DESCRI PTI ON  Pol ycarbonate resin Technical Field [0001] The present
I nvention relates to a polycarbonate resin having a nol ecul ar wei ght
distribution close to nonodi spersion and extrenely excellent flowability
when nelting. Background Art [0002] As conventionally known, a
pol ycarbonate resin is wdely used as a form ng raw material of various
nol ded articles. For exanple, a substrate of an optical recording nedium
such as an optical disc and a magneto-optical disc is mainly produced by
i njection nolding of a polycarbopaserip@3soR. To form such a precise product
by injection nolding, ultrahigh flowability is required in order that a
resin spediyBhybbhawe rasannold, and the degree of demand to the
flowability increases with decreasing a thickness of a product. [0003]
Convent i maahhycaa Feehdd of producing a pol ycarbonate resin having a snal
ol i gomer content and a narrow nol ecular weight distribution has been
I nvesti ggbedids one of nethods of inproving properties of a pol ycarbonate
resin, and as such a polycarbonate resin the present inventors 1 have
previ ously proBbeedprepeshlycarivormt ton estel s ned sy polycarbonate

resin having a molecular weight distribution close to

monodispersion and extremely excellent flowability when

melting.

Background Art

[0002]

As conventionally known, a polycarbonate resin is
widely used as a forming raw material of varicus molded
articles. For example, a substrate of an optical recording
medium such as an optical disc and a magneto-optical disc
is mainly produced by injection molding of a polycarbonate
resin. To form such a precise product by injection molding,
ultrahigh flowability is required in order that a resin
smoothly flows in a mold, and the degree of demand to the
flowability increases with decreasing a thickness of a
product.

[0003]

Conventicnally, a method of producing a polycarbonate
resin having a small oligomer content and a narrow
molecular weight distribution has been investigated as one

of methods of improving properties of a polycarbonate resin,

and as such a polycarbonate resin the present inventors



reacting a polycarbonate raw materi al and a di hydroxy conpound, wherein a
rati o of a weight average nol ecular weight Mvto a nunber average nol ecul ar
weight M, in terns of a polystyrene neasured by gel perneation

chromat ography, Mwv/ M, is 2.2 or less, and a ratio of a viscosity average
nol ecul ar weight My to a nunber average nol ecul ar wei ght M cal cul ated
fromthe nunber of nolecular termnals, M/M', is 1.40 or |ess (Japanese
Pat ents 3720687 and 3726618). [0004] The pol ycarbonate resins described in
those phlkieCpirediowls Pl ad | pe1pehysanheaarashiasiobtadvedy byext renel y

narrow nol ecul ar weight distribution and in which a |ow nol ecul ar wei ght
ol i goner rieactdngsulst paliyehkponptesepay ansaltétsall cavadi ld t Wiilgrdeeost | ent .
However, it cannot say to be sufficient in ultrahigh flowability required
i n nol di egmpotilnidn awitepstwi se ratbct iodn aviweddthtpr adecage pardlienylsad y
flowability which does not depend on shear rate, and therefore, its
i npr ovenwetighds Mwedo dcsumber alsirage Dodemriiar] waimgbdndte Hat drern@’20687
Pat ent Docunent 2: Japanese Patent 3726618 Disclosure of the Invention
Pr obl ens ofhat polasityvrene owasured 5y gel peooEiatine mhewmatdgrapiy.on has an
object to provide a 2 polycarbonate resin having an extrenely narrow
nmol ecul aMw/Mai,gtits # ¢ rebulesa, §6dd ¥ | vakde | Pfyawvdsopsitivnfvenage
molecular weight Mv to a number average molecular weight
Mn’ calculated from the number of molecular terminals,
Mv/Mn’, is 1.40 or 1less (Japanese Patents 3720687 and
3726618) .
[0004]

The polycarbonate resins described in those
publications are a low volatile polycarbonate resin having
extremely narrow molecular weight distribution and in which
a low molecular weight oligomer is not substantially
present, and its flowability is excellent. However, it
cannot say to be sufficient in ultrahigh flowability
required in molding a thin and precise injection molded
product, particularly flowability which does not depend on
shear rate, and therefore, its improvement has been desired.

Patent Document 1l: Japanese Patent 3720687

Patent Document 2: Japanese Patent 3726618
Disclosure of the Invention
Problems that the Invention is to Solve

[0005]

The present invention has an object to provide a



particularly extrenely good flowability when nelting that does not depend
on shear rate. Means for Solving the Problens [0006] As a result of keen

i nvestigations to solve the above problens, the present inventors have
found that a polycarbonate resin having small shear rate dependency of a

| ogarithm c value of a nelt viscosity (Pas) to a viscosity average

nol ecul ar wei ght, or a polycarbonate resin having a given substituent

i ntroduced into a nolecular end and having extrenely narrow nol ecul ar

wei ght  dipsiliichbbond tehorss 11§ 0bad vingwedh | ichit eyl yTehat Agw! bt edafisamot
depend on shear rate, and have conpleted the present invention.
Speci f i caelightt heiptessationyernjomh fdowiald ficlyl owhag mektingP0GHA [1] A
pol ycarbonate resin, characterized in that a value obtained by dividing

di fferenpartdendarly |ogarendily cgvadudlowalpili%y] Wwloén amaditing sdest ty (Pas)
measured at shear rate of 9.12 sec-1 and a logarithm c value | og MW1824 of
a nelt vdossoscttydepasl vrashead amtshear rate of 1824 sec-1, with a
capillary rheoneter having a die dianeter of 1 nmt and an effective |ength
of 30 mMeany Lori Sedyiing Hher Fyoblemisecul ar wei ght My cal cul ated by the
follomﬁng equations 3 (hereinafter referred to as "viscosity

di f f erend®0®8llecul ar weight ratio": (log MW9.12 - |og MW1824) /M is 2 .

0x10-5 or less. Measurenent tenperature of a nelt viscosity in _the
As a result of keen investigations to solve the above

prcblems, the present inventors have found that a
polycarbonate resin having small shear rate dependency of a
logarithmic value of a melt viscosity (Pa-s) to a viscosity
average molecular weight, or a polycarbonate resin having
a given substituent introduced into a molecular end and
having extremely narrow molecular weight distribution shows
good flowability when melting that does not depend on shear
rate, and have completed the present invention.
Specifically, the present invention has the following
gist.
[0007}]
[1] A polycarbonate resin, characterized in that a value
obtained by dividing difference between a logarithmic value
log MVgy 1> of a melt viscosity (Pas) measured at shear rate
of 9.12 sec™ and a logarithmic value log MVigy of a melt
viscosity (Pa-s) measured at shear rate of 1824 sec*, with
a capillary rheometer having a die diameter of 1 mm¢ and an

effective length of 30 mmL, by a viscosity average

molecular weight Mv calculated by the following equations



present invention is not particularly limted so far as it 1is a tenperature
at which the polycarbonate resin nelts. However, the nelt viscosity at the
above-descri bed specific shear rate nust be a val ue neasured at the sane
tenmperature. T(sp/C=[Tl) x (1+0 . 28Tlsp) 111) =1. 2 3 x 10-4xMs 83 (In

t he above equations, Tl., is a specific viscosity nmneasured at 20C with
respect to a nethylene chloride solution of a polycarbonate resin, Cis a
pol ycarbonate resin concentration of the nethylene chloride solution, and

C=0.6 9/ {dhprelifQ@8kr [2Fefhedpebyasr Penalcesiey Riifferbhceyfdiaiviiazed in
that the viscosity difference/ nolecular weight ratio: (log M9.12 - |og
W1824) / Meibghtl. ¥adie’s: oflbgs Mv{ 0009] 1dg3] MThe, My casbanaseloEsiar in (2],
characterized in that the viscosity difference/ nolecular weight ratio: (Iog
MW9. 12 1eksg MMEEMircrents tempefhtuos bfsa njdlldO¥is¢d$idypahyddrebonat e
resin, characterized in that it is a polycarbonate resin obtained by
react i ngpaesenttoniatventiwn et grdtalparici eubabhlyr biyi tedpeandarams iist
satisfied with 4 the follow ng requirenents 1) to 4). 1) It has R-CO group
or Rl -0i€0=a gteupeftRtund Rt whith sithes pmlygagbonate ouppint melhs ecul ar
end, and OH ends occupy |ess than 50% of the whol e end groups.

However, the melt viscosity at the above-described specific

shear rate must be a value measured at the same temperature.

Nep/C=[N1x(1+0.281,;)
[(n1=1.23x10"*xMv°®?*

(In the above equations, T, 4is a specific wviscosity

measured at 20°C with respect to a methylene chloride

solution of a polycarbonate resin, C is a polycarbonate

resin concentration of the methylene chloride solution, and

C=0.6 g/dl).

[0008]

[2] The polycarbonate resin in [l], characterized in that

the viscosity difference/molecular weight ratio: (log MVy i»

~ log MVigas) /Mv is 1.6x107° or less.

[0009]

[3] The polycarbonate resin in {2], characterized in that

the viscosity difference/molecular weight ratio: (log MVy .

- log MVigys) /Mv is 1.0x107° or less.

[0010]

[4] A polycarbonate resin, characterized in that it is a

polycarbonate resin obtained by reacting a carbonate raw

material and a dihydroxy compound, and is satisfied with



2) The sum of the residual anounts of an end nodifier and an acid anhydride
of the and nodifier is 20 ppmor less. 3) Aratio of a weight average

nol ecul ar wei ght Mv to a nunber average nol ecul ar weight Wh, in terns of a
pol ystyrene neasured by gel perneation chromatography: Mwv M1 is 1.45 or

|l ess. 4) Aratio of a viscosity average nol ecul ar weight My cal cul ated by
the followi ng equation to a nunber average nolecular weight M cal cul ated
fromthe nunber of nolecular ends: M/ Vn' is 1.40 or less. iisp/C=[1)] X

(1+0. 287xnp) folllbkthg22edlidehléntd (hntbha)above equations, asp is a
specific viscosity mneasured at 20C with respect to a nethylene chloride
solution of a pplyaarbasaReCoeSidrodp | 8ra RoiQ~e0-bogabep r@si andoi®entrati on
of the methylene chloride solution, and C=0.6 g/dl). [0011] [5] The
pol ycar beaghe ghesisn an amgaonie ofrdp) t at] 33 , molthendereremrbd andt i@t it is a
pol ycarbonate resin obtained by reacting a carbonate raw material and a
di hydr oxendsorpoupy, lesg ithasabiosf odd thet wholle feold gwiomgsr.equi renents 5 1)
to4) . 1) It has RCO group or R-O-CO group (Rand R each shows an
or gani ¢ group) 2at ThenshwcafathendesidyabHamomadsoofupn lexsk masi g9 of t he
whol e end groups. 2) The sum of the residual anounts of an end nodifier

and an acid anhydride of the end modifier is 20 ppm or less.

3) A ratio of a weight average molecular weight Mw to
a number average molecular weight Mn, in terms of a
polystyrene measured by gel permeation chromatography:

Mw/Mn is 1.45 or less.

4) A ratio of a viscosity average molecular weight Mv
calculated by the following equation to a number average
molecular weight Mn’ calculated from the number of
molecular ends: Mv/Mn’ is 1.40 or less.

Nep/C=[N]x(1+0.287,;)

[N1=1.23x10 *xMv° 33
(In the above equations, Tng is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
C=0.6 g/dl).

[0011]
[5] The polycarbonate resin in any one of [1] to [3],
characterized in that it is a polycarbonate resin obtained

by reacting a carbonate raw material and a dihydroxy

compound, and is satisfied with the following requirements



and an acid anhydride of the end nodifier is 20 ppmor less. 3) Aratio of
a wei ght average nol ecul ar weight Mv to a nunber average nol ecul ar wei ght
Mh, in ternms of a polystyrene neasured by gel perneation chromatography:
Mv Mh is 1.45 or less. 4) Aratio of a viscosity average nol ecul ar wei ght My
calculated by the follow ng equation to a nunber average nolecul ar wei ght
Wn' cal cul ated fromthe nunber of nolecular ends: M/ M is 1.40 or |ess.
"asp/C=1] 1] ] x (1+0. 281j,p) [rl] =1 .23x10-4xMWo083 (In the above

equati ong) #b.R)i.S a specific viscosity nmeasured at 20C with respect to a
nmet hyl ene chloride solution of a polycarbonate resin, Cis a polycarbonate
resin concentraji @t dias he-gethymsng cbkroR/do-smi-ut gpaupan®R &x4. ®R'g/ dl) .
[0012] [6] The polycarbonate resin in [4] or [5], characterized in that
My/ Mn' | eadh3Ghowd ess, cxgandd gyoengs) oatupy meleculhan et@)p oandh@Bnahol e end
groups. (0013] 6 [7] The polycarbonate resin in [6), characterized in that
M// M i ends26conplredessantia@HSgkonfs thecwppleeend: garupsdk of the whol e end
groups. [0014] [8] The polycarbonate resin in any one of [1] to [7],
characterized 2h That suheofi thesrepidualagmonpitscofapn end modifier

and an acid anhydride of the end modifier is 20 ppm or less.

3) A ratio of a weight average molecular weight Mw to
a number average molecular weight Mn, in terms of a
polystyrene measured by gel permeation chromatography:
Mw/Mn is 1.45 or less.

4) A ratio of a viscosity average molecular weight Mv
calculated by the following equation to a number average
molecular weight Mn’ calculated from the number of
molecular ends: Mv/Mn’ is 1.40 or less.

Nep/ C=[MNIx (1+0.281,,)

[n1=1.23x10"*xpy?-83
{In the above equations, 1, is a specific viscosity
measured at 20°C with respect to a methylene chloride
sclution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
C=0.6 g/dl).

[0012]

[6] The polycarbonate resin in [4] or (5], characterized
in that Mv/Mn’ is 1.30 or less, and OH groups occupy less
than 40% of the whole end groups.

[0013]



weight My is from 8,000 to 100, 000. Advantage of the Invention [0015) The
pol ycarbonate resin of the present invention is a polycarbonate resin
havi ng an extrenely narrow nol ecul ar wei ght distribution, good flowability
when nelting, and particularly extrenely good flowability when nelting that
does not depend on shear rate, and is therefore extrenely industrially
useful to various applications including injection nolding of thin and

hi gh- preci se products. Brief Description of the Drawings [0016] [Fig. 1]
Fig. 1 ig79raphRespeliy8grbBhhteukéeinofint 6] ,pehptacheidtzed d3 thay oduced

in Exanple 1 and Conparative Exanple 1. [Fig. 2) Fig. 2 is graphs show ng
melt cur MegMaf tilze 1 .20 yoarham! candsORSgpsapscedcupyElaems| ehanardds
Conparative Exanple 2. [Fig. 3] Fig. 3 is graphs showing nelt curves of the
pol ycar befather ehiode pnddgeedpisn Exanpl e 3 and Conparative 7 Exanple 3.
[Fig. 41 Fig. 4 is graphs showing nelt curves of the polycarbonate resins
produced [i0R1Btanpl e 4 and Conparative Exanple 5. Best Mdde for Carrying Qut
the Invention [0017] The enbodi nent of the pol ycarbonate resin of the

[8] The polycarbonate resin in any one of ([l1] to [7],

characterized in that the visceosity average molecular

weight Mv is from 8,000 to 100,000.

Advantage of the Invention

[0015]

The polycarbonate resin of the present invention is a
polycarbonate resin having an extremely narrow molecular
weight distribution, good flowability when melting, and
particularly extremely good flowability when melting that
does not depend on shear rate, and is therefore extremely
industrially useful to various applications including
injection molding of thin and high-precise products.

Brief Description of the Drawings

[0016]

[Fig. 1] Fig. 1 is graphs showing melt curves of the
polycarbonate resins produced in Example 1 and Comparative
Example 1.

[Fig. 2] Fig. 2 is graphs showing melt curves of the
pelycarbonate resins produced in Example 2 and Comparative
Example 2.

