1 DESCRI PTI ON PROCESS FOR PRODUCTI ON COF HI GHLY POLYMERI ZED AROVATI C
POLYCARBONATE RESIN 5 Technical Field [0001] The present invention
relates to a nethod for highly polynerizing an aromati c pol ycarbonate
resin. More precisely, 10 the present knvention relates to a process for
produci ng a pol ycarbonate resin with high quality and a high degree of

pol yneri zati on wherein Mv is approxi mately 30, 000-100, 000, by chain
extension by linking the endiscappe ermynal ~groups of aronmatic

pol ycarbonate with an aIiphaPig §iglhcgg%o§né.bl Background Art [0002]

Si nce pol ycarbonate is excellent in heat resistance, inpact resistance and
transparency, it has been widely used in nmany fields in recent

years. Various st ushesEdmvieoegpomsericd @O wutaw tFopyMesessts f or
production of polycarbonate . Anong them pol ycarbonate derived from
aromati ¢ di hydroxy conporRrREMATIG RGLYCARBONATE [BEBIXYyphenyl ) pr opane,
herei nafter "bisphenol A", is industrialized by both processes of
interfacial polynerization and nelt polymerization. 25[0003]

According to the interfacial polynerization, polycarbonate is produced
fron1bis%ﬁ@ﬁéﬁ?&laﬁaeﬂﬁbsgene, but toxi c phosgene has to be used. In
addi tion, i% remai ns a problem such as corrosion of equi pnents caused by
by-produépg ddch as 2 hydr ogen chl ori de and sodi um chl ori de and

chl or i ne- cont ai g conpounds, such s et ens, chlgride, used i 0, gr gat

guantities as a's culties 1n renoval of 1 npuriti'es such as

SOdiu”‘CBBQ@EQQi%Hn@e§ﬁQHﬁhmﬂgﬁp%Fggggﬁ@b%bk@erégiﬁh M@ He PA¥E: Sed

i nfl uence on pol ynmer properties. Meanwhi | e, as a netgéd for
produgi nghpokyreahenahe dntdmran«aremmt it ¢ hydicees coumeudduandg a

di aryl carbonates, a nelt-polynerization nethod has been | ong known,
wher ei n, phdrycarbonate resin with high quality and a high degree of
polymerization wherein Mw is approximately 30,000-100,000, by
chain extension by linking the end-capped terminal groups of
aromatic polycarbonate with an aliphatic diol compound.
15 Background Art
[0002]

Since polycarbenate is excellent in heat resistance,
impact resistance and transparency, it has been widely used in
many fields in recent vears. Various studies have been carried

20 out with processes for preduction of polycarbonate. Among Them,
polycarbonate derived from aromatic dihydroxy compounds such as
2,2-bis (4-hydroxyphenyl)propane, hereinafter "bisphenol A", is
industrialized by both processes of interfacial polymerization
and melt polymerization.

25 [0003]

According to the interfacial polymerization,
polycarbonate is produced from bisphenol A and phosgene, but
toxic phosgene has to be used. In addition, it remains a prcblem

such as corrosion of equipments caused by by-products such as



10 exanpl e, bisphenol A and di phenyl carbonate are polynerized through a
transesterification reaction under nelting conditions as renoving

by- product aromati ¢ nonohydroxy conpounds. Unlike the interfacial

pol yneri zati on nethod, the nelt-polynerizati on met hod has advantages such
as not using solvents. However, it 15 has an essential problemas follows:
As the polynerization proceeds, viscosity of polyner in the system

i “Crease%ﬁ@moun&ﬁ e%f Jrake, | ocﬂ' frr{'c%;i'otrltd% LBIPV-E 1 ¥“ OQfoga%?‘L tic

nmonohydr o i G entl the syStem cause the
reacti on Jakedd emRlyy a@%&%ﬁﬂéﬁ% %&%ﬂﬂded'uf fdcyht g%gatto Lageeasest he
pol ymeri zation degree. [0005 In order to solve the above pr obl em
various aid enpbsvbave @@@ruﬁﬁmm:tees axt kagbvanosatiguenohydsesy as
conmpounds from pol ymer under conditions of high viscosity. For exanple,

Pat ent 25 dadcumrent ot ifapanesel Pat emnte tikokaloe Nolo850e1@6046) ndigdl bses a
screwtype polynerization vessel having a vent. Further, Patent Docunent 2
( Japahes @ PatrdrtusksieaicINe e 1Hoe 1 33993 tdisstd oses a nethod using a
thin-filmevaporator in conbination with a horizontal polynerization

devi ce. B9%doe] Pat ent Docunent 3 (US Patent No. 5,521, 275)

di scl thod far.redistributi f I I ht of t
poT ycar bonat & unhEr THel o 6SertB bl o8 LAk AT yet- ualhg Ad eXLrOAsF & RAvi ng

a pol yner, ﬁgge gQgﬁ However,

t he nethoé§%%!sc oseéy%ﬁki ab o§g§£%f§§%a§?%#notlt 481 € to increase
the nol egular 'ﬁ@r&fab&%r}’(}@étt}wtr?a@ﬂéérp'l%ﬁd et A T hadsy | or

i ncreasing 10 the nol ecul’ar weight using catalyst in |large quantity or

usi ngost rd>cimpeendidii=gns:rslcn asmApPlpHdaTY Jacduighsheardd g T ghir icRuse

probl ens whi ch woul d have a significant influence to polynmer such as the
det eri or athiremdhna huearose 4 ther pf dgariesen ofeag tdrossadenkialg: imeactndnt128E0008]
It is known that the polynerization degree of polycarbonate can be

i ncr easedshyerduing Ly pol ydeet Zqonsrt igceenehdeop =y Ao yrEdEt | oHnséeem of

mel t - pol yneri zation. I ncreasing, the nol ecul ar wei ght _under a short
react|on*?E%Faéﬁ€§a§6a9|H%léﬁﬁraZFB&PFéﬁﬂﬂFHﬁ Féﬁb@?é?u?@léﬁaﬁPéét%BH

d | b wh K
120332?3#4’5%54 a%ﬁ%é*?%%%%%?%@c% aRctvon vacesra rodos) ﬁ‘fﬁ ”E“feer ' taﬁi‘ﬁty
E‘EOpgmlaJ}, Rat ents No-; 0 g;% 6Q8) 25 f?:!ﬁ% e%sa JTR! %%q\k{q. é"fﬁl. Owever

severaI ary carbonates e time of strlbutl

woul d oty RYdRG-a SiiGRfd Océmoﬂ raseil 1@1 rmleecé{,lsaerem/@rgﬂteas%%t ent
Docunent 5 (US Patent No. 696, 222) di scl oses a nethod for producing a

hi ghly pelrnwefiiczed vwebygakbonat €1 byi @dth ngh aerdably-pypeuet adomatic

monohydroxy compounds efficiently out of the system which would

cause the reaction rate extremely decrease to make it difficult
20 to increase the polymerization degree.

[0005]

In crder to solve the above problem, various attempts have
been studied to extract aromatic monohydroxy compounds from
polymer under conditions of high viscosity. For example, Patent

25 Document 1 (Japanese Patent Kokoku No. $50-19600}) discloses a
screw-type polymerization vessel having a vent. Further,
Patent Document 2 {(Japanese Patent Kokai No. HO0Z-153923)
discloses a method using a thin-film evaporater in combination

with a horizontal polymerization device.



pol yneri zation accel erator such as aryl ester conpounds of carbonic acid
and di carboxylic acid including bis (2-nmethoxyphenyl) carbonate, bis

(2- et hoxyphenyl ) carbonate, bis (2-chlorophenyl) carbonate, bis

(2-met hoxyphenyl) 5 terephthalate and bjs (2-nmethoxyphenyl) adipate.

[ 0010] Pat ent Docunent 6 (Japanese Patent No. 4,112,979) discloses
a nethod of reacting several salicylic carbonates with an aronmatic

pol ycar bo @t'n order to increase the nolecular 10 wei ght thereof.

Pat ent Dotune 7 (Japanese Unexam ned Patent Application Publication

(Transl ation of fﬁex@@ﬁid&ﬂﬁér@@h Ners 399§n53{€*35“5) B 5.0 P5L%418 JRiad Lof

i ntroducing pol ycarbonate oligoner and bis-sal icylic carbonate or the |ike

into an exddrugershd diddioraase dm dwleeidar weightghd WA Yn aromatidat ent
Docunent 8 (Japanese Patent No. 4286914) di sd oses a nethod of increasing

t he anmounicbfcdEsariatad uhydroxlye grrogendey odne acttiaie sy dsbgen: € esprauid rsuch
as a di hydroxy conpound and 20 subsequently to carry out a coupling

react Pon lofvirie canonaticr potadk arigbrateeHawinie t heedurdaseb amunt  of

t erm nal q%ggoxy groups using a salicylic acid ester derivative. [0012]
However , 'Hbthod dlsclosed in the above docunent 25 reqU|r|ng t he

t of t d bonat ted
P ocesses becausey %égé%n%”’”% $%a<§w%§ﬁc‘?%¢ 232%21:@%%8% ® SEOPORRYar ogen
conpound ﬁggcgr{qg%;lgﬂ) %Fépo 'ﬁ@ﬁ%éﬁ#§¥(L (%frivative. In

addi ti on,” accordi ycar bona avi ng er m nal

hydr oxy %&L%rb%ria%é QWf'fECJ_I%%FtrI@J st apid 'a%%@%e@%d@ £d.s iin‘\?:freaslng
deterioration in physical properties. As shown in Non-Patent Docunent's

1- 2, 1vhe dmecreaseulR -t heiamuntiat bydaoxytarOuRS Ry @Gldine hydr ogeng
conpounds m ght induce a partial chain-decoupling reaction 5 acconpani ed
by w denigigricft tthedliecs aunchebghtpdisinobauthiorn dhwdhiergroriehtr elatievel y
| arge anount of catalyst is required to obtain a sufficiently high

react i on e, enwhivghchiwghtldbhirg &abégﬂiééﬂéntoirraﬂmd:m tphys} gagr such
properties at the tinme of formng processes. - 10[ 0013] Pat ent
Docunent “F @J’&pé‘ﬁ%élpé?émo“@l@o HeNet Hes Wl%s%l%fcl%§é§5§pﬂé€é§§gf or
producmgﬁrzF .gh-nol ecul ar pol ycarbonate by introducing

1, 4- cycl ofiéXanetiol . According to the nethod disclosed therein, however,
1,4-¢ycl ediol is introduced 15 together with an aromatic di hydroxy
conpound into ‘the pol ycondensation reaction systemfromthe begi nning and

therefore, 1,4-cyclohexanadiglamould he consunmd i redobye the
pol ycarbonat e bond-formng reaction to form an ollgoner and then the
aromat i ¢ g IREHTPON GRTRRN bV ¢k s dRast edidigda tdgi pade zation
accelerator in the reaction system of melt-polymerization.
Increasing the molecular weight under a short reaction residence
20 time and a low reaction femperature enables to increase the
production volumes of polycarbeonate which would make it easy to
design simple and inexpensive reaction vessels.
[0009]
Patent Document 4 (European Patent No. 0 595 608)
25 discloses a method for reacting several diarvlcarbonates at the
time of redistribution which, however, would not bring a
significant increase inmolecular weight. Patent Document 5 (US

Patent No. 5,696,222} discloses a method for producing a highly

polymerized polycarbonate by adding a certain tvyvpe of



20 the highly polynerization reaction. For this reason, it has a such
defect that the reaction tinme would becone relatively |Iong, which m ght
cause the deterioration of appearance features such as the color or hue.
[0014] 25Patent Docunent 10 (Japanese PRatent Kokai No. 2009-102536)

di scl oses a process for produci ng pol ycarbonate by copol yneri zing specific
aliphatic diol and etherdiol . However, since the polycarbonate discl osed

therein 'sgﬁgr i e i r e i npact
resi stanggoslyg&rllelqw re %gcczé;loérrrg%?% g’%@é%&h :Leésgm%%l?n%@%éeseg( i bited.
[0015]  carboniAS JBM '&f&?%l@&?@x%ﬁ% ComvEeNth onal; feetihods for produci ng
hi ghly pol yneri zed aromati c pol ycarbonate have many 5 probl ens, and stil
there ar e(T-eqtasd:s/fram devel 00l digs 8, | 1Ps oveth PHOaKs 4 O yTetdwashydi €h
enabl es the increase in nolecul ar wei ght

of t hear ortata ciptl giclararratrerlesiamsatorsdlaet drid ywhine lkeeppingngbod qual ity
that the polycarbonate originally has. 10 Prior Art Docunents [ Patent
Docunent JtereqlogEs]atRataart Ha e —TRRit eprtyizgont ) Pedemteat ent  Pat ent
Docunment Document Docunent Docunent Docunent Docunent Docunent 1: 2: 3:
4: 5. 6:99¥B1 Jpn. Pat. Kokoku No. S50- 19600

Patent Document 6 {(Japanese Patent No. 4,112,979)
discloses a method of reacting several salicylic carbonates with
an aromatic polycarbonate in order to increase the molecular

10  weight thereof.

Patent Document 7 (Japanese Unexamined Patent
Application Publication (Translation of PCT Application) No.
2008-514754) discloses a method of introducing polycarbbnate
oligomer and bis-salicylic carbonate or the like into an extruder

15 to increase in molecular weight.
[0011]

Fatent Document 8 {Japanese Patent No. 4286%14) discloses
a method of increasing the amount of terminal hydroxy groups by
an active hydrogen compound such as a dihydroxy compound and

20 subseguently to carry out a coupling reaction ¢f the aromatic
polycarbonate having the increased amount of terminal hydroxy
groups using a salicylic acid ester derivative.

[0012]

However, the method disclosed in the above document

25  requiring the amount of terminal hydroxy groups of polycarbonate
is complicated in processes because it needs both a reacticn
process with an active hvdrogen compound and a reactlion process
with a salicylic acid ester derivative. In addition, according

to the method, pelycarbonate having many terminal hydroxy groups



Jpn. Pat . Kokai No. H02-153923 USPat . No. 5, 521, 275 European Pat. No.0 595 608
USPat . No. 5, 696, 222 Jpn. Pat. No. 4112979 Jpn. Unexam ned Pat .

Appl . Publication 20(Translation of PCT Application)No.2008-514754 Patent

Docunent 8: Jpn. Pat. No. 4286914 Patent Docunent 9: Jpn. Pat. Kokoku No.

is low in thermal stability and has a risk of deterioration in
physical properties. As shown in Non-Patent Documents 1-2, the
increase in the amount of hydroxy groups by active hydrogen
compounds might induce a partial chain-decoupling reaction

5 accompanied by widening of the molecular weight distribution.
Furthermore, relatively large amount c¢f catalyst is required to
obtain a sufficiently high reaction rate, which might bring about
deterioration in physical properties at the time of forming
processes.

10 [0013]

Patent Document 9 {Japanese Patent Kokoku No. HG6-94501)
discloses a process for preducing a high-molecular polycarbonate
by introducing 1, 4-cyclohexanediol.  According to the method
disclosed therein, however, 1,4-cyclohexanedicl is introduced

15 together with an aromatic dihydroxy compound into the
polycondensation reaction system from the beginning and
therefore, 1,4-cyclchexanediol would be consumed first by the
polycarbonate bond-forming reaction to forman oligomer, and then
the aromatic dihydroxy compound would be reacted to participate

20 the highly polymerizatich reaction. For this reason, it has
a such defact that the reaction time would become relatively long,
which might cause the deterioration of appearance features such
as the color or hue.

[0014]

25 Patent Document 10 {Japanese Patent Kokai No.
20009-102536) discleoses a process for producing polycarbonate by
copolymerizing specificaliphaticdiol and etherdiol. However,
since the polycarbonate disclosed therein has an isosorbide

skeleton as a main structure, excellent impact resistance



HO6- 94501 Pat ent Docunent 10:

Handbook",

Docunent 2:
Lt d.
Sol ved by the Invention 5[0018]

Jpn.
[ Non- Pat ent Docunent] [0017] Non-Patent Docunment 1:
publ i shed by N kkan Kogyo Shi nbun Ltd.,

"Pol ycar bonat e Resi n" publ gshed by N kkan
"Plastic Material"p. 144 Disclosure of the Invention Problens to be

Pat. Kokai No. 2009-102536 25
"Pol ycar bonat e
p. 344 Non- Pat ent

7 Kogyo Shi nmbun

. The problemto be solved by the
driieved Reihed Hfer Har edugicngea . hi ghly

present ir%ga%iean £leS atr%lrrl%rtq\é de13n

pol ymeri ze

aronmat i ¢ pol ycarbonate resin which enables the increase in

nol ecul anpopgisght of the aromatic pol ycarbonate resin

10

15

20

25

As mentioned above, the conventional methods for

producing highly polymerized arcmatic polycarbonate have many
problems, and still there are requests for developing an improved
productiorlmethoclwhich,enables the increase in molecular weight

of the aromatic polycarbonate resin satisfactorily while keeping

good guality that the polycarbonate originally has.

