DESCRI PTI ON  Pol ycarbonate resin Technical Field [0001] The present
invention relates to a pol ycarbonate 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 formng raw material of various
nol ded articles. For exanple, a substrate of an optical recording nedium
such as an optical disc and a nagRESERIBETLEM| disc is mainly produced by
injection nolding of a polycarbonate resin. To formsuch a precise product
by i nj ect iRRLyRAXFIORGte FHesSAzhi gh flowability is required in order that a
resin snoothly flows in a nold, and the degree of demand to the

f1 owabi | i tXeqhidic@ds&iadid h decreasing a thickness of a product. [0003]
Conventional ly, a nethod of producing a polycarbonate resin having a snal
oligoner<ﬂﬂﬂ t and a narrow nol ecular weight distribution has been
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resin having a molecular weight distribution close‘ to
monodisgpersion and extremely excellent flowability when
melting.

Background Art
[0002]

As conventionally known, a polycarbonate resin is
widely used as a forming raw material of various 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 injaction 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]

Conventionally, 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



have previously proposed a pol ycarbonate resin obtained by reacting a

pol ycarbonate raw material and a di hydroxy conpound, wherein a ratio of a
wei ght average nol ecul ar weight Mv to a nunber average nol ecul ar wei ght M,
in terns of a polystyrene neasured by gel permneation chromatography,

Mv Mh, is 2.2 or less, and a ratio of a viscosity average nolecular wei ght
My to a nunber average nol ecul ar weight M calculated fromthe nunber of
nol ecul ar Paysipegvicusiy \propesed a(potyraxkonatm rrsin mhtpired 0687 and
3726618). (0004] The pol ycarbonate resins described in those_  publications
are a | ow ¥rEEINE ol P@iﬁ’ﬁ&ﬁ??éaitési AV aMaeeTiad r @96 yanafibvARe¥EBcul ar
wei ght distribution apd in which a Iovty nol ecuyl ar wei ght ol i goner_is not
subst ant i aff °‘b‘?‘%'seﬁg?raﬁﬂ & sTRFORRGE i Ry WedIBtc AVRRATe HBRLSERLAT ¢
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a 2 molecular weight Mv to a number average molecular weight

Mn’ calculated from the number of molecular terminals,

Mv/Mn’, is 1.40 or less (Japanese Patents 3720687 and

372€6€18) .

[0004]

The polycarbonate resins described in those
publications arxe 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 te¢ be sufficient in wultrahigh flowability
required in molding a thin and precise injection molded
product, particularly flowability which does not depend on
sheaxr 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

[0008]

Thé present invention has an object to provide a



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. Means for
Solving the Problens [0006) As a result of keen investigations to solve the
above problens, the present inventors have found that a polycarbonate
resin having small shear rate ende&gy of a Iogarlthnlc veLue of a nelt
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h tit t trod d t | d a
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{1 ovabi ||y, whel, L gt hale flpe oaat;i 198,053 S Vggnﬁabéve

conpl et ed presen |nven peci pres onh has the
following 4 Q%& éEP rbonate reS|n characterlzed in that a
val ue obtd?%%&“%y erenge ‘bet ween a Iogarlthnlc value 1|og

W9, 12 of %%gs; Q§@§nggg ed at shear rate of 9.12 sec -1 and
a Iogarlthnlc v %@%. §H% viscosity (Pas) nmeasured at shear
rate of 18 -1 mnth a capillary rheoneter having a die dianmeter of 1
nmm and an effective |l ength of 30 mmi, by a viscosity average 'nolecul ar

wei ght My cal culzd ed Aasihe Jfeoldean RaveatdbheRend to solve the above
problems, the present inventors have found that a
polycarbonate resin having small shear rate dependency of a
logarithmic value of a melt viscosity (Pa-g) to a viscosity
average molecular weight, or a polycarbonate resin having
a given substituent introduced into a molecular end and
having extremely naxrow molecular weight distxibution 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 MV,.12 of a melt viscosity (Pa:s) measured at shear rate
of 9.12 sec™’ and a logarithmic value log MV, 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 thé following equations



(hereinafter referred to as "viscosity difference/ nolecular weight ratio”
(log MV9. 12 - log MW1824) /M is 2.0x10"5 or |ess. Measurenent tenperature
of a nelt viscosity in the present invention is not particularly limted so
far as it 1is a tenperature at which the pol ycarbonate resin nelts.

However, the nelt viscosity at the above-described specific shear rate mnust

be & val UenBATIEATEY IR AAlP LeURerhubeeie) M EELLLLIA IO S0 ap) [72)

=1. 23x10-4 above equati ons, ecifTIc VvIscos

measured gl 20G w&géise_qugto Qq@, [EtOYhege Al oy /86 S9! 8t pRYoS!

pol ycarbonate resin, Cis ol ycarzbonate resin concentration of the
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resin in [1], characterized in that the viscosity differencCe/ nol ecul ar

wei ght rathfesdrdt0ddéhtidn -id GbtNBd)edMdirlivs 1limifelD s> Fad s id 0009]

[ 3] The polycarbonate resin in [2], characterized in that the viscosity
di ff er encei4ma etemperntught atatwitick | @leMgdliéarbohageMeEds) /dlts. 1. 0x10"5

or less. [0010] [4] A polycarbonate resin, characterized in that it is a
pol ycar borsdwewveas, rchabmeilie rilsyosd2gt angthecabbvaaldesenibeduimecificand a
di hydroxy conpound, and is satisfied with 4
shear rate must be a value measured at the same temperature.
Nep/C=[N1x (1+0.281,,)
[M]1=1.23x10"“xpv" 22
(In the above equations, T, 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).
[0008]
[2] The polycarbonate resin in [1], characterized in that
the viscosity difference/molecular weight ratio: (log MV,.1,
- log MVigy) /Mv is 1.6x10™° or less.
[0009]
[3] The polycarbonate resin in [2], characterized in that
the viscosity difference/molecular weight ratio: (log MVjy.i2
- log MViga) /Mv is 1.0x10™° or less.
[0010]
[4] A polycarbonate resin, characterized in that it is a

polycarbonata resin cbtained by reacting a carbonate raw

' material and a dihydroxy compound, and is satisfied with



the followng requirenents 1) to 4). 1) It has RCO group or R -0-CO group
(R and R each shows an organic group) at a nolecular end, and OH ends
occupy | ess than 50% of the whole and groups. 2) The sum of the residual
anounts of an and nodifier and an acid anhydride of the end nodifier is 20

ppm or Iess 3) Aratio of a weight average nol ecul ar weight Mv to a nunber
aver age

ht NMh | t db |
oot ok A1 il el onleh® ”ﬁ"&-ga& Pless. 4) A ratio of a viscosity
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resin, Cis a polycarbonate resin concentratlon e nethylene chl ori de

solution, and @j0rhel/sdh) ofl RélkaskahalNembeh s 26 B0MR! &nd GRddl #iANY ONE
of [1] to [3], <characterized in that it is a polycarbonate resin obtained
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satisfied with the follow ng requirenents' 5

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 fzxom the number of
molecular ends: Mv/Mn’ jis 1.40 or less.

Map/C=[N] % (140.287M4p)

[(n1=1.23x10 " “v°®-83
{In the above equations, mn,, 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'



1) to4) . 1) It has RRCO group or R-OCO group (R and R each shows an
organic group) at a nolecular end, and OH ends occupy |ess than 50% of the
whol e end groups. 2) The sum of the residual anobunts of an end nodifier and
an acid anhydride of the and 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 M,
interns oi Iystyrene nmeasured by gel perneation chromatography: Mv M
is 1.45 ort) ek % h) A ratlo of a viscosity average nDIecuIar meight %%

R R s s
trap/C= [13ox (§10.28%, %rgmasugggzség o, egﬁlgeulaheeg,oo;e Gfvgh ons

ijpis a speC|f|c Vi SCOSI respect ylene
concent r at PRAT ot STHEY Eofif Rl HIFE WA Woke 5ol BOOKERC°070l)  [o012)
150 or est. ard Chr o oar faal, sRahgs B AR enhore S Shi® olps.
[0013] 1 'an& an acid anhydride of the and 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 lass.

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

Nap/C=[N1%x(1+0.287,,)

[n]1=1.23x10"‘xMv’-*?

(In the above edquations, TNeg is a specific viscosity
measured at 20°C with xraespect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
Cc=0.6 g/dl).

[0012]

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

[0013] ' '



[ 7] The polycarbonate resin in [6], characterized in that MW/M' is 1.20 or
| ess, and OH groups occupy |ess than 309 of the whole end groups. [0014]
(8] The polycarbonate resin in any one of [1] to [7], <characterized in that
the viscosity average nol ecular weight My is from8,000 to 100, 000.

Advant age of the Invention [0015] The pol ycarbonate resin of the present

| nvention 912 1Ml WeneRiBionalsi-asiaviAg (8], CehaeaBEL- D264 Obh MERRC I ar
wei ght distribution, good flowability when nelting, and particularly

extrenel y @eQdh b | 26 Yo¥heas 4| 4hddoll Ngtousld eSc Py JEHEH It an SHERr rate,
and is therefore extrenely industrially useful to various applications

i ncl udi ng of Ntles twksledrdl RExcrips.hi n and hi gh- preci se products. Bri ef
Description of the Drawings [0016] [Fig. 1] Fig. 1 is graphs show ng nelt
curves of {®@l4)ol ycarbonate resins produced in Exanple 1 and Conparative
Exanple 1. [Fig, 2] Fig. 2 is graphs show ng melt curves of the
pol ycar bong8E r éienspplycaxionate Exesphe i aany Comeareff i (8] BeanpTk, 2. [Fig.
3] Fig. 3 is graphs showing nelt curves of the polycarbonate resins
produced | sh#Exagtanid ardch Cohady atthee viscosity average molecular

weight Mv is frem 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 tharefore extremely
industrially wuseful to various applications including
injection molding of thin and high-precise products.

Brief Description of tha 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
polycarbonate xesins produced in Example 2 and Comparative
Example 2.

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

pelycarbonate resins prxoduced in Example 3/ and Comparative



Exanple 3. (Fig. 4] Fig. 4 is graphs showing nelt curves of the

pol ycarbonate resins produced in Exanple 4 and Conparative Exanple 5. Best
Mode for Carrying Qut the Invention [0017] The enbodi ment of the

pol ycarbonate resin of the present invention is described in detail bel ow
[0018] (Pol ycarbonate Resin) The pol ycarbonate resin of the present
inventiong oyided with the following requirements [I] and/or (IlI]. The
pol ycarbonate“resin of the present invention is preferably provided with the

foll owing regqui retentsg[ | kb a9 drdghd OgRbWehg [HIMO] cultkbsA ¥2l U oDt ai ned
by dividing difference between a logarithmc value |log M9, 12 of a nelt
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val ue | og W1824 of a nelt viscosity (Pas) neasured at shear rate of 1824
see-1, W tBxampdepisl.| ary rheoneter having a die dianeter of 1 nm and an
effective length of 30 mmL, by a viscosity average nol ecul ar wei ght My

cal cul at edBent Mode ffolrl CarmginguQtutotbe( Ieventtdner referred to as
"viscosity difference/ nol ecular weight ratio"- (log M9, 12 - |og W1924) /MW
is 2.0x10-B00k7] ess. 8

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/ox [II].
The polycarbonate resin of the present invention is
preferably provided with the following requirements [I] and
[II] together.
[0019]
[X] A value cbtained by dividing difference between a
logarithmic wvalue log MVy; ., of a melt viscosity (Pa-g)

1

measured at sheaxr rate of 9.12 sec™ and a logarithmic

value log MVig,q 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 (hereinafter rxeferred to as

“wiscosity difference/molecular weight ratio”: (log MV 1, -

v log MVigy) /Mv is 2.0x10™° ox less. !



Measurenent tenperature of a nelt viscosity in the present invention is not
particularly limted so far as it 1is a tenperature at which the

pol ycarbonate resin nelts. However, the nelt viscosity at the
above-descri bed specific shear rate nust be a value neasured at the sane
tenperature. n, p/C; [n] x (1+0.281), p) [t]] =1. 23x10 4xMro.e3 (In the

above equati ons orlghg soﬁ&%fon %P y{ggogiqgogdméﬁgrespect

to a nethylene ycar onate Tesin

pol ycarbogﬁﬁﬂggaﬁﬁwt@m ﬂréﬁ.@l 1909 ol %%é%!sut'@“ and

C=0.6 g/d tal ne acting a carbonate raw

material  andy a&hﬁ&é&@ﬁ¥ eCUP ALh 2Bfe | oi%h&iobﬁgtw tFaslie mélcu ow "g
requirenents 1) to 4) It has R-CO group-or CO group (R and

each showsgdeviatine mequ»ﬁtcoew?l gEULRE sﬂéveaadsé}ibwdsspé&‘ﬂw Iess
t han 50% of the whol e and groups. 2) The sum of the residual "anmounts of an

end nodi fisHearifh ) mieitd bany dailde fbaklice@ndtnene f s flie | CeniibPFary. | €SS.
3) Aratio of a weight average nol ecul ar weight Mv to a nunber average

nol ecul ar wei ghtnMc={[nl (+0 28M.g) pol ystyrene neasured by gel perneation
chromat ography: Mv M1 is 1.45 or less. 4) Aratio of a viscosity average
nol ecul ar wei ght[n¥F1.23x10™xMv® -3
(In the above equationa, mn,, is a specifiec viscosity
measured at 20°C with zrespect to a methylene chloride
solution of a polycarbonate resin, C is a polycarbonate
resin concentration of the methylene chloride solutieon, and
Cc=0.6 g/dl).
[0020]
[IXI] 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-CO- group or R’=-0-CO- group (R and R’
each shows an organic group) at a molecular end, and OH
ends éccupy less than 50% of the whole and 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 ratioc of a weight average molecular weight Mw to
a number average moclecular weight Mn, in terms of a
polystyrene measured by gel permeation chromatography:

Mw/Mn is 1.45 or less.