[Fig. 3] Fig. 3 is graphs showing melt curves of the

polycarbonate resins produced in Example 3 and Comparative



present invention is described in detail below [0018] (Polycarbonate
Resi n) The pol ycarbonate resin of the present inventionis provided with
the following requirenents [I] and/or [Il]. The polycarbonate resin of the
present invention is preferably provided with the follow ng requirenents [I]
and [I1] together. [0019] [I] A value obtained by dividing difference
between a logarithmc value log MV9.12 of a nelt viscosity (Pas) neasured
at shear rate of 9.12 sec-1 and a logarithmc value | og W1824 of a nelt

Vi scosit gxbiRp3e Beasured at shear rate of 1824 sec-1, with a capillary
rheoneter having a die dianmeter of 1 nmt and an effective length of 30 mi,

by a visg¢esgty ayersmge. mal egsl ?rél}ﬂiﬁhtsﬂ\%i&@ Cakatedciyvelheof oldhan ng
equations (hereinafter referred to as "viscosity difference/ nol ecul ar

wei ght r gbllgcarbbagtiVtebins |p@dWMEEiR4d MixampPe 04 1808 @onpaaatifre
Measurenent tenperature of a nelt viscosity in the present invention is not
parti cul xkypllienbt.ed so far as it is a tenperature at which the

pol ycarbonate resin nelts. However, the nelt viscosity at the

above- deBestbModepéonf Carrghagr Onit ¢heudnvieatiomnal ue neasured at the sane
tenperature. ilsp/C[ij] x (1+0.28 asp) (q]=1.23x10-4xMs '83 (In the above
equat i ond00dydp is a specific viscosity

The embodiment of the polycarbonate resin of the
present invention is described in detail below.
[0018]
{Polycarbonate Resin)
The polycarbonate resin of the present invention is
provided with the following requirements [I] and/or [II].
The polycarbonate resin of the present invention is
preferably provided with the feollowing requirements [I] and
[II] together.
[0019]
[T] A value obtained by dividing difference between a
logarithmic value log MVy; ;; of a melt viscosity (Pa-s)
measured at shear rate of 9.12 sec! and a logarithmic
value log MVig,y of a melt viscosity (Pas) measured at

!, with a capillary rheometer having

shear rate of 1824 sec’
a die diameter of 1 mm¢ and an effective length of 30 mmL,
by a viscosity average molacular weight Mv calculated by
the following equations (herainafter referred to as

“viscosity difference/molecular weight ratio”: (log MV, i, -

log MVigy:) /Mv is 2.0x107° or less.



measured at 20C with respect to a nethylene chloride solution of a

pol ycarbonate resin, Cis a polycarbonate resin concentration of the

nmet hyl ene chl oride solution, and C=0.6 g/dl). [0020] T[II] It is obtained
by reacting a carbonate raw material and a di hydroxy conpound, and is
satisfied with the following requirenents 1) to 4). 1) It has R-CO group
or R-OCO group (Rand R each shows an organic group) at a nol ecul ar
end, and OH ends occupy |ess than 50% of the whole end groups. 2) The sum

o e sl dUalieBERUBhEn0 Alkyfich Tl fLET » 3 80 AL AN dihdaunl the end

nodifier is 20 ppmor |ess. rat1 o of a welght average nol ecul ar wei ght

Mv to a pughehtavuehagt g el Vﬁ%ﬁcmrm ithieedl s8 £RQ W3t Virene
measur ed by gel perneation chromatography: fMh is 1.45 or less. 4) A

ratio of j@ vi seampb¥adueeagi Phesh | dhegidilfcdboatal edkahegndid he
foll owi ng equation to a nunber average nolecul ar weight M cal culated from

t he nunbeweiverDltbeUman teRdscodi/tyn'at The 4bdvedRforibed/dpediflic x
(1+40.28ij,p) [t]]=1.23x10-4xM .83 (In the above equations, rj,nis a

speci fi C she2@0Talty mitizas e atalNeCmdlalsihrerl RACItHeD santeettfurpenmtider i de
solution of a polycarbonate resin, Cis a polycarbonate resin concentration
of the methyl eng,/d+ [orli>d@ +Lol28r.pn, and

[n]1=1.23x10 *xMv° 83
({In the abocve equations, 7N, 1is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solutien, and
c=0.6 g/dl).

{0020]

[II])] It is obtained by reacting a carbonate raw material
and a dihydroxy compound, and is satisfied with the
following requirements 1) to 4).

1) It has R-CQO- group or R’-0-CO- group (R and R’
each shows an organic group) at a molecular end, and OH
ends occupy less than 50% of the whole end groups.

2) The sum of the residual amounts of an end modifier
and an acid anhydride of the end modifier is 20 ppm or less.

3) A ratio of a weight average molecular weight Mw to
a number average molecular weight Mn, in terms of a
pelystyrene measured by gel permeation chromatography:

Mw/Mn is 1.45 or less.

4) A ratio of a viscosity average molecular weight Mv



C=0.6 g/dl). [00211 <Viscosity difference/ nolecular weight ratio: (Ilog

W9, 12 - | og W1924) /M> Here, the nelt viscosity neasured at shear rate of
9.12 sec-1 shows | ow shear rate, and the nelt viscosity nmneasured at shear
rate of 1824 sec-1 shows high shear rate. When the difference between those
Is small to a viscosity average nol ecular weight. M/, it shows that such a
resin is a resin having excellent Newtonian Flow property. [00221 Wen the
viscosity difference/ nol ecul ar weight ratio: (log MV9.12 - |og W1824) /M
is larger than 2 . 0x10-5, a polycarbonate resin having an extrenely narrow
mol ecul agaloplyheddbyt rilbat Fohlowand fegquediidn t Yowaemumber ngveznge
particularly extrenely %pod flowability when nelting that does not depend
on shearmeheeulagi cHeighgyr pxed ¢ﬁl?hzat§é pEEsmnt theyermuwberan®dt be
realized. The viscosity difference/nol ecular weight ratio: (log MW9.12 -
log MWIO2KSFFREAF sepdef MuMR’ adsshaftPePr ¥R&Sratio is preferably 1.6x10-5
or less, and nore preferably 1.0x10-5 or less. The lower |imt of the

Vi scosity diff%ﬂgﬁﬁéﬂ%ﬁﬁéégrapnﬂdeight ratio: (log MV9.12 - |log W1le24) /W
is not particularly limued, oyt it is generally 0.5x10-5 or nore. The

mel t viscosityH%f'ih%£ﬁﬂ%végﬁescribed specific shear rate nust be a val ue
r’reasured(flt_l tgﬁesaggo;[rgr’rpg&gé {gﬁsgoo%i] is a specific viscosity

measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
C=0.6 g/dl).
[0021]
<Viscosity difference/mclecular weight ratio: (log MVg i, -
log MVigy) /Mv>

Here, the melt viscosity measured at shear rate of
9.12 sec’ shows low shear rate, and the melt viscosity
measured at shear rate of 1824 sec ' shows high shear rate.
When the difference between those is small to a viscosity
average molecular weight Mv, it shows that such a resin is
a resin having excellent Newtonian Flow property.
[0022]

When the viscosity difference/molecular weight ratio:
(lLog MVg i, - log MVig)/Mv is larger than 2.0x107°, a
polycarbonate resin having an extremely narrow molecular
weight distribution, good flowability when melting, and
particularly extremely good flowability when melting that

does not depend on shear rate, which is purposed in the

10



<Rati o of weight average nol ecul ar wei ght Mv to nunber average nol ecul ar
wei ght Mh: MW Mh> The ratio of a weight average nol ecular weight Mvto a
nunber average nol ecul ar weight Mi: MM Mn is a neasure showing width of a
nmol ecul ar wei ght distribution, and a small value shows that the nol ecul ar
wei ght distribution is narrow [0024] Therefore, the polycarbonate resin of
the present invention has the ratio of a weight average nol ecul ar wei ght
Mv to a nunber average nol ecul ar weight Mh: Mv Mh of 1.45 or |ess, and
preferably 1.40 or |less. Were MV Mh exceeds 1.45, a polycarbonate resin
havi ng apresertreiyventienw msanhoetl abewerghiligest.ri buThen, vaseestitawabi ity
when nelting, and particularly extrenmely good flowability when nelting
that doedifferempesmobacehatr meightuhiedtie: 1X1e@r pd¥&did n T helpgesent

i nvention cannpt be realized. Mwv M is preferable as snmaller, The | ower
limt of MaeeN/™MYs #8t prafecdbde y 39 ni eBaLL8E: it iPYenkrbiPy £510 or

nore. [0025 <Rati o of vi.sscosity average nol ecul ar wej ght M/ tQ nunber
aver age ﬁﬁ?kﬁﬁ?ﬁ?yw%rgﬁ%gﬁhoﬁu%Qﬁﬂ%u fWQﬁﬁt?ﬁ?#ﬁﬁﬂk}yo*'oﬁﬁégcﬁFar ends:

M// Mh' > The ratjo of a viscosit verage nol ecul.ar. _wei ght to.a nunber
average_géF§0u%g? 3BV§ﬁtikﬁlgcﬁ¥c ﬁtggsFPﬁﬁgytﬂéfﬁﬁﬁﬁgFeég%&ﬁFE&BFar ends:
M/ MY vsweglgﬁg a rn;ataisou:r € (log MVy 3, -~ log MVigyn)/Mv is not

particularly limited, but it is generally 0.5x10™° or more.
The melt viscosity at the above-described specific shear
rate must be a value measured at the same temperature.
[0023]

<Ratio of weight average molecular weight Mw to number
average molecular weight Mn: Mw/Mn>

The ratio of a weight average molecular weight Mw to
a number average molecular weight Mn: Mw/Mn is a measure
showing width of a molecular weight distribution, and a
small value shows that the molecular weight distribution is
narrow.

[0024]

Therefore, the polycarbonate resin of the present
invention has the ratio of a weight average molecular
weight Mw to a number average molecular weight Mn: Mw/Mn of
1.45 or less, and preferably 1.40 or less. Where Mw/Mn
exceeds 1.45, a polycarbonate resin having an extremely
narrow molecular weight distribution, good flowability when
melting, and particularly extremely good flowability when

melting that does not depend on shear rate, which is

11



showi ng width of a nol ecul ar weight distribution, simlar to the ratio of a
wei ght average nol ecul ar weight Mvto a nunber average nol ecul ar wei ght Mh:
Mv Mh, and its small value neans that a nol ecul ar weight distribution is
narrow. [0026] Therefore, the polycarbonate resin of the present invention
has the ratio of a viscosity average nolecular weight My to a nunber
average nol ecul ar weight M : M/ M of 1.40 or less, preferably 1.30 or

| ess, nore preferably 1.20 or less, and further preferably 1.15 or |ess.
Wiere M/ M' exceeds 1.40, a pol ycarbonate resin having an extrenely

narr ow nBPERBFEF weR ghtheli RESIRRE ok B O | GARRAY t Penh&radéretng, and
particularly extrenely good flowability when nelting that dges not depend
on shearMPAMR 1s,mxafeal)s R%camRAlPRe pF‘E‘?eHPW%%ﬂ‘i‘b‘h EgnH'UgMBe 12
realized, /NN is ng&;r bli,as smal lLer. The lower limt gf M// M is not
parti cul &1 A5 MITHHRATIY FimI4E erﬁqﬁlﬁfoﬁsoﬁ%ﬁﬁﬁif%%o 730 2Broporti on
of OH groups at nol ecul ar ends> The pol ycarbonate resin of the present

i nventi ofi°f§" that OH groups occupy | ess than 50% preferably |ess than

40% and gggg preferably | ess than 30% of the whole end groups. [0028] A
group in{ Bded into the nol ecul ar ends, other than OH group is preferably

a RGO gﬁgggoo%faJiéé%ég%y average molecular weight Mv to number
average molecular weight Mn’ calculated from the number of
molecular ends: Mv/Mn’>

The ratio of a viscosity average molecular weight Mv
to a number average molecular weight Mn’ calculated from
the number of molecular ends: Mv/Mn’ is also a measure
showing width of a meolecular weight distribution, similar
to the ratio of a weight average mclecular weight Mw to a
number average molecular weight Mn: Mw/Mn, and its small
value means that a molecular weight distribution is narrow.
[0026]

Therefore, the polycarbonate resin of the present
invention has the ratio of a viscosity average molecular
weight Mv to a number average molecular weight Mn’: Mv/Mn’
of 1.40 or less, preferably 1.30 or less, more preferably
1.20 or less, and further preferably 1.15 or less. Where
Mv/Mn’ exceeds 1.40, a polycarbonate resin having an
extremely narrow molecular weight distribution, good
flowability when melting, and particularly extremely good
flowability when melting that does not depend on shear rate,

which is purposed in the present invention cannot be
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group (R and R each represents an organic group). [0029] Exanples of an end
nodi fier for converting into the R-CO group include a carboxylic acid
having from1 to 30 carbon atons, a carboxylic halide, a carboxylic
anhydride, and a carboxylic ester. O those, a carboxylic halide and a
carboxylic anhydride are preferable, and a carboxylic halide is
particularly preferable. Exanples of the and nodifier include aliphatic and
aromatic carboxylic acids such as capric acid, lauric acid, acetic

anhydri dgaaPiiedi ¢ Ml i de stegerabtll ofd degmalaldd ti C M dGernyristic
chl oride, benzoic chloride (benzoyl chloride), toluic chloride, benzoic

brom de, 1{nit bwify | Beymei C il Abtdpar©idyl OilGméftled,i deutbanzokg
anhydride, ethyl benzoate, 13 1l-napthylic chloride and 2-naphthylic
brom de;geshrdlRyri. 0®ast imerderi vati ves. [0030] Exanpl e of an end nodifier
for converting into the R -C CO group includes a hal ocarbonic ester having
froml ([@3D] carbon atons. Exanples of the ester include ethyl
chl orocarbonate, butyl chlorocarbonate, stearyl chlorocarbonate, phenyl
chl or oc a Bt et { gxin eordy | OH cdntowps ca tatelectbay| endis®r ocar bonat e, napht hyl
chl orocarbonate, ethyl bronocarbonate, phenyl bronocarbonate and naphthyl
br onbcar bonat éfhg 0p8lycahbonatad resdinf iaff sthay presendd ixveretion agsm xt ures
that OH groups occupy less than 50%, preferably less than
40%, and more preferably less than 30%, of the whole end
groups.
[0028]

A group introduced intc the molecular ends, other
than OH group is preferably a R-CO- group or a R’'-0-CO-
group (R and R’ each represents an organic group).
[0029]

Examples of an end modifier for converting into the
R-CO~- group include a carboxylic acid having from 1 to 30
carbon atoms, a carboxylic halide, a carboxylic anhydride,
and a carboxylic ester. Of those, a carboxylic halide and
a carboxylic anhydride are preferable, and a carboxylic
halide is particularly preferable. Examples of the end
modifier include aliphatic and aromatic carboxylic acids
such as capric acid, laurie acid, acetic anhydride, butyric
anhydride, stearic chloride, palmitic bromide, myristic
chloride, benzoic chloride (benzoyl chloride), toluic

chloride, Dbenzoic bromide, p-t-butylbenzoic chloride,

octylbenzoic chloride, benzoic anhydride, ethyl benzoate,

13



of two or nore thereof. [0032] It is inportant that those end nodifiers are
added after conpletion of the polynerization reaction of froman oligoner
to a polycarbonate resin. Specifically, the end nodifier is added to a

pol ycarbonate resin having end hydroxyl groups after passing a given
reaction tinme and reaching a nolecular weight to the desired value. Were
the end nodifier is added during the polynerization reaction, the end

nodi fier acts like an end-term nator, and as a result, only a product
having a wi de nol ecul ar weight distribution such that a tail extends toward
a |l ow nbissptiaylivei ghilordgieonand @bhitraphathyMhenbrbaidad nodd f icheirld is
added after conpletion of the polynerization reaction of from an oli goner
to a polyeacbovatdereevahives. end-nodifi ed polycarbonate resin can be
produced wi thout changing a nolecular weight and a nol ecul ar wei ght

di stri buf®®30bf a polycarbonate resin. [0033] The anpbunt of the end

nodi fier added is theoretically sufficient if it is an anount correspondi ng
to the nunber Eximp}e enfl groupsdomaglifdiemefor Foonyraiing, wen &he
carboxyllc halide or the like is used as the end nodifier, where its

addi t i onRanBuEP- i gepeRsdacludescar S@éqqa:rhm!wees%ﬁrth@vwgbéxym & acid
hal i de at polynmer ends is hydrolyzed by an al kali aqueous solution, and a

side reak®i 8§ <yuRamt 2hema- caFB@%ﬂ o§r Rfp Shej @stedn wrelyde pEhvher,

chlorocarbonate, butyl chlorocarbonate, stearyl
chlorocarbonate, phenyl chloroccarbonate (phenyl
chloroformate) , tolyl chlorocarbonate, naphthyl
l‘ chlorocarbonate, ethyl bromocarbonate, phenyl

bromocarbonate and naphthyl bromocarbonate.
[0031]

Those end modifiers may be used alone or as mixtures
of two or more thereof.
[0032]