Prior Art Documents

[Patent Document]

[0C16]

Patent Document 1: Jpn. Pat. Kokoku No. S550-19600

Patent Document 2: Jpn. Pat. Kokal No. H0OZ-153823

Patent Document 3: US Pat. No. 5,521,275

Patent Document 4: European Pat. No. 0 580 608

Patent Document 5: US Pat. No. 5,696,222

Patent Document 6: Jpn. Pat. No. 4112979

Patent Document 7: Jpn. Unexamined Pat. Appl. Publication

(Translation of PCT Application) No. 2008-514754

Patent Document 8: Jpn. Pat. No. 4286914
Patent Document 9: Jpn. Pat. Kokoku No. H06-94501
Patent Document 10: Jpn. Pat. Kokai No. 2009-102536

[Non-Patent Document]

[0017]

Non-Patent Document 1: "Polycarbonate Handbook", published by
Nikkan Kogyo Shimbun Ltd., p.344

Non-Patent Document 2: "Polycarbonate Resin®™ published by Nikkan



10 satisfactorily while keeping good quality. Means for Solving the

Probl ens [0019] As a result of the intensive studies to solve the above 15
probl ens, the present inventors have found that a highly polynerized
aromati c pol ycarbonate resin can be produced with a sinple process by
carrying out a transesterification reaction between an end-capped aromatic
pol ycarbonate resin and a specific aliphatic diol conpound in the presence

of a trans ﬁ%e%hgkggki3ngon%q%%kﬁg%g%?ge&aqeguq@q pressure, and thus

conpl eted t'he present invention. That is, the present
invention is related to a process for producing as folloms 25[ 1] A process
for producing a highly polynerized aromati c pol ycarbonate resin which
conpri sepiachioghire pE Wi iThveg Hiomcess wherein aromati c pol ycarbonate is
| inked with an aliphatic diol conmpound having a boiling point of 240C or

hi gher t IProkdlems toabsesScdned tat ithe dewemitdeni n t he presence of a 8
transesterification catalyst under reduced pressure to increase the

mol ectil arfORdi8ght . [ 0021] [2] The process according to [1], wherein said

al i phatic dial 5 conpound |s o] represented .t he follomnn
general formul a9 P b?oggg ﬁ)yl_@:e (pCﬁflf) qy OVEEB ™ hIEHC (1)

wherein O represents Plrﬁweocan; an, group NaYi0g.6240; AT HoNoqL AE: 10,uhi ch

may cont gs “and r epr SYEA Pnte

represent 6%?]]&'6] ?)o[lé% %até?eatregﬁp%ﬁ'dhs NraldPhatd 6 hydreearibon

gr oups. he process according to [2], wherein said

al i phati ¢, di-Q; 155 GRARGUNG A RNy afid he Gomouwds o epasent ed by the
foll owi ng general fornmulas (I1)-(1V):

10 satisfacteorily while keeping good quality.

Means for Solwing the Problems
[0019]
As a result of the intensive studies to solve the above

15 problems, the present inventors have found that a highly
polymerized aromatic polycarbonate resin can be produced with
a simple process by carrying out a transesterification reaction
between an end-capped aromatic polycarbonate resin and a specific
aliphatic diol compound in the presence of a transesterification

20 catalyst under reduced pressure, and thus completed the present
invention.

[0020]
That is, the present invention is related to a process
for producing as follows:

25 [1] A process for producing a highly polymerized aromatic
polycarbonate resin which comprises a highly polymerizing
process wherein aromatic polycarbonate is linked with an
aliphatic dicl compound having a boiling point of 240°C or higher

through a transesterification reaction in the presence of a



2]

10

15

20

[ Chem cal Formul a HO (CH2) nl1-Q1- (CH2) nl-CH

transesterification catalyst under reduced pressure to increase
the molecular weight.

[0021]

[23 The process according to [{1], wherein said aliphatic diol

compound is a compound represented by the following general

formula (I):

[Chemical Formula 1]

HO— (CH,) .—Q— (CH,) ,—OH -+ - (1)

wherein Q represents a hydrocarbon group having 6-40 carbon atoms
which may contalin aromatic rings and "n" represents an integer
of 0-10 or "n" represents 1-10 in the case that ¢ contains no
aliphatic hydrocarbon groups.

[0022]

[3] The process according to [2], wherein said aliphatic diol
compound is any one of the compounds represented by the following
general formulas (II)-(IV):

[Chemical Formula 2]

HO— (CH,) ,,—Q;— (CH,) ,,—OH - - - (II)
HO— (CH,) ,,—Q,— (CH,) ,,—OH - - - (IID)
HO— (CH,) ..—Q;— (CH,) ,,—OH -+ - (IV)

wherein Q¢ in the above formula (II) represents a hydrocarbon
group having 6-40 carbon atoms containing aromatic ring(s), nl
in the above formula (II) represents an integer of 1-10, Q. in
the above formula (II1) represents a straight-chain cr branched

hydrocarbon group having 6-40 carbon atoms which may contain



(rn)
(Iv)

10

15

20

25

HO (
wherein @ in the above fornula (

1) HO (CH2) (CH2) r,3-0H

CH2) n2-4:12- (CH2) n2-0H (1
) represents a hydrocarbon

9

heterocyclic ring{s}), n2 in the above formula (III) represents
an integer of 1-10, Q3 in the above formula (IV) represents a
cyclic hydrocarbon group having 6-40 carbon atoms and ni3 in the
above formula (IV) represents an integer of 0-10.

[0023]

[4] The process according to [3], wherein said aliphatic diol
compound is a compound represented by the following general
formula (II):

[Chemical Formula 3]

HO— (CHZ) nl_Q}._- (CHZ) nf—'OH = (II)

whereianrepresentszihydrocarbongrouphaving6—40carbonatoms
containing aromatic ring(s) and nl represents an integer of 1-10.
[0024]

[5] The process according to [4], wherein said aliphatic diol
compound is selected from the group consisting of
4,4'-bis(2-hydroxyethoxy)biphenyl,
2,2'-bis[{2-hydroxyethoxy)phenyl]ipropane,

9,9'-bis[4- ({2-hydroxyethoxy)phenyllfluorene, fluorene glycol
and fluorene diethancl.

[0025]

[6] The process according to any one of [1] to [5], wherein
said aliphatic diol compound is added in the amount of 0.01 teo
1.0 mole per mole of the total amount of the terminals of the
aromatic polycarbonate before said transesterification
reaction.

[0026]

[7] The process according to any cne of [1] to 6], wherein



20 group having 6-40 carbon atons containing aromatic ring(s), nl in the
above fornmula (11) represents an integer of 1-10, 2 in the above forml a
(I'1'l) represents a straight-chain or branched hydrocarbon group having
6-40 carbon atons which may contain 9 Reterocyclic ring(s), n2 in the
above formula (l111) represents an integer of 1-10, @B in the above formula
(I'V) represents a cyclic hydrocarbon group having 6-40 carbon atons and n3

in the ahqve formula (I represents an integer of 0-10. 510023]. [4] The
brocess ARG LG [T (TN ET S e Rl pratd o G CErhbUner 1

co gpngrgdsﬁe%%ﬁ%ﬁ%% 03%?%%%0%%*%&% ?%fﬂ%% QL & +({14d s Hhem.qaly

wher ei nQdpprasstsahydr ocar bongr ouphavi ng6- 40car bonat ons

cont ai ni ngaromati cring(s) andnlrepresentsani ntegerofl1-10. [0024] [5] The
process gwuading to [4], wherein said aliphatic diol 15 conmpound is

sel ected fromthe group consisting of 4,4'-bis(2-hydroxyethoxy)bi phenyl,

2, 2' - bi s[{(82- hy @hexyetdumep) phrempdiPropganel 7 9, 9thetsiin: [the (2:-dmnedrigxyet hoxy)
phenyl] fluorene, fluorene glycol and fluorene diethanol. 20[0025] [6]
The pr ocd¥s yaeEadrdidy o fanie ol ft s st¢5 L1l eer @t a3t @l iphat i ¢
di ol conpound is added in the anpunt  of 0.01 to 1 nol e per nole of the
total anou™OrR e FETHIRRE JT-RRL WPt h @ POty caY botit et bt e sai d
transesterification.25 reaction. [0026 [ The process. .according to any
one of [f]r%moa“[léi ,cﬁ SR Clcﬁnlf%%mgr%gﬁ% i%l%% ey]f:acf %%%I%ae ‘before said

t ransest e[{dd‘%'sqati on reaction in the highly polynerizing process is at
| east partiall’y end-capped.
9

10 [9] The process according to [7] or [8], wherein the aromatic
polycarbonate before said transesterification reaction in the
highly peclymerizing process has the concentration of terminal
hydroxy groups of 1,500 ppm or less.

[0029]

15 [10] The process according to any one of [1] to [9], wherein
the weight average molecular weight (Mw) of the highly
polymerized aromatic polycarbonate resin after the
transesterification reaction in the highly polymerizing process
is increased by 5,000 or more compared to that of the aromatic

20 polycarbonate before The transesterification reaction.

[0030}]

[11}] The process according to any one of [1] to [10], wherein
the weight average molecular weight (Mw) of the aromatic
polycarbonate before the transesterification reaction in the

25 highly polymerizing process is 5,000 to 60,000.

[0031]
[12] The process according fo any one of [1] to {11}, wherein
the transesterificaticn reaction in the highly polymerizing

process 1is carried out at a temperature ranging from 240°C to



[0027] 5[ 8] The process according to [7], wherein the aromatic

pol ycarbonate before said transesterification reactionis atermnally
end- capped prepol ynmer obtained by reacting an aronmatic di hydroxy conpound
w th diester carbonate. [0028] 10[9] The,process according to [7] or [8],
wherein the aromatic pol ycarbonate before said transesterification
reaction in the highly polynerizing process has the concentration of

terninal:QMpr@&dgfngﬁaﬁqﬁ&}ég%%ﬁuggpr | ess. [0029] 15[10] The process

according to any one wherein the wei ght average nol ecul ar
wei ght (Mgoz2f; t he highly polymerized aromatic polycarbonate resin after
the transesterification reaction in the highly polynmerizing process is

i ncreased iy 510@0pebcheLecorRared to bthatowd dhellar amt[ile 120wherein
pol ycarbonate before the transesterification reaction. [0030] [11] The
process aceortdiangdsi canyl ioree iofn [Adadol driQln Mbrerteighisheovemginti zaver age
nol ecul ar weight (Mv) of the aromatic pol ycarbonate before the

t r ansest @LIsER iencaeattd ot Attt A IBIdfgRl-g Spolrgneriging fpraocéssPpsd

5,000 to 60, 000. [0031] §{12] The{?rocess according to any one of [1] to
[11], wherdh 4aet rahdetlerifa‘eat i doht @3t ion in the highly pol ymeri zi ng

process i g ]ried out at a tenperature ranging from240C to 11 320C
under reduc pressure. [0032] [13] The process according to any one of

[1] to [lal, V‘"i*gee%%tc%%st %%’&%%%&%{g;‘uféoc%tdf;&n%e%%t QR 1, the Ijhi Ol Yep,

pol ynmeri zing 5 ocess I's carrie t at educed pressure rangi ng from

13kPaA (10fdhalde)s 1:0 pc@b 1kRRA (Dl iold ord@33liherein a terminally

10 end-capped prepolymer is preoduced by reacting an aromatic
dihydroxy compound with diester carbonate and a highly
polymerizing process wherein said terminally end-caped
prepolymer is linked with an aliphatic dicl compound having a
boiling point of 240°C or higher through a transesterification

15 reaction in the presence of a transesterification catalyst under
reduced pressure to increase the molecular weight.

[0034]
[15] Ahighly polymerized aromatic polycarbonate resin cbtained
by the process according to any one of [1] to [14].

20 [16] The highly polymerized aromatic polycarbonate resin

according to [15], which has the weight average molecular weight

(Mw) of 30,000-100,000.

[Effect of the Invention]
25 [0035]
The present invention provides a method for producing a
highly peolymerized aromatic polycarbonate resin by a simple
process wherein a terminally end-caped aromatic polycarbonate

is subjected to a transesterification reacticon with an aliphatic



[ 14] The process according to any one of [1] to [13], which conprises a

pr epol yner - produci ng process wherein a termnally 10 end-capped prepol yner
is produced by reacting an aromatic di hydroxy conmpound with diester
carbonate and a highly polynerizing pregess wherein said termnally

end- caped prepolynmer is linked with an aliphatic diol conpound having a
boi ling point of 240C or higher through a transesterification 15 reaction
in the pr§§onc%mp% %dtﬁ%ﬂﬁ§§%er£%icati nhgatalgs% u%der r@duc ddpressure
to increase the molecular weight” "Fo034] 115 “KEfi-ghlty” pot Yrerzed ="
aromatic I | [ r ccordinng .t one
of T11 £ 0TI ool bl T T ahl'y pal i sed aromatie. ol yearbonare r esi n

accor di ngrd:ddd]prad-ghe hasmide weilihds average olecul ar wei ght (My) of
30, 000- 100, 000. [Effect of the Invention] 25[0035] The present

i nvent i orh priovidliescal snethaidg orpraakic i gy andi gdd . quod yineyr izednealronmat i ¢

pol ycarbonate resin by a sinple process wherein a termnally end-caped
aromabi ¢ ol yearoriat e iwWidthjrerdethte eonddnisest e fd catdon Tigmeti on with
an aliphatic 12 diol conpound which is a conpound having specific active
hydr ogen BB tHhe prederce 670 by s deesteridhiedtish catd1sst under
reduced pressure, which enables tq obtain a hi,h-nnlecu]ar-mei%ht pol yner

havi ng good 4l 1%y by Hel " § 56 et i (24t f of tHuer et dt & i Ghs in
a short tj egarding the ar I ol rbonate subjected to the.
transesté%gﬁ ?§¥3%Hﬁﬁéacngﬁ?fgg%§l§ngﬁ¥§% g%??%%‘%%g% ?%QP%ﬁL%FﬁFéHIy
pol ymeri zing, 22t 0oy A1t A5 ML & Dot YCArbonate, 4,651 1t @l ained, by
conventional 1nterfacial polynerization or an 10 "aromati c pol ycarbonat e
resi pgobtaidied sy ppelbapebyReki Zati:08peannbe WisRd: tAdSetk & ABLdC can

pol ycar bonat e once pol yneri zed and subjected to a nolding process can al so
be used. 4008&G]d.Accar dsag hoomheipr eséntarbvanteonnas penynenedcdbane, 15
the tinme required for highly polynerizing the pol ycarbonate can be

short enedsdnicdilvel grocess lcimbeowargd ed-outa lamdere nodat.at e condi ti ons
such as a | owtenperature and hi gh-speed reaction of highly polynerizing,
whi ch endf%6X o0 avoi d a hi gh-tenperature and hi gh-shear conditions

conpared to the conventi onal t hods. 20 ,Therefore, colorin
Cross- i nking, dEEtiomOr-d He'd (ke S ot Secirt 64 PROCHETS6! FREFS whi ch

enani gs . 0Bt ALN. a0 2L OTBI.C o) ¥SALhoDALE, LeRk X aell ol ol g and

qual i n addition, since theé-ali‘pha conpoun i's used as

a |inki ng,.agent-heghbyapeh¥nerizhog c€an he achi-eved by @qsi"pLEE-REacess

conditions such as a low-temperature and high-speed reaction of
highly pelymerizing, which enables to aveild a high-temperature
and high-shear conditions compared Lo the conventional methods.

20 Therefore, coloring, cross-linking, gelation or the like are not
occurred in the polymer, which enables to obtain an aromatic
polycarbonate resin excellent in color andguality. In addition,
since the aliphatic diol compound itself is used as a linking
agent, highly polymerizing can be achieved by a simpler process

25 wherein the process of reacting with a salicylic acid derivative
is not required compared to the conventional method of using a
linking agent such as a salicylic acid derivative, and therefore
the present method is economically efficient.

Though the highly polymerized aromatic polycarbonate



25 wherein the process of reacting wwith a salicylic acid derivative is not
requi red conpared to the conventional nethod of using a |linking agent such
as a salicylic acid derivative, and therefore the present nethod is
econom cally efficient. Though the higggy pol yneri zed aronatic

pol ycarbonate 13 resin obtained by the process of the present invention
is a pol ycarbonate copol yner containing an aliphatic diol conpound as a

structural unit, it has a ¢ arabl e properties conpared to the

convent i ot ThotRfEBohdte tﬁ%&ﬁb‘?%ﬁ# cHa HiEPhendt’ B A Cand vhat i s
nore, it is, highl ol ynerized by a .nelt. pol ri.zati i.t ho

di fficul t%/&%%:r%e%ns %ecolan[l ftacia rltpao l’lylrp ia)zﬁgﬁ% %&st:l%g\glﬁtﬁgsgéﬁgogpdot her

organi ¢ sgl ve ;gtg?jcsmﬁvaq_i qﬁg@eqaglﬁgsofa (RGN g%gﬁg@lr_tme%b |28 rche

present met ho mel't pol ynerization enables to 1 tain a pol ycarbonate

havi ng conpahabkenPERPErhL ESHEOpRAFesh €= HhgoRicdhy rPOL ¥R d 28&phenol
pol ycar bonate such as bi sphenol A obtained by the interfacial

pol yneri zat i;ng whdtchi  sneps t eitsi gni Higlany . pdvbdefis)zddroCar rmyeIng Qut t he
| nventi on 15[ 0037] The process for producing a highly polynerized
aronmat i ¢ mpol ywearbonate: nesiirowonpriSesubthi ghly pol yneri zi ng process
wherein aromati c _pol ycarbonate is linked wth an aliphatic di ol conpound
through a transe8ier$es dds SRteEARELBA BN Y skt 8S2pIgphgsgene or

transesterification catalyst under reduc ressure.to increase th
mol ecul ar®Weiy rﬁ?ga[mé;]‘)l%’f)“ﬁlso Mt ?8%3?5&55%%%%? & ﬁl’ﬁg’eare%ﬁoémeneta 1

et 1 orE Wl SHET s 1 BOERET WiPaE e pol JEarSOnA S 100 1 beTore The .

C I'm~ot’her wo ycar e resin ore t

tranggst enidlgat) 88}11289%59&& %é@fﬂ%‘i&ﬂ@ér&%ll)é”ﬁﬁﬁﬁéﬂgigé%&@aﬂd the
present invention, reinafter "highly-polynmerizing reaction", is a
pol ycondensati gA1pGyINRle M dgol heasbbHat Bra depE eSereh YAt ained

by the interfacial polymerization, which is quite significant.

