@a}f" Soitbbfind! ﬁmlﬁesoméanf@dalkali

or ganocar boxyl i c aci ds. anples of "the alkaline earth netal 1 nclude

carbonates of beryllium nagnesium and al kali ne earth

[ 0030] Exanpl es

cal ci um pafhdnt iduREHCh®S" | 4abhl 0Q3L] Efarekedesl t e ARnLrdr ogngonpound
include a sodiumsalt, a potassiumsalt, a lithiumsalt, a calcium salt, a

magnesi Ukyazblyend cRatonatea | dontfhndisS g O 1kkN 5 ahd taDé ; daaka@r 6pgaamEOUNd.

Exanpl es of the boron conpound include tetranethyl boron, tetraethyl

bor on,

tetrapropikalfomtall aidmdilinds boiem, abr sartay lof RIk4I0r aletal rwirehhyl benzyl

bor on,
bor on,

trimet hyl phenyl boron, 15 triethylnmethyl boron, triettyl benzyl

t alebhpllgheplendld or tondadoddramylboranids (i Ekyhpbesybfbor on
t et raphenyl boron, benzyltriphenyl boron, nethyltriphenyl

the alkali metal include lithium, sodium, potassium,
rubidium and cesium.

Of those alkali metal compounds, a cesium compound
is preferred, and cesium carbonate, cesium hydrogen
carbonate and cesium hydroxide are particularly preferred.
[0030]

Examples of the beryllium or magnesiﬁm conpound and
the alkaline earth metal compound include inorganic
alkaline earth metal compounds such as hydroxides or
carbonates of beryllium, magnesium and alkaline earth
metals; and salts of those metals with alcohols, phenols
and organocarboxylic acids. Examples of the alkaline
earth metal include calecium, strontium and barium.

[0031] |

Examples of the basic boron compbund 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,

15



boron and butyltriphenyl boron. [0032] Exanples of the basic phosphorus
conpound include trivalent phosphorus conpounds such as triethyl phosphi ne,
tri-n-propyl phosphine, triisopropyl phosphine, tri-n- butyl phosphine,

tri phenyl phosphi ne and tri butyl phosphi ne; and quaternary phosphoniumsalts
derived fromthose conmpounds. [0033] Exanples of the basic ammoni um
conpound i nclude tetranethyl amoni um hydroxi de, tetraethyl amoni um

hydr oxi de, tetrapropyl ammoni um hydroxi de, tetrabutyl- anmoni um hydroxi de,
tri met hyl et hyl anmoni um hydr oxi de, tri nethyl benzyl ammoni um hydr oxi de,

trimthy'%@fﬂ%ﬂé@ﬁ* r oxi-88+nlibehl Inﬁgwnammiégﬂw ide,
tr!ethyI%P eni% anmo ?Ek?ﬁégfpfkgef %r?et%éﬂp enyldnnpnlun1 dﬁ%ﬁ#de,
tributylpensy! ammppi ym-byHeR%LEe. bbkBHLY! PREAVARINAPL NY HHrddle,

t et raphenyl anmoni um hydr oxi de; benzyl tri phenyl - afmmoni um hydroxi de,

met hyl t r{ phegyh NbBFRY, drEBd AL | bbkBAS N YlARIRN AIPRBF 10X de.

[ 0034] Exanpl'es of the am ne conpound include 4- am nopyri di ne,

2- am nopyei&h Nénd Nodk i 6B PNengl aBbPEn . 16 pyridine, 4-diethyl am nopyri di ne,
2- hydr oxypyri di ne, 2- methoxypyridi ne, 4-nethoxypyridine, 2-dinethylam no-
I m dazol ppo2et hoxyl i m dazol e, im dazole, 2-nercapto-

Examples of the basic phosphorus compound include
trivalent phosphorus compounds such as triethylphosphine,
tri-n-propylphosphine, triisopropylphosphine, tri-n-
butylphosphine, triphenylphosphine and tributylphosphine;
and quaternary phosphonium salts derived from those
compounds .

[0033]

Examples of the basic ammonium compound include
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrapropylammonium  hydroxide, tetrabutyl-
ammonium  hydroxide, trimethylethylammonium  hydroxide,
trimethylbenzylammonium hydroxide, trimethylphenylammonium
hydroxide, triethylmethylammonium hydroxide, triethyl-
benzylammeonium hydroxide, triethylphenylammonium hydroxide,
tributylbenzylammonium hydroxide, tributylphenylammonium
hydroxide, tetraphenylammonium hydroxide, benzyltriphenyl-
ammonium hydroxide, methyltriphenylammonium hydroxide and
butyltriphenylammonium hydroxide.