It is important that those end modifiers are added
after completion of the polymerization reaction of from an
oligomer to a polycarbonate resin. Specifically, the end
modifier is added to a polycarbonate resin having end
hydroxyl groups after passing a given reaction time and
reaching a molecular weight to the desired value. Where
the end modifier is added during the polymerization
reaction, the end modifier acts like an end-terminator, and
as a result, only a product having a wide molecular weight
distribution such that a tail extends toward a low

molecular weight region is obtained. When the end modifier

14



the carboxylic ion is reacted wth an unreacted carboxylic halide to form
an acid anhydri de bond. A polycarbonate containing the acid anhydride bond
is liable to induce deconposition by heat during nelt processing such as

i njection nolding, as conpared with a pol ycarbonate that does not contain
the acid anhydride bond. As a result, the nolecular weight of a polyner as
a nolded article decreases, and nechanical strength deteriorates, which are
not preferable. For this reason, the anmobunt of the end nodifier added is
selected froma range of generally from 0.5 to 10 nol % and preferably from
1 to 6 nbs%ddedt Aftedi bydpdayionnpbuktieapodymawimntépnakeactionderfi ng t he
kind, 15 reactivity and the like of the end nodifier used. [0034] Were
the OH gfvepsaat cilhigomeredd & rRykiscarkonée oresimy eaneead-mhdadhethe
above-described MV Mh ratio or M/ WMh' ratio is satisfied, flowability is

i npai r edPlyohaskonate IFemirasardubet cpreducedn withentalchanaings ahen
melting, and the flowability that_does not depend on shear rate is not
secur ed.meEQ'S}althPégbtte,anc%ea arrdreuparoreight «bistriditsoog ofraferably

| ess than 40% nore preferably Iess than 30% and particularly preferably

| ess t haRcipoprbereke HASEB-end groups. [0036] <Proportion of sum of
residuallgggg?ts of end nodifier and

The amount of the end modifier added is theoretically
sufficient if it is an amount corresponding to the number
of OH end groups of a polymer. For example, when a

" carboxylic halide or the like is used as the end modifier,
where its addition amount increases, the carboxylic halide
or the carboxylic acid halide at polymer ends is hydrolyzed
by an alkali aqueous solution, and a side reaction
generating a carboxyl group or its ion occurs. Further,
the carboxylic ion is reacted with an unreacted carboxylic
halide to form an acid anhydride bond. A polycarbonate
containing the acid anhydride bond is 1liable to induce
decomposition by heat during melt processing such as
injection molding, as compared with a polycarbonate that
does not contain the acid anhydride bond. As a result, the
molecular weight of a polymer as a molded article decreases,
and mechanical strength deteriorates, which are not
preferable. For this reason, the amount of the end
modifier added is selected from a range of generally from

0.5 to 10 mol%, and preferably from 1 to 6 mol%, to the

dihydroxy compound as a raw material, considering the kind,

15



aci d anhydri de of end nodifier> The pol ycarbonate resin of the present
invention has the sumof the residual anobunts of the end nodifier and an
acid halide of the end nodifier of 20 ppmor |ess, preferably | Qopm or

| ess, and nore preferably 5 ppmor |ess. Wiere the sumof the residual
amounts of the end nodifier and an acid halide of the end nodifier is

| arge, the polycarbonate resin deconposes during nolding, resulting in
decrease in nolecular weight, which is not preferable. [0037] 16 Reaction
for introducing a substituent other than OH group is inportant to conduct
t he reacteantbyitfoanéxahpl kikenofi bheaendtmbysifibegaskdr wWth the
above-described reactive end nodifier and an al kali aqueous sol ution such
as sodi ubPagdioxi de with a pol ycarbonate resin having OH groups at all ends
(hereinafter sonmetines referred to as "end OH type PC') produced by
reacting a carWoeee ethawoHngreupsl adndhe didheirwbar cemgouade $B&t ors, by
conducting reaction by mxing a catalyst, the effect that a reaction rate
for introdgeingvan theught that abpveedessribedxMwiiMpegatindoxdiv/Moial |y t he
amount of the and nodifier added can _be reduced. As a result, it has been
found t hhdtife igf f ertigfiadppfdesiahd Mty obs d impRy&eddpoNd SEPSEAE end
nodifier is obtained, further the effect is obtained in washing separation
after pdPFERRFZaYSn, tQ hhearsiorepf drtir} eRBvaAnds when pelfiag,

and the flowability that does not depend on shear rate is
not secured.
{0035]

Therefore, the OH groups occupy less than 50%,
preferably less than 40%, more preferably less than 30%,
and particularly preferably less than 10%, of the whole end
groups.

[0036]
<Proporticon of sum of residual amounts of end modifier and
acid anhydride of end modifier>

The polycarbonate resin of the present invention has
the sum of the residual amounts of the end modifier and an
acid halide of the end modifier of 20 ppm or less,
preferably l0ppm or less, and more preferably 5 ppm or less.

Where the sum of the residual amounts of the end
modifier and an acid halide of the end modifier is large,
the polycarbonate resin decomposes during molding,
resulting in decrease in molecular weight, which is not
preferable.

[0037]
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3

end nodifier, and by the use of a catalyst, the residual anount of the end
nodi fi er can be reduced. [0038] Exanples of the catalyst that can be used
include a trialkylam ne, N-ethyl pyrrolidone, N ethylnorpholine, N

i sopropyl pi peridine, N-isopropyl norpholine, triethylamne and

N- et hyl pi peri di ne. Those can be used alone or as mxtures of two or nore
thereof. (0039] The anount of the catal yst added is preferably from 17
0.0005 to 1 nol%to the di hydroxy conpound as a raw material. Were the
anount of the catalyst added is less than 0.0005 nol% it is necessary to
conduct a rea@eartion foonjnpecdadioly i rmbsticncert tothedt r thaneOH
substituent. Therefore, contact tine with an aqueous al kali solution

prol ongsgreoepsuisi mpentanbdtet condeétather geaatmont bpf finxr esaspderhydri de of
the end nodifier, and washing separation of the end nodifier after

pol ymer imbdxing r @actdatmlyst i ntegétbernt wikdh a thesul abovieedessirdbatl anount
of the end nodifier tends to increase. Wiere an acid anhydride of the and
nmodi f i erreactiyeeendn medifigr andinenoalkaddl arasrmt 2olutien svshai ning a
| arge residual anmount of the end nodifier is extrusion nolded, the

pol ycar bdhatedias rhydremsifpsui thr & pelygarhoteteesesion hayieal 88 wei ght,
which is not preferable. On the other_hand, where the anount of the

cat al yst95e8Rs @fccrts ¢rdAs| obhareimaf tathyapByiRefpsafersed favrfat eri al ,

reaction_for .
“end OH type PC”) produced by reacting a carbonate raw

material and a dihydroxy compound.

That is, by conducting reaction by mixing a catalyst,
the effect that a reaction rate for introducing a
substituent increases 1is exhibited, and additionally the
amount of the end modifier added can be reduced. As a
raesult, it has been found that the effect of suppressing an
acid anhydride bond of +the end modifier is obtained,
further the effect is obtained in washing separation after
polymerization, that is, separation removal of the residual
end modifier, and by the use of a catalyst, the residual
amount of the end modifier can be reduced.

[0038]

Examples of the catalyst that can be used include a
trialkylamine, N-ethylpyrrolidone, N-ethylmorpholine, N-
isopropylpiperidine, N-isopropylmorpholine, triethylamine
and N-ethylpiperidine. Those can be used alone or as
mixtures of two or more thereof.

[0039]

The amount of the catalyst added is preferably from
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I ntroduci ng a substituent can be shortened, but a washing operation for
renmoving the catalyst is conplicated, which is not econom cal. [0040]

<Vi scosity average nol ecul ar wei ght M/> The viscosity average nol ecul ar

wei ght of the polycarbonate resin of the present invention is preferably
from about 8,000 to 100, 000. \Were the nolecular weight is too small

| npact resistance of the polycarbonate resin 18 deteriorates, and where the
nol ecul ar weight is too large, nelt flowability deteriorates. The viscosity
average nol ecul ar meight IS nore preferably fron110 000 to 70, 000 and

particul grhyogrefgr apl Y firom12, Qﬂg t&’u\?}gnt SRy und Ml i g

pol ycarbonate resin> Simlar to the con ycarbonate reS|n t he

pol yoar bpgbes 651 NyRbrbNEHY Gafflint NYENERAN c%%l%gslt . Mfeezsed kg vari ous

nol ded articles by i1 njection I ng, extrusion ing or

Exanpl estﬂ&nsb‘cboés HBQ%esiﬁdlngQHSEsh9§| LdecBRIGELALS réﬁ‘ét&ﬁ% %o}:‘ Im a

yarn and a plate; parts such as a ting fitting and an optica

i nstrumengy, a%ﬁ%téfﬂ eSmauah aSrddy ORbI Q@th‘ycﬁfce apd sABGRS LAeRRL i Cal
disc. In prodUC|ng those nolded articles, stabilizers, rapping agents,

conbust | ReL8EBEHANtaon BHHE Skahie ROER! Sin fhkhbis T41AIS: 'SR OR! Fengt h-
nodifiers, and the |ike may be added to the polycarbonate resin of the
present Lp¥eBhEeN rRskiiGGNENMpLORcEBINELE a large amount of an
acid anhydride of the end modifier, and washing separation
of the end modifier after polymerization reaction is
insufficient. As a result, the residual amount of the end
modifier tends to increase. Where an acid anhydride of the
end modifier is formed in a large amount or a polycarbonate
resin containing a large residual amount of the end
modifier is extrusion molded, the polycarbonate resin
decomposes, resulting in decrease in molecular weight,
which is not preferable. On the other hand, where the
amount of the catalyst added exceeds 1 mol% to the
dihydroxy compound as a raw material, reaction for
introducing a substituent can be shortened, but a washing
operation for removing the catalyst is complicated, which
is not economical.
[0040]
<Viscosity average molecular weight Mv>

The +viscosity average molecular weight of the
polycarbonate resin of the present invention is preferably
from about 8,000 to 100,000. Where the molecular weight is

too small, impact resistance of the polycarbonate resin
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[0042] [ Production method of pol ycarbonate resin] Production nmethod of the
pol ycarbonate resin of the present invention satisfying the requirenents

[I1] and/or [I1] is described in detail below [0043] To produce the
pol ycarbonate resin of the present invention satisfying the requirenments
[1] and/or [I1], 19 reaction operation and reaction conditions are

appropriately controlled in the production nmethod of a polycarbonate resin
described in detail below For exanple, to control Mv M and My/Mh' in the
foll owi ng production nethod of a polycarbonate resin, the anmobunt of a

cat al yst derseshordieds Asafdrwhepe Bldr aclleenilde, wdiight greatdy Bhkgels a

nol ecul ar wei ght of a pol ycarbonate resin obtained, interfacial area during
i nt er f acind1pol Frowaleibaty ondaetdrishgtés ke arrheontistdeity [ O8ddradbe

producti on nmet hod of the pol ycarbonate resin of the present invention is
not partimeledulatiwaighlt Esr moewapmederiabd ypdrnoearld0® tes?a,D80pr oduced
by reacting a carbonate raw material and a di hydroxy conpound to produce a
pol ycar bowred epaetsi mlbawlngpfdfarably Stoml 12 008 tentld D0t ype PC) and
i ntroduci ng predeterm ned substituents into the OH groups at the nol ecul ar
ends of th@04b] ycarbonate resin. [0045]
<Meclding of polycarbonate resin>
Similar to the conventional polycarbonate resin, the
pelycarbonate resin of the present invention can be
processed into various molded articles by injection molding,
extrusion molding or the 1like. Examples o¢f such a
processed product include materials such as a film, a yarn
and a plate; parts such as a lighting fitting and an
optical instrument; and substrates such as an optical disc
and magneto-optical disc. In producing those molded
articles, stabilizers, rapping agents, combustion retardant,
antistatic agents, fillers, fibers, impact strength-
modifiers, and the like may be added to the polycarbonate
resin of the present invention in the conventional manner.
[0042]
[Production method of polycarbonate resin]
Production method of the polycarbonate resin of the
present invention satisfying the requirements [I] and/or
[II] is described in detail below.
[0043]

To produce the polycarbonate resin of the present

invention satisfying the requirements [I] and/ecr [II],
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The carbonate raw material used herein is a conpound that can forma
carbonate bond: [Chem 1] 0 CO_ 11 0 in a polycarbonate main chain by a
pol ymer formation 20 reaction such as condensation reaction and exchange
reacti on, and exanpl es thereof include phosgene and carbonic diester.

[ 0046] Exanpl es of the carbonic diester include dinethyl carbonate, diethyl
carbonat e, di phenyl carbonate and ditolyl carbonate. [0047] On the other
hand, exanpl es of the di hydroxy conmpound include an aliphatic di hydroxy
conpound and an aromati c di hydroxy conpound. The aromatic di hydroxy

compound Al SLRRALEE Comend dadasd e wEMG OO
Wl e R e L
.oy ST PSP A 4 ek L 0TRE T 881 R ETFS: Ohnadle,

to control Mw/Mn and Mv/Mn’ in the following production

method of a polycarbonate resin, the amount of a catalyst

used, such as pyridine hydrochloride, which greatly affects

a molecular weight of a polycarbonate resin obtained,

interfacial area during interfacial polycondensation and

the like are controlled.

[0044]

The production method of the polycarbonate resin of
the present invention is not particularly limited. For
example, the polycarbonate resin is produced by reacting a
carbonate raw material and a dihydroxy compound to produce
a polycarbonate resin having OH groups at all ends (end OH
type PC) and introducing predetermined substituents into
the OH groups at the molecular ends of the polycarbonate
resin.

[0045]

The carbonate raw material used herein is a compound
that can form a carbonate bond:
[Chem. 1]

~0-C-0-

I
0

in a polycarbonate main chain by a polymer formation
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pyri di ne hydrochl oride or quinoline hydrochloride. [0049] This production
nmethod is described in nore detail. The aromatic conpound having two
phenol i ¢ hydroxyl groups can use conpounds conventionally known as a raw
material of a polycarbonate resin, as described in, for exanple, US 21
Patents 4,982,014, 3,028, 365, 2,999,835, 3,148,172, 3,275,601, 2,991, 273,
3,271,367, 3,062,781, 2,970,131 and 2,999, 846; German Patents 1,570, 703,
2,063, 050, 2,063,052 and 2,211, 956; and French Patent 1,561,518. [0050]
Exanpl es of the conpound include hydroqui none, resolcin, dihydroxydiphenol,

bi s(hydr oxypbenyh) alsgahe, adi sebdensxRRsAY! readtQdrkangnd exchange
bi s(hydr oxyphenyl )sul fide, bis(hydroxyphenyl)ether,

bi s(hydr oxyabenyh) keo@e, eobingdlwslr oxmabesy! ) SWdle¥ phosgene and
bi s( hydr oxyphenyl ) sul f oxi de, bi s(hydroxyphenyl)di al kyl benzene, and those

derivati vearbbayvengiastakkyl or hal ogen substituent in the nucleus. [0051]
O those, preferable exanples include 2,2-bis(4- hydroxyphenyl) propane,
2, 2- bi s(3[Bodepet hyl - 4- hydr oxy- phenyl) propane,
1, 1- bi s(4- hydr oxyphenyl ) cycl ohexane, and
1, 1- bi s(4- hydr cryahphys ) -oE 3 thet r caebbulieycddetene ifdlGhdy Aiswdhlyrlanount
of a branching agent having three or nore functional groups can be used in
conbi nat i carkbhhatéhe dhireigtli ¢ canponatie havidigpheny lpheratbendayer ompd gr oups.
ditolyl carbonate.
[0047]

On the other hand, examples of the dihydroxy compound
include an aliphatic dihydroxy compound and an aromatic
dihydroxy compound. The aromatic dihydroxy compound
includes an aromatic compound having two phenolic hydroxyl
groups.

[0048]

The end OH type PC according to the present invention
can be produced by, for example, reacting an aromatic
compound having two phenolic hydroxyl groups, typically
represented by bisphenocl A, and phosgene to from an
oligomer, and polymerizing this oligomer in the absence of
an end-terminator and in the presence of a catalyst such as
pyridine hydrochloride or quinoline hydrochloride.

[0049]

This production method is described in more detail.