Mode (s) for Carrying Out the Invention
i5 [0037]

The process for producing a highly polymerized aromatic
polycarbonate resin comprises a highly polymerizing process
wherein aromatic polycarbonate is linked with an aliphatic diol
compound through a transesterification reaction in the presence

20 of a transesterification catalyst under reduced pressure to
increase the molecular weight.
[0038]
(1) Aromatic Polycarbonate
The aromatic polycarbonate to be highly polymerized in
25 the process of the present invention which is, in other words,
a polycarbonate resin before the transesterification reaction
in the highly polymerizing process of the present invention,
hereinafter "highly-polymerizing reaction”, is a

polycendensation polymer having the structure represented by the



14 follow ng general fornmula (1) as a repeating unit. [0039] [Chem cal
Formul a 4] 5[ 0040] In the above general fornmula (1), R and R2
each independently represent a hydrogen atom a hal ogen atom an al kyl
group having 1-20 carbon atons, an alk9§y group having 1-20 carbon atons,
a cycl oal kyl group having 6-20 carbon atons, an aryl group 10 havi ng 6-20
carbon atons, a cycl oal koxyl group having 6-20 carbon atons or an aryl oxy

group hav, 6- 20 carbon atons."p" d "g" each independently represent an
i nt eger J%Q%Qﬂ%@g GBI et " o&@aﬁ?ﬁébﬁﬁm§%ﬁﬂ tBY 71 om t he group
consistirf?6§ fhe di val ent organic groups represented by the foll ow ng 15
general f rnﬁﬁas (1'): [0041] [Chem cal Formula 5] RB -G, -S-, -0-, -SO,
-CO, -5021e(ikia) rok®a0042] In the above general fornmula (1'),
R3 and R4 each i ndependently represent a hydrogen atom an al kyl group
havi ng 1-10 carbon atons or an aryl group having 6-10 carbon atons. R3

(Rako Rdy o
+ = ]
—o—4 ' )X —<—/>-' oc— (1)

5 [0040]

In the above general formula {1}, R; and Ry; each
independently represent a hydrogen atom, a halogen atom, an alkyl
group having 1-20 carbon atoms, an alkoxy group having 1-20 carbon
atcms, a cvcloalkyl group having 6-20 carbon atoms, an aryl group

10 having 6-20 carbon atoms, a cycloalkoxyl group having 6-20 carbon
atoms or an arvioxy group having 6-20 carbon atoms. """ and
"g" each independently represent an integer of 0-4. X
represents an organic group selected from the group consisting
of the divalent organic groups represented by the following
15 general formulas (17):
[0041]

[Chemical Formula 5]

—-Cc—, - 88—, —0~—, —S0—, —CO—, —S0O,— «- - (17)



5 and R4 can be linked with each other to forman aliphatic ring. [0043]
The above-nenti oned aronmati c pol ycarbonate before the highly-polynerizing
reaction can be synthesized by interfacial polynerization or by nelt

pol ynmeri zation. It also can be 10 synt?gsized by solid-phase

pol yneri zation or thin-filmpolynerization.It also can be a recycl ed

pol ycarbonate recovered from used products such as used di sk nol ded
products. These pol ycarbonates can be m xed with each other to use as the
pol yrner bEQQﬁ%Q hi ghl y- pol ynerizing reaction. For exanple, a 15

pol ycarbonate resjn_obtai ned b '

with a pol ycar bohat &°% €3 %V%b?éF%g% bégﬁéﬁ pg yﬂg #;3%#%3&2%25%6 m xed

| b t t t |
Dol yoar | SRR, AP, Ty ROGKIERLER, 2 Ol L BC BN o
used di sk;imj dadpphogdushs 20 a@ingrwegﬂddgeha&%@k TheAaBbkens. Rr;

pol ycarbonate before the highly-polymerizing reaction of the present

i nvensi orercAR,at 80 be liMeedaesia kednastacpotycongdensatd omHtaduet navi ng
a reaction 25 product unit of an aromatic di hydroxy conpound with a

car bonat el ARE- f or mi ng conpound as a nmin repeating unit. [0045]
Therefore, the aromatic polycarbonate before the 16 transesterification
met hod wherei n a@n@rdral ¢ cndi hydrotya Eonpolfdonhy ehrderavesbeberespondi ng

structure1 reacted with diester carbonate in the presence of a basic
cat al yst, Jcﬁsh %lrﬂ%rrfeé&%o%&a%%?l $EE Hos nethdy wherditR canL

aromatic 5 dlhI%E%iy cogghggg u%¥gea ed E%%gk osgegéxoh5%2§ %}Egh;n t he

ql
presence "o an acl

aromebi ¢ i copands, g e, Lﬁf%ﬁ%ﬁcﬂ@&@n comound. £ eqresent ed by

the ol | ng general “fornu
polymerization. It alsc can be a recycled polycarbonate

recovered from used products such &s used disk molded products.
These polycarbonates can be mixed with each other to use as the
polymer before highly-polymerizing reaction. For example, a
15 pelycarbonate resin obtained by interfacial polymerization can
be mixed with a polycarbonate resin obtained by meld
polymerization. Or a polycarbenate resin cbtained by melt
polymerization or interfacial polymerization can be mixed with
a recycled polycarbonate recovered from used diskmolded products
20  and the like.
[0044]

The aromatic polycarbenate before the
highly-polymerizing reactiocon of the present invention can also
be described as a polycondensation product having a reaction

25 preduct unit of an aromatic dihydroxy compound with a carbonate
bond*formiﬁglcompound as a main repeating unit.
[0045]
Therefcre, the arcmatic polycarbonate before the

highly-polymerized reacticn can be obtained with ease by a known



[ Chem cal Fornula 6] (R Op(RA [ 0048] 15In the above general fornula
(2), RL and R2 each independently represent a hydrogen atom a hal ogen
atom an al kyl group having 1-20 carbon atons, an al koxy group having 1-20
carbon atons, a cycloal kyl group having_6-20 carbon atons, an aryl group
havi ng 6-20 carbon atons, a cycloalkoxg? group having 6-20 carbon 20 atons
or an aryl oxy group having 6-20 carbon atons. "p" and "q" each

i ndependent |y represent an |nte er of 0-4. X represents an or gani ¢ group
sel ect ed ¥R IHE GridG gfﬁbddf G- Tt Al B gt Y ous

represente%ﬁéxﬂﬁpe fohl8661%e%eg§£%£6%§£gugﬁﬂs ru% rlaﬁ[O%%%%ﬁ%ghenhca
Fornula S 4 t he
above gengral; f,or (a?t)’ 1'33t %d ?&%ﬁ% %e&téa)’tél%tes%’lt b

hydr ogen aton1 an group car on atons or -an ‘aryl roup

havi ng 6-@&»@@_&@%@% ?p% &&@%&%éﬂmmmﬁar@a&h Hihercto form
an aliphatic ring. [0051] I10ExXanples of the aromatic di hydroxy conpounds

i ncl ude hiis(Ahydr exyplemd )iretrhane cdlwlehi siidsdyds axy pltenyfilket Ranehe
2, 2- bi s(4- hydr oxyphenyl ) propane, 2, 2-bi s(4-hydroxyphenyl) but ane,
presence c¢f an acid binding agent.
[0046]
Examples of the aromatic dihydroxy compounds to ke used
include a compound represented by the following general formula
10 (23 :
[0047]

{Chemical Formula 6]

Radp (R
Ho—@—x \ '/ OH (2)
[0048]
15 In the above general formula (2), Ry and Ry each

independentlyrepresentzahydrogenatom,aihalogenatom,eﬂlalkyl
group having 1-20 carbon atoms, an alkoxy group having 1-20 carbon
atoms, a cycloalkyl group having 6-20 carbon atoms, an aryl group
having 6-20 carbon atoms, a cycloalkoxyl group having 6-20 carbon
20 atoms or an aryloxy group having €-20 carbon atoms. "p" and "g"
each independently represent an integer of 0-4. X represents
an organic group selected from the group consisting of the

divalent organic groups represented by the following general

formulas (27):



2, 2- bi s(4- hydr oxyphenyl )octane, 15 bi s(4-hydroxyphenyl) phenyl nmet hane,

1, 1- bi s(4- hydroxyphenyl) - 1- phenyl et hane,

bi s(4- hydr oxyphenyl ) di phenyl et hane,
2,2-bis(4-hydroxy-3-netny|phenyl)propgp?,

1, 1- bi s(4- hydroxy-3-tert-butyl phenyl) Propane,

202, 2- bi s( 3, 5-di net hyl-4-j hydr oxyphenyl ) pr opane,

2, 2- bi s(4- hydr.oxy- 3- phenyl phenyl ) pr opane,

2,2-bi s(F lohexy1- 4- hydr oxypheny! ) pr opane,

2, 2-bi s(4-hydr.oxy- 3- br onophenyl ) pr opane,

2. 2-bi s( 3 BH Fﬁyﬁg%rg@yphenyl)propane, 18

1, 1- bi s(4- hydr oxyphenyl ) cycl opent ane, 1, 1-bi s(4-hydroxyphenyl)cYcl ohexane,
2, 2- bi s(4- hydr oxy- 3- net hoxyphenyl ) pr opane, 4, 4'-di hi droxydi phenyl et her 5
' -di hydroxy- 3, 3' -di met hyl phenYl et her, 4,4'-di hydroxyphenyl sul fi de,

' -di hydr oxyg 3, 3' -di net hyl di phenYl sul fi de,

-dihydroxyp?phenylsulfoxide,

, 4' - di hydr oxye 3, 3_-glimet byl di phepyl-sulf@ade, —B0D,— s e (27)
, 4' - di hydr oxydi phenyl sul f one and
, 4' - di hydr oxyr 3, 3' - di net hyl di phenYl sul fone. [0052] Anmong them it

is preferable to use 2, 2- bi s(4- hydr oxyphenyl ) propane for the reason that
it is stable 15 as a nononer, that one having a low inpurity content is
easily available and so on. [0053] The aromatic pol ycar bonat e
resin ofé&ﬂgﬁﬁresent i nvention can be obtained by conbining two or nore of
t he above- i oned 20 various nononers (aromatic di hydroxy conpounds) if

necesgary for thg purbage,of O(%@r@éfé’ilf@ﬁnﬁpéi caly  pEORSId iRgSegHgh as

controlling a glass transiti tenperature, inproving the fluidity,
i nprovi ng Adig,drefdiacty e piradex andniadugbngatbe, ik efrivigencap ha0s4h

25The basic nethod of the process for producing the aromatic pol ycarbonate

bef ore t he 1 ghlypopodyses iczi ag seactdramumnbiibg @ektishedrbetoms. Rs

In the interfacial polynerization, exanples of carbonate bond-form ng

conpoundsarich®.uden dag Bomie chalitdessuwbhosbephbegesan arg aliphatic ring.
[0051]

10 Examples of the aromatic dihydroxy compounds include
bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis{4~-hydroxyphenyl)propane,
2,2-bis{4-hydroxyphenyl)butane,
2,2-bis{4-hydroxyphenyl)octane,

15 bis(4-hydroxyphenyl)phenylmethane,
1,1-bis{4-hydroxyphenyl}-l-phenylethane,
bis (4-hydroxyphenyl)diphenylmethane,
2,2-bis{4-hydroxy-3-metnylphenyl)propane,
1,1-bis{4-hydroxy-3-tert-butylphenyl)propane,

20 2,2-bis(3,5~dimethyl-4-hydroxyphenyl) propane,
2,2-pis{d-hydrexy-3-phenylphenvyl)propane,
2,2-bis(3-cyclohexyl-4~hydroxyphenyl)propane,
2,2-bis(4-hydroxy-3-bremophenyl) propane,

2,2-bis (3, 5-dibromo-4-hydroxyphenyl) propane,



and hal of ormates. [ 0055] In the case of using phosgene as a
carbonat e bond-form ng conpound, the reaction is usually carried out in
the presence 5 of an acid binding agent and a sol vent. Exanples of the
acid binding agents include al kali metgl hydroxide such as sodi um

hydr oxi de and pot assi um hydroxi de and am nes such as pyridi ne. Exanpl es of
sol vents i nclude hal ogenat ed hydrocarbon such as nethyl ene chloride and

chl orobenzene., | ddition, a catalyst 1 ch as tertiary am nes or
quaternaﬂy%éﬁﬂﬁH%J%W%§P§§p@§Ry§ qxggfgﬁﬁ%%%%elerating the reaction. The
reaction,tenperature, LIy Vi he Jsange from OC to 40C and the
reactionlfﬁﬂgsﬁg4u$§gﬁ§%ﬁ$$% é}rghge from sSeveral nminutes to 5 hours.

[0056] 13l B the ©ase @l el el drzatilombrodizest er carbonate is used as
a carbonat’'e bond-Tform ng conmpound. Exanpl'es of di ester carbonates include a
conpound 4r epresented v itherfaldtowmg general fornula (4): [0057]

20[ Chem cal Formula 8] 0 A---0---C--0---A(4) [0058] In the
aboves gereridl-didrymrca y(4), 3 "-A' medpneserry i@ thsrioval ent |inear, branched or
ri nged hydrocarbon group having 25 1-10 carbon atons which may be

subst i t utéed.' -THé dmexyRhengdruldgdfe same or different with each other.

car bonat ds &eh Tag HPpenyl Ao G Ol - deRonat 6,
4,4'~-dihydroxydiphenylsulfoxide,
4,4'-dihydroxy-3,3'-dimethyldiphenylsulfoxide,

10 4,4'-dihydroxydiphenylsulfone and
4,4"~dihydroxy-3,3'-dimethyldiphenylsulfone.

[0052]
Among them, it is preferable toc use
2,2-bis {4-hydroxyphenyl)propane for the reason that it is stable

15 as a monomer, that one having a low impurity content is easily

available and so on.
[0053]

The aromatic polycarbonate resin of the present invention
can be obtained by combining two or more of the above-mentioned

20 wvarious monomers {aromatic dihydroxy compounds) if necessary for
thepurposeofcmntrollingopticalpropertiessudlascontrolling
a glass transition temperature, improving the fluidity,
improving the refractive index and reducing the birefringence.
[0054]

25 The basic method of the process for producing the aromatic
polycarbonate before the highly-polymerizing reaction will be
described below.

Tn the interfacial polymerization, examples of carbonate

bond-forming compounds include carbonyl halidessuch as phosgene



5 bi s(2-chl orophenyl ) carbonate, mcresyl carbonate, dinaphthyl carbonate
and bi s(4- phenyl phenyl ) carbonate. O her di ester carbonates such as di nethyl
carbonat e, diethyl carbonate, dibutyl carbonate and dicycl ohexyl carbonate
can be used if necessary.Anong them ijtgis preferable to use diphenyl 10
carbonate froma viewpoint of reactivity, stability against coloring of
the resin thus obtained and cost.It is preferable to use diester carbonate
in an anoua; oE %.95-%.30 nol e, nore preferably in an anount of 0.98-1.20
mol e, peflfoP&l6f tHEEStal amount of the aromatic di hydroxy compound.

15[ 0060] 0055 The nelt polynerization using diester carbonate as a
carbonaté bon&-forning conpound is carried out by stirring the aromatic
di hydr oxy conponrgniy,w é&éjio%stﬁ§£n%@%?ﬁrﬁa at & predeteenbord-fateiog
heati ng under an inert gas atnosphere and 20 then distilling the produced
al cohol s QpRheRAg! srawaraction is \MBukéliheareaetli ontt énpehat nresgyce
dependi ng on the boiling point of alcohol or phenol thus produced, it is
usual by iof thearangeihdonmy12061t0aB880€. sTheereact EsRTRd saPii e8o8fLEnder
reduced pressure fromthe beginning and is conpleted by 2 contigyously

di stilli tgrchagpraduded iaicdeiws 16w lph &1k @Qﬁ%%ﬁdﬁi‘d?%rﬁo Lum
transesterification catalysts which are . co nl y. used _can _he 2d .l.n order
to accel éVaAFOKE ﬁ@chPBﬁ?SE6@63¥d%ﬂ§lg?o%%?i k&ﬁ@éﬁﬁ%bﬁ§t8¥%gg5%§'the

21 highl y-pol ﬁrre;:é)ﬁ gqg)ll;vieeaatsi an i, h%aqrqugetq{gtédﬁ\ﬁ AL A Prefer abl y

obt ai ned : i on"Teaction between an aronatic di hydroxy
compound and, il &1 621 BonatLenTBeoBeATRYEC PolMLathonabe, betacallbe
In

highly-pg}y rizing reaction e present invention is nore preferably

a teﬁain%ﬁkﬁlggdﬁéﬁ@ngyQﬁ%ﬁﬁhﬁ@@rq@ﬁtéiﬂﬁﬁybﬂmﬂﬂﬁ@hﬂ@ﬂlbetme&ﬁxﬁMSed
aromati ¢ di hydroxy conpound and di ester carbonate. [0062] Regarding the

terminal gyoups Qfertdid rapase menddtaned 10 Thentaeattyoentenpppativas ohétic
pol ycarbonate, the content of end-capped term nal groups derived from an
ar omat i ¢ ymnrdhydrioxyheompogrd fbased’ Gpon %%éct%ﬂ@ﬂékﬁnﬁﬁﬂcﬁﬁoﬁlﬂ%nﬁé%ﬁinals
is preferably 60 nol % or nore, nore preferably 70% or re, nost

pr ef er ablys@0%:orimmile |TRnds f s e St He sgecttie® et ect o s

[00561]

15 In the case of melt polymerization, diester carbonate is
used as a carbonate bond-forming compound. Examples of diester
carbonates include a compound represented by the following

general formula (4):

[0057]
20 [Chemical Formula 8]
O
A—0 ﬂ 0—A (4)
[0058]

In the above general formula (4), "A" represents &
monovalent linear, branched or ringed hydrocarbon group having

25 1-10 carbon atoms which may be substituted. The two "A"s can



15 the present invention can be exhibited remarkably. [0063] The
content of end-capped term nal groups based upon the total anmount of the
termnals of a polyner can be analyzed by 1H NWR anal ysis of the polynmner.
It is also possible to analyze 20 by mgasuring the concentration of

term nal hydroxy groups by spectronetric neasurenent using Ti conplex. The
concentration of term nal hydroxy groups by this nmeasurenent is preferably

1,500 ppmor |ess, r referably 1, 000 or less. In this case, the
ef f ect oPehﬁﬁﬁﬁyoﬁoggﬁE?E?Pﬁgwﬁ &cﬁaéjg‘ ¥ kanced 25 which will bri ng

about a gr %Eﬁred result. [0064] The |inking reaction (or the
highly p P? izing reaction) in the highly polynerizing process of the

present inventieq s 1usi ng the tdansest erdfigationneactd errdetuieen t he
22 end-capped term nal groups and the aliphatic diol conmpound introduced.