[0034]
Examples of the amine compound include 4-

aminopyridine, 2-aminopyridine, N,N~dimethyl-4-amino-
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~ —— e et e b1 S
i m dazol e, 2-nmethylim dazol e and am noqui nol i ne. [0035] (Production method
of aromatic pol ycarbonate) A production nethod of an aromatic pol ycarbonate
is described below. The production of an aromatic pol ycarbonate is
conducted by preparing a m xture containing an aromatic di hydroxy conpound
and a carbonic diester as raw materials (raw nmaterial preparation step) and
subjecting the m xture of those conpounds to a nmulti-stage pol ycondensati on
reaction in the presence of an ester exchange reaction catalyst under a
nolten state using plural reactors (polycondensation step). The reaction

ggf’ﬂt:?gat %rga gyba%](;fﬁ Se %%?ﬂ?{i‘.%q%eora{tl nuo%%?%’gflaﬂ%]eagontl nuous

met hod i @M t he SLARNGNRIAN O g1 A8 0duct Vil Ne BRG1 SMBhbLY
stabllltéemhgkggggggéé of the. contlaﬁgﬁs &%thod t he regc?gr used is

general | xmlaaaslét ut esl ol tRo Ry 1R dd Yo DE , T CaGlida® A, AN02dnéPespEbes,  and
preferably, pl ural vertical reactors and the subsequent at | east one

hori zont ghihaaelal, 2-feh9d imiidaollehanDlnGeRdRETAGle Step, a step of
stopping a reaction and devol atilization removi ng unreacted raw 17

mat eri al $0@B8]reacti on by-products in a polynerization reaction liquid, a
step of adding a heat stabilizer, a release agent, a coloring material and
the |ike(Paoduegibh 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 mixture containing an aromatic
dihydroxy compound and a carbonic diester as raw materials
(raw material preparation step) and subjecting the mixture
of those compounds to a multi-stage polycondensation
reaction in the presence of an ester exchange reaction
catalyst wunder a molten state using plural reactors
(polycoﬁdensation step). The reaction method may be any
of a batchwise method, a continuous method, and a
combination of a batchwise method and a continuous method.
The continuous method is preferred from the standpoint of
productivity and quality stability. In the case of the
continuous method, the ~reactor wused 1is generally
constituted of a plurality of reactors arranged in series,
and preferably, plural vertical reactors and the
subsequent at least one horizontal reactor are used.

After the polycondensation step, a step of stopping

a reaction and devolatilization removing unreacted raw

17
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shapi ng a pol ycarbonate resin into pellets having a given particle size,
and the |ike nmay appropriately be added. Each step of the production nethod
is described below (0036] (Raw material preparation step) An aromatic

di hydr oxy conpound and a carbonic diester used as raw materials of an

aromati c pol ycarbonate

bat chwi se, sem batchwi se or continuous stirring tank type apparatus
at nrosphere of an inert gas such as nitrogen or argon. For exanpl e,

case of

using bisphenol A as the aromatic di hydroxy conpound and d

e o A | ound and
carbonat G her 1 £ AN GedbAILE | pYRBHALIGE Oh  JTPlHo1 i if

froma range of preferably 120C or

her and partic pre

are generally prepared as a nolten m xture using a

in an
in the
i phenyl
| ect ed
ly 125C

or hi gherye 20 o’ 85efuall Y 48Q¢ely PR PR’ et attyppiebgiably 160C
or lower. In this case, mxing proportions of the aromatic di hydroxy

conpound adbide £ReReNi & bE8EEhganataditet add tweh 1k, ety an

di ester

I S excess, and are adjusted such that the carbonic diester

proporti csh&ingr £f poaPbirbold tallre¥inOitANseDB&éts CHhRhY B fifFaD

1.02 nol

or nore, and preferably 1.30 nol or less and particularly

iC
isin a
ly 18

preferablpadt2élendins, | £54, therlivéemay a&ppropioasély Behwddedy conpound.

Each step of the production method is described
below.
[0036]
(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 using a
batchwise, semibatchwise or continuous stirring tank type
apparatus in an atmosphere of an inert gas such as
nitrogen or argon. For example, i_n the case of using
bisphenol A as the aromatic dihydroxy compound and
diphenyl carbonate as the carbonic diester, temperature of
melt mixing is selected from a range of preferably 120°C
or higher and particularly preferably 125°C or higher, and
preferably 180°C or lower and particularly preferably
160°C or lower.

In this case, mixing proportions of the aromatic
dihydroxy compound and the carbonic diester are adjusted
such that the carbonic diester is excess, and are adjusted
such that the carbonic diester is in a proportion of

preferably 1.01 mol or more and particularly preferably

18



[0037] (Pol ycondensation step) Polycondensation by an ester exchange
reaction between the aromatic di hydroxy conpound and the carbonic diester
is continuously conducted by nultiple steps of generally 2 steps or nore,
and preferably from3 to 7 steps. Specific reaction conditions are that
tenperature is in a range of from150 to 320C, pressure is in a range of
fromnormal pressures to 0.01 Torr (1.3 Pa), and an average residence tine
is in arange of from5 to 150 mnutes. In each reactor in the case of
conducting the _polycondensation step by nultiple steps, further hjgh
t enper athr¥ af@lf PF h&PTFH gh2Rd c RFR eF-aBPy et oLt epiFSe A% hin the

above reaction conditionsg i rder .to furthey effectively discharge phenol
by- pr od R¥EIFHIRY Pﬁ?%"@?g}égyoi'?he di ﬂﬁ)nt%?‘%at?%’ﬁ F‘@iﬁt © n.q; ® is
preferred to seté#ﬁﬁhéggPerature as possible and a short residence tine as
possi bl #XBPrER/ Y FHRYIRDOf quality such as hue of the
polycarggﬂg% obt ai ned. (0038] In the case of conducting the

pol ycon ion step 19 by multiple steps, preferably a plurality of

vertical 5 reacto n [ Ih ubsequent at | east one reactor having
excelled?? r?Qééhhe£%é§w%§$kﬁ per formance are provided

Polycondensation by an ester exchange reaction
between the aromatic dihydroxy compound and the carbonic
diester is continuocusly conducted by multiple steps of
generally 2 steps or more, and preferably from 3 to 7
steps.