The aromatic compound having two phenolic hydroxyl groups

can use compounds conventiocnally known as a raw material of

a polycarbonate resin, as described in, for example, U.S.
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Such a branching agent is known, and exanples thereof include

2,4-bis(4' - hydroxyphenyl -i sopropyl ) phenol , 2, 6-

bi s(2' - hydroxy-5' - net hyl benzyl ) - 4- net hyl phenol , 2-(4- hydroxyphenyl)-2-(2,
4- di hydr oxyphenyl ) propane, 1,4- bis(4,4'-dihydroxytriphenyl nethyl)benzene,
2, 4-di hydroxy- 22 benzoic acid, trimesic acid, cyanuric chloride, bis (4'-
hydr oxyphenyl ) - 2- oxo- 2, 3-di hydr oxyi ndol e, and 3, 3-bi s(4-

hydr oxy- 3- met hyl phenyl ) - 2- oxo- 2, 3-di hydr oi ndol e. Above all, a conpound
having three or nore phenolic hydroxyl groups is preferable. The anount of
t he branchabgnegent4u8ef, 0adi es 3dependsBg on2tBe9desbred Gead8eldR,
branching. In general, the branching agent is used in an anount of from
0.05 to 13,205%600D, t I2¢ 9&lqi2At3,c TP PDLUBET hadi, 062t W8 1phehp® T, hylr exl
groups. Wen the branching agent is used together, the viscosity average
nmol ecul ar2ye8gh846y iGermaxbl Ratentsncile&d@, 708nd 2 Ne62f@F@, car,668hO6Rd be
taken. [0053] Properties required in the catalyst in obtaining the

pol ycar boantie2; 231 n9hfivi agdaFrehebuPaktenbi §nb6di S4Bi-buti on close to

nonodi spersion are that pKa value in terns of a hydrochloride is 7 or |ess,
pref erabl 085681 | ess and nore preferably 5.5 or less. In detail, by using a
catal yst having weak basicity, chloroformate nol ecular end is not ionized,
and nucl eophi | i BxampLest uoifon teact compeand primelede i ahydroguingneed from
only other ionized end (phenylene-ONa end). This differs in reaction

mechani sn¥efpdfinhe colhadrotediphasrlondenPasi(Bydgaxyplenyd)alkane,
bis (hydroxyphenyl)cycloalkane, bis (hydroxyphenyl)sulfide,

bis (hydroxyphenyl)ether, bis (hydroxyphenyl) ketone,
bis (hydroxyphenyl) sulfone, bis (hydroxyphenyl) sulfoxide,
bis {(hydroxyphenyl)dialkylbenzene, and those derivatives
having an alkyl or halogen substituent in the nucleus.
[0051]

Of those, preferable examples include 2,2-bis(4-
hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxy-
phenyl)propane, 1,1-bis (4-hydroxyphenyl)cyclohexane, and
1,1-bis(4-hydroxyphenyl}-3,3,5-trimethylcyclohexane.

[0052]

A small amount of a branching agent having three or
more functional groups can be used in combination with the
aromatic compound having twe phenolic hydroxyl groups.
Such a branching agent is known, and examples thereof
include 2,4-bis (4’ -hydroxyphenyl-isopropyl)phenol, 2,6-
bis (2’ -hydroxy-5' -methylbenzyl) -4-methylphenol, 2-(4-
hydroxyphenyl) -2~ (2 ,4-dihydroxyphenyl) propane, 1,4-

bis (4,4’ -dihydroxytriphenylmethyl)benzene, 2,4-dihydroxy-
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pol ycarbonate resin formati on which proceeds with only a single reaction,
and as a result, a polycarbonate having a nolecular weight distribution
according to Poisson distribution is obtained. 23 [0054] Further, the

pol ycarbonate resin of the present invention is preferably produced by an
interfacial polynerization reaction in which an aqueous phase and an
organi c phase are present, as described hereinafter. In this interfacial
pol ymeri zation reaction, reaction proceeds by a nucleophilic substitution

i o ndvRBAT | P oERURPSLG: ORI CoNATEEAA o SRLER S8R | REBXRGTI ol ar ea
Phe. 1 nt onPistr STy 1), 2 T o T HH e BF EL AT et Aidor B02SPhIAR0I yer s by
ast, and Yr SRUTEe SRR Sy LG Sof T L S RESIRA T BB at er o The
end (o 5 roe S P T foe 5O ord IEnERLRLE RIARLEVETSrB3PE THicti on

by NaGH g%f%%ﬁfe.t her}S:ﬁ“&R&ﬁ::P“ﬁ?%h@%ﬁ&{ a:{d‘ ddknt SaL& LRgiegannot

grow to ar wel ght nore than that, t s, an |nterfaC|aF

ar ea- doni 4Ly eoh! Bhele8lived HaRARE K Wbth iy S UoHn 2gaRBERLON 1 S

established i's that the growth reaction proceeds at very Argh rafe as
conpar ed ¥hd hoPYAERING! 8gbRBCEEO0sed in an amount of from 0.05 to 1

mol% to the aromatic compound having two phenolic hydroxyl
groups. When the branching agent is used together, the
viscosity average molecular weight Mv is liable to increase,
and therefore care should be taken.

[0053]

Properties required in the catalyst in obtaining the
polycarbonate resin having a molecular weight distribution
close to monodispersion are that pKa wvalue in terms of a
hydrochloride is 7 or less, preferably 6 or less and more
preferably 5.5 or less. In detail, by using a catalyst
having weak basicity, chloroformate molecular end is not
ionized, and nucleophilic substitution reaction «can
preferentially be induced from only other icnized end
(phenylene-ONa end). This differs in reaction mechanism
from the conventional polycondensation during the
polycarbonate resin formation which proceeds with only a
single reaction, and as a result, a polycarbonate having a
molecular weight distribution according to Poisson

distribution is obtained.
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[ 0055] Contrary to this, polycondensation generated in the conventionally
general polycarbonate resin formation does 24 not involve such an unbal ance
of reaction. In the conventional polycondensation, a catalyst having high
pKa value is used, and the chloroformate end is in the activated state

|i ke ions by the catal yst having high pKa value, resulting in having
reaction activity which is substantially conparable to the ionized

phenyl ene- ONa end, at both nol ecular ends. As a result, a condensate having
a generat + cul ar weight distribution according to Flory's nost probable
di stri but %ﬁg E obt ai ned, and at the sanme tine, where an end-termnator is

not present, an,ultrahigh, nolecul ar_weight conmpound Ls eral Ly formed.
[ 0056] A salt (r)]?“rathrﬁ]f’r ogte}he- co%?%{ ?zfl%o e eéro](::?/c ililc %%npgﬁ%d |r§¥ﬁ§1§d as a

tal yst ' | . = i b j ts,., Fot | t f
Compounds R HHbE B TERUE BT, Bt odi P | TRFC e PRRFREEALT L oh

carbon 3t gphlet DECLLNT LR e ot bhLA] M | SaddodLkihadl Aifs 3 ol koxy

group, a gen atom and the like, suc as pyrrdi ul nol i ne,

i soqui nol § Lcqkbli . i di razi Ldaz ; iJd di ng,and
q 6%1%%%&%:@% £ gkggea_*cl?)léa?sz 88scPYbbd g#efif‘eu{é}fﬂ a1 ngp:

2,4,6- tri ! I'azine, aré usef urther, salts conmpounds  havi ng
unsat ur at ggi 9i { # P@EPa LR 3bO1 PHeti YSLIBAVLELLL LAY, redbENoASpPBERAKNAI aZi NE,

2-met hyl i m dazol e, benzi m 'dazole, benzotriazole and benzothlazole, are
used. Of $P0S® nucleophilic substitution reaction from only the
ionized end, resulting in a successive reaction which
necessarily causes only growth commensurate with an
interfacial area per volume. Therefore, a molecular weight
reached increases with increasing the interfacial area, a
chloroformate molecular end undergoes hydrolysis by NaOH in
the aqueous phase at the stage that condensation species
have been lost, and molecular weight extension stops in the
form of OH end. Where the interfacial area per volume is
small, the chloroformate end as a molecular end to a growth
reaction as a side reaction undergoes hydrolysis reaction
by NaOH present in the aqueous phase, resulting in the
state that cannot grow to a molecular weight more than that,
that is, an interfacial area-dominated molecular weight.
The background that such a reaction is established is that
the growth reaction proceeds at a very high rate as
compared with hydrolysis reaction.
[0055]
Contrary to this, polycondensation generated in the

conventionally general polycarbonate resin formation does

24



ni t rogen-cont ai ni ng heterocyclic conpounds, pyridine, quinoline, picoline,

I m dazol es, pyrazoles, triazoles and 25 the |like are preferably used. Those
catal ysts are used in an anount of generally fromO0.01 to 1 nol %
preferably from 0.05 to 0.5nol% and particularly preferably fromO0.05 to
0.2 nolds, to the aromati c conpound having two phenolic hydroxyl groups as
a raw material. Those nitrogen- containing heterocyclic conpounds are used
in a salt form such as a hydrochloride, a sulfate, a nitrate and a
hydrobromate, but it is considered that those are present in a dissolution
equi | i brinstst sheobeewestich fane habalhacs afid zeaalttiohor m i Ina thaction
system [0057] Those catal ysts nay be present in a reaction system fromthe
start of ttevestidtnalb belyeendehsadiibngr cxycatabpstinthasticly dsigim pKenati c
conmpound havi ng two phenolic hydroxyl groups, and the carbonate raw

mat eri al satweasisphesgdne, and nmbebechildedfbomahe rendti o8 systefthafter the
reacti on. However, when addition of the catalyst is delayed, it is

di fficul tacbivahedoktateollddsl arovei ght tbe zatadivsdartsuoring hiéghnpKer ned.
Therefore, the catalyst is preferably added to the reaction system between
t he startvadfe heresabtinm ofn t having dmeactdamodetimidn hahdghbodste raw
material, and the start of increasing a nolecular weight, that is, speaking
fromthe suhatipotialdy gomppzablet oavidiengomited uPhenvikeparONg, end t o

reachi ng to 2,000 to 3,000. _
at both molecular ends. As a result, a condensate having a

general molecular weight distribution according to Flory’s
most probable distribution is obtained, and at the same
time, where an end-terminator is not present, an ultrahigh
molecular weight compound is generally formed.

[0056]

A salt of a nitrogen-containing heterocyclic compound
is used as a catalyst satisfying the above-described
requirements. For example, salts of compounds having
unsaturated nitrogen-containing six-membered ring in which
carbon atoms in the ring may be substituted with an alkyl
group, an alkoxy group, a halogen atom and the like, such
as pyridine, quinoline, isoquinoline, picoline, acridine,
pyrazine, pyridazine, pyrimidine and 2,4,6-
trimethyltriazine, are used. Further, salts of compounds
having unsaturated nitrogen-containing five-membered ring,
such as phenothiazine, 2-methylimidazole, benzimidazole,
benzotriazole and benzothiazole, are used. Of those
nitrogen-containing heterocyclic compounds, pyridine,

quinoline, picoline, imidazoles, pyrazoles, triazoles and
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[ 0058] 26 As a condensation catal yst, the conventional catalyst wused in a
t wo- phase interfacial polynerization nmethod nay be used together. In this
case, trialkylamne, N ethylpyrrolidone, N ethylpiperidine,

N- et hyl nor phol i ne, N isopropyl pi peridine, N-isopropyl norpholine and the

|i ke are generally used as the catal yst used together. Above all,
triethylam ne and N-ethyl piperidine is preferably used. The condensation
catalyst is preferably supplied to the reaction systemafter supplying the

bonat terial h h ].0059] For th tion, .
aaucous. SEht LORC pPERaPER BT RaRe AR g TS A L ohEauRasRut as an
aromatic LqOURQUND BAVLGLLP1 Phenghi § BYIE0xXY! ndi UPS-aRd gl kabh Such
as sodi um yaroxiae I n vva?er, nd-an I nert organic 's Fven{" ar m xed to

prepare a{jé@gﬂkgi A 5nidfid ¢ k@n&g%%?gﬂzglai ﬁ%te%reir%!bl?%cﬁé ghgsaege Is

suppl i ed the emil’sion’ to ¢ uct reactton, thereby formng an oli gomer.

A ol ar  pabl %Agﬁ,\ﬂe%e t Bfre di B4 Cegmgugfldswvféga&m OpRkL61 i gompound

havi ng two phen ¢ hydroxyl groups and a kal 1 suCh as sodi um hydroxi de

i s gener ah{yrdxd18 %Qoép; a8d apreher allateliailQ t0 $ndse” 8HREbgagLUNt of a
reduci ng 7agent such as hydrosulfite is preferably added to the “aqueous

sol uti on. oEHELDREIngahedbirec9b1dk AGFHUndasEet Asedn iAJULOHS1 RN ESRMI S
preferably fron10.g to 1.0c?Vqune ratio).
such as a hydrochloride, a sulfate, a nitrate and a
hydrobromate, but it is considered that those are present
in a dissolution equilibrium state between a free base form
and a salt form in a reaction system.
[0057]

Those catalysts may be present in a reaction system
from the start of the reaction between the dihydroxy
compound such as an aromatic compound having two phenolic
hydroxyl groups, and the carbonate raw material such as
phosgene, or may be added to the reaction system after the
reaction. However, when addition of the catalyst is
delayed, it is difficult to control a molecular weight of a
pelycarbonate resin formed. Therefore, the catalyst is
preferably added to the reaction system between the start
of the reaction of the dihydroxy compound and the carbonate
raw material, and the start of increasing a molecular
weight, that is, speaking £from the standpoint of a
viscosity average molecular weight Mv, up to reaching Mv to
2,000 to 3,000.

[0058]

26



27 [0060] The inert organic solvent used is that the carbonate raw materi al
such as phosgene, and the oligoner and polycarbonate resin fornmed by the
reaction dissolve therein, but it does not nutually dissolve in water,
under the reaction conditions. The anount of the inert organic solvent
used is an anmount that the oligonmer fornmed dissolves therein. It is
generally used in an anmount such that the concentration of the oligoner
solution forned is from 10 to 40% by wei ght. [0061] Representative exanpl es
of the inert organic salvent include aliphatic hydrocarbgns such as hexane
and n- heptaneﬁscﬁl8PPH&P§&t&PPpﬁ§F?&YW§drGﬁﬁﬂﬁﬂﬁy%ﬂﬁﬂ?ﬁéi Gt e
chloride, ch]loroform carbon tetrachl oride, dichlorgethane

trichl or §EN RefMRE BISG_etIH%ﬁ?e‘f ackah| BPLYPSpLARTLARR method may
ol ene:  Hn| G19Fht CEPESTIRR 1 ¢ hylf ocBhbBns Caeh adremaNaRERRSHe, B
O o AR Sl A SASR, M B GRRE e e g bor
e B e SR LSRR Y P e T
sol Vents'ge[n%%a]lfqased as the catalyst used together. Above all,
triethylamine and N-ethylpiperidine is preferably used.
The condensation catalyst is preferably supplied to the
reaction system after supplying the carbonate raw material
such as phosgene.
[0059]

For the reaction, an aqueous solution prepared by
dissolving the dihydroxy compound such as an aromatic
compound having two phenolic hydroxyl groups and an alkali
such as sodium hydroxide in water, and an inert organic
solvent are mixed to prepare an emulsion, and the carbonate
raw material such as phosgene is supplied to the emulsion
to conduct reaction, thereby forming an oligomer. A molar
ratio between the dihydroxy compound such as an aromatic
compound having two phenolic hydroxyl groups and an alkali
such as sodium hydroxide is generally 1:1.8 to 3.5, and
preferably 1:2.0 to 3.2. A small amount of a reducing
agent such as hydrosulfite is preferably added to the
aqueous solution. Further, a ratio of an organic phase to
an aqueous phase is preferably from 0.2 to 1.0 (volume

ratio}.
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A igoner formation reaction is conducted at 80C or |ower, and preferably
70C or |lower. Where the reaction tenperature is too high, side reaction

i ncreases, and phosgene basic unit deteriorates. Reversely, |ow reaction
tenperature i s advantageous in reaction control. However, the reactionis a
| arge exotherm c reaction, and cost for maintaining this tenperature

I ncreases as tenperature of reaction systemis |ow. Therefore, considering
those points, the reaction is generally conducted at 10 to 65C. [0063] The
ol i gomer E Egfl as above is polynerized to forma polycarbonate resin.
General ly; a reaction mxed liquid obtained by the above oligonmer formation

step is separatfgd, lﬂé?tfigr&gir-]lg‘gu%ﬂ Rt PULAN OO CeRbags BauLRd the

ol i goner di ssol ved therein, according to need, an inert organic solvent

| s added spgh fhal-10¢ OLigRT®Ls CPAGSRLAALI OBnln thE owagbﬁeehaaﬁdi s from
5to 30% by weight. An alkali aqueous™sol ution such as sodium hydroxide is

new y addﬁ@l%@ai-ﬂ@n&kéQPHBinSPJ:H\'éanyaEHet Beactabal Hsksdever thaedekaf,ore is
then added thereto to conduct interfacial polynerization. The ratio of the

aqueous phage it 0doled OhE8NIkutANESEy | il veASeni SwESE o aftldes r eme0. 2 to
2.0 (volunme ratio). Tenperature of the interfacial polynerization reaction
vari es depgadtignOncdhi@i©igmdi C FReVeahowsed obuttihednsithybegangll ori de

is used, the reaction is generally conducted at 10 to 35C. 29 [0064]
solvent used is an amount that the oligomer formed
dissolves therein. It is generally used in an amount such
that the concentration of the oligomer solution formed is
from 10 to 40% by weight.