Ther ef or g,;; cwhenr dhe.sont entsweh tbhelierariyiata hydnaxy, gricups/li sanbeeatfan
t he above-nentioned range or the content of end-capped term nal groups is

| ess % hamitshe -ahaveopkrhivan et thamge.e 5 1t sshfle @ FHoTEHE /i fireade v
mol ecul ar wei ght by the Iinking reaction (the highly polyneri in%%
reacti onkcamippnace Bedabhisdviedrhsuflirdieant] yay e. R of 1 EREST

end- capped term nal groups include a 10 phenyl term.nal gr cresyl
term nal CGEOGRATER SRCH WS (UR Tl &%FBOII%% t%%hfler%r%%%agt%dup, a
p-t-butyl phenyl. term nal_ group,..a bi-phe t i TOUP hBNisag if

o- met hoxyearidy SHREMAE ettt é:}lcg}/rcoluoglegér/#& acearpi{gcdt}%yﬁ%henyl termnal group.
15[ 0066] nmon erpmnal group-gerived fsemiapnhanematic
nonohydr@ffeggﬁﬁgﬁnd %g&pﬁ%]%ﬁ?%h/g%iIin%_po!ﬁt whi ch can be easily
renoygd fromdihe J eacti on sysiemaf dhe-ddakivig ¥ eactdio descrgdiedtbel ow
IS prefergble. A phenyl termnal group or a 20 p-tert-butyl phenyl term nal
group is Jre-iRieberabl eesli@06ts obtained antheosase offtim erkdeirable

pol ymeri zation, the end-capped term nal group can be introduced by using a
t er m nal teernmenatiieny cagentr atmatthe it me clnpndd vl g e -alofgtice More

pol ycarbonate. 25 Exanples of the termnal termnatin ents_.incl ud
p-tert - butndfaqatadniol inpaertount @ndl- fRehol Oahe ¢ orﬂf-li:%%?ﬁ% 8%%}?6 total
substituted phenol. The anount of term nal term nating agent can be

.th
det er m neProper y-e Sordig € od]t%‘%‘?f%n%%ﬁp%‘gh?‘ent of terminal groups

of t?g ar[oon(‘)aéd]c pol ycar bonat e whi ch neans the desired 23

The melt polymerization using diester carbonate as a
carbonate bond-forming compound is carried out by stirring the
aromatic dihydroxy component with diester carbonate at a
predetermined rate on heating under an inert gas atmosphere and

20 then distilling the produced alcohols or phenols away.

While the reaction temperature is depending on the boiling
point of alcohol or phenol thus produced, it is usually in the
range from 120°C to 350°C. The reaction is carried out under
reduced pressure from the beginning and is completed by

25  continucusly distilling the produced alcohols or phenols.
Basic compounds or transesterification catalysts which are
commonly used can be used in order to accelerate the reaction.
[0061]

The aromatic polycarbonate before the



nol ecul ar wei ght of the aromatic pol ycarbonate, the reaction apparatus to
be used, reaction conditions or the like. [0068] In the case of nelt

pol ynmeri zati on, end-capped termnal 5 groups can be introduced by using
di ester carbonate such as di phenyl carppnate in an anount excess to that
of the aromatic di hydroxy conpound at the tinme of producing the aromatic
pol ycar bonat e. Wi | e dependi ng on the reaction apparatus to be used and

reaction.conditions, di.ester carhonate | S r l.y i n .an anount
of 1.00 F9P130PRrES mer&9pré é?aqﬁy%f{éﬁgiggf%%ﬁEng%g%%gﬁ%ﬁbpg of the
ar omat | ¢ JILqrexy, e8EReHAM. ol NEE shye Al A1 P Gpelacanhanabeysahl shyi ng

t he above-nention content of end-capped term nal groups can be obtai ned.

Accor di ng tgthe @ri%zﬁ%xiyn\é%ﬁ{ﬂcﬁihd idnd Slipssefeer ablrddnatkh useha
term nal ly end-capped prepol yner obtained by transesterification reaction

bet ween ancaizenat b6ldihydbaxy ecoapovad rend idind st-gro lyaelondtng asatheon
aromati c pol ycarbonate before the highly-polynerizing reaction. [0069]
20Fur$ herimortée gtretsee tt iimey coft ipyrodiufc iy & e edregmmditlivc SpdiyEarerdat e havi ng
the repeating unit represented b¥ t he above-nenti oned general forggta (D),
a di car b iCerasidd PEERPOIAG 'c 8RTBeNELedY t Bttt et WRH e 2406V fEALT oned
aromati ¢ di hydroxy conpound to. proodyce pol yestercarbonate. 25[0070]

Exanpl es GEHE s SRR Ghr ﬁ%:%ﬁﬁ%fQ§%§bounds i ncl ude
terephthgliigﬁcid, i sopht halic acid, naphthal ene di carboxylic acid and

1, 4-cycl P&84de di carboxylic acid. In addition, these dicarboxylic acid

conpounds can . besubl £cleq {0 t@ﬁn{r%ﬁftc%]ﬁéh@éeé@rﬁbé Yathdiyd heedoroned an
acid chloride or ah ester conpound. Furthernore, at the tinme of producing a

pol yest encanbonatis, rsi-hardicarbamddic aaid;dsmirefer,abline usedamt anf
anount of 0.5 to 45 nol % nore preferably 1 to 40 nol% 5 based upon 100
mol % of tdiel-tcetalecareunt nafl fheuabaolke:iment ifonedsdidnydraoxye corpordrPzand
t he di carboxylic acid conponent. [0071] ,
compound based upon the total amount of the terminals is
preferably 60 mol% or more, more preferably 70% or more, most
preferably 80% or more. In this case, the specific effect of
15 the present invention can be exhibited remarkably.
[0063]
The content of end-capped terminal groups based upon the
total amount of the terminals of a polymer can be analyzed by
'H-NMR analysis of the polymer. It is also possible to analyze
20 by measuring the concentration of terminal hydroxy groups by
spectrometric measurement using Ti complex. The concentration
of terminal hydroxy groups by this measurement is preferably
1,500 ppm or less, more preferably 1,000 ppm or less. In this
case, the effect of highly polymerizing reaction is enhanced
25 which will bring about a preferred result.
[0064]
The linking reaction (or the highly polymerizing
reaction) in the highly polymerizing process of the present

invention is using the transesterification reaction between the



Regardi ng the nol ecul ar wei ght of the aromatic pol ycarbonat ebeore the

hi ghl y- pol yneri zing reaction to be used 10 in the highly polynerizing
process of the present invention, is preferable that the weight average
nol ecul ar wei ght (Man) of the prepolyne? isin the range fromb5,000 to

60, 000, nore preferably in the range f 8n110,000 to 50, 000, nost
preferably in the range from 10,000 to 40, 000. 15[ 0072] When usi ng
a prepolyner haV|Q$ | ow nol ecul ar wei ght outside the above range,

i nfl uenceyt e je doj r?ﬁ@?éﬁjorgﬁi@ﬁﬁearﬁﬁ ofﬁé?tﬁ %tﬁdbl@ﬂrﬁelr H@?ﬂurbje
bl,e th d t f rt t
veul & o B cda e T E%‘eﬁﬁrﬁefw%" Fherd o B e DL PR Ryt | on
of the ﬁ{)q%@};%sc I%%)S% ponats, %go%%l—m‘é’heﬂ ‘ﬁs'd“gag erSPOéﬁ’éT%ro hc%‘ﬁ Tf
ecu e% ﬁ t he

hi gher ar melg out si e above Tange, & concenttation o

active Z%A@raami&ta}ﬂmaa@egﬂﬁgse@gqqaséfv‘ahgn t@a&@#@%é@@i@rﬁé@k@ﬂ@é of
the effect of highly polynerization. In addition, since the prepolyner is

a hi gb- vitseosififileqiolafBihe lilndreNRCEIS Y] domiCal feiott bhe theact h@nnynder
the conditions of high tenperature, high shear and long term which is not
pr ef er ablme=dagri abt(aber hgghl vy 2% hyrgdr quahg tneaartamat)i cagohyt ardenatievieesi n.
[0074] (2) Aliphatic Dol Conpound According to the present invention, the
above- mertbidriedi Brttlefni nal |y end- capped aromatic pol ycarbonate is r eact ed
with an alj hatlc di ol conmpound as a linking agent in the presence of a
transest ld%§3at i on catalyst under reduced pressure, thereby highly

pol yneri zati on n achl d rapi dl nmoderate conditio Th t is,

Phe’end- capped CUTHIATS g bun Her MEtRaB~ r 6L ar GHAtT e waf%%

?gggtlggF?£ gﬁg%gahgg'gﬁkxﬁ%ohollc %ggﬁgiﬁm%?%hghgnk%r quﬁ}o |ng t he

o 0 e, oL arormys aalueey s e gt e

resul ti nggmliecul esrd07% biphenyl terminal group, an
o—methoxycarbonylphenyl terminal grcup and a p-cumyiphenyl
terminal group.

15 [0066]

Among them, a terminal group derived from an aromatic
monohydroxy compound having a low boiling point which can be
easily removed from the reaction system of the linking reaction
described below is preferable. A phenyl terminal group or a

20 p-tert-butylphenyl terminal group is more preferable.
[0067]

In the case of interfacial pclymerization, the end~capped
terminal group can be introduced by using a terminal terminating
agent at the time of producing the aromatic polycarbonate.

25 Examples of the terminal terminating agents include p-tert-butyl
phencol, phenol, p-cumylphenol and long-chain alkyl substituted
phenol. The amount of the terminal terminating agent can be

determined properly according to the intended content of terminal

groups of the arcmatic polycarbonate which means the desired



The aliphatic diol conpound to be used in the highly-polynerizing process
of the present invention is required to have a higher boiling point than
that of the aromati c 20 nonohydroxy conmpound which is produced acconpani ed
by the highly-polynerization reaction 5on1the termnal ly end-capped
aromati c pol ycarbonate subjected to the highly-polynerizing reaction and
is distilled away. I n addition, since it has to be i mmobi | i zed under the
above-nmenti oned tenperature and 25 pressure, refer ble to use an
al i phat i &St iconptiuritth Hﬁ“éQ4ﬂQﬁ§%ﬁﬂRP4ﬁiﬁF 1th€hﬁrﬁe%Qqu The

l'i nki ng reactiaon of the pres i nventiaon reci

pr ef er abl®RYG e drf gtfei pﬂ‘?’a?q?c ]ﬁao(?tjto Coounnévn[hlaOV|Sng astbm I ng p0| nt of
240C or 4qﬂg§ nore preferably 250C or higher. Wiile the upper 26 limt
of the.boiling point should not be particularly limted, it would be

sufficient to haye 8 DeildngrPRLDE ﬁﬁlﬁﬁggiﬁﬁtiéﬁ“ﬂéndiygﬁﬂedTﬂ@thhﬁu
"al i phatic diol conpound " according to the 5 present invention neans a

conpoand daMifhg @ chai nirairsyedtd€ mf iphiaid cdiydreacarbomomgrioupsichaas an
al kyl ene group or a cycl oal kyl ene group binding to the term nal hydroxy

(- OH) graiipsheny Examplestef ithenakinphati exdess tonpondi rfidleudecaacampound
havi ng di val ent al coholic hydroxy groups represented by the fol|ow ng

10f or nul aify)drq=00 /Mg Chehi &al tRorinea of EFJI@dl{CGHZQ) WQ}aI(CG%JG—I (1)
[0078] 15In the above general fornula (I% resents a dro%erb%
group haWdy B4 Edibon alBise, dpreret BB W% ﬁﬁé

o oyert O g e tdf&%aéobﬁ O QU C&esbceerstgaﬁ%a@w ugogaanched

10 preferably in an amount of 1.0C tec 1.30 mole, more preferably
1.02 to 1.20 mole per mole of the aromatic dihydroxy compound,
thereby an aromatic polycarbonate satisfying the above-mentioned
content of end-capped terminal groups can be cbtained.

According to the present invention, it is preferable to

15 use a terminally end-capped prepolymer obtained by
transesterification reaction between an aromatic dihydroxy
compound and diester carbonate as the aromatic pclycarbonate
before the highly-polymerizing reaction.

[0069]

20 Furthermore, at the time of producing the aromatic
polycarbonate having the repeating unit represented by the
above-mentioned general formula (1), a dicarboxylic acid
compound can be used together with the above-mentioned aromatic
dihydroxy compound to produce polyestercarbonate.

25 [0070]

Examples of the preferable dicarboxylic acid compounds
include terephthalic acid, isophthalic acid, naphthalene
dicarboxylic acid and 1,4-cyclohexane dicarboxylic acid. In

addition, these dicarboxylic acid compounds can be subjected to



containringstructures such as aromatic ring(s) and heterocyclic 20
ring(s)."n"representsani ntegerof & 0l0, preferably 1 to4. In the case that
Q does not contain aliphatic hydrocarbon groups, "n" represents an integer
of 1 to 10, preferably 1 to4. [0079] Bxanples of the nore preferable
aliphatic did | conpounds 25 to be used in the present invention include
conpounds havi ng di val ent al coholic hydrocarbon groups represented by any

of the TouRauing geneal,{ormyias, GLk bo Lh\csq Zh10080] hobent el
compocund. Furthermore, at the time of producing a
polyestercarbonate resin, dicarboxylic acid is preferably used
in an amount of 0.5 to 45 mol%, more preferably 1 to 40 mol%,
5 based upcn 100 mol% of the total amount of the-above—mentioned
dihydroxy compbnent and the dicarboxylic acid component.
[0071] |
Regarding the molecular weight of the aromatic
polycarbonatebeforethehigbly—polymerizingreactiontokxaused
10  in the highly polymerizing process of the present invention, it
is preferable that the weight average molecular weight (Mw) of
the prepolymer is in the range from 5,000 to 60,000, more
preferably in the range from 10,000 to 50,000, most preferably
in the range from 10,000 to 40,000.
15 [0072]

When using a prepolymer having low molecular weight
outside the above range, influence of copolymerization on the
properties of polymer might be serious. Though it may enable
the modification of polymer properties, it would not be

20 preferable in terms of the effect of highly polymerization of
the aromatic polycarbonate.
[0073]

When using a prepolymer having higher molecular weilght

cutside the above range, the concentration of the active

25 terminals might be decrecased, which may cause insufficiency of
the effect of highly polymerization. Tn addition, since the
prepolymer is a high-viscosity polymer, it is necessary to carry
out the reaction under the conditions of high temperature, high

shear and long term, which is not preferable for cbtaining a



n2-Cl2- (CH2) n2-H (rrr)y HO (CH2) 113-@- (CH2) n3-OH (1v)

[ 0081] In the above general fornmula (I1), "41" represents a

hydr ocar bon group havi ng 6-40 carbon atons containing aromatic ring(s),
preferably a hydrocarbon group having 6530 carbon atons contai ni ng
aromatic ring(s)."nl" represents an integer of 1-10, preferably an integer
of 1-4. Exanples of the aromatic

high-quality aromatic polycarbonate resin.
[0074]
(2) Aliphatic Diol Compound
According to the present invention, the above~mentioned
5 terminally end-capped aromatic polycarbonate is reacted with an
aliphatic diol compound as a linking agent in the presence of
a transesterification catalyst under reduced pressure, thereby
highly polymerization can be achieved rapidly under moderate
conditions. That is, the end-capped terminal group derived
10 from the arcomatic hydroxy compound present in the polycarbonate
before the highly-polymerizing reaction is replaced by an
alcoholic hydrexy group, thereby promoting the linking reaction
among the aromatic polycarbonate molecules before the
highly-polymerizing reaction to increase the molecular weight
15 of the resulting molecule.
[0075]

The aliphatic diocl compound to be used in the
highly-polymerizing process of the present invention is required
to have a higher boiling point than that of the aromatic

20 monohydroxy compound which is produced accompanied by the
highly-polymerization reaction from the terminally end-capped
arcmatic polycarbonate subjected to the highly-polymerizing
reaction and is distilled away. In addition, since 1t has to
be immobilized under the above-mentioned temperature and

25 pressure, it is preferable to use an aliphatic diol compound
having a relatively high boiling point for the linking reaction
of the present invention. More precisely, if ig preferable to
use an aliphatic diol compound having a beoiling point of 240°C

or higher, more preferably 250°C or higher. While the upper



10 rings include a phenyl group, a biphenyl group, a fluorenyl group and a
napht hyl group. [0082] In the above general fornmula (Il1), "Q@"
represents a straight-chain or branched hydrocarbon group havi ng 6-40
carbon 15 atons which may contain hetefyocyclic ring(s), preferably a
strai ght-chain or branched hydrocarbon group having 6-30 carbon atons
whi ch may contain heterocyclic ring(s). "n2" represents an integer of

1-10, preferabl i,nteger of 1-4. l,,.20 genesaicfgrnul a
(1V), "Cgﬂmﬁéppﬁsgﬁ?sb%?g§%?i%p y%f%%arcgﬁmé?%%pbﬁgg?ﬁgygf4g carbon at ons

such as g 0%8419%"1%%}’ Lere;graup, - prefer abbyi i gy ¢diathydrosarden goeup.

havi ng 6-§0 carbon atons."n3" represents an integer of 0-10, preferably an
i nteger ¢lhoys4. Exanpl es of the cycloal kyl ene 25 groups include a

cycl ohexyl group, a bicycl odecanyl group and 28 a tricycl odecanyl group.