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 (1.3 Pa), and an
average residence time is in a range of from 5 to 150
minutes.

In each reactor in the case of conducting the
polycondensation step by multiple steps, further high
temperature and further high vacuum are generally set
stepwise within the above reaction conditions in order to
further effectively discharge phenocl by-produced with the
progress of the polycondensation reaction. It is
preferred to set low temperature as possible and a short
residence time as possible to prevent deterioration of
quality such as hue of the polycarbonate obtained.

{0038]

In the case of conducting the polycondensation step
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t hereby increasing an average nol ecul ar weight of a polycarbonate resin.
The reactors provided are generally 3 to 6, and preferably 4 to 5. Exanpl es
of the reactor having excellent thin film evaporation performance include a
thin filmreactor, a centrifugal thin filmevaporation reactor, a surface
renewal type tw n-screw kneading reactor, a twn-screw horizontal stirring
reactor, a wet wall type reactor, a perforated plate type reactor which

pol ynmeri zes while freely dropping, and a w re-equi pped perforated plate
type reactor which polynerizes while_ dropping along the wire. . [Q0391 The
ester eP¥hafiyd tiRrlS yEtensed PFRHRTIRYdehs RIGRLIGHY t #F aVSF&iceldi hydr oxy

bous ZERRER FAAIRT. e ASRAEDIS A Eod Ryt SARLEBREEHB BRVERS i & not
o sof WBHATLH B iR SFyLR. FHSPRARELOTONC SO SURnPE vatBtane, |
i cool uisklY [ ibadarye A el CePAPRIRF i Fefbus | BRg A i nd and
20 et eFe enaReRa TRt AT PR FRRR A TN Al JRURLERnE T

(Producty Q PP YWeferably 4 to 5.

Examples of the reactor having excellent thin film
evaporation performance include a thin film reactor, a
centrifugal thin f£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.
[0039]

The ester exchange catalyét used in polycondensation
of the aromatic dihydroxy compound and the carbonic
diester is generally previously provided as an agqueous
solution. Concentration of the catalyst aqueous solution
is not particularly limited, and adjusted to an optional
concentration according to solubility of a catalyst in
water. Other sclvent such as acetone, alcohol, toluene or
phenol can be used in place of water.

Water used for dissolution of the catalyst is not
particularly limited so long as kind and concentration of

impurities contained are constant. In general, distilled
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One exanpl e of t He production nmethod of an aromatic pol ycarbonate to which
the present enbodinment is applied is specifically described bel ow based on
the drawings. Fig. 1 is a view showi ng one exanple of the production
apparatus of an aromatic polycarbonate. In the production apparatus shown
in Fig. 1, the aromatic polycarbonate is produced through a raw materi al
preparation step of preparing an aromatic di hydroxy conpound and a carbonic
diester as raw materials, and a polycondensation step of subjecting those
raw materials to polycondensation reaction in a nolten state using a

plurality, Odr I cRci O SzePHpse8HCRAEYthECLiRESaPE HPBFR2RKEY HaBALE resin are
formed through a step of stopping the reaction and devolatilization

renovi ngigedepct ed raw materials and reaction by-products in a nolten
reactant, a step of adding a heat stabilizer, a release agent, a coloring

mat er i al (pPsdideidn kgppapdtaspt ep of form ng the aromatic pol ycarbonate
into pellets having a given particle size. [0041] In the raw nmateri al

preparati on st@js éxampié bEWthat@fddlctiigrpaiathod bEnlan?arsthtaicsecond raw
material preparation tank 2b which are connected in series, and a 21 raw

mat er i al palypgasbinEpe 4&of orhixtlp pthe ngreawntatembad tnent epar eppla ead
pol ycondensation step are provided. The first raw material preparation tank
2a and tie spesoifically described below based on the drawings.

Fig. 1 4is a wview showing one example of the
production apparatus of an aromatic polycarbonate. In the
production apparatus shown in Fig. 1, the aromatic
polycarbonate is produced through a raw material
preparation step of preparing an aromatic dihydroxy
compound and a carbonic diester as raw materials, and a
polycondensation step of subjecting those raw materials to
polycondensation reaction in a molten state using a
plurality of reactors.

Subsequently, pellets of the polycarbonate resin are
formed through a step of stopping the reaction and
devolatilization removing unreacted raw materials and
reaction by-products in a molten reactant, a step of
adding a heat stabilizer, a release agent, a coloring
material and the like, and a step of forming the aromatic
polycarbonate into pellets having a given particle size.
[0041]