4) A ratio of a viscdsity average molecular weight Mv



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.
11/ C= [n] x (1+0.28Tjap) [Tj]=1.23x10""'xMs 93 (In the above equations, nap
is a specific viscosity neasured at 20C with respect to a nethyl ene
chloride solution of a polycarbonate resin, Cis a polycarbonate resin
concentration of the nmeth hl ari de solutlon and C=0.6 g/dl). [0021]

<Vi scosi tfﬂ}?‘*]eﬁ'té“rﬁ:e?ﬁolt Eul 1% sFAGion | S@ Avgumber I%YfM@M) | My>

Here, the t Vi scosrt neasyr gd at .shear r.at 12 sec-1 shows | ow
shear rat @O Efi9 ]ﬁsc’ggl ty®© aﬂr&&iﬁFﬁﬁ a?rgﬂea heo PPerss PLec -1
shows hi gh ee&lrlgzat lfnhe |f1f |be gelﬁgtween those is small to a

viscosity average ecu melg WS that such aresinis a

resin having exce 2%91 ow property [ 0022] When the viscosity
di fference/ nol egh )@DE ﬂg# r'at F)l (log MV9.12 - log W1824) /M is larger

than 2.0x10-5, RAl oA lhengse esin havi ng an extrenely narrow nol ecul ar
wei ght di stribution, good flowability when nelting, and particularly

extrenely gpe déﬂ@we&radéye\eg%walstinq,thats doegppeirseprepdsebsshpar rate,
which is purposed in |the

measured at 20°C with respect to a methylene chloride
solution of a polycarbonate rasin, C is a polycarbonate
resin concentration of the methylene chloride solution, and
C=0.6 g/dl).
[0021]
<Viscosity difference/molecular weight ratio: (log MVy.i, -
log MVigpd) /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:
(log MVy 3, - log MVigy)/Mv is larger than 2.0x10™°,  a
polycarbonate resin having an extremely narxrow 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



present invention cannot be realized. The viscosity difference/nolecul ar
weight ratio: (log MW, 12 - log }We24) /M is preferable as snaller. The
ratio is preferably 1.6x10-5 or |ess, and nore preferably 1.0x10-5 or

| ess. The lower limt of the viscosity difference/ nolecular weight ratio:
(log MV912 - |log MW1924) /M is not particularly limted, but it is

gener al | ysﬁréggip,ES Hvdli&n Hiad® ! pe SGRIhY%eR! ! heTﬁlgovgigggg:{%f:d

specific ear rate nust be a val ue neasured at the same tenpera

[0023]  <Rai#fofindE/nBlleAMYAIadIYIRE Ul 2R 6L g1 My t el  al&f age
nol ecul ar wei ght nNh:/ Mv Mh> The réa%o of a wei ght( g\ger gﬁg%g& ecul a%wei ght

Mvto a newlie)) /Meer age npreécetaleei gt MRallerlh | s hemeasdyi® siww ng
wi dth of a nol ecular weight distribution, and a snall value shows that the
nol ecul ar peéHhtalsiiyty i L0 Dot Slesd] rawd he¥RPrdfer510f €1 . 1D or
pol ycarbonate resin of the present invention has the ratio of a weight
aver age nolessi! dfhe idwgx MMmitto cf hebenisaveisgedifferahas/melgialdd: My Mh
of 1.45 or less, and preferably 1.40 or |ess. Were MV Mh exceeds 1.45, a
pol ycar bonseidgh®si maltaving Ghrext MPsmby -narlaegy ndWeew) Afv weiight not
distribution, good flowability when nelting, and particularly extrenely
good fl ovaRartiqulamly Mmited, thitt ibess rarnerpldyl OFdfcarox amexrewhich is
11

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 ratic of a weight avarage molecular weight Mw to

a number avarage molecular weight Mn: Mw/Mn is a measure

showing width of a molecular weight distribution, and a

small value shows that the molecular waight distribution is

narxow.

[0024]

Therxefore, the polycarbonate resin of the present

invention has the ratio of a weight average molaculax

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

narrxow molecular weight distribution, good flowability when

melting, and particularly extremely good flowability when

melting that does not depend on shear rate; which is

11



purposed in the present invention cannot be realized. Mwv M is preferable
as smaller. The lower imt of MMM is not particularly limted, but it is
generally 1.10 or nore. [0025] <Ratio of viscosity average nol ecul ar

wei ght My to nunmber average nol ecul ar wei ght Mh' calcul ated fromthe nunber
of nolecular ends: My/Wn'> The ratio of a viscosity average nol ecul ar

vei ght M/ pdhcadd!MRar ’KE! 3fe SER€C UrienBidiNt cMinotal Ko/l at&th {2 the
nunber of nolecul ar ends: M/ Mh' is also a nmeasure showing width of a

mol ecul ar MwiMhtigli geEbrdbDe, asi Binhdler{ 0 The Lawee Qhimd tWRIFIMNMwA%Er age

nol ecul ar weight Mv to a nunber average nol ecul ar wei ght M: MV My, and its
smal | valie fseenparkitudagbiyedimitedei @t ditst L&bgeneraliyndr.naw.ox [ 0026]
Therefore, the polycarbonate resin of the present invention has the ratio
of a viscosste. average nol ecular weight My to a nunber average nol ecul ar
wei ght Mh': M/ Wn'" of 1.40 or less, preferably 1.30 or less, nore

preferabl y[002%10 or | ess, and further preferably 1.15 or |ess. \Were M/ M’
exceeds 1.40, a polycarbonate resin having an extrenely narrow nol ecul ar
wei ght di sfRatin | oF, viseeasity oauerageymaAesuiart Hﬁggh§n§1"péﬂ irunken vy
extrenely good flowability when nelting that does_not depend _on shfear rate,

whi ch i s pAYSRRIRI BeteFilay swihdht MrehtflFERtirt from fthe number o

molecular ends: Mv/Mn’>

The ratio of a visacosity average molacular weight Mv
to a number average molecular weight Mn’ calculated from
the number of molecular ends: Mv/Mn’ is alsc a measure
showing width of a molecular weight distribution, similar
to the ratio of a weight average molecular 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, prefexably 1.30 or less, more preferably
1.20 or less, and further praferably 1.15 or less. Whexe
Mv/Mn’ exceeds 1.40, a polycarbonate resin having an
extremely narrow molecular weight distxibution, good
flowability when melting, and particularly extremely gcod
flowability when melting that does not depend on shear rate,

which is purposed in the present invention cannot be
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realized. My/ Mn' is preferable as smaller. The lower limt of My/ M1 is not
particularly limted, but it is generally 1.05 or nore. (0027] <Proportion
of OH groups at nol ecul ar ends> The pol ycarbonate resin of the present
invention is that OH groups occupy |ess than 50% preferably |ess than

40% and nore preferably | ess than 309, of the whole end groups. [0028] A

group | Nt rOEGEd N O™l £6UL3 8081 QO IET eoid0 CH OERYP Sl ef erably

a RCO groupor a R grou each represents IC
group) . [Oﬁé'%- | ,%Pof g o 3Ng o\ 0s 8N R- CO
group include taEég?ul;oxy I C ggi %a?%}é%%%é%}{ oi%ge%gr’ bc#r?mat 3%5,%'%

car boxyl i Godifld19y 2 .08 IQ,QX)ﬁIo'gg.anhydri de, and a carboxylic ester. O
t hose, a carboxylic halide an a carboxylic anhydride are preferable, and a

carboxylicrodwdj de is particularly preferable. Exanples of the and nodifier
i ncl ude al i1 phatic and aromatic carboxylic acids such as capric acid, lauric

aci d, acet<Eropuptdldndef ot wroapsaakysbldeul st eands>chl oride, palmtic
brom de, nyristic chloride, benzoic chloride (benzoyl chloride), toluic

chl ori de, benzoiMhebrpasliya rhoratautyddianzef cthél priedent dmvwdndRaoiis
chl oride, benzoic 'anhydride, ethyl benzoate, 13
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 into 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 ara preferable, and a carboxylic
halide is particularly preferabla., Examples of the end
modifier include aliphatic and aromatic carboxylic acids
such as capric acid, lauric acid, acetic anhydride, butyric
anhydride, stearic chloxide, palmitic bromide, myristic
chloride, benzoic chloride (benzoyl chloride), toluic

chloxide, benzoic bromide, p=-t-butylbenzoic chloride,

! octylbenzoic chloride, benzoic'anhydride, ethyl benzoate,

13



1-napthylic chloride and 2-naphthylic bromde; and their reactive
derivatives. [0030] Exanple of an end nodifier for converting into the

R -C-CO group includes a hal ocarbonic ester having from1l to 30 carbon
atons. Exanples of the ester include ethyl chlorocarbonate, butyl

chl orocarbonate, stearyl chlorocarbonate, phenyl chlorocarbonate (phenyl

chl or of or npat Ql. ocar at vl . chl or ocar bonat et hyl

br onocar bg%aegathéﬁ'é}#ylgﬂ ?%ﬁ%%a?ggnafd@a}mﬁﬁ hgforﬁﬁ%cgp onater [ 0031]
Those end I i 9B ed alone or as mxtures of two or nore

t hereof . ( 032'{:“% I'S ?(’r?%g'rv;é%ﬁt that those end nodifiers are added after
conpl eti ong@fagjhe pol ynmerization reaction of froman oligomer to a

pol ycarbonate resin. Specifically, the and nodifier is added to a

pol ycarbonat e r gsdabpliavid® £AdenhY MRVl OEPS BbhGLrBARS QAR AREEN
reaction time and reaching a nol ecular weight to the desired val ue. Were
the and numlifG-004 grvigedbided (3 eh4 X HBNSAR iditer QRGN £4dMe 1and
nodi fier acts like an end-term nator, and as a result, only a product

havi ng a wale30okaebbar atimght EisdiplidautéDnthdclestbat imdlaide axgfids t oward
a low nolecular weight region, is obtained. Wien the end nodifier 14

chlorocarbonate, butyl chlorocarbonate, stearyl
chlorxocarbonate, phenyl chlorocarbonate (phenyl
chloroformate) , tolyl chlorocarbonate, naphthyl
chloxocarbonate, ethyl bromocarbonate, phenyl

bromocarbonate and naphthyl bromocarbonate.
[0031)

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

It is important that those end modifiers are added
after completion of the polymerization xeaction of from an
oligomer to a polycarbonate resin. Specifically, the and
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



is added after conpletion of the polynerization reaction of from an
oligoner to a polycarbonate resin, an end-nodified polycarbonate resin can
be produced wi thout changing a nolecular weight and a nol ecul ar wei ght
distribution of a polycarbonate resin. (0033] The anount of the end

nodi fier added is theoretically sufficient if it is an amount corresponding

L2,V e 0 SHRPRS B SR AR L0 o,
add {1 on gDt hngtegags: LheacachuulLentel fanier LRCaRAURNH S ¢

si de react gy cHRANEK AL NG iGAT BAXY Ipd’ RRBJRAEek! Swio@E C Whangingt Ner,  the
carboxylic™ion Is reacted with an unreacted carboxylic halidée to6 form an

aci d anhydpbiiechofd . wédigRty aaHDANAHE ocARFAIWH I N S8k Thddrdglea bond i s
| iable to i nduce deconposition by heat during nelt processing such as
i njecti on polgeaghorsteargsired Wi th a pol ycarbonate that does not contain
the acid anhydride bond. As a result, the nolecular weight of a polymner as
a nol ded af0D88¢ decreases, and nechanical strength deteriorates, which are
not preferable. For this reason, the anmount of the end nodifier added is-
sel ected from a TEagenwintgafertdid end ewmdifiert addednils¥thandepiedkblwbl y from
1to 6 nolt, to the dihydroxy conpound as a raw material, considering the
ki nd, 15 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 aqueocus 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 deterxiorates, which are not
prxefexable. 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 frem 1 to 6 mol%, to the

dihydroxy compound as a raw material, considering thed kind,
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reactivity and the like of the and nodifier used. [0034] Were the OH
groups at the nolecular ends are 50% or nore, even though the
above-described MV Wh ratio or M/ VMn' ratio is satisfied, flowability is
i npaired by viscosity increase due to reaction of nutual OH ends when
melting, and the flowability that does not depend on shear rate is not

secured. [0035]. Ther efa. t he, OH gr S _ogcupy.Less thap 50% preferably

| ess than mfédﬂﬁrhté{ ﬂ"é Z"?‘?olriﬁkﬁegg gﬁ n®3 %“gghkﬂe’ba?’f? ularly preferably

| ess than ﬁéﬁ?ﬂfﬂ: the whole end groups. [0036] <Proportion of sum of
ahoun

resi dual s of and nodifier and acid anhydride of end nodifier> The
pol ycar bonate reain_of..th r v j gﬂﬁ S4m t resi dua

anounts of the 212\3’1}?0 htal g’r}pfﬁ%%?ﬁ %c?#%%le (%Tatl?ﬁee" en(fgneo 1 |e°§'sof 20
ppm or | esgere Pré&fdil AohgtORRAY %ob@saesagﬂbaargwh%gﬁeﬁyoé MR | ess,

V\he_re the sum of the _re_si du_al anounts of the en I er _and an acid
hal i de of idwe;endsmdiciis#ieds |AIBALLILRG POL YERAPpR9PEHE e SELs LSLOPOSes

during nmolding, resulting in decrease in nolecular weight, which i's not
preferabl eindtllel ' ddé to reaction of mutual OH ends when melting,

and the flowability that does not depend on shear rate is

not saecured.