[ 0084] Anpng t herreomeounds Iigprasient&d bycamowfd t'he alsoyvdred dred
general formulas (I1) to (1V), the conpound 5 represented by the general
formuba plessns npstnpriererssine 4 GEg5ound havingy gmsied o4 K& di%hat i ¢
di ol compounds which can be used for the present .invention include

strai ght adhaitrtala Brystios adivets ERP a9 BE féeaneddia’® £ ddecanedi ol |

10 1, 18-oct ad diol, 1,20-ei iol d. 1, 22- 1edi ol Lphat i
10l CoREIRAIGo IS STTLEAITECSR Sucti oot 4ty CPoneraned of »- o0 ot
1, 4- I di hanol i cy.ed ! j in
deca??ﬁ- f%égﬂggi%gﬁ%rsggéﬁpéé%%%%ﬁgh%ggégépgﬁu%?%gﬁﬁgﬁgﬁﬁﬁﬁgggg?gidg and

i somanni dg; 15 gg?ggh%qghsh§5%gx§;%ggggggﬁ%@%%kﬁ@@dQgﬁmk@dfbylbheng

foll owi ng formu wherel n R8 each i ndependently
represents A hyidr ogen atom or a nonoval ent al kyl group having 1-10 carbon
at ons;

[0077]

[Chemical Formuia 9]

HO— (CH,) .—Q— (CH,) .—OH -+« (I)

- [o078]
i5 ' -R:In the above general formula (I}, Q represents a
hydrocatbon group having 6-40 carbon atoms, preferably a
hydrocarbon group having 6-30 carbon atons. The hydrccarbon
group can be straight chain, branched or cyclic. It can also
Containringstructuressnuﬂlasaromaticring(s)andheterocyclic
20 ring(s). "n" represents an integer of 0 to 10, preferably 1 tod.
In the case that O does not contain aliphatic hydrocarbon groups,
"n" represents an integer of 1 to 10, preferably 1 to4.
[0079]
Examples of the more preferable aliphatic diol compounds
55  +o be used in the present invention include compounds having
divalent alcoholic hydrocarbon groups represented by any of the

following general formulas (II) to (IV) :



[0086] 20[ Chemical Fornula 11] [0087] aliphatic diols containing
aromatic ring(s) such as naphthal ene di methanol, biphenyl dinethanol, 29
1, 4- bi s(2- hydr oxyet hoxy) phenyl, 4, 4'-bi s(2-hydroxyet hoxy) bi phenyl,

2, 2" - bi s[ (2- hydr oxyet hoxy) phenyl ] pr opape,

9, 9- bi s[ 4- (2- hydr oxyet hoxy) phenyl | fl uorene, 5

9, 9- bi s(hydroxynet hyl ) fl uorene, 9, 9-bi s(hydroxyethyl)fluorene, fluorene

gl ycol, fluorene diethanol, "NFAL-PE" represented by the follow ng formula
and" BPAL-9®80%epr esented by the fol l owing formula. [0088] 10[ Chemi cal

For nul a %%Eemf%éi @%E%ﬂlgFﬁkﬂPE Cl161-11804=274.31 0 O

HO— (CH,) ,,—Q,— (CH,) ,,—OH - (II)
HO— (CH,) .,—Qs;— (CH,) ,,—OH -+ (IID
HO— (CH,) .,—Qs— (CH,) ,;—OH « -+ (IV

[0081]

5 In the above general formula (II}, "O1" represents a
hydrocarbon group having 6-40 carbon atoms containing arcmatic
ring{s), preferably a hydrocarbon group having 6-30 carbon atoms
containing aromatic ring(s). "nl" represents an integer of
1-10, preferably an integer of 1-4. Examples of the aromatic

10 rings include a phenyl group, a biphenyl group, a fluorenyl group
and a naphthyl group.

[0082]
In the above general formula (IT1), "Q," represents a
straight—-chain or branched hydrocarbon group having 6-40 carbon

15 atoms which may contain heterocyclic ring{s), preferably a
straight-chain or branched hydrocarbon group having 6-3C carbon
atoms which may contain hetercocyclic ring({s}. "n2" represents
an integer of 1-10, preferably an integer of 1-4.

[0083]

20 In the above general formula (IV), "0," represents a cyclic
hydrocarbon group having 6-40 carbon atoms such as a
cycloalkylene group, preferably a cyclic hydrocarboen group
having 6-30 carbon atoms. ‘"n3" represents an integer of 0-10,
preferably an integer of 1-4. Examples of the cycloalkylene

25 groups include a cyclohexyl group, & bicyclodecanyl group and



HO OH BPAL- PE 0181-12004=300. 35 [0089] Anmong t hem

decal i n- 2, 6- di net hanol , pentacycl opent adecal i n di net hanol, 15

4, 4" - bi g(2- hydr oxyet hoxy) bi phenyl ,
2,2'-bis[(2-hydroxyethoxy)phenyl]propqﬂ§,

9, 9- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] fl uorene, fluorene glycol and fluorene
di et hanol are nost preferable. They can be used each

i ndependently or 't or re of them 20 can be used in conbination with
each oth@rﬁﬁaﬁyﬁ%§§§ﬂang¥)grouﬁhegarding the aliphatic diol conpound

actuallyégﬁﬁg, speci es of the avail abl e conpounds can be varied dependi ng
on the react Jn conditions or the like. 5The practical reaction schene of

the linking and i ghl y-pol Yimsd 289 F&actdon by ghed} iphatic diol
conmpound i s exeé%*??%é: as{%g%loﬁgg [ 0091] [Chenf@aﬁaéornula 13] [0092]

In the abeye d-@rGlMmsCherRrdihe @namatd ¢ Monahy droxy, corpewrtbound

represented by "R-OH' is renobved away as the reaction proceeds under

reduced pregsswestcbhenelye tdemearmdlecidrarulwei ght) is most preferable.
[0085]

Examples of the aliphatic diol compounds which can be used
for the present invention include straight-chain aliphaticdiocls
such as 1,10-decanedicl, 1,12-dodecanedicl,

i0 1,18-octadecanediol, 1,20-eicosanedicl and 1,22-docosanediol;
aliphatic diols containing ring structure({s) such as
1,4-cyclohexanediol, 1,4-cyclohexane dimethancl, tricycle
(5.2.1.0%% decane dimethanol, decalin-2,6-dimethanol,
pentacyclopentadecalin dimethanol, iscsorbide and isomannide;

15 spiroglycols such as the compound represented by the following
formula (4) wherein R5, R6, R7 and R8 each independently represent
a hydrogen atom or a monovalent alkyl group having 1-10 carbon
atoms;
[o086]

20 [Chemical Formula 11]

HO Rs o o) Ry
\___}_< >——i—————\ {4
i . " L OH
[0087]

aliphatic diols centaining aromatic ring(s) such as naphthalene

dimethancl, biphenyl dimethanol,



15 of the polyner can be increased. [0093] The amount of the
aliphatic diol conpound to be used according to the present invention is
preferably 0.01 to 1.0 nole, nore preferably 0.1 to 1.0 nole, further
preferably 0.1 to 0.5 20 nol e, nopst pr%};erably 0.2 to 0.4 nole per nole of
the total amount of the termnals of the aromatic pol ycarbonate before the
hi ghly pol ynerizing reaction. [0094] 31 When t he anount of the

al i phatic diol caonmpound to be used is too | arge beyond the above range,

i nserti ontreddts o WEREYE e RIS At ¢ di ol conpound is inserted into
the main chain .of, the aromati.c l.y.carbonate resin as a copol ynmeri zi ng
comonentf’gm%d'tﬁ(zo@é’ ,O%eitc}hoﬁqg%]tp%ceﬂ}};é a serious influence of the

copol ynerJ zat ion. p(@_phgﬁf%%&éﬁ%ﬂmﬁ%@%%e of the increase in the

copol yneri’Zation ratid. abl’e the rodification of polyner
properties,qgidi woul @ -nafqReprafsrabledn tanm-ofe t he effect of highly
pol yneri zation of 10 the aromatic pol ycarbonat e. When t he anount

of the alg phaticiHidio:semaund fodensed, bsbieghyrabkveengid fihe rabeve
range, highly polynerization m ght be ineffective which would not be

pr ef er ablE.ud3085]g1k5sial ,t Ha yregentdienemdilon, " NFPhe PESt aerarsant edf bivhe
termnals of polycarbonate"” or "the total anmount of the term nals of

pol yner" & fhé laet eeni deer by cédl CBFAYTRY" demaiasswsed by the foldopRadcase
of polycarbonate with no branches or straight-chain polyner, for exanple,
the numbero@f %% mi nal 20 groups per nolecule is two. Therefore, when the
anount of Oq}cgé/car bonate with no branches is 0.5 nol, the total anount of
the term 4 g]roups will be 1 nole. In the case of pol ycarbonate

havi br S5t he,.L.e1d ng); groups of the branched chain is also
! fd }%lhﬁ 1 14 .
mclg edint ecat ot al anount }25 of the term nals. The total anpbunt of the

term nal s including
C)%O

oo

HO OH HO OH

NFAL-PE BPAL-PE

C1gH404=274.31 C1gH2004=300.35
[008S]

Among them, decalin-2, 6-dimethanol,
pentacyclopentadecalin dimethanol,
15 4,4'-bis(2-hydroxyethoxy)biphenyl,
2,2'-bis[(2-hydroxyethoxy)phenyllpropane,
9,9-bis[4-(2-hydroxyethoxy)phenyl]flucrene, flucrene glycol

and fluorene diethanol are most preferable.

They can be used each independently or two or more of them

20 can be used in combination with each- other.



the term nal groups of the branched chain can be determ ned by an NWR
anal ysis or by calculating fromnol ecul ar weight and /or an introduction
anount of branching agents or the |ike. [0096] 32 It is desirable that
the content of inpurities such as chlo nitrogen, alkali metals and
heavy netals in the aliphatic diol n% und is | ow. Exanpl es of al kal i
netal s i nclude sodi um potassiun1and salts or derivatives thereof. 5
Exanpl es of heavy nmetal s include iron, nickel and chromi um [3097]

Regar di ng [§9Ckontent of these |npur|t|es the content of chlorine is

ferably 1000 | t bly 100
Or I osa and the RORLEH™Er A kAl f-%ﬁi&di@l ”éo%é’ TarBrh Sothonr e

| ess. Rega{;ﬁé@ﬁeé e Q%aefvy Jg%.klazl[ﬁle t&% Hd QAL A %&%ﬁﬂ“é 3, ppm

or |ess e content o 'S pr era pnlor ess cont ent
of chromum i s pref&r ablng il phm ofr 1 ess. 111@@98] 15(3) Highly Pol ymeri zi ng
Reacti on The highly polynerizing reaction in the highly

pol ymeri zi ng protiesspedctheapresentibnveshens o8 Bhéransesheriafdcation
reaction. As the catalyst to be used for the transesterification reaction
whi ch i s Hieghhw-ghd Ym0 ipoilngrerdazimiger éacthenadbiphaeiprésehtcamyaentd ors, a
basi ¢ conmpound catal yst and a transesterification catalyst conmonly used
as a cat ¥zt forigt cdudinlglPot ycar bonat e can be used. [0099]

Exanpl es of the basic conpound catal ysts include alkali 25 netal conpounds
and/ or al kK@{%1 barth met al conpounds and ni trogen-contai ni ng conpounds.
Preferabl exa ezﬁof q%¥g%% met al conmpounds and/or al kali earth netal
conpounds W salts, inorganic salts, oxide, hydroxide,
hydri de, aIKOX|de gquaternary 33 ammoni um hydroxi de and salts thereof and
am nes of alkali netals and alkali earth netals. These conmpounds can be
used each independently or two or nore of them can be used in conbination
wi th each ot her.

2R—0{? —oo}-r:g—om + HO/W\OH

G-ZROH

10
[0082]

In the above reaction scheme, the aromatic monohydroxy
compound represented by "R-OH" is removed away as the reaction
proceeds under reduced pressure. Thereby, the meolecular weight

15 of the polymer can be increased.
[0093]

The amount of the aliphatic diol compound to be used
according to the present invention is preferably 0.01 to1l.0mole,
more preferably 0.1 to 1.0 mole, further preferably 0.1 to 0.5

20 mole, most preferably 0.2 to 0.4 mole per mole of the total amount
of the terminals of the aromatic polycarbonate before the highly
polymerizing reaction.

[0094]



5[ 0100] Exanpl es of alkali netal conpounds include sodi um hydroxi de,

pot assi um hydr oxi de, cesi um hydroxi de, |ithium hydroxide, sodi um hydrogen
carbonat e, sodi um carbonate, potassium carbonate, cesium carbonate,
l'i thium carbonate, sodium 10 acet at e, tassi um acetate, cesium acetate,

lithium acetate, sodium stearate, potaSsium stearate, cesium stearate,
lithium stearate, sodi um boron hydride, sodium phenyl borate, sodium

benzoate, potassium benzoate, cesium benzpate , lithium benzoate, disodium
hydr ogenphosphat®e%ith6t 2881 ﬁ&%ﬁg@ﬁbﬁgé‘%ﬁﬁt%oﬁgoﬁﬁppw 'B?ntbe used

hydr ogenphosphat e, di.sodi um.phenyl pho e, . 1.sodi l.t. O L enol
A a di pd”[sazggloun%l jé%ftb%sforfﬁlsp eerg%log%., §§H§%éelsﬁ%%éﬁ lJIorgfal %gtllsop Eﬁgkéﬁgand a
dilithi umall sohfliophangl cBpdusedium ablcoh phenlne Giol asshibmsal !

of phenol, a cesiumsalt of p gnol a lithiumsalt of phenol. 20[0101]

Exanpl es +0fc akkali: ;:eapbhypetabneeapedpds hHc udR JTagREsI M y-Bmneshde .t

cal ci um hydroxi de, strontium hydroxi de, barium hydroxi de, nagnesi um

hydr ogen riayHhonaie; r ¢ aliciarmmhiygrio gen: oard onat ey u s tinontuarmeh yadr agen
carbonat e, barium hydrogen 25 carbonate, nmagnesi um carbonate, cal cium

car bonat eorstinort ira Carbanattdie ar | ume © ay et el e hegpresi i e dihdt e,

cal cium acetate, strontium acetate, barium acetate, nagnesium stearate,
cal ci um STEHRE 18ate? FRASENIAIE HNP TEGHESi um pHERYITEhSS fifat 614P6£02]
34 Exanpl es of, nitrogen-cont ai ni ng conpounds i ncl ud ase such as
quat er nary*<a '%W&’bﬁ%@%@ﬁ%i?ﬁ?@gﬁqﬁ' g]rnfodbosurha#d}og:r tijaer yl groups

such a5 LSLIAIEUIN] AT hydiox i eyactiul ATt um Byt o g

I
t et rapror?yl amroni um nru roxi de and

tri hyl Rmmni droxide, tertiary am nes such as triethylam ne,
r@% é%%”ﬁ&lé)m ne ar%mtﬁ}r]%/

di et hyl benz phenyl am ne; secondary am nes such as

di et hyl ami ne andyhbutyd aRbNRL PF IHFRY ¥ 1aFhAES cSACHL asnpopy anine uakd
butyl ami ne ; i m dazol es such as 2-nethyli m dazole, 10 2-phenyli m dazol e

and benzdigrt:dazahel 1 ardcnchase @roee hasige salkthsuaghe agnammmiisgn might
tetramet hyl amoni um bor ohydri de, tetrabutyl amoni um borohydri de,

t et r abut yde ameorfiaghites raphenydbordteotanee teteaphanyd - anmoni um

t etraphenyl borate, or basic salts thereof. [0103] 15Regarding the
transeste[?vqoquélati on catalyst, salts of zinc, tin, zirconiumor |ead can be

referably used._Th can be used each indgpendently or t or npre of
!toherrftrian %e used  n- o HAEFon' W TR L38h o&ﬁ%r?oﬁﬁnﬁq@%ﬂ fofh%he

transest %relerr{i%aé:[llsogfcp%laylé/asfgoﬂa{]gé 'u%“i’ "the total amocunt of the terminals

of polymer™ can be determined by calculating as follows:
In the case of polycarbonate with no branches or
straight-chain polymer, for example, the number of terminal
20 groups per molecule is two. Therefore, when the amount of
polycarbonate with no branches is 0.5 mol, the total amcunt of
the terminal groups will be 1 mole.
In the case of polycarbonate having branches, the terminal
groups of the branched chain is also included in the total amount
25 of the terminals. The total amount of the terminals including
the terminal groups of the branched chain can be determined by
an NMR analysis or by calculating from molecular welght and /or
an introduction amount of branching agents or the like.