[0061]

Representative examples of the inert organic solvent
include aliphatic hydrocarbons such as hexane and n-
heptane; chlorinated aliphatic hydrocarbons such as
methylene chloride, chloroform, carbon tetrachloride,
dichloroethane, trichlorcethane, tetrachloroethane,
dichloropropane and 1,2~dichloroethylene; aromatic
hydrocarbons such as benzene, toluene and xylene;
chlorinated aromatic hydrocarbons such as chlorobenzene, o-
dichlorobenzene and chlorotoluene; and substituted aromatic
hydrocarbons such as nitrobenzene and acetophenone. Above
all, chlorinated hydrocarbons such as methylene chloride
and chlorobenzene are preferably used. Those inert organic
solvent can be used alone or as mixtures with other

solvents.

[0062]
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After conpletion of the reaction, the organic phase is washed with an

al kali aqueous sol ution such as sodium hydroxide until the content of

chl oroformate group in the polycarbonate resinis 0.1 geg/g or |less, washed
with an acid aqueous solution to neutralize the alkali and sinultaneously
renove the catal yst, and then further washed wth water to conpletely
renove an electrolyte. Finally, the organic solvent is renoved fromthe
organi ¢ phase by evaporation to obtain a polycarbonate resin. [0065] The

pol ycarbonate rggi &stgg,%&%%l%ql h@%ag%v6§c9§l tdbndll AP, f0lgeel! . Wei ght

of generally fron1 Pout 0. As described before, where the

mol ecul ar 1Webght add HPEraPBbLEy I7HPACISF eBbgbance vﬁ{ezté"etﬂm YeIdIanRai e resin
deteriorates, and where the nn?ecular weight is too large, nelt flowability

deteri or atgsp e?Q%u!éSCQ§'t¥o@Veﬁﬁ?ﬁ NP £& Ul iacdei i1t sinedifey ablahd rom
10,000 to 70,000, and particularTy preferably from 12,000 to 60, 000. [ 0066]

The pol ycahbegahe LWk ivifdtldestatiorhtesd ne{raeaémgnauewr Qeatdidd ng
extrenely narrow nol ecul ar weight distribution in the state after formation

by inter kagpakapakenald Zzadvaicdpanid Oin tBattisn @ontrdlaugMowdveant nent to
control a nolecular weight distribution, such as fractional precipitation
or extractthen deatbiain ais aal Qwrgdl axal teirmilc Wweaght i o pandnkesits foxt
conducted. [0067]
maintaining this temperature increases as temperature of
reaction system is low. Therefore, considering those
points, the reaction is generally conducted at 10 to 65°C.
[0063]

The oligomer formed as above is polymerized to form a
polycarbonate resin. Generally, a reaction mixed liquid
obtained by the above oligomer formation step is separated
into an aqueous phase and an organic phase having the
oligomer dissolved therein, and according to need, an inert
organic solvent is added such that the oligomer
concentration in the organic phase is from 5 to 30% by
weight. An alkali aqueous solution such as sodium
hydroxide is newly added to the oligomer solution, and the
catalyst described before is then added thereto to conduct
interfacial polymerization. The ratio of the agueous phase
to the organic phase in this case is preferably from 0.2 to
2.0 {volume ratio). Temperature of the interfacial
polymerization reaction varies depending on the organic

solvent used, but when methylene chloride is used, the

reaction is generally conducted at 10 to 35°C,
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However, the end OH type PC having OH groups at all ends is difficult to
avoid reaction of nutual OR ends when nelt nolding, and increases its
viscosity at that tinme, and a polycarbonate resin having flowability that
does not depend on shear rate, that is, having extrenely excell ent
flowability as conpared with the conventional polycarbonate resin, is not
obt ai ned. For this reason, in the present invention, at |east one reactive
conmpound sel ected fromthe group consisting of benzoyl chloride, phenyl
chloroforg%b%,] acetyl chloride, propanoyl chloride and butanoyl chloride,
as the en nnéifier described before is reacted with the and OH type PCin

order to substi 50% r r r 9% or r I ably
70% or nore, angﬁ%gr %&éﬁl%yc’%pr%?eﬁggl ?/Mféréo%q; t%%og%gggf’%ﬁrgér%ps at
t he nol ecylaar gggga() s the .en p Lt .east u ' nt
sel ected F{rsgrﬁ:t e gr{cv)ﬁ%ﬂcg?\ls?%%\igyogqgg%d?m%m%ﬁnﬁ&gﬁca% gtﬁ;o%%w(?R:

or gani ¢ ghQiR-o3iCd a1 KYEhO' coftiht: dOUGBloddo iR | §8chPr ihethe

substituent Introduction is conducted by m xing the reacCtive conmpound, an

al kali  agiAGa rHRInddedrssich 28 A Uadydr o desand dssReqatdlthStan at
| east one of trial kylam ne, N-ethyl pyrrolidone, N ethyl piperidine,

N-et hyl M@ | Nequdbu$0PEeRHERbRE! itd Nheutdalt2S0PERAY| EIKRANG! | Nghd
triethylamne, N-ethylpiperidine, and the |like with the end OH type PC

obt ai ned hyinidleaeeulydestioves Choldawaliyet | Gihd e Eux{ther andsKdd t ype PC
" with water to completely remove an electrolyte. Finally,
the organic solvent is removed from the organic phase by
evaporation to obtain a polycarbonate resin.
[0065]

The polycarbonate resin thus obtained has a viscosity
average molecular weight of generally from about 8,000 to
100,000. As described before, where the molecular weight
is too small, impact resistance of the polycarbonate resin
deteriorates, and where the molecular weight is too large,
melt flowability deteriorates. The viscosity average
molecular weight is preferably from 10,000 to 70,000, and
particularly preferably from 12,000 to 60,000.

[(0066]

The pelycarbonate resin includes all OH end
polycarbonate resin having extremely narrow molecular
weight distribution in the state after formation by
interfacial polymerization reaction, that is, even thought

treatment to control a molecular weight distribution, such

as fractional precipitation or extraction removal of a low
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the formof a polynerization reaction formation liquid may directly be

subj ected to substituent introduction reaction). [0069] As described above,
t he amount of the catalyst used is preferably from0.001 to 1 nol%to the
di hydroxy conpound as a raw material. Were the ambunt of the catalyst
added is less than 0.001 nold, it is necessary to conduct reaction for a

|l ong period of tinme to introduce a substituent, washing separation of the
end nDdifier after polynerization reaction is insufficient, and as a
result, ?8rua .afpunt _of % end nD f ier, t ngﬁ to increase. On the

ot her han8° t H8¢ uﬁ?mBPnFH céFaFy QBB T Skceeds 1 nolts to the

di hydr oxy Baggiund as a raw material, reaction for substituent introduction
can be sh rtened, but washing operation for renoving the catalyst is

conpl Fcat ed,  whbghubs NeheCRRPTEE akyoLOBIOkAS ML | DEuBROLE, 41y the

reaction betmeen the ehd type e residual

amount of ohe enGRAIY dd) d6i PULLEELMNBE hEELLOBIAIGRAL SaiLDe

reduced by using the catalyst. However, as described above it is preferable

to sufficheltl nogarduct aﬁhkahbrmg,@sngtsafvtl«atco%qragl Qi Amadf diffe reafd ion
between the end OH type PC 32 and the end nodifiér in order to 'add t he

resi dual amoP8iyeArbbASLENG-dPh  iHdvingPeelbwaBkhilY tyt Nengt Jadbds Phase
cont ai ni ng pol ycarbonate after conpletion of the reaction is washed with an
al kali aquependsAritiskensUghAtas BAitUMs, having extremely excellent
flowability as compared with the conventional polycarbonate
resin, is not obtained. For this reason, in the present
invention, at least one reactive compound selected from the
group consisting of benzoyl chloride, phenyl chloroformate,
acetyl chloride, propanoyl chloride and butanoyl chloride,
as the end modifier described before is reacted with the
end OH type PC in order to substitute 50% or more,
preferably 60% or more, more preferably 70% or more, and
particularly preferably from 90 to 100%, of OH groups at
the molecular ends of the end OH type PC with at least one
substituent selected from the group consisting of a OCOR
group and a COR group (R: organic group such as alkyl or
aryl) .
[00€8]
The reaction for the substituent introduction is
conducted by mixing the reactive compound, an alkali
aqueous solution such as sodium hydroxide and as a catalyst,

at least one of trialkylamine, N-ethylpyrrolidone, N-

ethylpiperidine, N-ethylmorpholine, N-isopropylpiperidine,
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hydr oxi de repeatedly to renove the end nodifier, washed wth an acid
aqueous solution to neutralize the alkali and sinultaneously renove the
catal yst, and then further washed wth water to conpletely renove an

el ectrolyte, thereby obtaining the polycarbonate resin of the present

i nvention. [0071] In producing the polycarbonate resin of the present

I nvention as above, the reason that the polycarbonate resin remarkably
differs froma polycarbonate resin obtained by the conventional production

met hod isnggobggbggﬁfggﬁgﬁ ngQro 1400y 1 8nlhd T OORLGRRLYIHdIa diGleer oCcyClic

conpound such ydrochloride 1s used as an (intérfacia

pol ynmeri ZghqORheC a5y 3 thaRHe2Bn8NOHS €3N Pd DUIAlNF Dy the Gbid-eS, a
met hod by sol ution polynerization using™ pyridine as a solvent was proposed

as the produdetisad Bid0mef zLciH Yeahbenahe (195 Nedd. Oa Rageat #c3.i4’5, 601,
3,269,985, 3,437,639, 3,804,722 and 3,428,600). This pol ynerization method

is that athet @olaydf Ca CIIPRAGEL FaEloRSreyEtidbne fbgmaisefl Aiqhitblmegnt for
t he purpose of dissolving bisphenol as a raw material and trapping
hydr ochl odi¢eatils ber Faljkytedheo sabkistituehte igftirecucfiActdasmitirg)onl y one
end during condensation is not exhibited, and only a nol ecul ar wei ght 33
di stributifa@ésf] a nost probable distribution or nore is obtained. Since
t hose sol ution nethod technol ogies, an interfacial polycondensation mnethod
i s the mai nstream desaridbegbl alpawdonthe mewuntprafjuthe opateillyst. ddmdever, a
catalyst regularly used in the production of a
is preferably from 0.001 to 1 mol% to the dihydroxy
compound as a raw material. Where the amount of the
catalyst added is less than 0.001 mol%, it is necessary to
conduct reaction for a long period of time to introduce a
substituent, washing separation of the end modifier after
polymerization reaction is insufficient, and as a result,
the residual amount of the end modifier tends to increase.
On the other hand, where the amount of the catalyst added
exceeds 1 mol% to the dihydroxy compound as a raw material,
reaction for substituent introduction can be shortened, but
washing operation for removing the catalyst is complicated,
which is not economical.
[0070]
As described above, in the reaction between the end
OH type PC and the end modifier, the residual amcunt of the
end modifier in the polycarbonate resin obtained can be
reduced by using the catalyst. However, as described above

it is preferable to sufficiently conduct alkali washing

after completion of the reaction between the end OH type PC
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pol ycarbonate resin is triethylam ne, and when polynerization of an
oligoner is conducted using only triethylamne as a catalyst, where an end
sealant is not present, polynerization excessively proceeds, and a gel -

| i ke ul trahigh nol ecul ar wei ght polycarbonate resin is formed. Therefore,
use of the end seal ant was indispensable in the conventional production of
a polycarbonate resin. However, where polynerization is conducted in the
presence of the end seal ant, an end-sealed nolecule does not grow. As a

result, variathan QaCHailfM ot UG U: & S5 &g,gh%encra} | Sl AL Jei gh

di stribution necessarily has a considerable w Ing this variation

portion (EhQry ehdOsholipbabl e di SdUian 1y, VaEhdl | Rhahher effi{Lse Where
t he above-described nitrogen- containing hetérocyclic cofmpound such as

pyridine Jowdaqehhel iglelySarssthes areatal 1dtlidnS &PNehdenhdddn it is

easy to control a reaction even though an end sealant s not present,

nol ecul e glsOWradhed Owiltl Recaubita®i HBhesukarsARftiich NYhickealsetodiign
nol ecul ar weight distribution is necessarily narrow. (0072] 34 The present

i nvent i on hiyeirdeSde bedpeatadle dai arbkmbye r€Her @mee modibeet ol lvaidingd
Exanpl es, but the inventionis not limted by the follow ng Exanples so far
as it is mdith keyerxid tsquesis $60DdBlonntbhaehelrhdizeg theamlkedl ianthd
Conpar at i ve Exanpl es,
simultaneously remove the catalyst, and then further washed
with water to completely remove an electrolyte, thereby
obtaining the polycarbonate resin of the present invention.
[0071]

In producing the polycarbonate resin of the present
invention as above, the reascen that the polycarbonate resin
remarkably differs from a polycarbonate resin obtained by
the conventional production method is due to that in the
production, a nitrogen-containing heterocyclic compound
such as pyridine hydrochloride is used as an (interfacial
polymerization) catalyst, and an end sealant is not used.
In old times, a method by solution polymerization using
pyridine as a solvent was proposed as the production method
of a polycarbonate resin (U.S. Patents 3,275,601, 3,269,985,
3,437,639, 3,804,722 and 3,428,600). This polymerization
method is that a heterocyclic compound such as pyridine is
used as a solvent for the purpose of dissolving bisphenol
as a raw material and trapping hydrochloric acid formed by

the reaction. The effect of activating only one end during

condensation is not exhibited, and only a molecular weight
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gel permeation chromatography, quantitative determ nation of an end group,
an end nodi fier, a residual amobunt of an end seal ant, and eval uati on of
melt flowability are conducted as follows. [0074] (1) Cel perneation
chromat ogr aphy: Apparatus: HLC- 8020, a product of Tosoh Corporation Col um:
Four colums (diameter: 7.8 mm4, length: 300 nm filled with TSK, 5000HLX,
4000HLX, 3000HLX and 2000HLX (products of Tosoh Corporation) ,
respectively, as fillers were connected and used. Detector: Refractoneter

pol yst yr &Hes CHETREITAr ool BB To B TRIKA %ﬁf%”c?ﬁ%%&é%in?ﬁﬂ?lﬁ%”efj%%l 4000
535000 (W RREIEDS) S LBU00 LA WAET 07 Parkt O5Bb00 CRR RSP ) A
' torms GG EAECab] FElycchfeiat ikl mebRLE, T M R, BE T e

refracti vend N JULAIENGE. AR pMBaURYieH cibehsd ThRouRse. | [ Be o

this time was cal’culate _ extending a base before initial rise
of high nplegiVae wWedgliailya Sifle tha! arﬂéopa?%uacﬂoaormb%telx
0

stabilized, and connecting to the point returned the original base |ine

at a | ow peipsatBondeL Oht e |1 iWAS triethylamine, and when
polymerization of an oligomer is conducted using only
triethylamine as a catalyst, where an end sealant is not
present, polymerization excessively proceeds, and a gel-
like wultrahigh molecular weight polycarbonate resin is
formed. Therefore, use of the end sealant was
indispensable in the conventional production of a
polycarbeonate resin. However, where polymerization is
conducted in the presence of the end sealant, an end-sealed
molecule does not grow. As a result, variation occurs in
the growth of molecule, and molecular weigh distribution
necessarily has a considerable width including this
variation portion (Flory’s most probable distribution +
variation). Therefore, where the above-described nitrogen-
containing heterocyclic compound such as pyridine
hydrochloride is used as a catalyst, it is considered that
it is easy to control a reaction even though an end sealant
is not ©present, molecule grows uniformly because a
molecular end is not sealed, and molecular weight
distribution is necessarily narrow,.