[0035]

Therefore, the OH groups occupy 1less than 50%,
preferably less than 40%, more preferably less than 30%,
and particularly prefarably less than 10%, of the whole end
groups.

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

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 o¢f 20 ppm or lass,
preferably 1l0ppm or less, and more preferxably 5 ppm or less,

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

[0037] )

le



Reaction for introducing a substituent other than OH group is inportant to
conduct the reaction by, for exanple, mxing a catalyst together wth the
above-descri bed reactive and nodifier and an al kali aqueous sol ution such
as sodi um hydroxi de with a pol ycarbonate resin having OH groups at all ends
(hereinafter sonetines referred to as "end OH type PC') produced by

reacting a car b@g'&%‘i:%i&ﬂv‘{fo!%ﬁti‘?{ﬂz@du%:ﬂga i SREl R0 e TRANIE: cHIA! dif. by

conducting reaction by mxing a catalyst, the effect that a reaction rate

for introdsedid i imgeritahdcrc cBRHARECEhESreXBLDLA Sy, afdk adidingdianal |y the
anount of the end nodifier added can be reduced. As a result, i't has been

found t hatmidienpf fR£Ct catasyppr exdgaghar aGith andhelr | dsoverdefirided end
nodi fier is obtained, further the effect is obtained in washing separation
after polyesstizal iend mbdifisr asdaaat alkaldénavpleoafs tdelutdsnduaich end
nodi fier, and by the use of a catalyst, the residual anmount of the end
nodi fier casn bediwmubydrokffa8iwikthanpl pelpéatbenate akesint hatvingn 0 used
include a trialkylam ne, N-ethylpyrrolidone, N ethylnorpholine, N

i sopropy! pipmpgi at, alili sggiopihereisafter, sometings anefierredd to as
N- et hyl pi peri d3. ne. Those can be used alone or as mxtures of two or nore
t hereof . [Versd] ORhet¥neouRE”df RARGUQRd| H¥t readddngs »r epxbgbREef AN 17

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 is exhibited, and additionally the
amount of the end modifier added can be reduced. As a
result, it has been found that the effect of suppressing an
acid anhydride bkond 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 xesidunal
amount of tha end modifier can be rxeduced.

[0038]

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

[0039]

' The amount of the catalyst added is preferably fxom
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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 nold, it is necessary to
conduct a reaction for 1long period of tinme in order to introduce a
substituent. Therefore, contact tinme with an aqueous al kali sol ution

prol ongs, resulting in production of a |arge amount of an acid anhydride of

the end mydigeer, gnd vgaliyng . sepalati oy Ble,ie e pdl fler 2L

pol yneri zat'ion reaction 1S insufficie resu st daal” anount

of 1 1e SnthaelRdAl e whllS chQ EASACe "NEL Coafapld gaBUATRde ilst e, end

nodifier iI's rmed in a anou or a polycarbonate resin containing a

large resiwlyal papBYat ,a,g&%t, heeend ngag%éé;.% #&n ﬁseﬁdwé %.m&lﬁg?qu? wei ght

pol ycarbonate resin conposes, result crease in no

Whi ch is NQngPrdAIcil! 8¢ LinbhenOlditie o6l 1¥BLEGuLEC FHHY thknlthe

catal yst addéd "'exceeds 1 nold to the dihydroxy conpound as a raw materi al,

reacti on fereifdireQducdiithet SeRAb twiti &AN dfacdud t 80RE1 i bWolarashi ng
operation for renoving the catalyst is conplicated, which is not

econonm calprdlenée3 redultdnigt Vr\trair-tidreol ad bRrgot alvbenthefviaacosity
average nol ecul ar wei ght of the polycarbonate resin of the present

i nventi on acsidpragthgrdatilde offr chealemd MhdiFidrg HMd Géikhiveersagayativhnecul ar

weight is too small, inpact resistan6e of the polycarbonate resin 18
of the énd 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 and
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 ba shortened, but a washing
operation for removing the catalyst is complicated, which
is not econemical.
[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 xresistan¢ce of the polycarbonate xresin '
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deteriorates, and where the nol ecular weight is too large, nelt flowability

deteriorates. The viscosity average nolecular weight is nore preferably

from 10,000 to 70,000, and particularly preferably from 12,000 to 60, 000.

[ 0041] <Hol di ng of pol ycarbonate resin> Simlar to the conventional

pol ycarbonate resin, the polycarbonate resin of the present invention can

be processed i.nto, various r;lélded rticles hy i ruecti on. noJ di extrusion
e

nol di ng or ?%eénﬁﬁ?et.esﬁ'xaﬁﬁﬂ W= stth né°l%cr caérsse%l%%c&fctt‘?%c ¥ material s

Such a5 a (4N A YAy A AdUiBiedlBLLS SURfla 5B LLONLE N LALIL00 and an

optical instrunment, rateés such as an optica S

L R i e i S T R L

rappi ng agents, conbust c agehts, ts, %ibers,

i mpact st rg0gtduy i 1fdANS praRAaRe Yl ikemMRY BEoagdedot §oé e pol ycarbonate
resin of the present invéntion in the convenfional manher. [0042]

[ Producti oppa#etihod of pol ycarbonate resin] Production nmethod of the
pol ycarbonate resin of the present invention satisfying the requirenents
[1] and/ or<Mdiding sofilgslyidaatbanatdetcaisinbel ow. [0043] To produce the
pol ycarbonate resin of the present invention satisfying the requirenents
[1] and/or [I]?Simli9ar to the conventional polycarbonate resin, tha
polycarbonate resin of the present invention can be
processed into various molded articles by injection molding,
extrusion molding or the like. Examples of such a
processed product include materials such as a film, a yarn
and a plate; parts such as a lighting fitting and an
cptical instrxument; and substrates such as an optical disec
and magneto-optical disc. In producing <those molded
articles, stabilizers, rapping agents, combustion retardant,
antistatic agents, fillers, fibaers, impact strength-
modifiers, and the like may be added to the polycarbonate
resin of the present invention in the conventional manner.
[o042]
[Production method of polycarbonate resin]
Production method of the polycarbonate resin of the
present invention satisfying the requirements [I] and/or
[IXI] is described in detail below.
[0043]

To produce the polycarbonate resin of the present

invention satisfyirdg the requirements [I] and/or [II],
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reaction operation and reaction conditions are appropriately controlled in
the production nmethod of a polycarbonate resin described in detail bel ow
For exanple, to control MM Mr and My/14n' in the follow ng production

met hod of a pol ycarbonate resin, the amount of a catal yst wused, such as
pyridine hydrochloride, which greatly affects a nolecul ar meight of a

pol ycar bor@g ecléleo% n OQ{)%&QFE& i n%%rfaC|g+?g{dﬁﬁT durli?ﬂ‘ﬁl_%g;‘;am

polycondensa on and are contr 004 e productlon met hod

Of {he POl AGAAANARILESkaneEo1 108 REPSERL | UGRIL BTk o nllhoBor bE Ol 1|y

limted. e po ycarbonate resinis produc by reacting a

car bonat e ﬁ@l&dﬁb@{da&'e &@h@; Heakdigxn ¢AMRRYAY1! BeRbRUUCSr GeRipiGAr bonat e
resin having OH groups at all ends (end OH type PC) and introduci ng

predet er nifedceHBebLt MRML | M@ MUFRNnOH iGif OMRE FollltRrity qerddicwids of the
pol ycarbonate resin. (0045] The carbonate raw material used herein is a

conpound sdid¥Hod adf f ar poayearbonate pesin, [ €hemambhntOof G ddtaliysti n a
pol ycarbonate main chain by a polynmer 'formation 20
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. Fox
example, the polycarbonate resin is producéd 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 predeterminaed 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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reacti on such as condensation reaction and exchange reaction, and exanples
t hereof include phosgene and carbonic diester. [0046] Exanples of the
carbonic diester include dinethyl carbonate, diethyl carbonate, diphenyl
carbonate and ditolyl carbonate. [0047] On the other hand, exanples of the
di hydr oxy conpound i nclude an aliphatic di hydr oxy conpound and an aromatic

di hydroxy co und The arqQmat i c dj hydraxy canpoynd i ncl des aromatic
conmpound hﬁ%gﬁ p’ﬁ%nol 2 hﬁft“(%?&’{ atd‘r‘%’upsneo kd‘ éj %ﬁf‘?@%e PC
accordi ng res i %gﬁﬁ §§9np

reacting a%gaégﬁxg SH& %h%gkaaV|n rl’\f%%ﬁoheno |QH%ydr group%gd
typically cag*g&ggngfgg blsphenol A and phosgene to fron1an ol i goner,
and polynerizing this o goner in the absence of an end-terminator and in
t he presen 60@&}3 catal yst such as pyridine hydrochloride or quinoline

hydr ochl ori de. [0049] This production nethod is described in nore detai

The aromatic comiakpldyvo®d EN® RRAMINIC hideskytr GiiREe caﬂmae&yrormounds
conventionally known as a raw material of a pblycarbonate resin, as

descri bed carbémdtexanplieth{/lS. cazbonate, diphenyl carbonate and

ditolyl carbonate.
[0047]

On the other hand, examples of the dihydroxy compound
include an aliphatic dihydroxy compound and an aromatic
dihyd:oxy 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 exampla, reacting an aromatic
compound having two phenclic hydroxyl groups, typically
zepresenﬁed by bisphenol 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 hydrochleride.

[0048]

This production methed is described in more detail.
The aromatic compound having two phenolic hydroxyl groups
can use compounds conventionally known as a raw material of

a polycarbonate resin, as described in, 'for example, U.S.
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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 oxyphenyl ) al kane, bi s(hydroxyphenyl)cycl oal kane,

‘bi s(hydro h ) Syl faa@e.ne ab1 S(RY X enyl Je r
bi S( hydr ok AR ) ke ’oglr?%,’mgi's( h?d?ggy%ﬁghyl )%0%%%@?35' 3,148,172,

bi s(hydro sul pxé&e, i sgh o] he i I n a hose
er vat | vl B g 278 S T D By bbg by RN ans i NOOC e

O those, p{?ee,r © GeARPA €DakBAtYda 273 hio3(4-2 foeH @smlhenydga Rixpane,
2, 2-bi s(3, 5-di net hyl -4-hydroxy- phenyl) propane,

1,1-bi s(4-dndiropmnhemd;) ahd ehenadneratidt 1,561,518.
1,1-b|s(4-hydroxypheny|)-3,3,5-tr|nethylcycfohexane. [ 0052] A small anount
of a brancjgegrpjagent having three or nore functional groups can be used in
conbination with the aromatic conmpound having two phenolic hydroxyl groups.

Such a branchi ngxagpllesi s dhowbhean@ompampdes idelneld hydiogeinone,

2, 4- bi s(4' - hydr oxyphenyl -i sopropyl ) phenol, 2, 6-

bi s(2' - hydresgldin net hgibpdzykydiphaidl/| phebdk (hfdfdxyphenyl) alkane,

hydr oxyphenyl ) - 2- (2, 4- di bydr oxyphenyl ) pr opane, 1, 4-

bi s(4, 4' - dbiy thydaaypheayl) cycipalkbarzenebis (hydroyvpbsyylpulfide,
bis (hydroxyphenyl)ether, bis (hydroxyphenyl) ketone,
bis (hydroxyphenyl) sulfone, bis (hydroxyphenyl) sulfoxide,
bis (hydroxyphenyl)dialkylbenzene, and those derivatives
having an alkyl ox 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)cyclchexane, and
1,1-bis(4-hydroxyphenyl)~3,3,5-trimethylcyclochexane.