In the raw material preparation step, a first raw

material preparation tank 2a and a second raw material

preparation tank 2b which are connected in series, and a
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mat erial preparation tank 2b are provided with, for exanple, anchor type
stirring blades 3a and 3b, respectively. Diphenyl carbonate (hereinafter
sonetinmes referred to as DPC) as a carbonic diester is supplied in a nolten
state to the first raw material preparation tank 2a froma DPC supply port

| a-1, and bi sphenol A (hereinafter sonetines referred to as BPA) as an
aromati ¢ di hydroxy conpound is supplied in a powder state to the first raw
material preparation tank 2a froma BPA supply port Ib. The bisphenol Ais
di ssolved in a nolten di phenyl carbonate. [0042] In the production

appar at UsaQ) BLALAIT! Lbppig] YaiPOYA! EdSklpBRUSl N InaleriligsLPC el t

prepared at a given te r-anitr s atnosphere and the

BPA powdey hahed. gnder | at hef,& agpe Wi nuogRLy
suppliedgfgy? ehTithqfaﬁ?l F&??%ﬁga%?ggargﬁégn f%%k523v39%n1the %PC supply

port |a-¥ianq the mBRASIPD! Yréfitatbon’ eaRRCIAVEina Miensbtégnadrhgvel of
the first raw nmaterial preparation tank 2a exceeds the sanme height as the

nmaxi mm baivaht alh prldpiEtalo Rk 26 474 NBESTiALdM ¥LYAS | Sor
transferred to the second raw 22 material preparation tank 2b. Next, the

raM/nateg&ahﬁabqturgnbﬁogonugﬂupus@ﬁifaﬂwg | eB1k8ed fi3st \&id i c3b,reactor
6a through the raw
respectively.

Diphenyl carbonate (hereinafter sometimes referred
to as DPC) as a carbonic diester is supplied in a molten
state to the first raw material preparation tank 2a from a
DPC supply port 1la-l, and bisphenol A (hereinafter
sometimes referred to as BPA) as an aromatic dihydroxy
compound is supplied in a powder state to the first raw
material preparation tank 2a from a BPA supply port 1lb.
The bisphencl A is dissolved in a molten diphenyl
carbeonate.

[0042]

In the production apparatus of an aromatic
polycarbonate resin shown in Fig. 1, the DPC melt prepared
at a given temperatuie under a nitrogen gas atmosphere and
the BPA powder weighed under a nitrogen gas atmosphere are
continuously supplied to the first raw material
preparation tank 2a from the DPC supply port la-1 and the
BPA supply port 1b, respectively. When liquid level of
the first raw material preparation tank 2a exceeds the
same height as the maximum height in a transfer piping,

the raw material mixture is transferred to the second raw
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mat erial supply punp 4a. In this case, the nolten raw material mixture is
passed through a filter section 20 and filtered. Furthernore, a cesium
carbonat e agueous solution as a catalyst is continuously supplied froma
catal yst supply port 5a on the sonmewhere of the transfer pipe of the raw
material mxture. The filter section 20 is described in detail hereinafter.
(0043] In the first vertical reactor 6a, polycondensation reaction is
conducted under a nitrogen atnosphere such that the tenperature is 220C,
the pressure is 13.33 kPa (100 Torr), the nunmber of revolution of the
stirrin 7.1 o] m and the liquid |evel is maintained
constan?m%%%ﬁf%%éﬁr%ﬁgggég?gggéggs?génce time is from60 to 120 m nutes
while distillijgetne PyaProdicedaelengh MidPudedi Sid | |G Qhminapa. Next,
the molten reactant discharged fromthe first vertical reactor 6a is

conti nuokkghy1 Sa@Plbeth t 81258 GRIILMAIT | £8AcESRCIEN BlRrodght Rinkd Mpfti cal
rector 6¢c and a fourth horizontal reactor 9a, successively, thereby the
pol ycondgheati oD Ist@plliyoNpuRpb0@Reds. TReatiPNca88dI i Smb teaC hrdwpact or are
general ly set such at” high tenperature, high vacuumand 23 low stirring
speed argaeshigyefivthbet 18 paEEEESEhebubhe a FAlleaNdRNRAHAISORT &dfd | on.
During the polycondensation reaction, the liquid level is controlled such
that thefiltered. Furthermore, a cesium carbonate aqueous

soclution as a catalyst is continuously supplied from a
catalyst supply port 5a on the somewhere of the transfer
pipe of the raw material mixture.

The filter section 20 is described in detail
hereinafter.

[0043]

In the first vertical reactor 6a, polycondensation
reaction is conducted under a nitrogen atmosphere such
that the temperature is 220°C, the pressure is 13.33 kPa
(100 Torr), the number of revolution of the stirring blade
7a is held to 160 rpm, and the liquid level is maintained
constant such that the average residence time is from 60
to 120 minutes while distilling the by-produced phenol
from a distillation pipe 8a. Next, the molten reactant
discharged from the first vertical reactor 6a is
continuously supplied to a second vertical reactor 6b, a
third vertical rector 6c and a fourth horizontal reactor
9a, successively, thereby the polycondensation reaction
proceeds. Reaction conditions in each reactor are

generally set such that high temperature, high wvacuum and
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average residence tinme in each reactor is, for exanple, about 60 ninutes,
and in each reactor, the by-produced phenol is distilled fromthe
distillation pipes 8b, 8¢ and 8d. (0044] The filter section 20 is described
in detail below. Fig. 2 is a view explaining one exanple of the
constitution of the filter section 20. As shown Fig. 2, the filter section
20 is constituted of three filters 21, 22 and 23 connected in series. Wen
the filter has an opening at the upstreamside of A E= and an opening at a
downstream side of B pm in at |east one conmbination, it is preferred that

A TS | arget, DA Fhd AoBhea ke ddi S RRICki AN ehd FAtdGdES ot henaf i1 ter s

further e to cl'og, and reduction in exchange fTrequency of the

filter cppibedpdemtdonUrbietiene. Amiiddd akfet NBbifcbaahehesiahl y 8 or

nore and fufther preferably 10 or nore at thHe nbst " upStreamside, and Bis

pref er ablisagtQlonl ,eSehand fqiiidietevRief £ aklontkolllddessuah ttatOEhe
downstream si de. Where A and B are excessively fallen outside the range,

there isaviiageenf@didendat titiadvah @hchornadfgrtsmt ier,s for dekmpeat, 24 and
the filter is liable to clog. (0045] The filter can use any type. Filter
medi um about 60 minutes, and in each reactor, the by-produced

phenol is distilled from the distillation pipes 8b, 8c and

8d.