[0072]
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confirmed that the standard polystyrene is neasured and is all fallen
within the standard. [0075] (2) Quantitative determ nation of and group:
The sum of the amount of end OH groups and the anobunt of an end nodifier or
an end seal ant were considered as the nunber of and groups, and a nunber
average nol ecul ar weight (M) was calculated as follows. MY =106/ (nunber
of eng groups (geq/g)xl/2) The anpbunt of end OH groups was quantitatively
determned as follows. 0.1 g of a polycarbonate resin was dissolved in 10
m of methylene chloride, and 5 mM of 5 w% nmnethylene chloride solution of
acetic acid (sﬁ@%?aPrgﬁaEE ipNentagn, ig slasardbest plmorar dethddi BY

I ndustries, Ltd.) and 10 of 2.5 wt % net hyl ene chl oride sol ution of
tltanlun1FEf?EEHFGrﬁBeWﬁﬁxﬁﬁ%&°§&%@eE§ﬁﬁﬁﬂeah,h&ﬁn%ﬂﬁw%“vﬁ?tVGRolPure
Chem cal Industrles Ltd.) were added to the, resulting solution to color.
Absor bancBoht &mﬁéﬁélQﬁﬁqh%ﬁf°h%@”hﬁ$mﬁ§aﬂﬁé§ﬁré& FAnPS Lhedfr BBfot onet er
(W 160 Mogdel 36. a g[oduct of Hitachi, Ltd.). Separately, absorbance index
was obta|H€§°ﬁ§|ﬁ§5 1fiEt hyl ene chloride sol ution of a dival ent phenol used
at the tlﬁﬁ 3@ t he production, and concentration of OH group in a sanple
was quantJ { ely determ ned. Further, the anount of an end nodifier and

(he U B8, S SR OB BT e LR P e,
gel permeation chromatography, quantitative determination
of an end group, an end modifier, a residual amount of an
end sealant, and evaluation of melt flowability are
conducted as follows.

[0074]
(1) Gel permeation chromatography:

Apparatus: HLC-8020, a product of Tosoh Corporation

Column: Four columns (diameter: 7.8 mm¢, length: 300
mm) filled with TSK, S5000HLX, 4000HLX, 3000HLX and 2000HLX
{(products of Tosoh Corporation), respectively, as fillers
were connected and used.

Detector: Refractometer

Eluent: Tetrahydrofuran

Calibration curve: Prepared using a standard
polystyrene (molecular weight: 761 (Mw/Mng<l.14), 2000
(Mw/Mn<1.20), 4000 (Mw/Mn<l1.06), 9000 (Mw/Mn<l.04), 17500
(Mw/Mn<1.03), 50000 (Mw/Mn<1.03), 233000 (Mw/Mn<1.05),
600000 (Mw/Mn<l1.05) and 900000 (Mw/Mngl.05), a product of
Chemco Scientific Co., Ltd.

Operation: Mw and Mn were obtained in terms of a
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chloride, and a nmethyl al cohol solution of 1IN sodium hydroxide was added
thereto. The resulting solution was subjected to alkali hydrolysis at 75C
for 30 m nutes under ref lux with heating, and after cooling, was adjusted
to pH 2 to 3 with 6N hydrochloric acid aqueous solution. The anount of an
end nodi fier bonded and the anpbunt of an and seal ant bonded were neasured
with a high performance liquid chromatography (colum: M -GEL 1HU ODS

i nner dianeter 4.5 mm l|length 15 an, eluent: nethanol/water=50/50,

det ector: S%Xren@ é%araé elc\_lh 20 arlg@ L gQLgecgion f%%t ?as A gyiously
0

obt ai ned &S n end m i er fan eRd searant se ncentration

' 2 SaMDLG RS B koSSR N6k ol BTGl Lo FSLSUEL U O

end nodi fi end sea acdi d anhydride anDu i er:

1.0 g of g I@%' y&a On ke RSN Washed 29 ve&l.aéa ktea T ggf ftaqter@émcir,pfuran

and a residual en I Tier anount, an aci anount of "an end
modi fier andeadigg dHa'baﬁldbéﬁélcéntlﬁfPﬂﬂi WL MBS U £ Wirld) f VLD

per formance chrorat ography (colum: M -CGEL 1HU ODS, |nner dianeter 4.5
mm | engt Relygn®m i§] uept: stgtahy ¢haw aruﬂ\lath‘}sgé,QA i st erddmgineinfyir an
100% 60 m n~gradient elution, detector nn) Separately, an area

correcti oth#atialzeWRsS add e‘éb%'d%'c‘;(:n.%@t atfednési peint tumdd i es (hrnzoyl
chloride), an acid anhydrlde of the end nodifier (benzoic anhydride) and an
end seal akirigintaqr bdyd Vliphenot )a Us6#, molecular weight side. It was

confirmed that the standard polystyrene is measured and is

all fallen within the standard.

[0075]

{(2) Quantitative determination of end group:

The sum of the amount of end OH groups and the amount
of an end modifier or an end sealant were considered as the
number of end groups, and a number average molecular weight
(Mn’) was calculated as follows.

Mn’=10°/ (number of eng groups (peq/g)x1/2)

The amount of end OH groups was gquantitatively
determined as follows. 0.1 g of a polycarbonate resin was
dissolved in 10 ml of methylene chloride, and 5 ml of 5 wt%
methylene chloride solution of acetic acid (special grade
chemical, a product of Wako Pure Chemical Industries, Ltd.)
and 10 ml of 2.5 wt% methylene chloride solution of
titanium tetrachleride (special grade chemical, a product
of Wako Pure Chemical Industries, Ltd.) were added to the
resulting solution to color. Absorbance at a wavelength of

480 nm was measured using a spectrophotometer (UV 160 Model,
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and concentration in a sanple was quantitatively determned. [0077] (4)
Melt viscosity (Pas): Using a capillary rheoneter having a die dianeter 1
nmt X 30 nmL (a product of Toyo Seiki Co., Ltd.), a sanple dried at 130C
for 5 hours was heated at a constant tenperature, and a nelt viscosity was
measured at shear rate y =9.12 to 1,824 (sec-'). (5) Spiral flow length
(SFL): A spiral flow length of thickness 2 nmwas neasured at an injection
pressure of 300 kg/cn2, a nold tenperature of 90C and a cylinder
tenperature of 250 tq 340C.  This value is a nmeasure of flowability, and a
large vaPuB*REYRE g§SoHitpBhani Ftey) -Exanple 1 [0078] An aqueous sol ution
obt ai ned by di ssol vi ng?gi sphenol .38 A in sodi um h%lgﬁoxi ds aqueous sol ution
havi ng hydr osuPFPREAHRLX ol rRangS " ARG «#RR*EB8F Nt ZsC, and
met hyl ene chgo ide cqaled fo SC}@ re cqntin oush up Iie%to a.stainless
Steel pi pRSRAVARGSAFPIHIES FAMBEEPR 0P 26 ImiiPBrPBRed AR IR «FAES Tite m xed
l'iquid was, e I.sifi}d% passi.ng,through honmom xer, {T. K, mom ¢ _Line

Fl ow LF- SEBelr\rfgz = < p TuBE OSPgﬁ?'gﬁi'x%“(d,grcp%l}ca?rll%ﬁ)mt%n pcr”'“e:pggI e %1% €nul si on.
Supply a nts e [ [ ' Ol A rkl %%l kg/ hr, sodi um hydr oxi de:
5.93 kg/ H 808 eP?LQ’lBnglQ@S ﬁ?,"ghégrgggufiﬁtteé"?“ §%618 kg/ hr, and

Further, the amount of an end modifier and the amount
of an end sealant were measured as follows. 0.2 g of a
polycarbonate resin was dissolved in 2 ml of methylene
chloride, and a methyl alcohol solution of 1N sodium
hydroxide was added thereto. The resulting solution was
subjected to alkali hydroiysis at 75°C for 30 minutes under
reflux with heating, and after cooling, was adjusted to pH
2 to 3 with 6N hydrochloric acid aqueous solution. The
amount of an end modifier bonded and the amount of an end
sealant bonded were measured with a high performance liquid
chromatography (column: MCI-GEL 1HU ODS, inner diameter 4.5
mm, length 15 cm, eluent: methanocl/water=50/50, detector:

Uv 280 nm) .

Separately, an area correction factor was previously
obtained using an end modifier and an end sealant used, and
concentration in a sample was quantitatively determined.

[0076]
(3) Residual amount of end modifier and end sealant, and
acid anhydride amount of end modifier:

1.0 g of a pelycarbonate resin was dissolved in 100

ml of tetrahydrofuran, and a residual end modifier amount,
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met hyl ene chloride: 68.0 kg/hr. (0079) The enulsion forned was flown in a
Teflon (a registered trade nmake) pipe reactor having an inner dianmeter of
6 mMmand a |l ength of 34 mthrough a pipe having an inner dianeter of 6 mMm

At the sane time, liquefied phosgene cooled to OC was supplied to the pipe
reactor at 7.5 kg/hr to react, thereby formng an oligoner. Flow rate of
the pipe reactor is 1.7 msec. Phosgene used was obtained by filling a
cylindri cal vessel having a dianmeter of 55 mmand a height of 500 nmwith
the foll ovvi n ated car bon and passin ene cooj ed to . t hr ough
the vessoRmpcidtpnfid cf und)t P35 8RS BPRSALF, 208 M Vit bonl S

(a product 39 Taj hei m cal Industrl I Lt True. densi t

g/ m Poro %JU n pgmlo SUrface-area % 2‘% gu‘ h eﬁoma %6 m/g

[ 0081] | nJ ngé%eérlrjgﬁg(o(rdo co%ﬁﬂr& eI Eﬁf?td?fg t q_nqlo)% é&eéee lfrgt ure at

t he outlet was t'er na reactlon m ure was alTowed to

e BRI 80 RS g Gk o
tertrahydrofuran 100%, 60 min gradient elution, detector:
UV 254 nm). Separately, an area correction factor was
previously obtained using an end modifier (benzoyl
chleoride), an acid anhydride of the end modifier (benzoic
anhydride) and an end sealant (p-tert-butylphencl) used,
and concentration in a sample was quantitatively determined.
[0077]

{4) Melt viscosity (Pa‘s):

Using a capillary rheometer having a die diameter 1
mm$¢ x 30 mmL (a product of Toyo Seiki Co., Ltd.), a sample
dried at 130°C for 5 hours was heated at a constant
temperature, and a melt viscosity was measured at shear
rate ¥y =9.12 to 1,824 (sec™').

(5) Spiral flow length (SFL):

A spiral flow length of thickness 2 mm was measured
at an injection pressure of 300 kg/cmz, a mold temperature
of 90°C and a cylinder temperature of 250 to 340°C.

This value is a measure of flowability, and a large
value means good flowability.

Example 1

[0078]

An aqueous solution obtained by dissolving bisphenol
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concentration was 0.23N, and oligoner concentration was 27.7% 40 kg was
batched off fromthe oil phase obtained, and charged in a reaction tank
havi ng an i nner volune of 200 liters equipped with Faudler blade. 25 kg of
met hyl ene chloride, 5.75 kg of a 25% sodi um chl ori de aqueous solution, 41
kg of water and 0.87 g (0.020 nol % to bisphenol) of pyridine hydrochloride
as a catalyst were added to the reaction tank, and the resulting m xture
was stirred at 10C for 60 mnutes at 360 rpmin a nitrogen atnosphere to

conduct pol ynerization reactian, thereby form ng all .ended, (Od end group
concent r & ort® 603geqPGFPBI v ‘B’B‘h’é’f‘ge r SSTUEC 08?%"5“( 1.§évﬁ89d to

bi sphenol f bepzoyl chloride 05 of .a wt % sodi um chl ot i de,aqueous
soIEtion %r%i%fgh%egafﬁ§fbvﬁgl&%Pgegfsﬁﬁéno F 5?"%.%%?&9&???%?ﬂngnine
aqueo tion re th clLon i e, dr ti was
cgﬁtiﬁﬁedfgg# h ﬁ%%f uﬁ%gg%g?b%ringh%§9§§8 rpﬁ%éi eré%$teﬁ§%§0 E%rgf

t hyl ene i d . { e d.t. r iLng.m xture
was St rrediLPhiotef aboble W A SHREALENEC SRS ol BEVLAGTERT 1

eparate i any ;AHEQUYS a d Siady € : hi o] i on of
ngi ng Zoiﬁéggf Iaé' 0.1N so_g?usrge ﬁgdr g%%ira aquegﬁis]aﬁs%ltt!t“%[\g?\ It'%g? hg&%?gani C
phase, fOii&x‘ﬂf& wh¥ %hh&%&%ﬂeﬁo&:yl%égéllﬂgestm&heﬂ RAbhomi Rart QTSkand to

separate info an aqueous phase and an organi c phase was repeated three
times. 20gkfoRicO AbhBYdEFesh! Of.FC5061 OMYES1, a product of Premix
Corporation) to prepare an emulsion. Supply amounts to the
pipe are bisphencl A: 16.31 kg/hr, sodium hydroxide: 5.93
kg/hr, water: 101.1 kg/hx, hydrosulfite: 0.018 kg/hr, and
methylene chloride: 68.0 kg/hx.
{00791}

The emulsion formed was flown in a Teflon (a
registered <trade make) pipe reactor having an inner
diameter of 6 mm and a length of 34 m through a pipe having
an inner diameter of 6 mm. At the same time, liquefied
phosgene cooled to 0°C was supplied to the pipe reactor at
7.5 kg/hr to react, thereby forming an oligomer. Flow rate
of the pipe reactor is 1.7 m/sec. Phosgene used was
cbtained by filling a cylindrical vessel having a diameter
of 55 mm and a height of 500 mm with the following
activated carbon, and passing phosgene cooled to -5°C
through the vessel at SV=3 hrl.

[0080]

<Activated carbon>

Trade name Yashicoal S8 (a product of
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added to the organic phase after alkali washing, followed by stirring for
15 mnutes, and the resulting mxture was allowed to stand to separate into
an aqueous phase and an organi c phase. Washi ng operation of adding 20 kg of
pure water to the organic phase, followed by stirring for 15 mnutes and
then allowing to stand to separate into an aqueous phase and an oil phase
was repeated three tines. As a result, chlorine ions were not detected in

t he agueous phase, and therefore, the washing operati on was stopped.
Met hyl ene chloride was renoved by evaporation fromthe organic phase with a
kneader, Bathei pehemicabt bndeatskdl @ei edlt8- bbtain a pol ycarbonate resin of
the present invention. Properties of the pal ycarbonate resin obtained are
41 shown in Tabt®eee dgReFeY. 1. Melt vPsdo9/®y and spiral flow length (SFL)
were neasured at 300C. Exanple 2 [0083 A pol ycarbonate resin of the
present inventiZMFRREEHroduced in the 88%e manner as in Exanple 1, except

that the anpunt of pyridi ne hydrochl ori added was 0.72 g (0.015 nol%to

bi sphenol ), thé%%%%ﬂco?“ﬁ’g%‘i%y?r%w oi‘irg§° BHBA was 171 g (2.95 nold to

bi sphenol ) and ? 25 Wt % sodiun1hydrox5d§ aqyeoqus sol ution was 200 g.
Paﬂﬁzg

Properties of ® pEP Y bonat e resin®o are shown in Table 1 and
Fig. 2. N?bbs¥iscosity and spiral flow length (SFL) were neasured at 280C.

In the pipe reactor, temperature elevated to 60°C,
but temperature at the outlet was 35°C by external cooling.
A reaction mixture was allowed to stand to separate into an
agueous phase and an oil phase. Chloroformate
concentration of an oligomer obtained was 0.47N, OH end
concentration was 0.23N, and cligomer concentration was
27.7%. 40 kg was batched off from the oil phase obtained,
and charged in a reaction tank having an inner volume of
200 liters equipped with Faudler blade. 25 kg of methylene
chloride, 5.75 kg of a 25% sodium chloride aquecus solution,
41 kg of water and 0.87 g (0.020 mol% to bisphenol) of
pyridine hydrochloride as a catalyst were added to the
reaction tank, and the resulting mixture was stirred at
10°C for 60 minutes at 360 rpm in a nitrogen atmosphere to
conduct polymerization reaction, thereby forming all OH-

ended (OH end group concentration: 60 peq/g) polycarbonate

raesin.

[0082]

90 g (1.55 mol% to bisphenol) of benzoyl chloride,

105 g of a 25 wt% sodium chloride agqueous solution and 218
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Exanple 3 [0084] A polycarbonate resin of the present invention was
produced in the sanme manner as in Exanple 2, except that polynerization
reaction was conducted by stirring at 10C for 60 mnutes at 320 rpmto
obtain an all OHended polycarbonate resin, and 283 g (4.87 nol%to

bi sphenol) and 343 g of a 25 wt % sodi um hydr oxi de aqueous sol ution were
added to the reaction mxture to conduct polynerization reaction.
Properties of the pol ycarbonate resin obt ained are shown in Table 1 and

Eixg'npf"e 55'430“%@8%?553taS%&%Eére%%MtP neoft A %S%)t&“‘éé%ﬁ%ﬂeﬁs‘%f‘éaﬁénifocz

(1,1 bIS(4 £t oxyphenyl clo her I.naf t er referre BPZ) and
4, 4" - i phangﬁg% er§'| nae%ltgec?a/eréefgrr & troeaacs llg’p letmé%ﬁl o hy ro>$<°|l(?e aqueous
sol ution in ul e i e ei ling to
40C, and %\%%h g%ﬂgxgﬁggrlgécogl ZE Ql gﬁh\i]/\%ge &ﬁﬁﬁ?ﬁ?ou y suppl gnd to a

stainl essTﬁ{aﬁsgf bpe Bpving ap ﬁégﬂﬁieﬁéa%&%ﬁﬂ“a Ul | Rh! 4Gl Xi ng.