[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)phencl, 2,6-
bis (2/ ~hydroxy-5’'-methylbenzyl) -4-methylphenol, 2-(4-
hydroxyphenyl)—z—(2,4-dihydroxyphenyl)propane, 1,4-

' bis (4,4’ ~dihydroxytriphenylmethyl)benzene, 2,4-dihydxoxy-
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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
the branching agent used varies depending on the desired degree of
branchlng in general, the branching agent is used_in an amount of from

0.05 to ‘E"-"c anFrélarBWdﬁ%"-%oﬁﬁ&&wg ‘FW‘H%’-? V\/Ghﬁ'l'?é'l’réﬁrc Pk bxy |
Fol ecui ay\%ﬁm%f R -?a 3 ehazext aAaTeher Bch o L bl d be:
k P. h h
bol ycar bt NaF PR S e TS REAYI c2ToP - Rer GREPHREPHFBE %g'n%%ﬁg%% &ty
monodi sper g 6é)or}nrp"’£'r ?-u:{ haly d&% t‘ﬁje'ée era%ﬁy ggéoi:.chx d:?g ggu?§ /g OF | €ss,

preferably ess an pre y using a
cat al yst r r C gl onized,
and nucl eo%ﬂ#%%stl tu%t %ﬁnﬁgfoﬁﬁ%aﬂr?éfcﬂﬂef g%e Vhduced from
only ot herqd,Qui Z6fh €5y a(ah&ayi &Qdde E,h.mcﬂﬁ&ersm éﬁ 410N

mechani sm fromthe conventlon ycondensat 1 on durf ng the ol ycar bonat e

resin fornmggd aeakpihg é&‘é@@slél\‘ﬁibd)r!iﬁ/ & ANE sLELLRG . ﬁ‘dtélsl

result, a polycarbonate having a ol ecul ar wei ght distribution according to
Poi sson dhsLl% i boit the afomltdtNeSmpd¥nd having twoe 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 value in terms of a
hydrochloride is 7 oxr 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 ionized 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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[0054] Further, the polycarbonate resin of the present invention is
preferably produced by an interfacial polynerization reaction in wh
aqueous phase and an organic phase are present, as described herein

In this i
nucl eophi
a successi
with an i
i ncreases

end undergoes h

condensat i

nterfacial polymnerization reaction, reaction proceeds by

ic substitution reaction fromonly the ionized end, resu

ﬁﬁE{%acpion which necessarily causes only growth comensu
Hacial area per volune. Therefore, a nol ecul ar wei ght

ich an
after.

a

ting in
rate
reached

W N Bekeas orhbe baisclaghale gt cady ChEOTALOr RIS I cul o
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stage t hat

i . t, I [ [ t
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hi f : ; W ty [
chioro Orﬁéﬂngggﬁ;%n”@%ﬂn eqgd "’R"El;grﬁg‘m;%?éw PRAsES aRaS e

reacti on

rolysis reaction esent” 1 n the aqueo

us

phase, re%ﬂ#&m I Phide aShalirddamit CadI0heGELIHLER ReFRifakkal Weight nore

t han t hat,

hat i's, an interfacial area-dom nated nol ecul ar wei ght.

The

backgr oundeR 1A ti e areilal A ploll ghelrs 81 3R] k8hEELLSE, { Pédctidie Krsuddus eaction
proceeds at a very high rate as conpared with hydrolysis reaction.
Contrary tlsyt i snupbbyphillessasussitDBineicr edeadtilbn €psmMendaypalthe gener al
pol ycarbonate resin formati on *does 24

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 backgxound that such a reaction is established is that
the growth zreaction proceads at a very high rate as
compared with hydrolysis reaction,
(0055]

Contrary to this, polycondensation generated in the

conventionally general polycarbonate resin formation 'does
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not involve such an unbal ance of reaction. In the conventional

pol ycondensati on, a catalyst having high plCa value is used, and the
chloroformate end is in the activated state |ike ions by the catalyst
havi ng high pKa value, resulting in having reaction activity which is
substantial ly corrpar able to the ionized phenyl ene ONa and, at both

nol ecul ar ends., res a cond n raI Iec ar wei ght
di stributi orrl*: a@'@o g tocl&—’l ory S unba it%hg:rob rgﬁgt ati orr?l S Li{ﬁ ai ned,

and at the A ﬁgﬁt m pa ent.,.1.a trahlgh
mol ecul ar Wel gl tl@c?%o%s genera i 3{7 o?rr%ggafgﬁga’a%&ﬁgl ?‘tlgfh }ﬂ _
ni trogen- N0 RElRY, 0C UGl Ctﬁ%”%ﬂﬂ@rof?:fd&@é a8nd, 24 a'i’étdé?eh' sfying

t he above-deéscribed Trequirements. For exanple, salts of compounds having

unsat ur at g ¥iiva QR N &8 & {kdJishy- E?rr%@ecéareaﬁqs'tn mm, K @At ons in
the ring may be substituted with an a group, an al koxy group, a hal ogen

atom and tffldd ke resudhitin wrlﬂwﬂngqmmﬁm aeequikeyl | WRicRi Cd i ne,
acri di ne, pyra2| ne, pyridazine, pyrimdine and 2,4,6- trimethyltriazine,

are used. dubdtmrtiaddlyt codpaiaings theviag2ed aﬁmmjmhe-oua end,

ni trogen-containing five-nmenbered ring, such as phenot hi azi ne,

2- met hyl i mldztite mdilemailadsaxeise, Abenzoesiudiol 2 condérsabteé hhawixe,a ar e

used. O those nitrogen-containing heterocyclic conpounds, pyridine,

qui nol i ne, ggnexsl molegnlhr oretghtydistiidwtion aateslingl t@Floxy’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.
[005€6]

A salt of a nitrogen-~containing heterocyelic 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, txiazoles and
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the like are preferably used. Those catal ysts are used in an anount of
generally fromO0.01 to 1 noll, preferably from 0.05 to 0.5n0l % and
particularly preferably from0.05 to 0.2 noll, to the aromatic conpound
havi ng two phenolic hydroxyl groups as a raw naterial. Those nitrogen-

cont ai ni ng heterocyclic conpounds are used in a salt form such as a

hydr ochl or [ de, sul fate nitrate and hydr obr te, but it [s.

consi dered ﬁa{‘ﬁf?‘lo%’ée PES ?’é%’%irx ufﬂda 2-?’5%%? Nidds %sthﬁ Iﬁ?iﬁ?ﬁét’éﬁe
between a f[e 99§@ r fa0lm | ti 7] Those
catal ysts %r’éygﬁe pr egsf;régnle%%g'l e%ﬂgnor?'s??slfgmi {“rggﬁftﬁge§¥§%'§i%fhtp e

reacti on bgtyeep.tRecdihydr . d havi ng
6l §&€8o Biﬁﬂbm, ahd mﬂgﬁﬁ%ﬁe%iﬁw ¢ B OLE

two phenolic hydro gr oups, raw frateri al such as

phosgene, @I2M614e addedned hLBEmaLRE! IRMpIREMATLLy R ?Séﬁéi;?éh

However, when addition of the catalyst is™ delayed, it is difficult to

control a wphH BI %\fa@% dcﬁs a a Potaif amRatialr.esi NThesaedni thegedore, the
y a

catalyst is prefera ed to the reaction system between the start of
the reacti asneiihiwg ChéyeroxycTDEPatEHPownds t AecCaBlBaNdne a rsal ¥ogskhmal , and

the start of increasing a nolecular weight, that is, speaking fromthe
st andpoi nt soéha a®i scodyidroahdvadgdennl acuswlifams ghta Mnitaateo amdchang My to
2,000 to 3,000. [0058] 26

hydrcbromate, but it is considered that those are present

in a dissolution equilibrium state between a frae 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 xaw 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
polycarbonate 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.
1[0058] '
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As a condensation catal yst, the conventional catalyst wused in a two-phase
interfacial polynerization nmethod nay be used together. In this case,

trial kylam ne, N ethylpyrrolidone, N ethylpiperidine, N-ethylnorpholine, N
i sopropyl pi peridine, Nisopropylnmorpholine and the |ike are generally used
as the catal yst used together. Above all, triethylamne and

N- et hyl pi peridine is preferahly used he condensaton catal yst i

pr ef e)r/aglg suppts &4 q{g-,qe%a ﬁa&?lé(f}t'eﬁf‘ﬁf FervenRsprHR gc?ﬁ%i¥,%€bonate
raw mater. al ch h ene. [ 0059]. For_the reacti.on, an.aque ol ution
pr\(,avpar ed ‘Ibfledd?gs& vs%é;-ﬁs edi*l@%‘?%%‘l’t%n&?p ru%a%’?%rfn%*f%%gt'ﬁ%f iorr;olund
having tugePhepghi celydrpxyl oropps endsancaLkal ! e guelyRansed] unplydr oxide
in water, and an iner¥ Oorganic solvent aré m ked 5 prepare ah enul sion,
and the ¢ t eyl : [T i ed: type emul sion
to conduct r¥ac f%?\%%ﬂe?’egy%?%iﬁgkf%%o |g’grer§r?ﬂ%_rm| aéﬁgga,%él)'o et weenSIt he
di hydr oxy; GOEPNT PR dithe Wi%z‘di:ylﬁﬁiﬂﬂﬂéﬂ@n&aﬁhagt}x&'oli?ﬁé QL& C

hydr oxyl groups and an al kali such a$“sodi um hydroxide is generally 1:1.8

to 3.5 oftnePAEl¢rabbd is2thed oca?uaaa,s% sigdd espetedf aake@gaICADY, agent

such as hydrosulfite is preferably added to the aqueous sol ution. Further,

a ratio otrbetkylanife phakt Noethylpfpepidipeasts | prifeirabdlyl yukeam 0.2 to
1.0 (volune ratio). 1 27

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 phenclic hydroxyl groups and an alkali
such as sodium hydroxide in water, a-nd 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 ocligomer. A molar
ratio between the dihydroxy compound such as an aromatic
compound having two phenoclic 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 reduecing
agent such as hydrosulfite is preferably added to the
aqueous solution. Further, a ratio of an organic phase to
an aquecus phase is preferably from 0.2 to 1.0 (volume

! ratio). } )
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[ 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
reacti on dissolve therein, but it does not mutually 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 Hﬁﬁﬁ in an anount such that the concentration of the oligoner

sol ution forne& is from10 to 40% by wei ght. (0061) Representative exanpl es

of the inert Orﬂgﬁ: gné.ﬂ.tv‘églggfx%i.gﬁkﬂg%ﬁki gbak’ %gm{:ﬂ%%c%%or&%nr%‘éﬁetﬂs hexane

and n- hept ane; rinate ati1c hydrocarbons such as thylene

hl ori de, igle, 4ighl er an
chlori de ﬁohg@ggghlca%heﬂt Lraﬁmﬁéﬁ, & ﬁ{é)e?(}q%m d

trichloro ane, tetrachl oroethane, chl'or opr opane a

1, 2- di chl YenSi¥bentteakAERA EorMyd!9F A0 NSe it icd bR WNRIARRE tHeRled@Ne and
xyl ene; chlorinated aromatic hydrocarbons such as chl orobenzene, o-

di chl or obgsmaengt ardbeih| Abet GhuraiEl1yndigdbzirbt Wrpd wakeEBt i enddly dicBear bons
such as nitrobenzene and acet ophenone. Above all, chlorinated hydrocarbons
such as neidadtden chbnditbonand chher clwesuratne ofr etheef tiet v dxgadicThose
inert organic solvent can be used alone or as m xtures w th other
sol vents. {dl8@dt 2&8sed 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, chloxoform, carbon tetrachloride,
dichloroethane, trichlorcethane, tetrachlorcethane,
dichloropropane and 1,2-dichloroethylene; aromatic
hydrocarbons such as Dbenzene, toluene and xylene;
chlorinated aromatic hydrocarbons such as chlorobenzene, o-
dichlorobenzene and chloxotoluene; 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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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 mamintaining this tenperature

| ncreases as t SRS Arndleddel | Al ST S S cbitincllar glogocccanst deri ng
those points, thereaction Is generally conducted at 10 to 65C. [0063] The

ol i goner foidd agndbRY¥RfeaBRyY MPCZRE {Loddd M awnaekYy ENP ORI LRSI N
Generally, a reaction mxed liquid obtained by the above oligoner formation

step is sepaipdfituddt @sant3gUERLEh PhasitiedNGdeda tabaaNificPBASEs NavAry t he
ol i goner di ssolved therein, and according to need, an inert organic solvent

i s added spldedédrad Bdwi®|wgbDtede tetisetefl | Ravearddlsy ,0rgani feddmisan i s from
5to 30% by weight. An al kali aqueous sol ution such as sodium hydroxide is
new y addetemperdisirs | gonedvagtagears omdréactiamt abystollescHovwpsmvwbefore i s
then added thereto to conduct interfacial polynerization. The ratio of the
aqueous phthe reactign oigani daphesexorhehingdccreqdctsopefamdaldastf rfam 0.2 to
2.0 (volune ratio). Tenﬁerature of the interfacial polynerization reaction
vari es deedR LMD hEhas g hemperafurentingransast aghdemperiauzge <l ori de
is used, the reaction is generally conducted at 10 to_35C. 29