[0044]

The filter section 20 is described in detail below.

Fig. 2 is a view explaining one example of the
constitution of the filter section 20.

As shown Fig. 2, the filter section 20 is
constituted of three filters 21, 22 and 23 connected in
series.

When the filter has an opening at the upstream side
of A uym and an opening at a downstream side of B ym, in at
least one combination, it is preferred that A is larger
than B (A>B). Where this condition is satisfied, the
filter is further difficult to clog, and reduction in
exchange frequency of the filter can be promoted.

Furthermere, A and B are that A is preferably 8 or
more and further preferably 10 or more at the most
upstream side, and B is preferably 2 or less and further
preferably 1 or less at the most downstream side. Where A
and B are excessively falleﬁ outside the range, there is.

the tendency that removal of foreign matters is deficient,
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constituting the filter may be any of a netal wind, a |amnated netal nesh,
a netal non-woven fabric, a porous netal plate and the |like. Fromthe
standpoint of filtration precision, the |am nated netal nmesh and the netal
non-woven fabric are preferred, and above all, a type produced by sintering
and fixing the netal non-woven fabric is preferred. The shape of the filter
may be any type of a basket type, a disc type, a leaf disc type, a tube
type, a flat cylinder type, a pleat cylinder type and the |ike. Above all,
the pleat type is nore preferred. [0046] Material of the filter is not

particularly limted and al -made filter, a resin-made filter, a
ceranmi c- ?H%et}f‘?l‘%’:]rt% hﬁ"%&% E‘an g‘é 9used. Fromthe standpoints of heat
resistanc§bé§¥h)reductlon in coloration, a netal-nade filter having an iron
content o |l ess is preferred. Above all, stainless steels such as

SUS304, SUSSlqr SU%ElPﬁé SUSS%OS and the I| e are prg ﬁrred 4# The
openi ng descri b B R heafi®a value B x V\ﬁ%ﬁ OX V& 8 r epresett ed by

he foll | 9 0QoO.
(= numb e S o) £IEESH 80577681 AP b8, | b GRE) *”%’%( ndber of
parti ol @ i h 560 YaEL1 Sfley] %ot hE" nch Moven 4dbedB? LBz oAt

means a raw nateri pr epar at
metal plate and the like. From the standpeoint of

filtration precision, the laminated metal mesh and the
metal non-woven fabric are preferred, and above all, a
type produced by sintering and fixing the metal non-woven
fabric is preferred. The shape of the filter may be any
type of a basket type, a disc type, a leaf disc type, a
tube type, a flat cylinder type, a pleat cylinder type and
the like. Above all, the pleat type is more preferred.
[0046]

Material of the filter is not particularly limited,
and a metal-made filter, a resin-made filter, a ceramic-~
made filter and the 1like c¢an be used. From the
standpoints of heat resistance and reduction in coloration,
a metal-made filter having an iron content of 80% or less
is preferred. Above all, stainless steels such as SUS304,
SUS316, SUS316L, SUS310S and the like are preferred.

[0047]

The opening described herein means a value of j when
By wvalue represented by ghe following equation (1)
measured according to ISO 16889 is 1,000.

By=(number of particle at a primary side larger than
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tank side to the dlrectlon that the raw material m xture flows, and the
term "downstreant’ nmeans a reactor side the direction that the raw materi al
m xture flows. [0048] From points of productivity and filter life, it is
preferred that flow velocity on the filter surface of the raw material in a
nolten state is froml to 20 mhr. \Were the flow velocity is too small,
there is the tendency that facilities becone too |arge, and where the flow
velocity is too large, there is the tendency that the filter life becones
short. In particular, where the opening of the filter is less than 5 m it

Is preferr t.ha he, fl.ow Vv n h u s f m1t05
n hr, pa?"tﬁxg\h(gnfmg romfo atreil'lsprﬁharlg an% 89‘5 heS%‘épenlanr Bt f’ & filter is

5 pm or NE‘E Kf)preferred that the flow velocity on the filter surface
is from%& ¥o 20 rrl particularly from6 to 10 mihr. The tenperature of a

raw mat eri al f'i'ﬂédtia?}mt he EQ%E%ame mgg\?% ng gﬁ%gm Iﬁi‘é}? ré&.&{l‘e pr esent

enbodinent is not Imte wever ere t t enper at s too t he

raw et el s oR0lddl thedai2adesaer Sulde | €nd0%al Whted A GniRedhe def ect

such as ermal deconposition. For 26 this reason, the tenperature is

general | y1540M 408 tthe 20 REGHRE EPLIMY I RBRASO al TAor anthdaghécul arly
preferably from 125 to 160C.

direction that the raw material mixture flows.
[0048]

From points of productivity and filter life, it is
preferred that flow velocity on the filter surface of the
raw material in a molten state is from 1 to 20 m/hr.
Where the flow velocity is too small, there is the
tendency that facilities become too large, and where the
flow velocity is too large, there is the tendency that the
filter life becomes short.