[0096]



20 zinc acetate, zinc benzoate, zinc 2-ethyl hexanoate, tin chloride (I1),
tin chloride (I1V), tin acetate (Il), tin acetate (I1V),

di butyltindilaurate, dibutyltin oxide, dibutyltindi nmethoxide, zirconium
acetyl acetonate, zirconium oxyacetate,..zirconiumtetrabutoxide, |ead
acetate (Il) and |l ead acetate (1V). 25%%104] The above catal ysts
can be used in an anount of preferably Ix10-9 to | x1099 nole, nore

ferably |x10-7 to 1x1095 mol le of the total amount of dihyd
Compounds. [ 01081 13 deern Lo AR Beeelatora crgUar the RIGRI DS

pol yneri zj reaction _or_the |.inki.ng r. ti I ect| reaction
by the alﬁ%\j “rent (I)lr%écgoéjfle’lnﬁhzftllkc%ﬁd‘l %\et%g%pggln%d(h%savé):g?eg%g%l ;15. %%tehe range)

from 240Ct. ' e I} 11t he £ange: ££08¥ 55 269C t9-840L, nost
preferab%&ggﬁgﬁgg Pgﬁéé fr ﬁ$%§g5¥igﬂéooc. [01%6] ® The degree of

pressur e ireducld @R disiPr fcafaliYin Ridde d1ange ofdsk3 WeRdAre(s1 @dietrenit). or

| ess, nore preferably in the range of 1.3 kPaA (10 torr) or less, further-
pr ef ep ablnkainp Itehe afangavi0 rfatarh 0,167 IkPeA itrer(. 043 HePaAnd radmoBiitigr.r to
0.1 torr).Wen the highly polynerizing reaction is carried out at norna
pressur e, [0d&Fladat i on of nol ecul ar wei ght of pol yner m ght be induced.
[0107] 15By the use of the aliphatic dial conpqund, the ingLease in the

wei ght average SIEEHE EIYHCTIMN™ 6FF (HE Sar offBti'e petyc BofigtECFesi n
%;Eééoégg%:i%%g?%'i%?é%f%ﬁ?%'@%ﬁ%g@%@? i doetaluds B
The hi gnly Bory serearngoPentlh Bhle G e OBy HTRIRATR FPELATS e
os 2 ontidl By e Sk T oo e F - The P e oy be

parti cul &dnt dritb Eethor & sWort tehen Py ef epahly 1365 00t d 0042060100, nirokel
preferably 30,000 to 80,000. [0109]
is preferably 2 ppm or less and the content of chromium is

preferably 1 ppm or less.
[0098]
15 (3) Highly Polymerizing Reaction
The highly polymerizing reaction in the highly
polymerizing process of the present invention is a
transesterification reaction. As the catalyst to be used for
the transesterification reaction which is the highly
20 polymerizing reaction of the present invention, a basic compound
catalyst and a transesterification catalyst commonly used as a
catalyst for producing polycarbonate can be used.
[0099]
Examples of the basic compound catalysts include alkali
25 metal compounds and/or alkali earth metal compounds and
nitregen~containing compounds.
Preferable examples of alkali metal compounds and/or
alkali earth metal compounds include organic acid salts,

inorganic salts, oxide, hydroxide, hydride, alkoxide, quaternary



36 vessels are not particularly limted and any of the known apparatus can
be used. Any of the continuous polynerization or the batch polynerization
can be used. The reaction apparatus used for carrying out the
above-nentioned reaction can be a 5 verfical reactor equipped with an
anchor bl ade, a Maxblend inpeller, a helical ribbon blade or the |ike, or
can be a horizontal reactor equipped with a paddle blade, a lattice bl ade,

a spectacl e shaped bl ade ot fie b | ke, 07 5@ be,an, exldey 09ukppec W Ch

a screw. PAMRddH use a 10 reaction apparat us

wherein the above-nentianed agparat uses ar & RiRReIdsy Genmenedan hceach
ot her taR{" g visc05|Fy of the polyner in consideration.lt is nore

desi rabl g {0 USE310361I O APPAALUS regubppeth We hisads thevohaihag @n good
hori zont al spirring efficiency and a unit capable of dealing with reduced

pressur e 115l tak-s burkher desirable to use a biaxial extruder or a

hori zontal reactor having a polyner seal and a vent. [0110]

Regargi ngotfe@]mat eri al of the apparatus, it is desirable to use a materi al
whi ch has no influence on the color tone of 20 the polyner such as

stainl ess steel Feimdesd f G 'SUS3 TR ESUSEIR OIS0 O The T4 RET ni ckel

and iron nitride. In addition, a buff processing, an electr l.i shi ng
processi My TG AR St Ay Boeh éﬁ?ﬂﬁ?ﬂ%?bI&Fﬁﬁ%’céﬁQggxggplied on

the inner sjde of the apparatus which IS ace LRt gt g Mt h pol yner .
25[ 0111] T&&ESHdidey 6 6?%%§ﬁﬁeqrﬁhﬁ1%é§%g’a%§htalyst deactivator can be

added to {he fi.gh| ¥, AOLYNEL] 220 R YABEoh k& N sRboVEr EMdraited, Bbghly
polynerlfing process. Is"desirable, 1n general, to enploy a nethod of

addi ng known aci d o 37 Jmt el i als: 410 deaddivateaattad y stitiBxanples-afe t he
acid materials |n£1ude aromatic sulfonic acid such as p-toluenesulfonic
aci d, ar oymtig SHdonite agictastians sucrads byl vp stlasnssul LéRaten
organohal i des such as stearic acid ,
stearate, sodium boron hydride, sodium phenylborate, scdium
benzoate,potassimmbenzoate,Cesiumbenzoate,1ithiumbenzoate,
disodium hydrogenphosphate, dipotassium hydrogenphosphate,

15 dilithium hydrogenphosphate, disodium phenylphosphate, a
disodium salt of bisphencl A, a dipotassium salt of bisphenol
A;eadicesiux1salt(15bisphenolZ&andx&dilithiUﬁlsaltcﬁfbisphenol
A, a sodium salt of phenol, a potassium salt of phenol, a cesium
salt of phenol, a lithium salt of phenol.

20 [0101]

Fxamples of alkali earth metal compounds include
magnesium hydroxide, calcium hydroxide, strontium hydroxide,
bariumhydroxide,magnesiumhydrogencarbonate,calciumhydrogen
carbonate, strontium hydrogen carbonate, barium hydrogen

25 carbonate, magnesium carbonate, calcium carbonate, strontium
carbonate,barimncarbonate,magnesiumacetate,calciumacetate,
strontium acetate, barium acetate, magnesium stearate, calcium

stearate, calcium benzoate and magnesium phenylphosphate.

[ol02]



5 chloride, butyric acid chloride, benzoyl chloride and tol uenesul fonic
acid chloride, alkyl sulfate such as dinethyl sulfate and organohali des
such as benzyl chloride. [0112] After deactivating the catalyst, a process
wherein to 10 renove | ow boiling conpounds in the polyner by degassing
under reduced pressure ranging fromO0.013 to 0.13 kPaA (fromO0.1 torr to 1
torr) at a tenperature ranging from 200C to 350C. For this process, a

hori zontal reactgr i_pped. w sti L kisng s hhadenexeelibentcindsusiace
renewability su?%aglqgspggdpgk%ﬁggg,Egh%glgat?ice %Iade and a

spect acl %ﬁ%ﬂaggd%@é@@lﬁnﬁ Barkrlth i [HD@AARRIAL ebneannpref el aplygbeupsed.
[0113] Accordi ng ¥o the present invention, various additives such

as heat §5@pb&iégpi arbiupxi danth, api geenrtpedyy lenhancing 20dagerds,
fillers, ultraviolet absorber, lubricant, nold rel ease agents, crystal

nucl eat i ngragents, prastichnzeydrékidelaliidtitapiamtlorriglagenbEdaag®de;
antistatic agents can be added to the p?%ynet. 0114] 25These additives
can be nitesd awiuty 1t kamoolyearhcirard deesind by 1ReCOM T dmal Fet Hod.  For
exanpl e, a nethod wherein the conponents are subject to di spersion

M Xi ng by:YATOFFIcE  niteer 1Sdeh 358 S Mthe i Eerﬁ,etéélyﬁ]?ﬁ‘gc ¢l mi xer, a ribbon
bl ender and a super m.xer., and then ixture Ls.subLect gdihesmelithng
and 38 K%Eﬁﬁﬁhﬁ#%??z &a§QFFh§@ﬁ;t§l€§%§ rféﬁﬁfér% a rollgkneédef or the

i ke can be enploved appropy iately, JOHS] SHe. Rolearhonaie discl osed in

the preséit 4mvention can be used for various nolded products or sheet or
filmpro 19Ra] Nedy Byt i=eGtrieon: Aok gk age = Bluew awbdinaghyéitidsizonc,
mol di ng, "I njection blow nol'ding, rotational nolding, conpression nolding
or the |ikenddytive £asa Obndshagzshei potytar boras edwr orhede Sio- Farposes,
the pol ycarbonate produced by the process of the present invention can be
used i ndependent laynmeori aGan e aursadi Wy apivendiuig bRrch verRee, tetrabuty

pol ymers. Depending on the intended use, it can also be used accor ag%ed
with a progess wi bhapHydsatend; st R Hart AETOR 1R § IR 95 1967 - @

Exanpl es of the nol ded products inc|ude optical nedia.npr S
compact disgEPhERt AMTER4EE HF SEIPI R R At 8ks gﬁdgﬁgége%)%g%%th%c%%&fgi scs,

optical communi cati on media such as optical fibers, optical conponents
such as al®edtd i ght | ens of

15 Regarding the transesterification catalyst, salts of
zinc, tin, zirconium cr lead can be preferably used. They can
be used each independently or two or more of them can be used

in combination with each other.

Examples of the transesterification catalysts include

20 zinc acetate, zinc benzoate, zinc Z-ethylhexanocate, tin chloride

(IT), tin chloride (IV), tin acetate (11}, tin acetate (IV),

dibutyltin dilaurate, dibutyltin oxide, dibutyltin dimethoxide,
zirconium acetylacetonate, zirconium oxyacetate, zirconium

tetrabutoxide, lead acetate (II) and lead acetate (IV).

25 [0104]

The above catalysts can be used in an amount of preferably
1x10°% to 1x1077 moie, more preferably 1x107 fo 1x107° mole per
mole of the total amount of dihydroxy compounds.

[0105]



20 a car and a lens on a canera, optical equipnment conponents such as a
siren light cover and an illum nation |unp cover, replacenent goods for a
wi ndow gl ass of a vehicle such as a train and a car, replacenent goods for
a wi ndow gl ass of a house, a daylight w ndow conponents such as a sunroof
and a greenhouse roof, |enses or 25 chassis of a goggle, sunglasses and
spect acl es, packages or chassis of office automation equipnments such as a

copyi ng machi ner?é]gesfax&%ﬂchl rJCe and %Lpleer s&cpaghecq{%ﬂ%; $Fhassi s, Qfg hone

el ectric applia & g and a mcro e oven el ect ronl C

CO"pO”e”E% %#E%na%ratﬁgnT%ﬁk@hgaEQa@@lbﬁ (LY thBr ebREEEY @on30eatglbpment s
such as , pr ot ect or a protective nmask, platewares such as a

tray andb@@hé%b&%eﬁdv@h@@ aQL1%ﬂfae;ﬂcordldﬂabaﬁpSuﬁdadlﬁmeﬁemaaﬂydent ure.
However, these exanples are not intended to limt the 5 scope of the

present idmeerbhes. fRxAMElEs (013179 °C, more prefEvebpresenthe meerits GHOW | |
be described in nore detail 10 below, referring to exanples, which are not
i nt ensled 2t6® ‘Id tbt3 e ,sTopE @fefﬁealplfés“-éhthﬁnWﬁfF gom 2707C to 3A8 Hat a of
t he exanpl es bel ow were neasured by using the foll ow ng nethods and/ or
devi ces: [@PHEH] 15 1) Wi ght - average nol ecul ar weight in terns of

pol ystyrene ( . Measured GPO usi et rahydr ofur i ng
sol vent, an analyt§ &9 &f v%‘se%sr‘%lb%rlg%‘glﬁ%? ngrYa Sthan ar?%%?%i{%kg%e

ng'n nghg %ggqmt)gvfaﬁg&g SISROM(rakecular He) Ol st h Ofhe rLhoBased

calcll at’ed omthe retention tlrre of

GPO. 2) J gss; §pansi ég Jas)ksmosf awgg (Fe) ¢ nVeasis -y Widfif erentrisalge

scanni ng “Cal'ori meter Total anmount of term nal groups of

pol yqer: £.25¢ of7 acpal ¥eeh.sanpkeanas rdibasel vedri b o0 Sirit@f r deut &hatred
chl orof orm 25 and then the anpunt of the terminals was neasured at 23C by

usi ng a nuel eargHBgRelliendesonanaesddt NWR Spectriohed eryt tatadec wedre
"LA-500", manufactured by JASCO Corporation. The result was shovvn as the
nunber ofpnmﬂsesrqoerdetgmdﬁtm yorfe o 1 e Eeh centarE ign PO ST HEA N thdr oxy
groups (ppm: 40 :

induced.

[0107]

15 By the use of the aliphatic diol compound, the increase
in the weight average molecular weight (Mw) of the aromatic
polycarbonate resin after the highly polymerizing reaction can
be increased preferably by 5,000 or more, more preferably by
10,000 or more, further preferably 15,000 or more compared to

20 thatofthearomaticpolycarbonatebeforethehighlypolymerizing
reaction.

[0108]

While the weight average molecular welght (Mw) of the
highly polymerized aromatic polycarbonate resin obtained by the
25 process of the present invention should not be particularly
limited, it would be preferably 30,000 to 100,000, more
preferably 30,000 to 80,000.

[0108]

The type of reaction apparatus or the materials of the



Measured by UV/visible spectroscopy (546 nm) of a conplex fornmed fromthe
polymer and titaniumtetrachloride in a nethylene chloride solution.

5) Col or of polymer (Yl value): 4g of a polyner sanple was 5 dissolved into
25m of nethylene chloride and then Ylsyal ue was neasured by using a
spectroscopy col orinmeter manufactured by N PPON DENSHOKU | NDUSTRI ES

CO ,LTD, trade nane "SE-2000". [0119] <Exanple 1-2> 10Aronmatic

pol ycar bonat e .was _prepar ed _f.r.om-hi - i r e by nelt
pol yner i 7&EPEH Sugig P, 1pr?tﬁtécéjflad:ﬁ%g%ﬁltc%g?b%glﬁgtag@ggg r?gll%eq%;&%%i sphenol

Ain the sadi dro tatysth.
Vor o pr earbgratas San° e HIRRLC] DaRY CAT BALALEnt PARDS) pasyReaRLaLYS

propane, 10586 k@ 4491 38Rk Y2 of ofliphepylugas bonahe wnuttli amappephtob
sodi um hydrogen carbonate as a catal yst were charged into a 50-liter

SUS316 r eaeliorr cequazpped i tduta tstd raberveamdkre: idirstd | degrciimuntdang b Feat
medi um heating unit, and the tenperature was raised to 180C in _a nitrogen

20 at brosphearte.caAf treradieime areldred] wikdy aterandidy rdd dor BolanRRnes.
[ 0120] Subsequently, the pressure was reduced to 20 kPaA (150
torr), andwellete sameltiare THPTeRIGM e W rafvedt $F0GE 75 at a

rate of 60C /hr.Keeping the tenperature for 1 hutes, { :
transesté“tql’fjiz@é‘ttia&nr?%gE?Fcﬁﬂ ecchfLitE’oa Bﬁfjéqergfa & e TR P reder
tenperature_was raised to C at rate of, 75 t S8pelat ure
was kept af@rpef%aﬁ t5 .p%@eaq%en% y?ﬁ? h%l%%’mc)&efr r:Jtt{auﬁ?(ralq:)\/\/aats}isréai sed to 260C

at a rate of, roand,the pressure:vas redusedes orihild dPahd b
torr) or%@&?%%?ﬁgﬂlghggggyo obtain 1(% I%g of pelletized aromatic

pol ye@ar banate iRi-eReLyRek Ravhaget het Mei ghtvavies ageomed eqitlzara weisght reMA)
of 31,000, the total anmount of termi nal groups of 5 256 nole and the
concent r o afy tenpinall widt exyhgsidups tefki4Q0v ppres{0d2f]the polymer
in consideration. It is more desirable to use a reaction
apparatusequippedvﬁijiascrewhavingaagoodhcrizontalstirring
efficiency and a unit capable of dealing with reduced pressure.
15 Tt is further desirable to use a biaxial extruder or a
horizontal reactor having a polymer seal and a vent.
[011¢C]
Regarding the material of the apparatus, it is desirable
to use a material which has no influence on the color tone of
20 the polymer such as stainless steel selected from SUS310, SUS316,
SUS304 or the like, nickel and iron nitride. In addition, a
buff processing, an electropolishing processing and/or metal
plating such as chromium plating can be applied on the inner side
of the apparatus which is a place contacting with peolymer.
25 [0111]
According to the present invention, a catalyst
deactivator can be added to the highly polymerized polymer in
the above-mentioned highly polymerizing process. It is

desirable, in general, to employ a method of adding known acid



200g of the pelletized aromatic pol ycarbonate prepol yner thus obtained and
the aliphatic diol conmpound whose nane and the 10 anount used were shown
in Table 1 were charged into a 1000 mM SUS316 kneader mounted with an

oi |l -heating jacket. Regarding the cata% st for highly polynerizing
reaction, the polynerization catalyst HCG3) which had been Used in the
process of preparing the aromatic pol ycarbonate before |inking 15 was
continuously used directly., [0122 The_m xture sti.rred and
kneaded ﬂ@ﬂ?ﬁ?%%%nﬁ%§k§é£%%%ﬁﬁ«§a§%§ﬁﬁﬁatugéa%?f§§0%;nﬁ§e “Fe

eér reduced

pressure of, 0.04 KRIA(0,3 Lot Phenale distudded fuom he react on

syst em condensed 1 “a cool’ing e to renove away. The aromatic

pol ycar b@—%ﬁ%ﬁ‘%ﬂ%ﬂ?dﬁé’ﬁﬁ extraatied &0 MRasuLe ithe swei-ghkuakerage
we .

nol ecul a g he properties of the polynmer thus obtained were shown in

Table 1. 1:[&33%3]13—355)1?@%@!%1@?0&5@2 organohd It ddie Saite ammedaras: BExdnpl e 1,
preparation of aromatic pol ycarbonate from bi sphenol A and di phenyl

car bopat e:nlas ichy,r ived vatitc yeineldh jpot idver itzatdaon udilngridel argl e of

di phenyl carbonate per nole of bisphenol A by nelt polynerization in_the
pr esence tofieofe shlifmoli/aeicist dddititchy dridgen stddisdatselchNaBCaEsFcaEYa
catalyst to obtain pelletized aromati ¢ pol ycarbonate prepol ynmer having the
wei ght averdge snoinét s ghtd g M 1 ot %H”Qﬁﬁfy%fﬁ?%{%%ﬁaannunt of

term nal ﬁgou s of 256 nol and the concentration of 5 term nal hydroxy
groups of ppm 30g of the pelletized aromatic pol ycarbonate

pr epol yrer thus ol al ned. vets, chargefl L o2, our - negk. £Las k.l 30005,

equi pped with a’stirrer a r nounted wth an oil bath. The

pol yagri zatian. qatahysh j(ak u%scfinhaﬁebﬁgfiﬁwﬁ%} mddie Lk preeess of

preparing the aromatic polycarbonate before g was continuously used
di rectly fofuddie peatahyst rhogihigghkynpol ynerdcziong 3r eaaki ofivorh GL24])oHeat i ng
and nelting was carried out at the oil-bath 15 tenperature of 290C under
vacuum Subsequeint) vt theeabiephatire dieobicgmpoundZMoSetnadel adhd t her
amount used were shown in Table 1 was charged therein, and was kneaded
with stirtiingptore86, m hotrégoat-aflheeattch O LpErper bt tes bf 2 DDOLLdRGEr
reduced pressure of 0.04 kPaA (0.3 torr). Phenol distili d fromthe

react i on SYERISGAT0 Mass CorrehseR ¢l coof | IR ube 4 PF C?e’rjo }a‘:’ﬂ% he

ver hie. oo i MBI G The e 1 e 014 o 0T yher RIS obt o ned wer e
shown inégggé%a'oJQ%%?hmeferably be used.
[0113]
According to the present invention, various additives
such as heat stabilizer, antioxidant, pigment, dye enhancing

20 agents, fillers, ultraviolet absorber, lubricant, mold release
agents, crystal nucleating agents, plasticizer,
fluidability-improving agents and antistatic agents can be added
to the polymer.