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
ocligomer dissclved 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 sclution, and the
catalyst described before is then added thexete to conduct
interfacial polymerization. The ratio of the aqueous 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 organiec

solvent used, but when methylene chloride is used, the

reaction is generally conducted at 10 to 35°C. '
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[0064] 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 |ess, 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 gbgg% olyte. Finally, the organic solvent is renoved fromthe
organi ¢ ph i evaporation to obtain a polycarbonate resin. [0065] The

pol ycarbonate resin thuy i ned has,a viscqgsit ver age_npl ecul ar wei ght
of generally fr?n#%%rou?g%?g%glg% °?O%}'@O(feaﬁ%"5é‘z'cr? eed°%%ﬂ+%,gbj\ﬂ%?e t he
mol ecul ar i 135S Js st Lapa LS : t olyc pnate resin
deterioratég,qgﬁgeahé%gﬂ%ﬁﬁgnéfgég?a% E?ghtgﬁgﬁﬁé%kléaggf A%Egggﬁ owabi lity
deteri orat ggardRfayi §ALSL! ¥ndY Ycadent UL Gl - I QU d SqRSu SLRPe T Om
10,000 to 78,600, angﬁ particularlynbreferabI;:fron112,3%01%% G0,0d%: [ 0066]
The pol ycapbopahepskstd rB86hiHdas a |1 Gibg)yl oPOIILGA, DANARd a3ith haying
extrenely narrow nol ecular weight distribution in the state after formation
by interfaeial RQu¥BRE ZableRibAaCitdN, nditHallive Ve t haURRLi tagat MENt to
control a nolecular weight distribution, such as ftactional precipitation
or extract safultaioyaslyf réméwsy thd catalyst, and then further washed

with water to completely remove an electrolyte. Finally,
the organic solvent is removed from the organic phase by
evaporation to obﬁain 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 £rom 12,000 to 60,000,

[00€6]

The polycarxbonate 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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nol ecul ar wei ght conponent, is not conducted. [0067] However, the end CH
type PC having OH groups at all ends is difficult to avoid reaction of

nmut ual OH ends when nelt nolding, and increases its viscosity at that tine,
and a polycarbonate resin having flowability that does not depend on shear
rate, that is, having extrenely excellent flowability as conpared with the
conventi onal poI carbonate resin, is not obtained. For this reason, in the
present iMOLAEH waighls qompanendac tisy 8otofEBEREESEL ect ed from the group
consi sting_of benzoyl chl oride, phenyl chloroformate, acetyl chloride,
propanoyl ¢8P671 de and but anoyl chloride, as the end nodifier described

before is reacted with th and t gg PC i order to substitute 50% or
more, pref er abl BPHIRTor endg,p é PePSHNAVARG, QH gRouPs, At all

i cul ar| f 90_{ 0. 100% he .ol ecul d
o the end U3 edb@f#?#%@%é’ oﬁaacﬁmt??[éﬁ Saf o 886 ¥R ne or oup
t : h I kyl
or aryl)om °%56'§1% e P Ahean N8 .ea&%rga”' ?—B%‘a"??*a%“c nd> 2
duct ed d | h
as Sodi um By ARG LR TPC e BlaBUtEly O BeS e,
N-et hyl pyrfl@#&ﬂ&” n_YheS! %:hﬂa@eoerﬂtﬂlé‘ ,Nﬁéxl?ﬂ&b&ﬂ@?&hé‘fy excellent

N-i sopr opyl pf peri di ne,
flowability as compared with the conventional polycarbonate

rasin, 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,
acetyli 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).

[0068]

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=athylmorpholine, N-isopropylpiperidine,
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N-i sopropyl norpholine, triethylamne, Nethylpiperidine, and the |like with
the and OH type PC obtai ned by the above- described pol ynerization reaction
(the end OH type PCin the formof a polynerization reaction formation
liquid may directly be subjected to substituent introduction reaction).

[ 0069] As described above, the anount of the catalyst used is preferably
fromO0.001 to 1 nolt. to the di hydroxy conpound as _a raw naterial. Were the
amount of ¥TeSoREAR¥IRAXPhRIdAe s | Bekethplanming nBrethylrireridii®ary to

conduct reacf{iqn for a l.ong period of time tgo iptrodugce a  substituent,
washi ng sefRd dfiont e t’ﬂéﬂbrﬁ‘errﬁd'idf OF tyPeeFC ﬁgF?ﬁﬁ‘F Z2Y i the r2B¥9on i s

[ ffici d L .th { dual f &h d dj fi

tonds to | ARjeimed BRURREEHEIharnackhERe (HE ASLrR% oFYPRe Tarth yot

dded ds.1 nold to_t di byd d terial ti

For substi PRRnfOTh THaCPPORmEkhREL e o PRREHF™ HER=RYRLH - SpEd t¥on Tor
[ t | { gat ' [ ' 0070] As

Gosor | bod SEEeR Ry 164 i AR W Haskthble T RRbaRBEReR B L e

nodi fier, t@@%glesi dual amount of the end nodifier in the polycarbonate
resin obtarned can be reduced by using the catal yst. However, as descri bed

above it is pre{£radl&rieduibied eNthy sgaqwet ot kald vesliyo Rider
conpl etion of the reaction between the end OH type PC 32
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 afterx
polymerization reaction is insufficient, and as a result,
the residual amount of the end xhodifier tends to increase.
On the other hand, where the amount of the catalyst added
exceeds 1 mol% to the dihydroxy compound as a xraw 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 amount 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 rehction between the end OH type PC
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and the end nodifier in order to add the residual anmount of the end

nodi fier. Specifically, the organic phase containing polycarbonate after
conpletion of the reaction is washed with an al kali aqueous sol uti on such
as sodium hydroxide repeatedly to renove the end nodifier, washed wth an
acid aqueous solution to neutralize the al kali and sinultaneously renove

th t al t nd th N h t
el act rol y 8 (T S RAERIREn 4™, RECHB) JEarHtnSEe FRATRbt ThRLRF on
t 00 I t t f th t
| nvent i on e apdod, ' PRBSPEME, NS, | RpeRRAAERIIRNT SpalT dhsingd 7 ae eSL‘,l y
di ff f | pduct i
et hod | sr%ﬁ%ﬂ%ﬁ?ﬁgﬁ?ﬁﬁéﬁ%ﬁu@ﬁ%ﬁ”ngﬁi%%%ﬁﬁn‘égﬂﬁ?{% L?%%*ﬁfé brocycli ¢
conpound fé’cb?é Rel WL eh"ad) dﬁ:@&ﬂ Ohifigons eafqtééna@ hnty %ﬁﬁh? res.

pol ynmeri zation) catalyst, an end ant 1s not use

met hod by I;ijﬂléﬁakﬂb p%w&ean&l R UgbRGve PiiHeA Qﬁda&o@fﬂ.'e\kem wiBSedT oposed
as the production nethod of a polycarbonate resin (U S. Patents 3,275, 601,

3, 269, 985, with 4, §8£d Aq88dud 2go Bidtich 468, §ORralliiés £ VABKAZAldD et hod
is that a heterocyclic conpound such as pyridine is used as a solvent for

t he pur posgimil thrfefisliynGduciighamel caralgstavandt ehenl £anehét apRsHGd

hydrochl oric acid formed by the reaction. The effect of activating only one
end duri ngwitlondetaat i vs icompleteliri hdmere aad @arlectxalyitecul hexrebyht 33

obtaining the polycarbonate resin of the present invention.
[0071]

In producing the polycarbonate resin of the present
invention as above, the reason 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 (interxrfacial
polymexrization) catalyst, and an end sealant is not used.
In old times, a method by solution polymexization 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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distribution of a nost probable distribution or nore is obtained. Since

t hose sol ution nethod technol ogies, an interfacial polycondensation nethod
is the mainstream of the polycarbonate resin production nmethod. However, a
catal yst regularly used in the production of a polycarbonate resin is
triethylam ne, and when polynerization of an oligoner is conducted using

| trieth i ne. t al , wh d | ant_i t t,
pol yrror | 2Bt EHEERREAST , By br BEBEARSHRP L GBS STIREC® & QIPTAI Lhul o
i gh I b i i f N f_ t.he .and I
i spensabPEeTRoRhe CoRvEn thRaF prorer bnoarred ety 78R T

ovever, WagtEPOLYLE" ATYAARaRO0IU SR 10° oRee SRR ol BN

seal ant, an end-seéa oes no row. a res varilatl on

occurs in ¢h1e QLI eGUlstn APoAILEL Al 0T SHdidyd ONa

necessarily has a“consi le w ng t variation pdrtion

(Flory' s migtapyobabl fedifdfiput iaar mria&i&?n) prdR{AQUL, Weeregthe
above-descri bed nitrogen- contai ning heterocyclic "conpound such as pyridine

hydrochl or pdeybsrbssstes a realil ystisit itxie@Rgndaiad,t hatandt i Gheasy to
control a reaction even though an end sealant is not present, nolecule

grows unif geliiebE£abE6n a ofiDlARCULALgeRAGYI Sifotcstdletbd arkifgy eerllgr wei ght

distribution is necessarily narrow. [0072] 34
triethylamine as a catalyst, where an end sealant is not
present, polymerization excessively proceeds, and a gel-
like ultrahigh molecular weight polycarbonate resin is
formad. Therefore, use of the end sealant was
indispensable in the conventional production of a
polycarbonate resin. However, where polymerization is
conducted in the presence of the end sealant, an end-sealed
molecule does not grow. BAs a result, variation occurs in
the growth of molecule, and molecular weigh distxribution
necessarily has a considerable width including this
variation portion (Flory’s most probable distribution +
variation). Therefore, where the above-described nitxogen-
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 Dpresent, molecule grows uniformly because a
molecular end is not sealed, and molecular weight

distribution is necessarily narrow.

[0072] ' '
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The present invention is described in nore detail by reference to the
foll ow ng Exanples, but the inventionis not limted by the follow ng
Exanples so far as it is not beyond its gist. [0073] In the follow ng
Exanpl es and Conparative Exanples, gel perneation chronatography,
guantitative determ nation of an end gr oup, an end nodifier, a residual

and e aI uat.i_ on I b f.l owabl I ar.e . conduct ed

anount of an seal ant i

as follows. [OO%g’F eég:l lﬁé"re zi't°Por+s ﬁlre@rﬁft"ograﬁ‘ﬁy a‘*g’iad‘s]‘ hPfLC— 8020,

a product t di

engtn: SOESREE | %89*5“% E8TLpRag (BrpBlas hﬁﬁ“%&%od%ﬁ% A9m2or X
roduct s ofs TSSO r o] CEl agaf e c‘.gg].pect ed

gﬁd used. I%Iet ecto&%eﬁaﬁ%ng%%%a‘g‘%ﬁ?%eﬁ# % ?a ?/d?h%%urggn g“ ration

curve: Sl Ulhgsaest andard  pol ystyrene (nol ecul ar wei ght: 761

(Mv/llnSl%% 2000 “(Mw~ Mh51. 20), 4000 (MwW WMn51.06), 9000 (MM Mnh51.04),

17500 ddvsh. 03), 50000 (Mw Mh51.03), 233000 (Mw Mh51.05), 600000
( Mw l\/h51 ) and 900000 (MM Mn51. 05), a product of Chento Scientific Co.,

Ltd. Operation: v g1l S6LYSWEnGLERRRPUeEN andl Torfaratide Examples,
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 Tosch Corporation

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

Detactor: Refractometer

Eluent: Tetrahydrofuran

Calibration cuzva: Prepared using a standard
polystyrene (molecular weight: 761 (Mw/Mn<1.14), 2000
(Mw/Mn<1.20) , 4000 (Mw/Mn<1.06), 9000 (Mw/Mngl1.04), 17500
(Mw/Mn<£1.03), 50000 (Mw/Mn<1.03), 233000 (Mw/MnsSl1.05),
600000 (Mw/Mn<1,05) and 900000 (Mw/Mn<1.05), a product of
Chemco Scientific Co., Ltd.