In particular, where the opening of the filter is
less than 5 pm, it is preferred that the flow velocity on
the filter surface is from 1 to 5 m/hr, particularly from
2 to 3 m/hr, and where the opening of the filter is 5 um
or more, it is preferred that the flow wvelocity on the
filter surface is from 5 to 20 m/hr, particularly from 6
to 10 m/hr.

The temperature of a raw material fluid in the case
of passing through the filter in the present embodiment is
not limited. However, where the temperature is too low,
the raw material is solidified, and where it is too high,

there is the defect such as thermal decomposition. For
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[0049] As shown in Fig. 2, a static mxer 24 is provided at the forner part
or the latter part, preferably at the fornmer part, of three filters, but
may not be provided. Regarding the nunber of the filter, where one filter

is used, the filter is frequently clogged by operation in a short period of
time. Therefore, plural filters are wused in the present enbodi nent, and
preferably three or nore filters are used. By enploying this constitution,
it becomes extrenely difficult to cause clogging of the filter, and an
excellent effect is exhibited such that reduction in exchange frequency of

the f11tehats Peoaphed-uld) dfeRiRaRhle CTROOROLa) By TR 21 00Noko ! ¢

filtered t he er section 20 1s a raw teri al m xture of an aronmtic

di hydr oxg0@efPoussl fOFa1 ¢ arHadh C 120 el 1guPwevesnat hgseriauigrigri al s may
be separately filtered and then m xed. In the present ‘enbodi nent, the

additionppggggggnyotroﬁ qatkalsst goscnot Iimted, and the catal yst may be
added to any of the raw material preparation tank, between the raw

mat eri al [pogpgration tank and the reactor, and the reactor. However, from

t he standpoints of stabilization of addition amount and therrmal stability
of raw materi ahs, shd%nl tin Figr.efgr e Gidtic hixant 24 y5¢ psoailded Aetween the
raw material preparation tank and the reactor as shown in Fig. 1, and
above al khei tfotmef efpaivtedokhathd haaterapartal preferably at the

former part, of three filters, but may not be provided.

Regarding the number of the filter, where one filter
is used, the filter is frequently clogged by operation in
a short period of time. Therefore, plural filters are
used in the present embodiment, and preferably three or
more filters are used. By employing this constitution, it
becomes extremely difficult to cause clogging of the
filter, and an excellent effect is exhibited such that
reduction in exchangé frequency of the filter is promoted.

In the present embodiment, a material that is
filtered by the filter section 20 is a raw material
mixture of an aromatic dihydroxy compound and a carbonic
diester. However, those raw materials may be separately
filtered and then mixed.

In the present embodiment, the addition position of
a catalyst is not limited, and the catalyst may be added
to any of the raw material preparation tank, between the
raw material preparation tank and the reactor, and the
reactor. However, from the standpoints of stabilization

of addition amount and thermal stability of raw materials,
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m xture and the €éster ei%ﬁ%nge catalyst are all mxed, and the resulting

m xture is passed through the filter section 20 as shown in Fig. 1.

However, in the present enbodinment, the position of the filter section is
not limted to 20, and it is sufficient if only the raw materials in a
molten state are filtered using plural filters arranged in series, and then
supplied to the reactor. Specifically, the filter section nay be arranged to
any position of 20-1, 20-2 and 20 in Fig. 1, and the arrangenent position
of the filter section may be plural. Alternatively, each filter of the

filter SE?} i:i.gnpﬁi?feg:@'eéﬁrtrh@%gt ae?rlrfﬂ&irﬁt ROS1 14 &0s ﬁ’ét@é’é&’%ﬁgigaénd 20.

However, rom st andpol nt orel'gn matters are renov J ust before

Lranst er faday§ast Beopeaciion (Bl drg i HE{EEsL G Nloms LRapLgone (il ter

i s arrange _ anpl es [ 0050] e present invention is desp?fbed in
more det gl Al Aot 8e P13 €51 s HRMIrrdd Ceha € RhbOkdw ﬁaﬁ?)%%jmtz gd to

those Exanples so far as it does not depart fromits gist. [O
(Exanpl epiktBraPBaaolth %t diMiide HAWLPxY LAIPOLNGmAREd, dhRaeny|

carbonate as a carbonic diester were continuously
the resulting mixture is passed through the filter section
20 as shown in Fig. 1.

However, in the present embodiment, the position of
the filter section is not limited to 20, and it is
sufficient if only the raw materials in a molten state are
filtered using plural filters arranged in series, and then
supplied to the reactor.

Specifically, the filter section may be arranged to
any position of 20-1, 20-2 and 20 in Fig. 1, and the
arrangement position of the filter section may be plural.
Alternatively, each filter of the filter section may be
arranged on plural positions of 20-1, 20-2 and 20.
However, from the standpoint that foreign matters are
removed Jjust before transferring to the reaction tank, it
is preferred that at least one filter is arranged in 20.
Examples
[0050]

The present invention is described in more detail
using the Examples. However, the invention is not limited
to those Examples so far as it does not depart from its
gist.