The m xed |qU| was “emu y~ passing through a honofi Xxer

Homonmi ¢ '—h@?:e':'a%eld: S0 Mgl reﬁu@'& gchl‘il:ftup E s @iPPﬁ&t h%”)roto‘ﬂa pr épare

an enul si on. Supply ‘anounts to t e are BPZ: 7.49 kgl

ggggé ksfﬁbﬂﬁbmﬁ@ﬁ@é' dgor 3287 Kg.éxkll'teswat ahd 1@814wed Nio h%d:"a?ﬁ!“ fi:'ot e
g/ nr

separate into an aqueous phase and an organic phase.
Washing operation of adding 20 kg of a 0.1 sodium
hydroxide aqueocus sclution to the organic phase, followed
by stirring for 15 minutes and then allowing te stand to
separate into an aqueous phase and an organic phase was
repeated three times. 20 kg of 0.1N hydrochloric acid was
added to the organic phase after alkali washing, followed
by stirring for 15 minutes, and the resulting mixture was
allowed to stand to separate into an aqueous phase and an
organic phase. Washing operation of adding 20 kg of pure
water to the organic phase, followed by stirring for 15
minutes and then allowing to stand to separate into an
agqueous phase and an o0il phase was repeated three times.
As a result, chlorine ions were not detected in the aqueous
phase, and therefore, the washing operation was stopped.
Methylene chloride was removed by evaporation from the
organic phase with a kneader, and a powder obtained was
dried to obtain a polycarbonate resin of the present
invention.

Properties of the polycarbonate resin obtained are
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and net hyl ene chloride: 44.5 kg/hr. [0086] The enul sion fornmed was flown in
a Teflon (a registered trade nmake) pipe reactor having an inner dianeter
of 6 mMmand a |ength of 34 mthrough a pipe having an inner dianeter of 6

mm At the sane tine, |iquefied phosgene cooled to OC was supplied to the
pi pe reactor at 7.5 kg/hr to react, thereby formng an oligoner. Flow rate
of the pipe reactor is 1.7 msec. Phosgene used was obtained by filling a

cylindrical vessel having a diameter of 55 mmand a height of 500 nmwith

the follow ng activated carbon, and passing ghosgene,cooled to -5C, 43
through t#Bo¥Rsd® ZTabke-3 mnd Figgodr) MeltFieFostBorAnd, 38dTAdne

Yashi coal a_, product o Tai hei Chem cal | strial Co., Ltd.) True

density Zfigé/ﬁgngﬁ%rg§F£§ 1898 [PREPFFE §ﬁr$§§ééarea 1,200 n2/g Pore

vol une 0. 86 n1£g [0088] In the pipe reactor, tenperature elevated to 60C,

but tempePBPBPE®af the outlet was 35C by external cooling. A reaction

nixtureChlapgﬁiomed to stand to separate into an aqueous phase and an oi
oro

phase. rmate concentration of an oligonmer obtained was 0.47N, OH

end A polycarbonate resin of the present invention was

produced in the same manner as in Example 1, except that
the amount of pyridine hydrochloride added was 0.72 g
{0.015 mol% to bisphenol), the amount of benzoyl chloride
added was 171 g (2.95 mol% to bisphenocl) and a 25 wt%
sodium hydroxide aqueous solution was 200 g. Properties of
the polycarbonate resin obtained are shown in Table 1 and
Fig. 2. Melt wviscosity and spiral flow length (SFL) were
measured at 280°C.

Example 3

[0084]

A polycarbonate resin of the present invention was
produced in the same manner as in Example 2, except that
polymerization reaction was conducted by stirring at 10°C
for 60 minutes at 320 rpm to obtain an all OH-ended
polycarbonate resin, and 283 g (4.87 mol% to bisphenol) and
343 g of a 25 wt% sodium hydroxide aqueous solution were
added to the reaction mixture to conduct polymerization
reaction. Properties of the polycarbonate resin obtained
are shown in Table 1 and Fig. 3. Melt viscosity and spiral
flow length (SFL) were measured at 250°C.

Example 4

42



concentration was 0. 005N, and oligomer concentration was 19.5% 40 kg was
batched off fromthe oil phase obtained, and charged in a reaction tank
havi ng an i nner volune of 200 liters equi pped with Faudler blade. 5.5 kg of
met hyl ene chloride, 6.37 kg of a 25% sodi um chl oride aqueous sol ution, 30
kg of water and 8.89 g (0.30 nol%to BPZ+Bp) of pyridine hydrochloride as a
catal yst were added to the reaction tank, and the resulting m xture was
stirred at 10C for 60 minutes at 220 rpmin a nitrogen atnosphere to
conduct p?b gg i zation reaction, thereby formng all O+ ended (OH end group
concentratron: 103 eq/ g9) polycarbonate 44 resin. [00891 110 g (3.07 nold

t o BPZ+Bp) of ZQ&}.\S‘&%WA& |sp enr??‘%%y d‘l%ggh. ETh hlb fandueous

sol uti on and 13 nDI°oto |et am ne

aqueous gol utiqg, ‘f’%is qdﬁngBx&?ﬁeh?igkgﬁ'ioWe&taWée a”dhre‘i%&tda@l:ef"’as

continued for 1 hour trrri rpm Thereafter, 30 kg of

”Ethy|ener&?k?&b@?tﬂ”ﬁs7abﬁ)OEnﬁﬁheﬁ'—B&bﬁeﬁ@qeQhe%EQnEE%e&e%@ﬂdfﬁid“XWure
was stirred at room tenperature for 20 mnutes, and allowed to stand to

separat e Bt ANBRYUSAISa PR i thp8r 8% 9481 @q@&m s¥6sBiBg MRRFidg on of
addi ng 20 kg of a§C)1N sodi um hydr%glde aqueous solution to the o?%gnlc

phase, fohlyawedullfy tet idildsddvied tHer8initee 2BtC taed 8héAWCBYliagsttnd to

separate into an aqueous phase and an organi c phase was repeated three

times. 2040gcof Q@ndN hysitisfllend C abildrd@: cooled to 5°C were
continuously supplied to a stainless steel pipe having an
inner diameter of 6 mm, followed by mixing. The mixed
liquid was emulsified by passing through a homomixer (T.K.
Homomic Line Flow LF-500 Model, a product of Premix
Corporation) to prepare an emulsion. Supply amounts to the
pipe are BPZ: 7.49 kg/hr, Bp: 0.81 kg/hr, sodium hydroxide:
3.87 kg/hr, water: 106.4 kg/hr, hydrosulfite: 0.018 kg/hr,
and methylene chloride: 44.5 kg/hr.
[oo86]

The emulsion formed was flown in a Teflon (a
registered trade make) pipe reactor having an inner
diameter of 6 mm and a length of 34 m through a pipe having
an inner diameter of 6 mm. At the same time, liquefied
phosgene cooled to 0°C was supplied to the pipe reactor at
7.5 kg/hr to react, thereby forming an oligomer. Flow rate
of the pipe reactor is 1.7 m/sec. Phosgene used was
obtained by filling a cylindrical vessel having a diameter
of 55 mm and a height of 500 mm with the following

activated carbon, and passing phosgene cooled to =-5°C
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added to the organic phase after alkali washing, followed by stirring for
15 mnutes, and the resulting mxture was allowed to stand to separate into
an aqueous phase and an organi c phase. Washi ng operation of adding 20 kg of
pure water to the organic phase, followed by stirring for 15 mnutes and
then allowing to stand to separate into an aqueous phase and an oil phase
was repeated three tines. As a result, chlorine ions were not detected in

t he agueous phase, and therefore, the washing operati on was stopped.
Met hyl ene_chl orj de. was renpved Ry evaporation fromthe 45 organic phase
with a knE%ﬁ%??ﬁaﬁﬁeaVﬁﬁﬁﬂ raBbgéTﬁeﬁgmas dried to obtain a polycarbonate
resin of EE Syifsent I nvention. It was confirned to have the follow ng
structure § NVR [0090] [Chem 2] OOC (oo-g 0.89 [0091] Properties

of the pol gg{@ggg e.L £Q>obtained are shown in Table 1 and Fig. 1. Mlt
vi scosi ty and-sprral ow | ength (SFL) were neasured at 340C. [0092]

(Conpar ati ve Eﬁgﬁ@é{ éégén oligonerizegagggbgggn gpta%p?ﬁgﬁgggbgheogipe

react or of Ex further introduced Into a reac tank havi ng an

i nner volygghgi égehiggisIﬁgHggggglmbgh’aLtagBrrer, and stirred at 30Cin a

ni trogen at nosphere.
True density 2.1 g/ml

Porosity 40%

Specific surface area 1,200 m’/g

Pore volume 0.86 ml/g
[0088]

In the pipe reactor, temperature elevated to 60°C,
but temperature at the outlet was 35°C by external cooling.
A reaction mixture was allowed to stand to separate into an
agqueous phase and an oil phase. Chloroformate
concentration of an oligomer obtained was 0.47N, OH end
concentration was 0.005N, and oligomer concentration was
19.5%. 40 kg was batched off from the oil phase obtained,
and charged in a reaction tank having an inner volume of
200 liters equipped with Faudler blade. 5.5 kg of
methylene chloride, 6.37 kg of a 25% sodium chloride
aquecus solution, 30 kg of water and 8.89 g (0.30 mol% to
BP2+Bp) of pyridine hydrochloride as a catalyst were added
to the reaction tank, and the resulting mixture was stirred
at 10°C for 60 minutes at 220 rpm in a nitrogen atmosphere
to conduct polymerization reaction, thereby forming all OH-

ended (OH end group concentration: 103 ueq/qg) peolycarbonate
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0. 005 kg/ hr of triethylamne as a catalyst and 0.31 kg/hr (2.90 nol%to

bi sphenol) of p-t-butyl phenol as a nol ecular weight regulator (end seal ant)
were introduced into the oligonerization tank. Sodiumsalt of unreacted

bi sphenol A (BPA-Na) present in the aqgueous phase was conpletely consuned
by oligonerization, and an aqueous phase and an oil phase were separated by
allowing to stand, thereby 46 obtaining a nethylene chloride solution of an
oligoner. Chloroformate concentration of the oligomer obtained was 0. 29N,
OH end concentration was 0.17N and ol i goner concentration was 26.5% [0093]
63 kg in ¥R&Het hyl ene chloride solution of the oligoner was charged in a
reaction E@ 5 ?aving an inner volune of 200 liters equipped with Faudl er

bl ade. 38 g 3 nmet hyl ene chloride for dilution was added to the reaction

ok, and 3,0 K0l oo (320 ARCH AU Lo 02D Ky 8Ll Spand ©

kg of triethylamhe ere resulting m xture was

stirred %, grQC éionzgt wih! rsgﬁl}}matéﬁh(s)cg,{‘,gﬁ[% %&38&9“%1&%&%"%@3%60

reaction m nut'es, thereby a pol ycarbonate resin. a30 kg of

metny! ene (6116 hdgsan bigbilndfY eVl @ Ap0Pdel fochPPahfAG! GRaLLA! d,

fol l owed By stirring mnutes. Stirring was stopped, and an aqueous
phase andggp,p{gdankerePNARad'ets ERE2FRREEi A0 dik@ird, 10hAY Feachigh ¢ acl d

was added to the organi c phase separated, followed by stirring for
mnutes tQagxtedrtihhib&t hpbaM e itk a il aWUHing at 220 rpm.
Thereafter, 30 kg of methylene chloride and 7 kg of water
were added, and the resulting mixture was stirred at room
temperature for 20 minutes, and allowed to stand to
separate inte an aqueous phase and an organic phase.
Washing operation of adding 20 kg of a 0.1N sodium
hydroxide aqueous solution to the organic phase, followed
by stirring for 15 minutes and then allowing to stand to
separate into an aqueous phase and an organic phase was
repeated three times. 20 kg of 0.1N hydrochloric acid was
added to the organic phase after alkali washing, followed
by stirring for 15 minutes, and the resulting mixture was
allowed to stand to separate into an agueous phase and an
organic phase. Washing operation of adding 20 kg of pure
water to the organic phase, followed by stirring for 15
minutes and then allowing to stand to separate into an
agqueous phase and an o©il phase was repeated three times.
As a result, chlorine ions were not detected in the aqueous
phase, and therefore, the washing operation was stopped.

Methylene chloride was removed by evaporation from the
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of a residual alkali conponent. Stirring was stopped, and an aqueous
solution and an organi c phase were separated. 20 kg of pure water was added
to the organic phase separated, followed by stirring for 15 m nutes.
Stirring was stopped, and an aqueous solution and an organi ¢ phase were
separated. This operation was repeated (three tinmes) 47 until chlorine ions
were not detected in extraction discharged water. [0094] Methyl ene chloride
was renoved by evaporation from the purified polycarbonate resin solution

obtained with a kneader,.and a gomdﬁr obt ai hed was drieq%éo.ob ain a
pol ycar boREFRNF Es PSS oFEFRi & BPRHRT poPSar DoREFESFesP Rt BT S n&d 5ar e

shown in Table 1 and Fjg. 1._Mlt, visgosity and spiral. flow | enath.(SFL)
wer e neas Féagatt%OO@L%%Qﬁ P(':tﬂf“rc'paar(rEDa '?a\L/%e Exlgensp e %]f Atﬂ)—lo y%erfr grl;ll‘a e resin
was produg Lh.the sa ma r j - QP ti applLe t hat
the feed éﬁgﬁggléP' p-?ﬁﬁut9ﬁ%heﬁ%§ﬁ%§m% nn?%%ul%§V§Zigﬁ% r%&ﬂﬁéﬁ§§5Was
changed gi.hra nol % to bi sphenol), and its properties are
shown in %gﬁﬁgéﬁrénéngé. . Melt viscosity and spiral flow length (SFL)
wer e neasqbggogt 280C. [0096] [Conparative Exanple 31 A polycarbonate resin
was produced in the sane manner

{Chem. 2]

L O-Oroge- OOl
O /011 lllll O /089

[0091]

Properties of the polycarbonate resin obtained are
shown in Table 1 and Fig. 1. Melt viscosity and spiral
flow length (SFL) were measured at 340°C.