' Operation: Mw and Mn were obtained in terms of a
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pol ystyrene froma chart obtained by detecting from refractive index
difference, and MV Mh was cal cul ated. The base line at this tinme was
calculated by faithfully extending a base before initial rise of high
nol ecular weight in a state that an apparatus is conpletely stabilized,
and connecting to the point returned to the original base line at a | ow

Toasured ety thodfla CORALE TELLAGd "By SHSRLEIAERIGETE, Lo
det er mi nat ; @fr fle SRS CEAID: d i HBSS i MBI Wadf RNGuPdraouPsnand the

anount of an end nodifier or an end seal ant were consi dered as the nunber

of end grop@se althae NWbathiayerdgh NYRCUlALCWERgRE bYh' Fanesferigul at ed
as follows. W' =106/ (nunber of eng groups (eq/g)xl/2) The anopunt of end OH

groups wasegtédirdit iavebyse dtieBofenefinf8iabl rdee Of1 Mg mobebylar bonate
resin was dissolved in 10 mMl of nethylene chloride, and 5 M of S w%

met hyl ene eéight deisol at | @tarike acdtatc can d 4pgeerdtais grasle cohplietaly a
product of Wako Pure Chem cal Industries, Ltd.) and 10 mM of 2.5 w%

met hyl ene shabilimedpl endorrarinectimgni ten ttder guddt | stetispedi dlo gtheae

chem cal, a product of Wako Pure Chem cal Industries, Ltd.) were added to
the resul eFhgindl Ubasd lbneonbra Abwombarcular weihght| shdeh oft 489 nm was

measured using a spectrophotoneter (DV 160 Mddel, 36
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 medifier or an end sealant were considered as the
nunber of end groups, and a number average molecular ﬁeight
(Mn’) was calculated as follows.

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

The amount of end OH groups was quantitatively
determined as follows. 0.1 g of a polycarbonate resin was
dissolved in 10 ml of methylene chloride, and 5 ml of S wt%
methylene chloride solution of acetic acid (special:grade
chemical, a product of Wakoc Pure Chemical Industries, Ltd.)
and 10 ml of 2.5 wth% methylene chloride solution of
titanium tetrachloride (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,

36



a product of Hitachi, Ltd.). Separately, absorbance index was obtai ned using
a nethylene chloride solution of a divalent phenol used at the tine of the
production, and concentration of OH group in a sanple was quantitatively
determ ned. Further, the anmount of an end nodifier and the anobunt of an end
seal ant were neasured as follows. 0.2 g of a polycarbonate resin was

di ssol ved j podletOfosMiitulcgae 1ehl 9ride, and a methyl al cohol solution of
I N sodi um ~hydroxi de was added therefo. The resulting sol uti on was

subj ected to al lgalarledn @, ysiSsetbaide f AnddQ Mrdst bHsidRid f8ihgx avth
heating, and after cooling, was adjusted to pH 2 to 3 with 6N hydrochloric

aci d aqueonstifflldiid Ofhldibde aBBLALIGh oF anddivsidnerphended vded thie anount
of an end seal ant bonded were nmeasured with a high performance liquid

chr onmat ogr eipdytime®| o8N th&ChrolBuctin ODSnd witicetitzartion 4£5 OHMgréwgt h 15
cm eluent: nethanol/water=50/50, detector: W280 nm. Separately, an area
correcti onid axtEmpies wase guanthifatavtdynddtasmingedn and nodi fier and an end
seal ant used, and concentration in a sanple was quantitatively determ ned.
(00761 (3) Resi dwdthgaputheohmendtnofii Aheendnumodifiigr ahmdht theynainount d
anhydride anount of end nodifier: 1.0 g of a polycarbonate resin was

di ssol ved ¢f apoendi sgakamt awsxe omrepsnredndsa faldiaNsal chd nBdiofi & anount,

37
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 hydrolysis at 75°C for 30 minutes under
reflux with heating, and after cocling, 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
chromategraphy (column: MCI-GEL 1HU ODS, inner diameter 4.5
mm, length 15 cm, eluent: methanol/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.
[007€]

(3) Residual amount of end modifier and end sealant, and
acid anhydride amount of end modifier:
1.0 g of a polycarbonate resin was dissolved in 100

ml of tetrahydrofuran, 'and a residual end modifier amount,

37



an acid anhydride anmount of an end nodifier and a residual end seal ant
anount were neasured with a high performance chromatography (col um:
MCl - GEL 18U CODS, inner dianeter 4.5 mm length 15 cm eluent:

t er ahydr of uran/ wat er=50/50 -a tertrahydrofuran 100% 60 m n gradient
elution, detector: WV 254 nn) Separately, an, area correction factor was

previ ous| Ya@blal & Sty 08 Tifl e é@gna%lefh&W Ches ML

anhydri de |er enzol c and an end s ant

(p-tert- bU&a{élpQSQQkht“%ﬁQunta%z@“ﬁ@Q&ﬁééaOQ:.!:H a 5&?:15}1 ep&‘@foﬁH&%ét atively
determ ned. [0077] Mel't viscosity (Pas): Using a capillary rheoneter

having a degréhh fﬁ (8BLan30 MBT-GER AHOUBBE , Ohnd@¥0aDehktesOs 511 d. ), a

sanple dried at for 5 hours was heated at a constant tenperature and

a melt vi Sﬁxﬂﬁlt.'l)én}g&& NEssused Fluehedr téfhRydrsBadan twatedBh (steC-4) . (5)
Spiral flow length (SFL): A spiral flow length of thickness 2 mm was

neasured sérerahydxaefixen pP1EOSHI 600mid0lydepiiart sluwbich | edpesatore of 90C
and a cylinder tenperature of 250 to 340C. This value is a neasure of

flowabilityy @254 anthhr ge Semdzataigpnsagockdd ovabréction Exantor 1lwag 0078]
An aqueous sol ution obtained by dissolving bi sphenol 38
previously obtained wusing an end modifier (benzoyl
chloride), an acid anhydride of the end modifier (benzoic
anhydride) and an end sealant (p-~tart-butylphenol) 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 Yy =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/cm?’, 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 aqueocus solution obtained by dissolving bisphenol
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A in a sodi um hydroxi de aqueous solution having hydrosulfite dissolved
therein at 35C and then cooling to 25C, and nethylene chloride cooled to 5C
were continuously supplied to a stainless steel pipe having an inner
dianeter of 6 nm followed by m xing. The mxed Iliquid was enul sified by
passi ng through a honom xer (T.K  aonmom c Line Flow LF-500 Model, a product

of Prem x a Coggor aji onjediQur eﬂ@&ﬁoﬁﬂd&”“'a%ﬁbus%p%luéﬂgﬂm S dwidde pipe
are bi sphenol A: 16.31 kg/ hr, sodium hydroxide: 5.93 kg/hr, water:” 101.1

kg/ hr, hydgpeddulifdted A NG/ tHtdi nTRIYISoe apld AN cdBlihK A -

[0079] The enulsion fornmed was flown in a Teflon (a registered trade nmake)

pi pe reactzgechavi agdan nétlgflent amehdoritie6 nsdaléda lwngt B°of 3Idexd t hrough
a pipe having an inner dianeter of 6 mMm At the same tine, |iquefied

phosgene cemiteithiomsQy veasppslisn 55l Aosthénheps seaelopipe havingg/dw to
react, thereby formng an oligoner. Flowrate of the pipe reactor is 1.7

m sec. Phosmpesre diadeters <osbt6i med bfiolléwedigby omdxivdy. caltheegsistedhavi ng a
dianeter of 55 mmand a height of 500 mmwith the following activated

car bon, antiqishivag peskrifiaddedPassimr thegughyle themomisry (R.165v=3 hr 1.

[0080] <Activated carbon> Trade nane Yashicoal S (a product of 39
Homomic Line Flow LF-500 Model, a product of Premix

Corpoxation) to prepare an emulsion. Supply amounts to the
pipe are bisphenol A: 16.31 kg/hr, sodium hydroxide: 5.93
kg/hx, water: 101.1 kg/hr, hydrosulfite: 0.018 kg/hr, and
methylene chloride: 68.0 kg/hr.

[0079]

The emulsion formed was flown in a Teflon (a
registered <+trade make) pipe reactorxr héving an innerxr
diametex 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
ocbtained 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 coocled to =-5°C
through the vessel at SV=3 hr™,

[0080]
<Activated carbon>

Trade name Yashicoal S (a product of
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Tai hei Chem cal Industrial Co., Ltd.) True density 2.1 g/m Porosity 40%
Specific surface area 1,200 n2/g Pore volune 0.86 m/g [0081l] In the pipe
reactor, tenperature elevated to 60C, but tenperature at the outlet was 35C
by external cooling. A reaction mxture was allowed to stand to separate
into an aqueous phase and an oil phase. Chloroformate concentration of an
ol i goner o i : (114 onc ration was 0.23N, and oligoner
concentrat?%%k%g: 2;‘%% 7]!3&&%;\%&%2_ g%t'éhgghé f fromthe oil phase obtained,
and charged in aphfaGdndan thank having anji giygh vol une of 200 liters

equi pped with Faudl er bl adé. 25 kg of nethylene <chloride, 5.75 kg of a 25%

sodi um chl ori de mgéaaus, sol ution, 41 kgpsgof water and 0.87 g (0.020 nold to
bi sphenol) of pyridine hydrochloride as a catal yst were added to the

reaction tank, aospkdifig eutfaicegariest une 20@sméygrred at  10C for 60 minutes
at 360 rpmin a nitrogen atnosphere to conduct pol ynerization reaction,
t her eby form ng Bdde Gidlumeded (OH end dr.@épmdggcentrati on: 60 eqg/g)
pol ycarbonate resin. [0082] 90 q (1.55 nol%to bisphenol) of benzoyl
chloride, [Q0&lh of a 25 wt % sodi um chl ori de aqueous sol ution and 218 40
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
aqueous phase and an o0il ©phase. Chlorxoformate
concentration of an oligomer obtained was 0.47N, OH end
concentration was 0.23N, and oligomer 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
chloxide, 5.75 kg of a 25% sodium chloxide aquecus solution,
41 kg of water and 0.87 g (0.020 mol% to bisphencl) of
Pyxridine hydrochloride as a catalyst were added to the
reaction tank, and the resulting mixtuxe 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/qg) polycarbonéte

resgin.

[0082]
90 g (1.55 mol% to bisphencl) of benzoyl chloride,

+ 105 g of a 25 wt% sodium chloride agueous sclution and 218
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g (0.10 nol % to bisphenol) of a 2 ww% triethyl am ne aqueous solution were
added to the reaction m xture, and reaction was continued for 1 hour under
stirring at 360 rpm Thereafter, 30 kg of nethylene chloride and 7 kg of
water were added, and the resulting m xture was stirred at room
tenperature for 20 mnutes, and allowed to stand to separate into an

aqueous ph@seo Ay syl 0@ RiGphease) o¥Ashpngteperdbtylahinddiqecds kg of a
0. 1N sodi um hydroxi de aqueous solution to the organic phase, followed by
stirring fssldtdior nedwss addedhes zhboweagtionsndndture, IEhrfdactidyy an
aqueous phase and an organi c phase was repeated three tinmes. 20 kg of 0. 1N
hydr ochl orvas acichtianedadfed td theuor gemlexr plsdderahger atl k360 vgshi ng,
followed by stirring for 15 mnutes, and the resulting m xture was all owed
to stand tThexgafitarn 3R kancfiqnethylehaschindida avdgdnikg pifasetasshi ng
operation of adding 20 kg of pure water to the organic phase, followed by
stirring fwerasaddedytandkbet Feguarting pRgxturet Ms§ tsFisaesr &te Joam an
aqueous phase and an oil phase was repeated three tines. As a result,

chl orine i BARPEAILRt TR%R e@Oed™iRutRE  aqaBBusalhnued, BRd sEaRdf F, the
washi ng operati on was stopped. Methylene chlorjde was renpved b

evapor at | oficP3%HE S hé‘“tﬁ‘rg i c3fNasEs wiRe k8 e AR aﬁﬂgénbﬁvwﬂ?gﬁﬂft ai ned

10 el SO 8 S AN SU L) A0 5218 1 MR
hydroxide acqueous 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 aftar alkali washing, followed
by stirring for 15 minutes, and the resulting mixture was
allowed to stand to separate into an aquecus 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
aqueous phase and an oil 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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shown in Table 1 and Fig. 1. Melt viscosity and spiral flow |length (SFL)
were nmeasured at 300C. Exanple 2 [0083] A polycarbonate resin of the
present invention was produced in the sane manner as in Exanple 1, except
that the anmount of pyridine hydrochl oride added was 0.72 g (0.015 nold to
bi sphenol ), the anount of benzoyl chloride added was 171 g (2.95 nold to

bi sphenol ) gRéwh 2185 Tiie SOALHA Mdr.0Xi de RENEOWS s3@lsi i OranBSsEPFal-
Properties of the polycarbonate resin obtained are shown in Table 1 and

Fig. 2. Meflowi B&idptH V(SEY) Siiredmeldsweldcagt BOOSEFL) were nmeasured at 280C.
Example 3 (0084] A polycarbonate resin of the present invention was
produced iExdfglesae manner as in Exanple 2, except that polynerization
reaction was conducted by stirring at 10C for 60 mnutes at 320 rpmto
obtain an §008IH ended polycarbonate resin, and 283 g (4.87 nold to

bi sphenol) and 343 g of a 25 wt % sodi um hydr oxi de aqueous sol ution were
added to the redectpohyraxbomate oresidusif pbhe rpriesantorinvegduiidronwas
Properties of the polycarbonate resin obtained are shown in Table 1 and
Fig. 3. Meprogduecedsiny thed sasie mannemnaschpt BXa8pPLle dor cexgeptr thiatit 250C.

