SPECIFICATION

POLYCARBONATE-POLYORGANOSILOXANE COPOLYMER AND GIE'HOR

CONTINUOUSLY PRODUCING SAME

TECHNICAL FIELD
[0001]

The present invention relates to a polycarbonate-
polyorganosiloxanecopolymerandamethodofcontin
the copolymer, and more specifically, to amethod o
producing a polycarbonate-polyorganosiloxane copoly

interfacial polymerization method.

BACKGROUND ART
[0002]

A polycarbonate-based resin is a polymer excellent
transparency,heatresistance,andimpactresistanc
usedatpresentasanengineeringplasticinthein

As a method of producing the polycarbonate-based r
method involving allowing an aromatic dihydroxy com
bisphenol A, and phosgene to react directly with ea
(interfacialpolymerizationrmethod)isknownasam
a high-quality polycarbonate.

As a method of industrially producing a polycarbon
interfacial polymerization method, there is adopted
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bisphenol to form a polycarbonate oligomer having a
chloroformate group, andfurtherallowingacondens
(polymerization reaction) of the polycarbonate olig
bisphenol to proceed in the presence of a polymeriz
such as a tertiary amine, and an alkali aqueous sol
simultaneously with or successively after the forma
polycarbonate oligomer. From the viewpoints of sol
handling properties, and the like, methylene chlori
used as awater-insoluble organic solventonanind
Themethylenechlorideusedinthereactionstepi
recoveredandthenreusedforthereactionstep(se
1). In addition, waste water after the polymerizat
waste water formed after a washing step, and waste
afteragranulationstepcontainaninorganicmater
chlorideandanorganicmaterialsuchasaphenola
In order to remove such organic material from the a
and clean the waste water, the organic material is
removedfromthewastewaterbyusinganorganicso

the same water-insoluble organic solvent as that us

polycarbonate production step, such as methylene ch

water-insolubleorganicsolventcontainingtheextr
phenol and polymer is reused for the polymerization
(see Patent Document 2).
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producing the polycarbonate-based resin, carbon tet
(CCl 4) is produced as a by-product and carbon tetrachlor
graduallyaccumulatednareactorbycyclicuseof
Accordingly, a concentration of carbon tetrachlorid
polycarbonate-based resin to be produced increases.
concentration of carbon tetrachloride in the polyca
resin is preferably suppressed to a low level becau
tetrachloride is responsible for deterioration in ¢
the polycarbonate-basedresinandcorrosionofadi
of suppressing the concentration of carbon tetrachl
polycarbonate-based resin to a low level, there has
method involving producing phosgene with a catalyst
withamaterialsubstantiallyinerttocarbonmonox
to reduce an amount of carbon tetrachloride to be p
by-product at the time of the production of phosgen
Document3),oramethodinvolvingpurifyingcircul
chloride by distillation in the production of the
polycarbonate-based resin (see Patent Document 4).
Itshouldbenotedthat,amongthepolycarbonate-b
apolycarbonate-polyorganosiloxanepolymer(hereina
referredto as "PC-POS") has been attracting attent
itshighimpactresistance,highchemicalresistanc
retardancy, and the polymer has been expected tofi
in a wide variety of fields such as the field of el

electronic equipment and the field of an automobile
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ofproducingthePC-POS,thereisknownamethodin

a dihydric phenol-based compound and phosgene to re
other to produce a polycarbonate oligomer, and poly
polycarbonate oligomer with a polyorganosiloxane in

of methylene chloride, an alkaline compound agueous
dihydricphenol-basedcompound,andapolymerizatio

Patent Document 5).
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005]

The method described in Patent Document 3 and the
described in Patent Document 4 are each preferably
production of the PC-POS as well. However, studies
inventorsofthe presentinventionhavefoundthef

the distillation of methylene chloride is performed
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atthebottomportionofadistillationcolumncaus
failureowingtothefoamingofmethylenechloride,
drivingofthedistillationcolumncannotbeperfor
Inaddition,evenwhenaflashdrumisused,thedi

of a circulating pump at the bottom portion of the

be destabilized. As a result, unlike the productio
polycarbonate-based resin, the concentration of car
tetrachloride tends to increase and hence it is dif
continuously produce a PC-POS having a carbon tetra
concentration oflessthan4 ppmbymassinanindu
manner.

Inview ofthe foregoing, an objectofthe present
istoprovideapolycarbonate-polyorganosiloxaneco
having a carbon tetrachloride concentration of less
mass and a method of continuously producing the PC-

industrially stable manner.