[0051]
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supplied to a raw materi al
a heat nmediumcoil therein, and in which the inner tenperature is
mai nt ai ned at 150C, so as to be diphenyl carbonate/bi sphenol A=1.065
(rmol/mol), followed by mxing and nelting. The raw material m xture was
wi thdrawn froma piping |located at the bottomof the raw nmateria
preparation tank. A cesium carbonate aqueous sol ution was added to the
pi ping through a piping by controlling flow rate such that the aqueous
solution is 0.5 nmol in terns of cesium carbonate per nole of the raw
nateria!( Qgﬁ&ﬂgph)A, subsequently supplied to three filter units arranged
in series thfo

respective fil h&{sﬁh@%‘é@. o SHIUCAAT @Al éiE%HESﬂ?r r&iwl)bu%ci‘t 8hHNg

preparation tank having a heat nediumjacket and

ugh"a pi ping equi pped with a static mxer, and filtered. The

SUS316- made net al “non-woven fabric are processed 1nto a pleat type, and the

openi ngs gidhentd RBArbondAR AW 2 BiBbli® @idetet RALENEHREHGBATLYySI de. IN
this case, flow velocity on the filter surface was 7 mhr, 6 nmhr and 2

nhr in e td AN 48 mEPEEisRNpTepdara®abin IS MPEIRY i QNhYas carried
out in this state for one year, but it was not reached to the differential

pressur eméditih Hadked Sindhdatbd® medaimngdil théeein| t8hd 2R #RDER]
(Exanple 2) QOperation was conducted in the sanme manner as in
the inner temperature is maintained at 150°C, so as to be
diphenyl carbonate/bisphenol A=1.065 (mol/mol), followed
by mixing and melting.

The raw material mixture was withdrawn from a piping
located at the bottom of the raw material preparation tank.
A cesium carbonate aqueous solution was added to the
piping through a piping by controlling flow rate such that
the aqueous solution is 0.5 umol in terms of cesium
carbonate per mole of thé raw material bisphenol A,
subsequently supplied to three filter units arranged in
series through a piping equipped with a static mixer, and
filtered. The respective filters have a structure that
media prepared by sintering SUS316-made metal non-woven
fabric are processed into a pleat type, and the openings
are 10 pm, 5 pum and 1 pm in the order from the upstream
side. In this case, flow velocity on the filter surface
was 7 m/hr, 6 m/hr and 2 m/hr in the order from the
upstream side. Continuous operation was carried out in
this state for one year, but it was not reached to the
differential pressure which is the standard foxr exchanging

the filter.
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Exanpl e 1 except that the flow velocity on the filter surface was set to be
28 mhr, 10 mhr and 6 mhr in the order fromthe upstream side. Wen
continuous operation was conducted in this state, it was reached to the
differential pressure which is the standard for exchanging the filter after
30 days. [0053] (Conparative Exanple 1) Operation was conducted in the sane
manner as in Exanple 1 except that only one filter having an opening of 1
pmwas used. It was reached to the differential pressure which is the
standard for exchanging the filter in two weeks, and therefore, the filter
had to B805&lchanged. [0054] Thus, according to the production method of an
aromati c_pol ycarbonate described in detail in the present enbodi nent,
exchangéEFP@Qﬁén@$ of the filter for filtering raw materials can be
reduced. As a_result, excellent  effects angﬁgxhibited such that .degree of

risk in the cBETa4AON | ¥3F SOAMGFELN st f F8RTeBIPBEL o R atPon

cont ai nEAETPASs For AT NaEPate EOR TR "hevBRTREtdd Th 478 aBLE KEnner .
[ 0055] \évﬁirlf%ctehewaisnvseenit:i QQ ggs Zlgeenp/]:gre,sci[b bt%?hirnagﬁtaé lmﬂp:g in the

order from the upstream side. When continuous operation

was conducted in this state, it was reached to the

differential pressure which is the standard for exchanging

the filter after 30 days.

[0053]

(Comparative Example 1)

Operation was conducted in the same manner as in
Example 1 except that only one filter having an opening of
1 pm was wused. It was réached to the differential
pressure which is the standard for exchanging the filtex
in two weeks, and therefore, the filter had to be
exchanged.

[0054]

Thus, according to the production method of an
aromatic polycarbonate described in detail in the present
embodiment, exchange frequency of the filtex for filtering
raw materials can be reduced. As a result, excellent
effects are exhibited such that degree of risk in the case
of filter exchange‘ and stop frequency of operation
involved in filter exchange can be reduced, and an

aromatic polycarbonate containing less foreign matters can
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with reference to spe0|f#% enbodi nmenfs thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be nade
therein without departing fromthe spirit and scope thereof. This
application is based on Japanese patent application (Patent Application No.
2007-087536) filed March 29, 2007, the entire contents thereof being hereby
i ncorporated by reference. Industrial Applicability [0056] According to the
present invention, in the production of an aromatic pol ycarbonate, exchange
frequency of the filter for filtering raw materials can be reduced.