Example 4 . 42
P the amount of pyridine hydrochloride added was 0.72 g

(0.015 mol% to bisphenol), the amount of benzoyl chlorida
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 viscosity 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 xesin, 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
axre shown in Table 1 and Fig. 3. Melt viscosity and spiral
flow length (SFL) were measured at 250°C.

Example 4 ' p
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[ 0085] An aqueous sol ution obtained by dissolving bisphenol Z

(1, 1- bi s(4-hydroxyphenyl)cycl ohexane, hereinafter referred to as BPZ) and
4, 4" - bi phenol (hereinafter referred to as Hp) in a sodi um hydroxi de aqueous
solution having hydrosulfite dissolved therein at 45C and then cooling to
40C, and nethyl ene chloride cooled to 5¢c were continuously supplied to a

st ai nl ess [(oods) pi pe having an inner dianeter of 6 nm followed by m xing.
The m xed liquid was enul sified by passing through a honom xer (T.K

Honom ¢ Li ne Fl aw hEuB6GsMsddhtianpobtaihedl byr elilssolGdngo bdisphenoldo prepare
an emul sion. Supply anobunts to the pipe are BPZ: 7.49 kg/hr, Hp: 0.81

kg/ hr, sod um hydr, dxbde:(4-By8¥okyphenylatyeloléank kg/ hr heredinagiefri t e:
0,018 kg/ hr, and nethylene chloride: 44.5 kg/hr. [008.6] The emul sion
formed waseflegwed toaa¥eBPEh ¢ad 4edi Shiphanak athenritelf fsipaefexsedr having
an inner dianmeter of 6 mMmand a | ength of 34 mthrough a pipe having an

i nner di arfi®t €38 oBPY A At SPHAUBahY qa@dq |W?‘é¥j sphuséene haydngd to 0C
was supplied to the pipe reactor at hr, to react, thereby formng an

ol i goner. Imdtﬁﬁsl’“&iféteofhfﬁé’lmeﬁe t?‘é&ét‘ﬂr aItS 4f ¢ Andcthepn6ogdABauted was

obt ai ned b |II| rical VEeS sel .havi ng ianeter _,of 55 mmand a
hei ght of %b% hP’ ens\i ngt 3’6{'%at "'\‘:.':ﬁ‘gon £, nd® fass®®FSphosgene

cool ed toébé%lnuously 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/hx,
and methylene chloride: 44.5 kg/hr.

[0086]

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 ¢arbon, and passing phosgene cooled to -8°C
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t hrough the vessel at SV=3 hr-I. [0087] <Activated carbon> Trade nane
Yashicoal S (a product of Taihei Chem cal Industrial Co., Ltd.) True
density 2.1 g/m Porosity 40% Specific surface area 1,200 n2/g Pore
volune 0.86 m/g [0088] In the pipe reactor, tenperature elevated to 60C,
but tenperature at the outlet was 35C by external cooling. A reaction

m xture waghshhgothd Gredstnd a0 syapamat®, i nto an  aqueous phase and an oil
phase. Chlorofornmate concentration of an oligoner obtained was 0.47N, OH
end conceppoetrj on was 0. 005N, and oligoner concentration was 19.5% 40 kg
was batched off fromthe oil phase obtained, and charged in a reaction tank
havi ng an «ReeivaeddineaxBon>200 |iters equi pped with Faudl er blade. 5.5 kg of
met hyl ene chl oride, 6.37 kg of a 25% sodi um chl oride aqueous sol ution, 30

kg of water and Bl qna@ 30 nol d to DBRA&NBmRadf [©Byrith nepaydisarchlafi de as a
catal yst were added to the reaction tank, and the resulting m xture was
stirred aTail&l fChemsocad rindastatiad2Cor.pmlitd-d nitrogen at nosphere to

conduct pol ynerization reaction, theret)2y formng all O+ ended (OH and group
concentration: Medgepsisyl ycar bonate 2.44 g/

Porosity 40%

Specific surface area 1,200 m’/g

Pora 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 reacﬁion mixture was allowed to stand to sepaxate 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 o0il phase obtained,
and charged in a reaction tank having an inner volume of
200 1liters equipped with Faudler blade. 5.5 kg of
methylene chloride, 6.37 kg of a 25% sodium chloride
agqueous solution, 30 kg of water and 8.89 g (0.30 mol% to
BPZ+Bp) of pyridine hydrochloride as a catalyst were added
to the reaction tank, and the xesulting 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 peq/g) polycarbonate
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resin. [0089] 110 g (3.07 nolt to BPZ+Bp) of benzoyl chloride, 120 g of a
25 Wt % sodi um chl ori de aqueous solution and 130 g (0.10 nolt to bi sphenol)
of a 2 w% triethylam ne aqueous solution were added to the reaction

m xture, and reaction was continued for 1 hour under stirring at 220 rpm
Thereafter, 30 kg of nethylene chloride and 7 kg of water were added, and
the resul tidgiqn xture was stirred at room tenperature for 20 m nutes, and
allowed to stand to separate into an aqueous phase and an organi ¢ phase.
Washi ng opggegdion of adding 20 kg of a O 1IN sodium hydroxide aqueous
solution to the organic phase, followed by stirring for 15 mnutes and then

allowing to standol @ EEUT aidld Nt® BPZFERICBIS HdRssy BNéh Bér Dd&gaAM 20 phase
was repeated three tines. 20 kg of 0.1N hydrochloric acid was added to the

organi ¢ phasefaht @5 adtd®l sodbahi ehlofbdé Ongdectiy sbilutisg faad WBOTIdUL es,
and the resulting m xture was allowed to stand to separate into an aqueous
phase and &h.1®rgebt ctphhdephdash) ngfoperatwon tfiathiylagmidts kgquédoysir e
water to the organic phase, followed by stirring for 15 mnutes and then
al | owi ng t ®okutieh tvesepadded tot dhen reaptdions mixtiwrencanth peackinme was
repeated three tines. As a result, chlorine ions were not detected in the
aqueous p¥ese canfdnuad effere, 1t hBowhs HadeD patdErdmaadtst 88PedEPm \et hyl ene
chl oride was renpved, by evaparation_fromthe 45

Thereafter, 30 kg of methylene chloride and 7 kg of water

wera added, and the resulting mixture was stirred at room

temperature for 20 minutes, and allowed to stand to

separate into an aqueous phase and an organiec 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 phasa 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 tc stand to separate into an aqueous phase and an

organic phase. Washing operation of adding 20 kg of pure

water to the oxganic phase, followed by stirring for 15

minutes and then allowing to stand to separate into an

aqueous phase and an oil phase was repeated three times.

As a result, chlorine ions were not detected in the aqueous

phase, and therefore, the washing operation was stopped.

v Methylene chloride was removed: by evaporation from the
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organi ¢ phase with a kneader, and a powder obtained was dried to obtain a
pol ycarbonate resin of the present invention. It was confirnmed to have the
following structure by '"R-NVR [0090] (Chem 2] o o-c o0 o0-c -&& 11 11 0
HO11 -0- 0 0.89 [0091] Properties of the polycarbonate resin obtained are
shown in Table 1 and Fig. 1. Melt vi scosity and spiral flow length (SFL)

were neas f&xﬁtc e[ Q98] a [ﬁeém@é@t' %{.@d& ABt khaﬁrf%szed

enul sion o tal ned romthe pi pe " reactof e 1 was urt I nt roduced

into a reagtid tbanlsbaayhngaarpdlry}_qrﬁsﬂaw %sﬁﬁ | bEergn@a RV th a
stirrer, and stirred at 30C in a nitrogen atnosphere. 0.0057kg/hr of

triethyl arimemich cat anest vaad GohEitged to2. 3| dHe Esnhanglg of
p-t-butyl phenol as a nol ecular weight regulator (end sealant) were

i nt r oducedstictudec byolHeMmRr i zati on tank. Sodi um salt of unreacted
bi sphenol A (BPA-Na) present in the agueous phase was conpletely consuned
by ol i gonel@@4li on, and an aqueous phase and an oil phase were separated by

allowing to stand t her eby
[Chem.

- OO Oy

| (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 xeaction
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 bisphencl) of p-t-butylphencl as a molecular
weight regulator (end sealant) were introduced into the
oligomerization tank. Sodium salt of unreacted bisphenocl A
(BPA-Na) present in the aqueous 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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46 obtaining a nethylene chloride solution of an oligoner. Chlorofornmate
concentration of the oligoner obtained was 0.29N, CH end concentrati on was
0.17N and ol i gomer concentration was 26.5% (0093] 63 kg in the nethyl ene
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 nethylene

chloride fauefididg 08 RstrAAdad t enibLid6aG1dtiochanks aRd élp%&ﬁbxof a 25

wt % NaOH aqueous solution, 20 kg of water and 6.4 kg of triethylamne were

further adsiexbrdftompite dORceREratic BEXIHHE BRSgSheE bALNIAC wdk a
ni trogen atnosphere to conduct pol ycondensation reaction for 60 m nutes,

t hereby obg 829N ng GH pokxdar kenakfatrasion @skg fimet mhdneodgenidle and 7
kg of water were added to the reaction liquid, followed by stirring for 20
m nutes. &Gincanitptiamn waesp@6d Ssand an aqueous phase and an organic phase
were separated, 20 kg of O.IN hydrochloric acid was added to the organic
phase sepafl@Q%¥, followed by stirring for 15 minutes to extract
triethylamne and a small anount of a residual alkali conponent. Stirring
was st opped, an®3 akgagiRoukheomethydenad alleridmi cqivdienweré srir at ed.
20 kg of pure water was added to the organic phase separated, followed by
stirring forigomes nHads chaxged P faFeRSHeRd, tanle BAVaRge@Ps S#AeK | on and

a1 07 GaN! ¢, PGS o P TR ot I Hb W B20507 54 f4 NLge 1)

mathylene chloride for dilution was added to the reaction
tank, and 4.0 kg of a 25 wt% NaOE 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 t¢ 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
phase 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 amount
of a residual alkali component. Stirring was stopped, and
an aqueous solution and an organic phase wexe 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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47 until chlorine ions were not detected in extraction discharged water.

[ 0094] Met hyl ene chloride was renoved by evaporation from the purified

pol ycarbonate resin solution obtained with a kneader, and a powder obtai ned
was dried to obtain a polycarbonate resin. Properties of the polycarbonate
resin obtained are shown in Table 1 and Fig. 1. Melt viscosity and spiral

1 ow | englhh 3L LntBLenleatuned ahad00for OdlhethOMa Alteabtagp © 21 A

pol ycar bonate resi n was uced 1 n the sane nmanner

Exanpl e 1,4i9%h8R kh@gtgpe feed anount of p-t- butylphenol as a nDIecuIar
wei ght reg& atorbaas changed to 0.42 kg/hr (3.92 nold to bisphenol), and
its proper are shown in Table 1 and Fig. 2. Melt viscosity and spiral
flow | engt (S L) were neasured at 280C. [0096] [Conparative Exanple 3] A

pol ycar bonat e rﬁéhﬂﬂl‘@ﬁe Plcddeetdel Nwdd1ereabPeBHIEl avaBor At LONP Frdhl Ve
Exanpl e 1, except that the feed anount of p-t-butylphenol as a mol ecul ar

wei ght regmeatl-_a{:m&d:Wrﬁ&x&&&&ﬂmrséﬁuﬁﬁﬂmbﬂtiﬂn&lSﬁheﬁoh) and

its properties are shown In Table 1 and Fig. 2. Melt viscosity and spiral

fl ow | engtkneadelr), vwené neapowderatcBbAined was dried to obtain a
polycarbonate resin.