[0114]

25 These additives can be mixed with the polycarbonate resin
by a conventional method. For example, a method wherein the
components are subjected to dispersion mixing by a rapid mixer
such as a tumble mixer, a Henschel mixer, a ribbon blender and

a super mixer, and then the mixture is subjected to melting and



25 <Exanpl es 8-9> Preparation of aromatic pol ycarbonate from

bi sphenol A and phosgene was prepared by interfacial polynerization using
p-tert-butyl phenol as a termnal term nating agent to obtain aromatic

pol ycarbonate prepol ymer flakes having;the weight 43 average nol ecul ar
wei ght (Mn) of 32,000, the total amounti of term nal groups of 253 nol and
the concentration of term nal hydroxy groups of 200 ppm 200g of the

aromatic carb natepr mer flakes thus_5_obtai t he, al i ph

di ol nﬁ%ﬁﬁ%ﬂ 8 ﬂ%ﬁ?dgﬁﬂg?ﬁe a s 8d T wer e §ﬂ%§g |ne*%ﬁ18r1€%nd 1
anI/nDI of, catal yst H ngﬁ into a SUS316 kneader of 1000
m nnunted’ fﬁgh%)0| %ﬁ‘g%g%g jac et ggannunt of catal yst was

cal cul ated as the nunmber of noles based upon the anmount of bisphenol A
units. 10[0126] Kneading with stirring was carried out for 30

m nutes gtoftiey oil -bath tenperature of 290C under reduced pressure of 0.04
kPaA (0.3 torr).P-tert-butyl phenol distilled fromthe reaction system was
condefsed i n a criot ppd vicaleone treeddwelavay. 1rl 5hEher asematino gudliyecarbonat e

t hus obtained was extracted to neasure the wei ght average nol ecul ar

wei ght . The yreshéom @@r@foqaw@w%mromwSol@traﬁﬁ@éitw@ﬁe T4RBWATPAUTABl e 1.
[0127] <Conparative Exanple 1> 2045. 6g ﬁo 20 |

2, 2- b|s(4lhﬁﬁdf%6bfehma%%%ﬁ@l%%g @wzé%l%l)“ﬁ ﬁxtdi%é%ﬁyiﬂeéﬁbaﬁate
d1 | / mol of di d b t

ol cul o daaE e RORBdR T P G R B i B o e KL BB
t t [

alirrer SR SRETLIRE 1 Rarchfibapetts uattly Ohe S0EK ?%@%@%fﬁﬁ Sh8ge

heat i Bg %ﬁlﬂ&ggééﬁ1E%é“ﬁdf%ﬁ%kﬁgﬂgﬁﬁﬁﬁ¥éﬂuced by the process of the

present invention can be used independently, or can be used by
blending with other polymers. Depending on the intended use,
it can also be used accompanied with a process of hard cecating,
laminating or the like.

15 [0116]

Examples of the molded products include optical media
products such as compact discs, digital video discs, mini discs
and magnetic optical discs, optical communication media such as
optical fibers, optical components such as a headlight lens of

20 a car and a lens on a camera, optical egquipment components such
as a siren light cover and an illumination lump cover, replacement
goods for a window glass of a vehicle such as a train and a car,
replacement goods for a window glass of a house, a daylight window
components such as a sunrocf and a greenhouse roof, lenses or

25 chassis of a goggle, sunglasses and spectacles, packages or
chassis of cffice automation equipments such as a copying machine,
a fax machine and a personal computer, chassis of home electric
appliances such as a TV set and a microwave oven, electronic

components such as a connector and an IC tray, protective



[0128] 44 at a rate of 60C/ hr. Keeping the tenperature for 40 m nutes,
the transesterification reaction was carried out. Then, the
tenperature was raised to 225C at a rate of 75C /hr and the tenperature
was kept for 10 minutes. 5 Subsequentlé the tenperature was raised to
290C at a rate of 65C /hr and the pres are was reduced to 0.13 kPaA (1
torr) or less taking 1 hour. Polynerization was carried out by reacting
under stirring for 6 hours in total. In the latter half of the

pol yner i ZaTPEren &S FacAnesdrf FeEBe . 1o Poateatephtfor ecrisel v g ki he
i ncrease of viscosity, which caused the rate of increase in nolecular

wei ght bef TFTH0° ST W CH 2% Gok T8 YhEHFsPE Fhcr 838eS t FitChmt B culSES Svditght t o
a conparabl e | evel i ch was. sp lLong that the polyner was seriously

col or ed. %?%ﬁ%ﬁnﬁ%#téf%ﬁ%ﬁkiﬁgo?ﬁ%%?r?hus obtai ned were shown in Table
2. 15[0129] <Cbn@§%@$é¥? E%é lgigéﬁles a¥e ng@ei @E&éﬁg@& T@ﬁ%ggfﬂéed

out in a sane manner as Exanple cept for avoiding t use o i phatic
di ol conpoLRsls. o A hendronerdmesi @fetheopol ymer thus obtai ned were shown in
Tabl e 2. 20[0130] <Conparative Exanple 3> The experinent was carried out
in a sane manner as Exanple 1 except for conducting the highly

pol yneri zi ng process under normal pressure. The properties of the
pol yrmer tExammissi ned 25 were shown in Table 2. [0131] <Conparative
Exampl e 4> The experinent was carried out in a same manner as

Exanpl e 8l®&Ebt for avoi ding the use of diol conpounds. The properties

45 of the polyner. thus obtained were sho in Table 2.
poly {he present {hventIOﬁ wifY]be described in more detail

10 below, referring to examples, which are not intended to limit
the scope of the present invention.

The data of the examples below were measured by using the
following methods and/cr devices:
[0118]

15 1) Weight-average meclecular weight in terms of polystyrene
(Mw) : Measured by GPC using tetrahydrofuran as a developing
solvent, an analytical curve was prepared using a standard
polystyrene having a known molecular weight (molecular weight
distribution = 1). Based upon the analytical curve, Mw was

20 calculated from the retenticn time of GPC.

2} Glass transition temperature (Tg): Measured by
differential scanning calcrimeter (DSC).

3) Total amount of terminal groups of pelymer: 0.25g of a
polymer sample was dissolved into Sml of deuterated chloroform

25 and then the amount of the terminals was measured at 23°C by using
a nuclear magnetic rescnance 1H-NMR spectrometer, trade name
"LA-50C", manufactured by JASCO Corpcration. The result was
shown as the number of mcles per ton of polymer.

4) Concentration of terminal hydroxy groups (ppm):



[0132] <Conparative Exanple 5> The experinment was carried out in a same
manner as Exanple 5 8 except for conducting the highly polynerizing
process under normal pressure. The properties of the polymer thus obtai ned
were shown in Table 2. [0133] <Cbnpara£bve Exanpl e 6> 10The experinment was
carried out in a sanme manner as Exanplé”1 except for using

2, 2- bi s(4- hydr oxyphenyl ) propane whi ch was an aromati c di ol conpound havi ng

a boiling point of 420C,  hereinafter "EPA", a_diol. compound. .The
proper t i e€BTIRFHELHOY YmersHhbs SR TeE W égzﬁoﬁ o é}.acggforgalﬁze_x 18F0'E54]
<Conpar at_i ve aml e 7> .. The ] t arrl . a sane
mangr asfr&%%legp %ﬁ&“ ceerptal nfdo s nnlgurﬁé%‘,a&v#{gho B,\/\ngze ;lrair{ aa{r gﬁ%%lé i ol

conpound, _.as. . a di canpound. The properties of the pol ymer thus obtained
20 were §H§ﬁ¥%#?$%%ﬁe 2. [0135] <Conparative Exanple 8> The

experi nenty was c@stbedoub1ivihcd $EMEvABRNOL! ag Brxaspbel ymexcepip fokadsi ng
1.1g of 1,4-dibutanol which was a lowboiling 25 aliphatic diol having a
boi |'i Bg pwidHoOfeR28Cc benei aafrierhy Be @sl e idicobndonpeundl vEHeie was
properties of the polynmer thus obtained were shown in Table 2. [0136]
<Conpar atriass Bxahple WSngié spectroferexperdemtsastaairaediotd PN a
sanme manner as Exanple 1 except for using 1. 3g of neopqp%¥l | yeol which
was a | ot by RENMIHGHaINPH G Favihy & Boi 1T g™t of 221(%2;‘?/ -
hereinafter. "NPG', as a diol conpound. The properties of the polymer thus
obt ai ned [0119]

<Example 1-2>

190 Aromatic polycarbonate was prepared from bisphenol A and
diphenyl carbonate by melt polymerization using 1.1 mole of
diphenyl carbonate per mole of bisphencl A in the presence of
sodium hydrogen carbonate (NaHCO3) as a catalyst.

More precisely, 10.00 kg (43.8 mol) of

15 2,2-bis{4-hydroxyphenyl)propane, 10.56 kg (49.3mol) of diphenyl
carbonate and 1 umol/mol of sodium hydrogen carbonate as a
catalyst were charged intc a 50-liter SUS316é reactor eguipped
with a stirrer and a distiller mounting a heat medium heating
unit, and the temperature was raised te 180°C in a nitrogen

20 atmosphere. After being melted, they were stirred for 30
minutes.

[0120]

Subsequently, the pressure was reduced to 20 kPahA (150
torr), and at the same time, the temperaturec was raised to 200°C
25 at a rate of 60°C /hr. Keeping the temperature for 40 minutes,
the transesterification reaction was carried out.
Then, the temperature was raised to 225°C at a rate of
75°C /hr and the temperature was kept for 15 minutes.

Subsequently, the temperature was raised to 260°C at a rate of



5 were shown in Table 2. [0137] <Conparative Exanple 10> The experiment
was carried out in a same nanner as Exanple 8 except for using 1.3g of NPG
as a diol conpound.The 10 properties of the polynmer thus obtained were
shown in Table 2. [0138] <Exanples 10- 11> The experinent was
carried out in a sanme manner as Exanple 1 except for using the conmpounds
whose nanme and t he anount used 15 were shown in Table 3 as a did

conpound. The properties of the polynmer thus obtain re sho in Tab
3. [0139P5<Exdhpl 88100 B IRHBUER PER T e GRS E%Pr-ﬁgd%%ﬁg it gﬁa%ﬁﬁleoﬁanﬁer

as Ex le 20 3 f i h \
ot & SSRoMA ROTADPETS 32 BRAFOR donmolnd. e Sioat: Alar S ha

used wer roperties o

oL SIIED ML D ) Tk AR i oo

used aboV€ as 0

9, 9-bi s[ 41 gnfty gwskh@wb@f@enwfﬂg lyerenerhavicngracbeikhag pebupsobs
appr oxi matel’y 625C BP- 2EO: 4.4 “bi s(2- hydr oxyet hoxy) bi phenyl having a
bOl!'@g PG 08 ARPHeX Aaheky t430CoBRA: 24EGminal hydroxy groups of 400
2,2' -bi s[(2-hydroxyet hoxy) phenyl ] propane having a 47

ppm.

[0121]
200g of the pelletized aromatic polycarbonate prepolymer
thus obtained and the aliphatic diol compound whese name and the
10 amount used were shown in Table 1 were charged into a 1000 ml
518316 kneader mounted with an oil-heating jacket. Regarding
the catalyst for highly polymerizing reaction, the
polymerization catalyst (NaHCOs;) which had been used in the
process of preparing the aromatic polycarbenate before linking
15 was continuously used directly.
[0122]
The mixture was stirred and kneaded for 30 minutes at a
jacket temperature of 290°C under reduced pressure of G.04 kPaA
(0.3 torr). Phenol distilled from the reaction system was
20 condensed in a cecoling tube to remove away. The aromatic
polycarbonate thus obtained was extracted to measure the weight
average molecular weight. The properties of the polymer thus
obtained were shown in Table 1.
[0123]
25 <Examples 3-7>
In the same manner as Example 1, preparation of aromatic
polycarbonatefromkﬂsphenoll&anddiphenylcarbonatewascarried
out by melt polymerization using 1.1 mole of diphenyl carbonate

per mole of bisphenol A by melt polymerization in the presence



boi l'ing point of approximtely 480C FG fluorene glycol having a boiling
poi nt of approxinately 370C PCPDM pent a-cycl opent adecane di met hanol

hav: n% a boi |1I ngdp0| nt of approxinmately 420C 5 CHDM

cycl ohexane- 1, 4-di met hanol having a baiding point of approximtely 280C
DDM decal i n-2, 6-di met hanol having a boiling point of approxinat e?/y 341C
BD: 1, 4-but anedi ol havi ng a boiling point of 228C 10 NPG neopentyl gl ycol

gg,v'ng‘gog O e Rt e Ao RS p i phucrengodh L ngaskedindng Sabaly4eg
- Ol r)%% obta&g‘pglgeglzed aromatic polycarbonate prepolymer hav1ng
the weight average meolecular weight (Mw) of 31,000, the total
amount of terminal groups of 256 mol and the concentration of
5 terminal hydroxy groups of 400 ppm.
30g of the pelletized aromatic polycarbonate prepolymer
thusobtainedwaschargedint051ﬂnu&neckflaskof300ccequipped
with a stirrer and a distiller mounted with an oil bath. The
polymerization catalyst (NaHCO;) which had been used in the
10 process of preparing the aromatic polycarbonate before linking
was continuously used directly for the catalyst for highly
polymerizing reaction.
[0124]
Heating and melting was carriec out at The oil-bath
15 temperature of 290°C under vacuumn. Subsequently, the aliphatic
diol compound whose name and the amount used were shown in Table
1waschargedtherein,andwaskneadedwithstirringforEOHdnutes
a2t the oil-bath temperature of 290°C under reduced pressure of
0.04 kPah (0.3 torr) . Phencl distilled from the reaction system
20 was condensed in a cooling tube to remove away. The aromatic
polycarbonate thus obtained was extracted to measure the weight
average molecular weight. The preperties of the polymer thus
obtained were shown in Table 1.
[0125]
25 <Examples 8-9>
Preparation of aromatic polycarbonate from bisphencol A
and phosgene was prepared by interfacial polymerization using
p-tert-butylphenocl as a terminal terminating agent to obtain

aromatic polycarbonate prepolymer flakes having the weight
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average molecular weight (Mw) of 32,000, the total amount of
terminal groups of 253 mol and the concentration of terminal
hydroxy groups of 200 ppm.
200g<IEthearomaticpolycarbonateprepolymerflakesthus
5 obtained, the aliphatic diol compound whose name and the amount
used were shown in Table 1 and 1 umol/mol of catalyst (NaHCO3),
were charged into a SUS316 kneader of 1000 ml mounted with an
oil-heating jacket. The amount of catalyst was calculated as
the number of moles based upon the amount of bisphencl A units.
10 [0126]
Kneading with stirring was carried out for 30 minutes at
the oil-bath temperature of 290°C under reduced pressure of 0.04
krPar {0.3 torr). p-tert-butylphenocl distilled from the
reaction system was condensed in a cooling tube to remove away.
15 Thearomaticpolycarbonatethusobtainedwasextractedtonﬁasure
the weight average molecular weight. The properties of the
polymer thus cbtained were shown in Table 1.
[0127]
<Comparative Example 1>
20 45.6g (0.20 mol) of 2,2-bis(4-hydroxyphenyl)propans,
23.3g (0.202 mol) of diphenylcarbonate and 1 pmol/mol of sodium
hydrogen carbonate as a catalyst, which was calculated as the
number of moles based upon the amount of bisphenol A units, were
charged into a four-neck flask of 300cc equipped with a stirrer
25 and a distiller. Stirring was carried out for 30 minutes by
heating at 180°C in a nitrogen atmosphere.
[0128]
Subsequently, the pressure was reduced to 20 kPaA (150

torr), and at the same time, the temperature was raised to 200°C



mH MOa -P MaOani ITS OH 4-4>1 0 Cl41--i -HH 0)CvO X WCDC -P

-HO4-' H-HCH 0 4-1 KRl M--1 -H-Hr- CaETr0O -1 a-I GHOO -HO
-1 G -HO a
-accg IVI.O)>1 a? LTEM gl4-4 k a)us Ca) 0) 0a-HI13) 4-J Ca -1-)bn H C M
-H - a)c -1 - ..0-1 0 > -H - | Lk 4--)>. - -
"C Ok- P H s ) k MX0O00 40,C 0 .-Qa
at a rate of 60°C/hr. Keeping the temperature for 40 minutes,

the transesterification reaction was carried out.
Then, the temperature was raised to 225°C at a rate of
75°C /hr and the temperature was kept for 10 minutes.