Ther ef ore thg indgstrialsénge of thg invention is remarkable. 31 CLAI M
1. A net%%do? ?lﬁ? dﬁﬂiﬁg Poltarre pol ycarbonate wusing an aromatic

dihydroxr Egggound and a carbonic diester as raw materials, characterized
in that % faw materials in a nolten state is filtered using plural

filters arranggdsip seLi ehvedldont SR SURR IR KRS SAF Meats S8

production nethod of an aromati c polycarbonate as clained 1n clarm1l,

gihﬁr act epi gRUrbPel-Oateat B8 E@‘é/cigﬁb_e(é\v%bcﬂiﬁe%@ HHded¥, e W PIald C
ydroxy conpound and the”carbonic diester.
apparent to one skilled in the art that wvarious changes
and modifications can be made therein without departing
from the spirit and scope thereof.
This application is based on Japanese patent
application (Patent Application No. 2007-087536) filed
March 29, 2007, the entire contents thereof being hereby
incorporated by reference.
Industrial Applicability
[0056]
According to the present invention, in the
production of an aromatic  polycarbonate, exchange
frequency of the filter for filtering raw materials can be

reduced. Therefore, the industrial value of the invention

is remarkable.
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3. The production met hod of an aromatic polycarbonate as claimed in claim1l
or 2, characterized in that an ester exchange catalyst is further added to
the raw material, and the resulting mxture is filtered using the plural
filters. 4. The production nmethod of an aromatic pol ycarbonate as clained
in any one of clains 1 to 3, characterized in that when the filter has an
opening at the upstreamside of A pmand an opening at a downstream si de of
B pm in at |east one conbination, Ais larger than B (A>B). 5. The
production nmethod of an aromatic pol ycarbonate as clainmed in claimd4,

characterized in that Ais 8 or t he nost upstream side and Bis 2
or less at the nopst domnstrean13| The production nethod of an
aromat i c4pol ycgrt;g AS n 23Ny 2 8BRaeh oC! £9n32
characterlzed In at at east t re&ai terg are pfe €6f§c%r ﬂe producti on

net hod ofs3Q rgﬁat 3 RRANCAT RONR S 0:AS JdSPBEhd N &0y oRe Qhrkbaigs 1 to 6,

characterized in that at |east oOne fllter of the filters is a pleat type

filter. §ielkerPhedyald aateeiRad of an aromatic polycarbonate as claimed in
any one of claims 1 to 7, characterized in that flow velocity on at |east

one filtghatdetaeszal t:\.lixe tHdd tene £aw hhGekaW18RHEY iflmdItén NBLLLE State is
froml to 20 m hr
is filtered using plural filters arranged in series, and
then supplied to a reactor.
2. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that the raw
material is a mixture of the aromatic dihydrdxy compound
and the carbonic diester.
3. The production method of an aromatic polycarbonate
as claimed in claim 1 or 2, characterized in that an ester
exchange catalyst is further added to the raw material,
and the resulting mixture is filtered using the plural
filters.
4. The production method of an aromatic polycarbonate
as claimed in any one of claims 1 to 3, characterized in
that when the filter has an opening at the upstream side
of A um and an opening at a downstream side of B pm, in at
least one combination; A is larger than B (A>B).
5. The production method of an aromatic polycarbonate
as claimed in claim 4, characterized in that A is 8 or
more at the most upstream side and B is 2 or less at the

most downstream side,

6. The production method of an aromatic polycarbonate

32



9. The production nethod of an aromatic pol ycarbonate as clained in claim
8, characterized in that the flow velocity on the filter surface of the raw
| ina nolten state is satisfied with the following conditions (1)
(1) when the opening of the filter is less than 5 pm the fl ow

mat eri a
and (2)

velocity is froml to 5 mhr

or nore

of an aromatic pol ycarbonate

and (2) when the opening of the filter
the flow velocity is from5 to 20 mhr. 10. The production nethod
as claimed in any one of clainms 1 to 9,

Is 5 pm

characterized in _that a static mxer_is further arranged between a raw

mat er i aPSp o t aR¥ SR8 fe ¢EAMrl %Rd AnhehaKACHREERPA LPare ni xed
using the stati¢c mxer, 11. The production nethod of an aromatic

pol ycar 584t 8% §§a§§ Hhregefilters AR BFeS8™ns 1 to 10, characterized in
that th

raw mat

72 BT A, R R TR pialaadg e e

as claimed in any one of claims 1 to 6, characterized in
that at least one filter of the filters is a pleat type
filter.
8. The production method of an aromatic polycarbonate
as claimed in any one of claims 1 to 7, characterized in
that flow wvelocity on at least one filter surface of the
filters for the raw material in a molten state is from 1
to 20 m/hr.
9. The production method of an aromatic polycarbonate
as c¢laimed in claim 8, characterized in that the flow
velocity on the filter surface of the raw material in a
molten state is satisfied with the following conditions
(1) and (2):

(1) when the opening of the filter is less than 5 um,
the flow velocity is from 1 to 5 m/hr, and

{(2) when the opening of the filter is 5 um or more,
the flow velocity is from 5 to 20 m/hr.
10. The production method of an aromatic polycarbonate
as claimed in any one of claims 1 to 9, characterized in
that a static mixer is further arranged between a raw
material preparation tank and the 'reactor, and the raw
materials are mixed using the static mixer.

11. The production method of an aromatic polycarbonate

33



as claimed in any one of claims 1 to 10, characterized in
that the ester exchange catalyst is added to the raw
materials between the raw material preparation tank and

the reactor.
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