Properties of the polycarbonate resin obtained are
shown in Table 1 and Fig. 1. Melt viscosity 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-butylphenocl 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 amount of
p-t-butylphenol as a molecular weight regulatorxr was changed
to 0.65 kg/hr (6.05 mol% to bisphenol), and its proparties
are shown in Table 1 and Fig. 2. Melt viscosity and spiral

flow‘length (SFL) were measured at 250°C. '
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48 [0097] [Conparative Exanple 4] Polynerization reaction was conducted
according to Exanple 1 described in Japanese Patent 3720687. Specifically,
in introducing a substituent into an all and OR type PC, polynerization
reacti on was conducted by adding an end nodifier and sodi um hydroxide in an
equi val ent anount of the end nodifier, w thout adding a catalyst

(triethyl apagwed; Properties of a polycarbonate resin obtained are shown in
Table 1. Spiral flow length (SFL) was neasured at 280C. [0098]

[ Conpar at i peoupEdadifreb [ExAmplld aqneri zed enul si on obtai ned from the pipe
reactor of Exanple 4 was further introduced into a reaction tank having an

i nner vol une of Falyiverdzatddn ppedctidd wasstiestdicteddascbrdetdgatts80C in a
nitrogen atnosphere. 0.13 kg/hr (3.51 nol %to bisphenol) of p-t-butyl phenol
as a nol eExdmplevd gldsamidnddation JapateseaPatehtwa320687oduced into the

ol i goneri zation tank. Sodium salt of unreacted bisphenol A (BPA-Na) present
in the aqueous [FSpesefiveallyonpimt dngrodnsingd sysuebsfbteentatinde, amd an
aqueous phase and an oil phase were separated by allowi ng to stand,

t her eby obakd nend QHAYPE &G @elumerizafiign oreagtian wAs goemducted

Chl orof ormat e concentration_of the oligoner .obtained was 0.45N, OR end
concent r ath®n ageding 08PN ¥Rd 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 maeasured 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 bisphenol) of p-t-butylphenol as a
molecular weight rxequlator (end sealant) was intreduced
into the oligomerization tank. Sodium salt of unreacted
bisphenol 2A (BPA-Na) present in the aqueous phase was
completely consumed by oligomerization, and an aqueous
phase and an oil phase were separated by allowing to stand,
thereby obtaining a methylene chloride solution of an
oligomer. Chloroformate concentration of the oligomer

«cbtained was 0.45N, OH end concentration was 0.002N and
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49 ol i goner concentration was 19.6% [0099] 40 kg in the nethyl ene chloride
solution of the oligonmer was introduced into a reaction tank having an

i nner volume of 200 liters equi pped with Faudler blade. 5.5 kg of nethylene
chloride for dilution was added to the reaction tank, and 6.4 kg of a 25

wt % NaOH aqueous solution, 30 kg of water and 1.8 kg of triethylamne were

further agggg Q@régﬁben Lyl 'éuigﬁeﬁpure was stirred at 30C in a
p

nitrogen atno ere to conduct polycondensation reaction for 60 mnutes,
t her eby oqubggpg a polycarbonate resin. 30 kg of nmethylene chloride and 7
kg of water were added to the reaction liquid, followed by stirring for 20

mnutes. Stirringy Wag SifAPPese ANy lcd@UegHBoPlASe sHMitBibn Ob&aNtke Phase
were separated. 20 kg of O 1IN hydrochloric acid was added to the organic

phase sepapaigémef OWadeinbyodstedl iidGof 04 keaddtidheStank CHav3Gy an
triethylamne and a snmall anmount of a residual alkali conponent. Stirring
was st oppefineandrednmaqueHul000/litters aaquippad gaiith [Fasdleserbladepar at ed.
20 kg of pure water was added to the organic phase separated, followed by
stirring f8&r5lkgnpiumethyl&her chhgride foopgielitiom was agddedstsothéei on and
an organi c phase were separated. This operation was repeated (three tines)
until chl oreactionstank e and Glet &g ef ian 2SemtiaNalin adhusohar geduriowy .

0100
[ ] 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 minutas, 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 phasa and an
organic phase were separated. 20 kg of 0.1N hydrochloric
acid was added to the organic phase separated, folloﬁed by
stirring for 15 minutes to extract triethylamine and a
small amount of a residual alkali component.. Stirring was
stopped, and an aqueocus selution and an organic phase were
saeparated. 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 detacted in
extraction discharged water,

' [0100] ‘ '
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so Met hyl ene chl oride was renoved by evaporation from the purified
pol ycarbonate resin solution obtained with a kneader, and a powder obtai ned
was dried to obtain a polycarbonate resin. It was confirned to be the
followng structure by 1HHNVR [01011 [Chem 3] -0-a 11 11 o0-0- 0 0.11 0
0.89 4 [0102] Properties of the polycarbonate resin obtained are shown in
Table 1 and Fi gMekhylYolne VERLOSidy @l SkincVed fbowd fatiShl) £2&H €
measured at 340C. [0103] 51 OOWNO WN If1 .1"N1 11 NN1p1l1l.1 W
Q O Nl Q VHe lphrifdodl polybhEhbbndtdl Meéill NMollulich .o¥ainedVuitm &l N {1
Op NN ONWQNLti O I N 11 PI NI r O NNCHDbW

kneader, and a powder obtained was dried to obtain a

polycarbonate resin. It was confirmed to be the following

structure by lH-NMR.

{0101)]

[Chem. 3]

Lo Do OO
O /o1 ‘ O /ose

[0102]

Properties of the polycarbonate resin ocbtained 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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000O0O0O0O0 awhille ¥h& Lintreh@iénOh4k Yedh YelczibeM Anp datdid Grid C m C -.
gC i1lbOW-_.A000777ATi I NC.1.-1 A.0OSJ1IN.~y O0gp 0079
\pp 0 N AwiAhn referendes to Bpecifid embdpdimenils ahereefyFatlwidimbe C 0.0 O
00OOA..NN 8C WOOWOLWOWwWY GLOYONO+1I NOC 4CO0+C
g0g O Cl exfparent tE>eneNskiDledoiM #he/ &xf vHIt Varidushidlarndes iandenti on
has been described in detail and

modifications can be made therein without departing from
the spirit and scope therxeof.

This application is based on Japanese Patent
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 useful to various applications including

injection molding of thin and high-precise products.
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with reference to specific enbodinents thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be nade
therein without departing from the spirit and scope thereof. This
application is based on Japanese Patent Application (Patent Application No.
2006- 116905) filed April 20, 2006 and Japanese Patent Application (Patent
Application No. 2007-092112) filed 0, 2007, the entire contents

t her eof being hereby incorporated by reterence. Industrial Applicability

[0109) Therppl yearhonalatasive Hedite RMeMtdr1%eRl 1) 4hatd a PRAMEAr bonat e
resin having an extrénely narrow nol ecul ar weight distribution, good

f1 owabi | it yp¥iEfed™y idiGidRYy AFerencar b&cﬁéaﬁeaeiagsegéhﬁi@mdé ty when
nmelting that does not depend on shear rate, and is therefore extrenely

industrial flyqguref W &9 HamieQws vEHddERly E5si nchddirad aith] ddxoned®d di ng of
thin and hi gh-precise products. 53 CLAIM5 (1) A polycarbonate resin,

characterig£dsip2t bat™a amd ue lebheierdibyvdiluedileg dvhiiar @fcea hedieen a
|l ogarithm c value |log MV9.12 of a nelt viscosity Pas neasured at shear rate
of 9.12 seviicesity Pagamebkuiredvatusheay kelte24fofl824mmec™ viwldsidy Pas
nmeasured at shear rate of 1824 sec"', with a capillary rheoneter having a
di e di anet eapbildrymrhegneter having a die diameter of 1 mm¢ and an
effective length of 30 mmL, by a viscosity average
molecular weight Mv calculatad by the following equations:
viscosity difference/molecular weight ratio, (log MVy i» -~
log MVigae) /Mv, is 2.0x10° or less,
Nep/ C=[N1% (1+0.281,p)
(n1=1.23x10 xMv°- 22
in the above equations, TN, is a specific viscosity
measured at 20°C with respect to a methylene chloride
solution of a polycarbonate rxesin, C is a polycarbonate
resin concentration of the methylene chloride solutiocn, and
c=0.6 g/dl.
(2] The polycarbonate resin as claimed in e¢laim 1,
characterized in that the viscosity difference/molecular
weight ratio, (log MVs.i1» — log MVigas) /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 MVigae) /Mv is 1.0x107° or less.

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

' polycarbonate resin obtained by reacting a carbonate raw
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effective length of 30 mmL, by a viscosity average nolecular weight My

cal cul ated by the followi ng equations: viscosity difference/ nol ecul ar

wei ght ratio, (log M9,12 - log MWte24) /M, is 2.0x10-5 or less, nep/Ce[ii]
x (I+0 .28lap) ['qg] =1.23xlI0-4xMWa.e3 in the above equations, Tl,pis a
specific viscosity measured at 20C with respect to a nethylene chloride

sol uti on Ofia fePPdl CRHA0RALSE HRBIdky Cobmpsum®) YSAAbQRAl St HBidu CROEENt rati on
of the methyl ene chloride solution, an C=0.6 g/dl. [2) The pol ycarbonate

resin as ctréneshiswirldiraquireseitactiorikzed)i,n that the viscosity

di fference/ nol ecular weight ratio, (log M9, 12 - |log W1824)/ M/ is 1.6x10-5
or less. [3] Thy prtyhasb@+aios reseup i 6x CRa-0eQ0HN galotip) vhexdiar ekt eri zed
in that the viscosity difference/ nol ecular weight ratio, (log M9, 12 - |og
W1924) / Mrand R’ Oxd4k shvwsd eas .ordat]icA group;antonameleealar ehdy; aateri zed in
that it is a polycarbonate resin obtained by reacting a carbonate raw 54
mat eri al a®H ends hyckupy oo dhan S0id ofs thet whbledendt groupe, f ol | owi ng
requirenents 1) to 4), 1) It has RCO group or R-0OCO group, wherein R
and R each shov® &Fhergpmiaf gheuresidualngmeuntsr ofnan end modiRfdans occupy
| ess than 50% of the_whol e and groups, 2) The sum of the residual anounts of
an end nodpdedn 3Gid Arhrdwidm i rthe and medifigrnddi PePPRsOTOLPH or

| ess, .
3) A ratio of a weight average molecular weight Mw to

a number average molecular weight Mn, in terms of a
polystyreane 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 £rom the number of
molecular ends: Mv/Mn’ is 1.40 or less,

Nsp/C=INIXx (1+0.2814p)

[n]1=1.23x10"*xMv®: 3
in the above equations, T, is a specific viscosity
measured at 20°C with zrespact 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.
[5] The polycarbonate raesin 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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3) Aratio of a weight average nol ecul ar weight Mv to a nunber average

nol ecul ar weight Mh, in terns of a polystyrene neasured by gel perneation
chromat ography: MV M1 is 1.45 or less, and 4) Aratio of a viscosity
average nol ecul ar weight My calculated by the follow ng equation to a
nunber average nolecul ar weight M cal cul ated fromthe nunber of

ol ecul ar gndgg 4/ M' is 1.40 or less, 11,p/C= [ill x (1+0.287)p)

(T1] =1. 23x10-4xM/.e3 in the above equations, Trap is a specific viscosity

measured at 20C1y therrSRe®-Coo GgrRigVéeNR’ cOLoo-dgro%g, Uwiirlin &

pol ycarbonate resin, Cis a polycarbonate resin concentration of the

met hyl ene &id B/ deaciplsHdwan amrEgani@ grobgl,. akSh mbEepalygash@paimdresin as
claimed in claiml1, characterized in that it is a polycarbonate resin
obtai ned Oy eredxtocupnpy dadsorthian SOW ot eheawvhabd andi §ydupxy conpound,
and is satisfied with the followng requirenents 55 1) to 4) , 1) It has
R-CO group or R)- @heOsugy ¢ofp thehgesiiduRl amduRktseafhashend meddfiemi c
group, at a molecular end, and OH ends occupy |ess than 50% of the whole
and gr oupsan®)amacis andtydiide off dbhe eadomedifoprahscl@ ppui érelesaind an
aci d anhydride of the and nodifier is 20 ppmor less, 3) Aratio of a
wei ght aver age rﬁﬂ &maé:rlq/\éﬁfgﬁt w% average molecular WElght 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 Ey 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=IN1%(1+0.2817,p)

[n1=1.23x10 v 2
in the above equations, TMNg, 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
Cc=0.6 g/dl.
[6] The polycarbonate 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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a nunber average nol ecul ar weight WMh, in terns of a polystyrene neasured by
gel perneation chromatography: MV Mh is 1.45 or less, and 4) Aratio of a
vi scosity average nol ecul ar weight My calculated by the foll ow ng equation
to a nunber average nolecular weight Mt calculated fromthe nunber of

nol ecul ar ends: M/ V' is 1.40 or less, 'llap/C= En] x (1+0.28715p)

[ 71] =1. 23xdtvpyMiesd3 thian Bb& afO¥ReeqHaléOdfd depups. a specific viscosity
measured at 20C with respect to a nmethylene chloride solution of a

pol ycar bonggle r @hien pdlycarbopaltyc adzdmites cPsimed ol e8lafhi an caf 4 he

met hyl ene chl oride solution, and C=0.6 g/dl. [6] The polycarbonate resin as
cl ai ned | erhdmahekizmedS, inch&hatt etheedviacbhity Mdwétages ImSearldress, and
OH groups occupy |ess than 40% of the whole end groups. [7] The

pol ycar borwgiaghte v izs £giomi 8eQ0Pntel 3PAy B800.characterized in that M/ M is
1.20 or less, and OH groups 56 occupy |less than 30% of the whole end
groups. [8] The polycarbonate resin as clainmed in claim1l or 4,
characterized in that the viscosity average nolecular weight My is from
8,000 to 100, 000. 57
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