SOLUTION TO PROBLEM
[0006]

The inventors of the present invention have made e
studies, and as a result, have found that when the
ofaPC-POSincludedinacolumnbottomliquidatt
of a distillation column exceeds a predetermined va
distillation of methylene chloride for reuse, the f

methylene chloride occurs to cause the problem.
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Inview ofthe foregoing, the inventors have found
theconcentrationofthePC-POSincludedinthecol
is controlled to a value equal to or less than the
value by, for example, taking the column bottom liq
bottom portion of the column at the time of the dis
foaming of methylene chloride is suppressed and its
purificationcanbeefficientlyperformed,andoye
having a carbon tetrachloride concentration of less
masscanbecontinuouslyproducedinanindustriall
[0007]

Thatis,thepresentinventionrelatestothefoll
[1] to [9].

[1] A polycarbonate-polyorganosiloxane copolymer,
carbon tetrachloride concentration of less than 4 p

[2]Thepolycarbonate-polyorganosiloxanecopolymer
to the item [1], in which the copolymer has a visco
molecular weight of 10,000 to 30,000.

[3] A method of continuously producing the
polycarbonate-polyorganosiloxane copolymer accordin
[1] or [2],

the method comprising the steps of:

(A) continuously or intermittently taking a polyme
reactionliquid,whichisobtainedbypolymerizing
compound represented by the following general formu

carbonate precursor, and a polyorganosiloxane repre

thatwhen
umnbottomliquid
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xtensionaPC-POS
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followinggeneralformula(2)inthepresenceofan
agueous solution and a water-insoluble organic solv
reactor;

(B) separating the polymerizationreactionliquid
inthestep(A)intoanaqueousphaseandawater-i
solvent phase;

(C) washing the water-insoluble organic solvent ph
separated in the step (B), followed by separationt
aqueous phase and a water-insoluble organic solvent

(D) concentratingthewater-insoluble organicsolv
separated in the step (C); and

(E) recovering part or all of the water-insoluble
solvent removed by evaporation in the step (D), fol
distillation purification thereof in a distillation

thewater-insolubleorganicsolventobtainedinth
beingreusedasatleastpartofthewater-insolubl
in the step (A) or as an extraction solvent for the
separated in the step (B), or as both thereof,

inthestep(E) thedistillationpurificationbei
while a concentration of the polycarbonate-polyorga
copolymer in a column bottom liquid of the distilla
controlled to 6% by mass or less.
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(F|<‘)a (F|<2)b
[0009]
In the formula, R Land R 2 each independently represent a halogen

atom,analkylgrouphaving 1to 6 carbonatoms, or

havinglto6carbonatoms, Xrepresentsasingleb

analkoxygroup

ond,analkylene

group having 1 to 8 carbon atoms, an alkylidene gro up having 2 to
8 carbonatoms, acycloalkylene grouphaving5to 1 5carbonatoms,
a cycloalkylidene group having 5 to 15 carbon atoms , -S-, -SO-,
-S0O;-, -O-, or -CO-, and a and b each independently rep resent an
integer of O to 4.
[0010]

R® R’
Z—(O)—Y %i—O :Si—Y—(O)m—Z 2)

R* /| R
[0011]

Intheformula,R %oR %eachindependentlyrepresentahydrogen

atom, a halogen atom, an alkyl group having 1 to 6
analkoxygrouphaving 1to6 carbonatoms,orana

6 to 12 carbon atoms, Y represents a single bond, o
residue including an aliphatic or aromatic moiety,

an average repetition number, Z represents a haloge

carbon atoms,
rylgroup having

r an organic

n represents

natom,-R  ‘OH,

-R’-Z'-R 8-OH, -R "COOH, -R 'NH, -COOH, or —-SH, the R " represents a

substituted or unsubstituted alkylene group, a subs

tituted or



unsubstitutedcycloalkylenegroup orasubstituted
arylene group, the R
ring-formingcarbonatoms theZrepresentsanalk
1to8carbonatoms,analkylidenegrouphaving2t
acycloalkylenegrouphavingatal Occarbonatoms,

group having 5 to 10 carbon atoms, and m represents

[4] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
[3], in which in the step (E), the concentration of
polycarbonate-polyorganosiloxane copolymer in the ¢
liquid is controlled to fall within the range by ta
part of the column bottom liquid out of a column bo
of the distillation column.

[5] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
[3] or [4], in which in the step (E), the concentra
polycarbonate-polyorganosiloxane copolymer in the ¢
liquid of the distillation column is controlled to
less.

[6] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
of the items [3] to [5], in which a concentration o
tetrachloride inthe water-insoluble organic solven
asatleastpartofthewater-insolubleorganicsol

(A) or as the extraction solvent for the aqueous ph
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in the step (B), or as both thereof is controlled t
ppm by mass.