[0092]
[Comparative Example 1]

An oligomerized emulsion obtained from the pipe
reactor of Example 1 was further introduced into a reaction
tank having an inner volume of 50 liters equipped with a
stirrer, and stirred at 30°C in a nitrogen atmosphere.
0.005 kg/hr of triethylamine as a catalyst and 0.31 kg/hr
(2.90 mol% to bisphenol) of p-t-butylphenol as a molecular
weight regulator (end sealant) were introduced into the
oligomerization tank. Sodium salt of unreacted bisphenol A
(BPA-Na) present in the aquecus phase was completely
consumed by oligomerization, and an aqueous phase and an

oil phase were separated by allowing to stand, thereby
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as in Conparative Exanple 1, except that the feed anount of p-t-butyl phenol
as a nol ecul ar wei ght regul ator was changed to 0.65 kg/hr (6.05 nold to

bi sphenol), and its properties are shown in Table 1 and Fig. 2. Melt
viscosity and spiral flowlength (SFL) were neasured at 250C. 48 [0097]

[ Conpar ati ve Exanple 4] Polymerization reaction was conducted according to
Exanpl e 1 described in Japanese Patent 3720687. Specifically, in

i ntroduci ng a substituent into an all end OR type PC, polynerization
reacti on was conducted by adding an end nodifier and sodi um hydroxide in an
equi val endy,@ig Of theipte AR dich19fri di t 8oLt 2EA1 N AanCad Bl ¥Sher . _
(triethylamne). %%opertles of a polycarbonate resin obtained are shown in
Table 1. Fpidiediniitd eB8hBentShkl oo RN esh BomPdCobltdde was
(Conparative Exanple 5] An oligonerized enul sion obtained fromthe pipe
reactor qf Zotanplensd was f Wdmemtrddidiicedasnt 0 a7REAGIHDN oldfdméavi Ng an
I nner volunme of 50 liters equipped with a stirrer, and stirred at 30Cin a
ni trogen cdnesmhei€ion Gralsd 2@/89% . (3. 51 nol %t o bi sphenol) of p-t-butyl phenol
as a nolecular weight regulator (end sealant) was introduced into the

ol i gomeripEi93n tank. Sodium salt of unreacted bisphenol A (BPA-Na) present
I n the agueous phase was conpletely consuned by oligonerization, and an
aqueous 63 kg in the methylene chloride solution of the

oligomer was charged in a reaction tank having an inner
volume of 200 liters equipped with Faudler blade. 38 kg of
methylene chloride for dilution was added to the reaction
tank, and 4.0 kg of a 25 wt% NaOH aqueous solution, 20 kg
of water and 6.4 kg of triethylamine were further added
thereto. The resulting mixture was stirred at 30°C in a
nitrogen atmosphere to conduct polycondensation reaction
for 60 minutes, thereby obtaining a polycarbonate resin.
30 kg of methylene chloride and 7 kg of water were added to
the reaction liquid, followed by stirring for 20 minutes.
Stirring was stopped, and an aqueous phase and an organic
rhase were separated. 20 kg of 0.1N hydrochloric acid was
added to the organic phase separated, followed by stirring
for 15 minutes to extract triethylamine and a small amcunt
of a residual alkali component. Stirring was stopped, and
an aqueous solution and an organic phase were separated.
20 kg of pure water was added to the organic phase
separated, followed by stirring for 15 minutes. Stirring
was stopped, and an aqueous solution and an organic phase

were separated. This operation was repeated (three times)
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phase and an oil phase were separated by allowing to stand, thereby
obt ai ni ng a net hyl ene chl oride solution of an oligoner. Chloroformate
concentration of the oligomer obtained was 0.45N, OH end concentrati on was
0. 002N and 49 oligoner concentration was 19.6% [0099] 40 kg in the

met hyl ene chloride solution of the oligonmer was introduced into a reaction
tank having an inner volune of 200 liters equi pped wth Faudler blade. 5.5
kg of nethylene chloride for dilution was added to the reaction tank, and

6.4 kg of wt.% NaOH aqueous sol utio 0 of, water and 1.

triethyl d'}ﬁ l'lef‘?rLFr"f‘if‘ler’L°‘%\ﬁdeﬂ':"f"'ﬁer 393 %ﬁ ét?t‘f'l t i ¥y n?’ﬁ?ﬁ?"étﬁ\%‘g stirred
at 30C a nitro en at mosphere to conduct polycondensation reaction for
60 m nut eég RS ni ng a pol ycarbonate resin. 30 kg of nethylene

chl ori de kg of water were added to the reaction liquid, followed by

stirring for 0 m nutes. Stirring was stopped, and an aqueous phase and an

organi ¢ phase ypr gipar a?%§g°¥g$? ag Qeﬂ‘glvgadr%h%ggb%gaqﬁlog was.,fdded to

t he or ganl C phase stirri m nutes to extract

triethyl aiide, @PﬁfﬁedsgBhgc%BB Et%f e di Q&'ﬂt%%abbt%‘i%‘a”wth Spirring

was stopped,” and an a us solution and an organi c phase were separ at ed.
20 kg of LAl €LnRS 2ad0edab? HSLL{H8d! Gra PNRSE EPRLAL 8Heafifl | Qued by

stirring for 15 'm nutes. tirring was stopped, and an aqueous sol ution and
an  or ganS1Riasfonle se&Paf at ed. This operation was repeated

Properties of the polycarbonate resin obtained are
shown in Table 1 and Fig. 1. Melt wviscosity and spiral
flow length (SFL) were measured at 300°C.

[0095]
[Comparative Example 2]

A polycarbonate resin was produced in the same manner
as in Comparative Example 1, except that the feed amount of
p-t-butylphenol as a molecular weight regulator was changed
to 0.42 kg/hr (3.92 mol% to bisphenol), and its properties
are shown in Table 1 and Fig. 2. Melt viscosity and spiral
flow length (SFL) were measured at 280°C.

[0096]
[Comparative Example 3]

A polycarbonate resin was produced in the same manner
as in Comparative Example 1, except that the feed amcunt of
p-t-butylphencl as a molecular weight regulator was changed
to 0.65 kg/hr (6.05 mol% to bisphenol), and its properties
are shown in Table 1 and Fig. 2. Melt viscosity and spiral

flow length (SFL) were measured at 250°C.
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(three tinmes) until chlorine ions were not detected in extraction

di scharged wat er.

from

confirnmed to be the following structure by 'H NVR (0101] [Chem 3]
11 11 O HO11 O 089 [0102] Properties of the polycarbonate resin obtained

are shown in Table 1 and Fig. 1. Melt viscosity and spiral flow |engt
(SFL) were ne?sured at 340C. [0103] 51 0 C 0 a OONOH-OOMdO
dN N>I¥] | | NNnI mbdvIi I VHHmMR dmNNamNNNH
Cl

[Comparative Example 4]

Polymerization reaction was conducted according to
Example 1 described in Japanese Patent 3720687.

Specifically, in introducing a substituent into an
all end OH type PC, polymerization reaction was conducted
by adding an end modifier and sodium hydroxide in an
equivalent amount of the end modifier, without adding a
catalyst (triethylamine). Properties of a polycarbonate
resin obtained are shown in Table 1. Spiral flow length
(SFL) was measured at 280°C.

[0098]
[Comparative Example 5]

An oligomerized emulsion obtained from the pipe
reactor of Example 4 was further introduced into a reaction
tank having an inner volume of 50 liters equipped with a
stirrer, and stirred at 30°C in a nitrogen atmosphere.
0.13 kg/hr (3.51 mol% to bisphencl) of p-t-butylphenol as a
melecular weight regulator (end sealant) was introduced
into the oligomerization tank. Sodium salt of unreacted
bisphenol A (BPA-Na) present in the aqueous phase was
completely c¢onsumed by oligomerization, and an aqueous
rhase and an oil phase were separated by allowing to stand,
thereby obtaining a methylene chloride solution of an
oligomer. Chloroformate concentration of the oligomer

obtained was 0.45N, OH end concentration was 0.002N and

49

[0100) 50 Methylene chloride was renoved by evaporation
the purified polycarbonate resin solution obtained with a kneader,

and a powder obtained was dried to obtain a polycarbonate resin. It was
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NNH as NNHHVOODODOM!TO HQ 1T Il 1 0 ml Of dNN
H NNNNHH. HmNNH NNHCYV

oligomer concentration was 19.6%.
[0099]

40 kg in the methylene chloride solution of the
oligomer was introduced into a reaction tank having an
inner volume of 200 liters equipped with Faudler blade.
5.5 kg of methylene chloride for dilution was added te the
reaction tank, and 6.4 kg of a 25 wt% NaOH aqueous solution,
30 kg of water and 1.8 kg of triethylamine were further
added thereto. The resulting mixture was stirred at 30°C
in a nitrogen atmosphere to conduct polycondensation
reaction for 60 minutes, thereby obtaining a polycarbonate
resin. 30 kg of methylene chloride and 7 kg of water were
added to the reaction liquid, followed by stirring for 20
minutes. Stirring was stopped, and an aquecus phase and an
organic phase were separated. 20 kg of 0.1N hydrochloric
acid was added to the organic phase separated, followed by
stirring fer 15 minutes to extract triethylamine and a
small amount of a residual alkali component. Stirring was
stopped, and an aqueous solution and an organic phase were
separated. 20 kg of pure water was added to the organic
phase separated, followed by stirring for 15 minutes.
Stirring was stopped, and an aqueous solution and an
organic phase were separated. This operation was repeated
{three times) until chlorine ions were not detected in
extraction discharged water.

[0100]
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&ylene chgor:.de was removed by evaporation from
the purified polycarbonate resin solution obtained with a
kneader, and a powder obtained was dried to obtain a
polycarbonate resin. It was confirmed to be the following

structure by 'H-NMR.

[0101]
{Chem. 3]

3011 : 0.89
[0102]

Properties of the polycarbonate resin obtained are
shown in Table 1 and Fig. 1. Melt viscosity and spiral
flow length (SFL) were measured at 340°C.

[0103]
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pol ycarbonate resin having an extrenely narrow nol ecul ar wei ght
distribution, good flowability when nelting, and particularly extrenely
good flowability when nelting that does not depend on shear rate, and is
therefore extrenely industrially useful to various applications including
injection nmolding of thin and high-precise products. 53 CLAIMS [1] A

pol ycarbonate resin, characterized in that a value obtained by dividing

di fference between a logarithmc value |log MV9.12 of a nelt viscosity Pas
measured at shear rate of 9.12 sec-1 and a logarithm c value | og MW1824 of

a nelt  viscosiyni RAStH@asHvedt fbn SRES! be@ht d¥fsckdbd o - ddtdln aangapi |l ary
rheonmeter having a die dianmeter of 1 mmt and an effective length of 30 nmi,

by a Vi scpsth YraFerasce €8B! 2pubafk iveictitodinemdsC Wby iewipl | BY ng
equations: viscosity difference/ nol ecul ar weight ratio, (log MW9.12 - | og
MW1824) | ipaién®. €X16nd SKkilPsE, ihi 6éCGerf Thatxvéd#bus8ehanyes| hrll.
23x10-4xM/o' 83 in the above equations, rise is a specific viscosity
nmeasur ed mbdPf{catidng egpactbd omadaetthd i chliehode depdartiong ofrém
pol ycarbonate resin, Cis a polycarbonate resin concentration of the
met hyl enetleda| sppi dict sahdit soope atlderésH. 6 g/ dl . (2] The pol ycarbonate resin as
claimed in claiml, characterized in that the viscosity
di fference/ nol echdsr ampilghitiahi 0,14 obpalskd 120on | GlppevikBR) / Retestl. 6x10-5
or |ess.

Application (Patent Application No. 2006-116905) filed

April 20, 2006 and Japanese Patent Application (Patent
Application No. 2007-092112) filed March 30, 2007, the
entire contents thereof being hereby incorporated by
reference.

Industrial Applicability

[0104]

The polycarbonate resin of the present invention is a
polycarbonate resin having an extremely narrow molecular
weight distribution, good flowability when melting, and
particularly extremely good flowability when melting that
does not depend on shear rate, and is therefore extremely
industrially wuseful to various applications including

injection molding of thin and high-precise products.
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[ 3] The polycarbonate resin in clainmed in claim2, characterized in that
the viscosity difference/ nol ecular weight ratio, (log MV9.12 - | og W1824)
/M/ris 1 . 0x10-5 or less . [4] A polycarbonate resin, characterized in
that it is a polycarbonate resin obtained by reacting a carbonate raw 54
material and a di hydroxy conpound, and is satisfied wth the follow ng
requirenments 1) to 4), 1) It has RCO group or R-OCO group, wherein R
and R each shows an organic group, at a nolecular end, and OH ends occupy
| ess than 50% of the whol e end grougi‘a é% The sum of the residual amounts of
an and nodifier and an acid anhydr the end nodifier is 20 ppm or

I , 3 ' f '
17500 WA S EEFHE SRAEEEhEE RO, WA A L
t h t . ' | 4 t f
per et S AR SR d,f%%%m SErdFi AL o
t I I
0, nurbede oyel e Seller Vel %%%g%aazss,mf SR 0L
. 23x10" Axly. gognstﬁel B0YCa AR ANl SPai e 2158GLL WSCOShLYe

neasured at W th respect to a net ene chl ori Futi on

pol ycar bQF@%foé nPaQ e uRAd) G b&&'@éf r§€é' BfCQﬂéamsre%I tongpEnthe
met hyl ene ¢ or| solution, and C=0.6

capillary rheometer having a dle diameter of 1 mm¢ and an
effective length of 30 mmL, by a viscosity average
molecular weight Mv calculated by the following equations:
viscosity difference/molecular weight ratic, (log MVy; i, -
log MVigzs) /Mv, is 2.0x10°° or less,

Nsp/C=[NIx (1+0.287,;)

[(n1=1.23x10"*xMy° 83
in the above equations, 1, is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
c=0.6 g/dl.
[2] The polycarbonate resin as claimed in claim 1,
characterized in that the viscosity difference/molecular
weight ratio, (log MVg i, — log MVigy) /Mv is 1.6x10™° or less.
(3] The polycarbonate resin in claimed in claim 2,
characterized in that the viscosity difference/molecular
weight ratio, (log MV, i, — log MVigye) /Mv is 1.0x10™° or less.
[4] A polycarbonate resin, characterized in that it is a

pelycarbonate resin obtained by reacting a carbonate raw
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[ 5] The polycarbonate resin as clained in claim1l, characterized in that it
Is a polycarbonate resin obtained by reacting a carbonate raw material and
a di hydroxy conpound, and is satisfied with the followi ng requirenents 55
1) to4) , 1) It has RCO group or R-OCO group, wherein R and R each
shows an organic group, at a nolecular end, and OH ends occupy | ess than
50% of the whole end groups, 2) The sum of the residual anmounts of an end
nodi fier and an acid anhydride of the end nodifier is 20 ppmor less, 3) A
ratio of a weight average nol ecul ar weight Mv to a nunber average nol ecul ar

vei ght My {17 W% £ d a§5¥§|e%mis%%§ur,edam 98! fAIEAdPNwith

chr omat ogr aphy: Is 1.45 or“less, and 4) Aratio of a viscosity

aver age nphecthBloWedgteddi r&Ré et af pdedysy he fol l owing equation to a

nunber average nolecul ar " weight M cal cul ated fromthe nunber of

nol ecul ar ends:1)Wt dhaisS R~ 05rb@ps oxrll #PLE~Ed} ] gkolpt0.widsin RrRI1] 1
.23x10-4xM/* 83 in the above equations, tlsp is a specitic viscosity

measur ed @id 20C dadl $106WECAn t OrganiBt hyteme, CAL 04l Helecaldti 8AAOf aAd
pol ycarbonate resin, Cis a polycarbonate resin concentration of the

met hyl eneor héfds decoapyt iofs tian $59. 6f gtké . whéle TERdpeLyapsbhonate resin as
claimed in claim4 or 5  characterized in that My/M1 is 1.30 or less, and
OH gr oups 2) The sum of the residual amounts of an end modifier
and an acid anhydride of the end modifier is 20 ppm or less,
3) A ratio of a weight average molecular weight Mw to
a number average molecular weight Mn, in terms of a
polystyrene measured by gel permeation chromatography:
Mw/Mn is 1.45 or less, and
4) A ratio of a viscosity average molecular weight Mv
calculated by the following equation to a number average
molecular weight Mn’/ calculated £from the number of
molecular ends: Mv/Mn’ is 1.40 or less,
Nep/C=IM1x(1+0.28np)
[N]1=1.23x10"*xMv®-®3
in the above equations, 1y, is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
=0.6 g/dl.
[5] The polycarbonate resin as claimed in claim 1,
characterized in that it is a polycarbonate resin obtained

by reacting a carbonate raw material and a dihydroxy

compound, and is satisfied with the following requirements
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occupy |l ess than 40% of the whole end groups. [7] The pol ycarbonate resin as
claimed in claim6, characterized in that M/ M is 1.20 or |less, and OH
groups 56 occupy |l ess than 30% of the whole end groups. [8] The

pol ycarbonate resin as clained in claiml or 4, characterized in that the
viscosity average nolecular weight My is from8,000 to 100, 000. 57

l) to 4),

1) It has R-CO- group or R’-0-CO- group, wherein R
and R’ each shows an organic group, at a molecular end, and
OH ends occupy less than 50% of the whole end groups,

2) The sum of the residual amounts of an end modifier
and an acid anhydride of the end modifier is 20 ppm or less,

3) A ratio of a weight average molecular weight Mw to
a number average molecular weight Mn, in terms of a
polystyrene measured by gel permeation chromatography:
Mw/Mn is 1.45 or less, and

4) A ratio of a viscosity average molecular weight Mv
calculated by the following equation to a number average
molecular weight Mn’ calculated from the number of
molecular ends: Mv/Mn’ is 1.40 or less,

Nsp/ C=[M1x(1+0.281,)

[n)=1.23x10 *xMv?® 23
in the above equations, mng, is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
c=0.6 g/dl.

[e] The pelycarbonate resin as claimed in claim 4 or 5,
characterized in that Mv/Mn’ is 1.30 or less, and OH groups
occupy less than 40% of the whole end groups.

[7] The polycarbonate resin as claimed in claim 6,

characterized in that Mv/Mn’ is 1.20 or less, and OH groups
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occupy less than 30% of the whole end groups.
[8] The polycarbonate resin as claimed in claim 1 or 4,
characterized in that the viscosity average molecular

weight Mv is from 8,000 to 100,000.
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