5  Subsequently, the temperature was raised to 290°C at a rate of
65°C /hr and the pressure was reduced to 0.13 kPahA (1 torr) or
less taking 1 hour. Polymerization was carried out by reacting
under stirring for 6 hours in total. In the latter half of the
polymerization, it became difficult to extract phenol because

10 of the increase of viscosity, which caused the rate of increase
inmolecular weight being too slow. It took 6 hours to increase
the molecular weight to a comparable level, which was so long
that the peclymer was seriously colored. The properties of the
polymer thus cbtained were shown in Tabkle 2.

15 [0129]
<Comparative Example 2>

The experiment was carried out in a same manner as Example
1 except for avoiding the use of aliphatic diol compounds. The
properties of the polymer thus obtained were shown in Table 2.

20 [0130]

<Comparative Example 3>
Theexperimentwascarri@joutjjlasamen@nnereﬁsExample

1 except for conducting.the highly polymerizing process under

normal pressure. The properties of the polymer thus obtained

25 were shown in Table 2.

[0131]
<Comparative Example 4>
The experiment was carried cut in a same manner as Example

8 except for avoiding the use of diol compounds. The properties



EE>i >100100.) 0 >IN X k COECa) ri 00 "C-HTS-H(Ua0 k k >1 > MTS

,CU 04 7:4-0"CM-P1 -u>, -, 1,cc0l > --C"CN0-ErH, ri.._
Il -HaH-H'-" -)- - NN- 001 TS1 14, -2-11 T--- u) Uu) -H> 0 ¢
ko H cll  -CH-H.OH > M.-- 1 GgsO XN ONIl W -HVM--CC"k m-P

O-Hlc .-1 .-r @03 -m G O0") a>21UcsO00a) ,cOXIHO ElVW -

of the polymer thus obtained were shown in Table 2.
[0132]
<Comparative Example 5>
TheexperimentwascarriedoutjjlasamemannarasEXample
5 8 except for conducting the highly polymerizing process under
normal pressure. The properties of the polymer thus obtained
were shown in Table 2.
[0133]
<Comparative Example 6>
10 TheexperimentwasCﬂrri@doutjjlasamen@nnerasEMample
1 except for using 2,2-bis (4-hydroxyphenyl)propane which was an
aromatic dicl compound having a boiling podint of 420°C,
hereinafter "BPA", as a diol compound. The properties of the
polymer thus obtained were shown in Table 2.
15 [0134]
<Comparative Example 7>
The experiment was carried out in a same manner as Example
8 except for using BPA, which was an arcmatic dicl compound, as
a diol compound. The properties of the polymer thus cbtained
20 were shown in Table Z.
[0135]
<Ccmparative Example 8>
The experiment was carried out in a same manner as Example
1 except for using 1.1g of 1, 4-dibutanol which was a low-bolling
25 aliphatiﬁidiol.havingeﬂboiling‘poini;of 228°C, hereinafter "BD",
as a diol compound. The properties of the polymer thus obtained
were shown in Table 2.
[0136]

<Comparative Example 9>



LT-1" cviO 4i It..0Ori0-1 040 U0 I UcnmitHQHUO CT x2 dnop 1GdN 1.3 g
0.25 nol 100010E  6*XS idwop F-7117- 1.3 g 0.25 nol 000" OE

46

The experiment was carried out in a same manner as Example
1 except for using 1.3g of neopentyl glycol whichwas a low-boiling
aliphatic dicl having a boiling point of 211°C, hereinafter "NPG",
as a diol compound. The properties of the polymer thus obtained
5 were shown in Table 2.
[0137]
<Comparative Example 10>
The experiment was carried out in a same manner as Example
8 except for using 1.3g of NPG as a diol compound. The
10 properties of the polymer thus obtained were shown in Table 2.
[0138]
<Examples 10-11>
The experiment was carried out in a same manner as Example
1 except for using the compounds whose name and the amount used
15 were shown in Table 3 as a diocl compound. The properties of
the polymer thus obtained were shown in Table 3.
[0139]
<Examples 12-13>
The experiment was carried out in a same manner as Example
20 3 except for using the compounds whose name and the amount used
were shown in Table 3 as a diol compound. The properties of
the polymer thus obtained were shown in Tablie 3.
[0140]
The diol compounds used above were as follows:
25 BPEF: 9,9-bis[4- (2-hydroxyethoxy)phenyl]fluorene having a
boiling point of approximately 625°C
BP-2E0: 4,4'-bis(2-hydroxyethoxy)biphenyl having a boiling
point of approximately 430°C

BPA-2FEQ: 2,2'-bis[ (2-hydroxyethoxy)phenyl]lpropane having a



e.Xx -dwo3 1-711-4 Tern SZ270 6 TT 000'1E TT 8 T L'x2 dwo3 2.9 g 0.25 nol
-7:71  9*X2 -dwo3 Val E[ 2.9 g 0.25 nol
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boiling point of approximately 480°C
FG: fluorene glycol having a boiling point of approximately 370°C
PCPDM: penta-cyclopentadecane dimethanol having a beiling point
of approximately 420°C
5 CHDM: cyclohexane-1,4-dimethanol having a beoiling point of

approximately 280°C
DDM: decalin-2, 6-dimethanol having a boiling point of
approximately 341°C
BD: 1,4-butanediol having a boiling point of 228°C

10 NPG: neopentyl glycol having a boiling point of 211°C
FE: fluorene diethancl having a boiling point of appreximately
410°C
[0141]
[Table 1]

15
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(3. 1Yl value - 50 - [0143] [Table 3] TABLE 3 Ex.10 Ex.11 Ex.12 Ex.13
D al : Speci es BPEF BPA-2E0 BP-2EO FE Diol: Amount (g) (pol)*1 11.0 g 0.50

nol 6.0 g 0.38 nol 1.01g
— 50 —
[0143]
[Table 3]
TABLE 3
Ex.10 Ex.1l1 Ex.12 Ex.13

Dicl: Species BPEF BPA-ZEO BP-2EO FE
Diol: Amount

(g) 11.0 g 6.0 g 1.01 g 0.50 g

(mol)*1 10.50 mol | 0.38 mol 0.50 mol [0.25 mol
M &0,000 ¢1,000 60,000 63,000
Tg (" C) 153 153 152 154
YI value 0.80 0.80 0.90 1.0
*1) Same as in Tables 1 and 2.

5 FE: fluorene diethanol having a boiling peint of approximately

410°C
[0144]

As shown in the above examples, the polycarbconate resins

10 obtained,by the process of the present invention were excellent
in color having a low YI value. In addition, their Tg values
were comparable with BPA homopolymer having the same level of
molecular weight. This means that, using the process of the

present invention, a polycarbonate resin having comparable
15 properties with the highly‘polymerizectBPRLhomopolymer'which had
been difficult to manufacture by the conventional melt
polymerization can be obtained in a simple way by melt
polymerization which is an excellent method in terms of safety
and an environmental aspect.
20

Industrial Applicability

[0145]

According to the present invention, a process for



0.50 nol 0.50g 0.25 nmol Mw 60, 000 61, 000 60, 000 63,000 Tg(C) 153 153 152
154 YT value 0.80 0.80 0.90 1.0 *1) Sane as in Tables 1 and 2. 5 FE:
fl uorene di et hanol having a boiling point of approxinmately

— 51 —

producing highly polymerized aromatic polycarbonate under

moderate conditions for a short processing time can be provided.

10



410C [ 0144] As shown in the above exanpl es, the pol ycarbonate resins 10
obt ai ned by the process of the present invention were excellent in color
having a low Yl value. In addition, their Tg val ues were conparable wth
EPA honopol yner having the same | evel gb nol ecul ar weight. This means
that, using the process of the present invention, a polycarbonate resin
havi ng conparabl e 15 properties with the highly polynerized BPA

honmopol ymer whi ch had been difficwty, t0 yrgpuf acture by the conventional
melt pol ynerization can be obtained 1n a sinple way by nelt polynerization
which is an excellent nethod in terns of safety and an environnent al
aspect. 20 Industrial Applicability [0145] According to the present

i nventioni. a priogessday for Sdrodudineducimigtiivg ol e nirerd zanaiamat i ¢

pol ycar bonat e under noderate conditions for a short processing tine can be
provi ded.pobyd@rbonge -ragim Miich gonpocess & drigiriod et gner v igid v

pol yneri zed aromati c pol ycarbonate resin which conprises a highly

pol ymer i RIfF S HriRsSl M Aiat b RREY @RS bohateked [THKeERMW th an

al i phatic_dial_ cpomound havin bqi | i ng pai.nt of .240C gor higher ,through a

traﬁsestearflfﬁ’q%aattjr% * ga%?rf‘%‘ﬁu}g% é?ﬁr%gﬁgem&pal?}:é?%@épép?‘?? Edehex ’

catal yst yndgiq educed, PIESSU A 14 1 JE8a5& 118 1P e e 81 altse o
transesterification catalyst under reduced pressure to increase

the molecular weight.

10
2. The process according to claim 1, wherein said aliphatic
diol compound is a compound represented by the following general
formula (I) ‘:
[Chemical Formula 1]
HO— (CH,) ,—Q— (CH,) ,—OH -« -+ (1)
15
wherein Q represents a hydrocarbon group having 6-40 carbon atoms
which may contain aromatic rings and "n" represents an integer
of 0-10 or "n" represents 1-10 in the case that Q contains no
aliphatic hydrocarbon groups.
20

3. The process according to claim 2, wherein said aliphatic
dicl compound is any one of the compounds represented by the
following general formulas (II)-(IV}):

[Chemical Formula 2]



10 2. The process according to claim1, wherein said aliphatic diol
conpound is a conpound represented by the follow ng general forrmula (1):

[ Chem cal Fornmula 1] HO (CH2) ri-Q (CH2) a-CH (1) wherein Q
represents a hydrocarbon group having 6340- carbon atons which may contain
aromatic rings and "n" represents an integer of 0-10 or "n" represents
1-10 in the case that Q contains no aliphatic hydrocarbon groups. 3. The
process according to claim2, wherein said aliphatic diol conpound is any
one of the ¢co oungs rep;{gsent ed by the fol Sowi ng general fornmulas
(11)-(1V): mt chC Ebphula—21Q 53X C H) (gyo- @EG « ¢ o2){(Tf) 01- 1
(1) HO (CH2). n2..-"Q 2 (CH2) p2-CH M. HO (CH2) rt3- @3- (CH2) 3-OH
wherein Q H&l‘n‘e & &zﬁorhrfcrl" @ € sents—2adr ocar bon @djp havi ng
6- 40 carbon_atons ¢ontaiping aromatic, ring(s), nl in the above formula
(11) represehfs—an(Cntkger of— 10— Q@Oﬁggft he—=kdHE formuta (IV))
represents a straight-chain or branched hydrocarbon group having 6-40
carbon atons which may contain heterocyclic ring(s), n2 in the above

rpr esont e el C I bR e e APb kPRI Ravity oR6CERAEan Sl SAECRRECRE |
accor di ng AR Tel g, Cuhgr SRCea 6 ol R e Comsi T M Grbaund
repr esentied thie thevetokbewung generabotesanta &hlintdfel hemcal Foroyl a 3]
5 the above formula (III} represents a straight-chain or branched
hydrocarbon group having 6-40 carbon atoms which may contain
heterocyeclic ring(s), n2 in the above formula (III) represents
an integer of 1-10, Q; in the above formula (IV) represents a

cyclic hydrocarbon group having 6-40 carbon atoms and n3 in the

10 above formula (IV) represents an integer of 0-10.

4. The process according to claim 3, wherein said aliphatic
diol compound is a compound represented by the following general
formula (ITI):

15 [Chemical Formula 3]

HO— (CH,) ,,—Q,— (CH,) ,,—O0H - - - (ID

wherein O, represents a hydrocarbon group having 6-40 carbon atoms

containing aromatic ring(s) and nl represents an integer of 1-10.

20 5. The process according to claim 4, wherein said aliphatic
diol compound is selected from the group consisting of
4,4'-bis(2-hydroxyethoxy)biphenvyl,

2,2'-bis[(2-hydroxyethoxy)phenyl] propane,



HO (CH2) 111(CH2) ril-OH (I'l') wherein QL represents a hydrocarbon
group having 6-40 carbon atons containing aromatic ring (s) and nl
represents an integer of 1-10. 20 5. The process according to claim4,
wherein said aliphatic diol conmpound i ggselected fromthe group consisting
of 4,4'-bis(2-hydroxyethoxy) bi phenyl,

2,2"'-bis[(2-hydroxyet hoxy) phenyl ] propane, - 54 -
9, 9" - bi s[ 4- (2-pydoxyet I e nd. f L uorene
e g B e e atR AL G

sai d ali phasii £1dbpén€onpotingnss. added in the anount of 0.01 to 1.0 nole
per nole of the total anmount of the termnals of the aromatic

pol ycarbonat e before said transesterification reaction. 10 7. The process
according to any one of clainms 1 to 6, wherein the aromatic pol ycarbonate
before safd tratesrecesiscacrondisgctd amy pnehef kilghlne potyner mtiengin
process is at |least partially end-capped. 15 8. The process according to
cl ai mP7, St - HRIRE 4G Shsth € Bénaddepei Briehe gdmount of 0.01 to
transeste iéic i on reag%%on i erm nal | y end-capped prepol ymer

obt ai ned by react ifig AP %tﬁzgd}cﬁl &8P rdR S STt of the

b t . | t im7 8. in th
om0 BT Year DO et aT A oyt PP rSat? A TRGECI O i the

hi ghly polyswesrisi ng process has the concentration of term nal hydroxy

groups of 1,500 ppmor |ess. 25 10. The process according to anyone of
clains 1 to 9, wherein the wei ght average nol ecul ar wei ght (My) of the
hi ghly pol ynerized aronmatic pol ycarbonate resin after the

trand@st eri fi caticoprpeasti ancondihe t gltlyyopel yherliazintdg 1pEOCLS WhieSein
i ncreased by 5,000 or nore conpared to that of the aromatic - 55 -

pol ycar bdrif emsafadric e aameemates ibétene omiddmdomsterification

reaction in the highly polymerizing process is at least partially

end-capped.

15 8. The process according to claim 7, wherein the aromatic
polycarbonate before said transesterification reaction is a
terminally end-capped prepolymer obtained by reacting an

aromatic dihydroxy compound with diester carbonate.

20 9. The process according to claim 7 or 8, wherein the aromatic
polycarbonate before said transesterification reaction in the
highly polymerizing procesgs has the concentration of terminal

hydroxy groups of 1,500 ppm or less.

25 10, The process according to any one of claims 1 to 9, wherein
the weight average molecular weight {Mw) of the highly
polymerized aromatic polycarbonate resin after the
transesterification reaction in the highly polymerizing process

igs increased by 5,000 or more compared to that of the aromatic



11. The process according to anyone of clains 1 to 10, wherein the weight
average nol ecul ar weight (Mv) of the aromatic 5 pol ycarbonate before the
transesterification reaction in the highly polynerizing process is 5,000
to 60,000. 12. The process according &6 any one of clains 1 toll, wherein
the transesterification reaction in the highly polynerizing 10 process is
carried out at a tenperature ranging from 240C to 320C under reduced .
pr essur e. polpcaiiendpro desore Caidi tigahoeatyr Ditcof i eh atdBctdid®. 12, wherein
the transesterification reaction in the highly polymerizing 15 process is
carried out at a reduced pressure ranging from 13kPaA (100 torr) to 0.01
kPaA (0.01 torn% 14. The process according to any one of clainms 1 to 13,
whi ch conpti sesthe EF@ESF?@CW%H%@%aEY@T&§fm@M lateekti mwiergizg
an aromati c di hydroxy

ggg;)gﬁggeg@g;e%@% S % arvﬁc?a;é#?gww.%garm% Wher ein
sai d ger (J:a/r cﬂga Qpe%lpe t Is%tlreﬂghc%&tcﬁ} an aI%iohatJ C cLoI

conpound ng a |ng p0|n

t ransest eﬁéﬂ th O i L 'ﬂbéé&é hes P e58NGS, o@jq &g ansesterification

cat al yst under reduced pressure to I ncrease the ‘ecul’ar weight. - 56 -

16. The highly polynerized aronmatic pol ycarbonate resin according to claim

15, which has the wei ght average nol ecul ar wei ght (Ms) of 30, 000-100, 000.
12. The process according to any one of ¢laims 1 to 11, wherein

the transesterification reaction in the highly polymerizing
10 process is carried out at a temperature ranging from 240°C to

320°C under reduced pressure.

13. The process according to any one of claims 1 to 12, wherein
the transesterification reaction in the highly polymerizing
15 process is carried out at a reduced pressure ranging from 13kPalA

(100 torr} to 0.01 kPaA (0.01 torr).

i4. The process according to any one of claims 1 to 13, which
comprises a prepolymer-producing process wherein a terminally
20 end-capped prepolymer is produced by reacting an aromatic
dihydroxy compound with diester carbonate and a highly
polymerizing process wherein said terminally end-capped
prepolymer is linked with an aliphatic diol compound having a
boiling point of 240°C or higher through a transesterification
25 reaction in the presence of a transesterification catalyst under

reduced pressure to increase the molecular weight.

15. Ahighly polymerized aromatic polycarbonate resin obtained

by the process according to any one of claims 1 to 14.



i16. The highly polymerized aromatic polycarbonate resin
according to claim 15, which has the weight average molecular

weight (Mw) of 30,000-100,000.