[7] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
of the items [3] to [6], in which in the step (E),
temperature of the distillation column is set to 35
a column bottom temperature thereof is set to 45 to

[8] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
of the items [3] to [7], in which in the step (E),
allofthewater-insolubleorganicsolventisrecov
by distillation in the distillation column, the wat
organicsolventispassedthroughaflashdrumand
of the polycarbonate-polyorganosiloxane copolymer i
in the flash drum is controlled to 6% by mass or le

[9] The method of continuously producing a
polycarbonate-polyorganosiloxane copolymer accordin
oftheitems[3]to[8],inwhichthestep(A)incl
step (a-1) and the following step (a-2):

step(a-1):allowingthedihydricphenolcompound
by the general formula (1) and the carbonate precur
with each other in the presence of the alkaline com
solution and the water-insoluble organic solvent to
polycarbonate oligomer having arepeating unitrepr

following general formula (I); and

olessthan 20
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to 70°C and

80°C.

g to any one
before part or
eredandpurified
er-insoluble
theconcentration
nthe solvent

SS.

g to any one

udesthefollowing

represented
sor to react
pound aqueous
produce a

esented bythe



11

step (a-2): continuously or intermittently taking
polymerizationreactionliquid, whichis obtained b
the dihydric phenolcompound, the polycarbonate oli

in the step (a-1), and the polyorganosiloxane repre

the
y polymerizing
gomerobtained

sented by the

generalformula(2)inthepresenceofthealkaline compoundaqueous
solutionandthewater-insolubleorganicsolvent,o utofthereactor:
[0012]
(R‘)a (F|<2>b
o 1)

(In the formula, R 1 R 2, X, aand b are each defined in the same
manner as in the foregoing.)
ADVANTAGEOUS EFFECTS OF INVENTION
[0013]

According to one embodiment of the present inventi on, even

intheproductionofapolycarbonate-polyorganosilo

the foaming of methylene chloride in a distillation
suppressed and its distillation purification can be
performed, and by extension, a polycarbonate-polyor
copolymerhavingacarbontetrachlorideconcentrati
4ppmbymasscanbecontinuouslyproducedinanin

manner.

xanecopolymer,
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efficiently
ganosiloxane

onoflessthan

dustriallystable



12

BRIEF DESCRIPTION OF DRAWINGS
[0014]
FIG. 1 is a schematic view of an apparatus for pro

polycarbonate-polyorganosiloxane copolymer used in

DESCRIPTION OF EMBODIMENTS
[0015]

Inthedescription,apreferreddefinitioncanbe
adopted, and a combination of preferred definitions
to be more preferred.

According to one embodiment of the presentinventi
is provided a polycarbonate-polyorganosiloxane copo
a carbon tetrachloride concentration of less than 4
andsuchpolycarbonate-polyorganosiloxanecopolymer
by the following production method.

Inthis case, the carbon tetrachloride concentrati
polycarbonate-polyorganosiloxane copolymer of the p
invention is preferably 3 ppm by mass or less, more
ppm by mass or less, still more preferably 1 ppm by
The polycarbonate-polyorganosiloxane copolymer of t
invention may contain carbon tetrachloride as long
concentration falls within the range.

Thatis,thereisprovidedamethodofcontinuousl
the polycarbonate-polyorganosiloxane copolymer havi

tetrachloride concentration of less than 4 ppm by m

ducing a
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the method comprising the steps of:

(A) continuously or intermittently taking a polyme
reactionliquid,whichisobtainedbypolymerizing
compound represented by the following general formu
carbonate precursor, and a polyorganosiloxane repre
followinggeneralformula(2)inthepresenceofan
agueous solution and a water-insoluble organic solv
reactor;

(B) separatingthe polymerizationreactionliquid
inthestep(A)intoanagqueousphaseandawater-i
solvent phase;

(C) washing the water-insoluble organic solvent ph
separated in the step (B), followed by separationt
aqueous phase and a water-insoluble organic solvent

(D) concentratingthe water-insoluble organicsolv
separated in the step (C); and

(E) recovering part or all of the water-insoluble
solvent removed by evaporation in the step (D), fol
distillation purification thereof in a distillation

thewater-insolubleorganicsolventobtainedinth
beingreusedasatleastpartofthewater-insolubl
in the step (A) or as an extraction solvent for the
separated in the step (B), or as both thereof,

inthestep(E) thedistillationpurificationbei

while a concentration of the polycarbonate-polyorga
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copolymer in a column bottom liquid of the distilla
controlled to 6% by mass or less.

[0016]

(RY, (R?),

HOOX@OH

tion columnis

(1)

[In the formula, R land R 2eachindependently represent a halogen

atom,analkylgrouphaving 1to 6 carbonatoms, or

havinglto6carbonatoms, Xrepresentsasingleb

analkoxygroup

ond,analkylene

group having 1 to 8 carbon atoms, an alkylidene gro up having 2to
8 carbonatoms, acycloalkylene group having5to 1 5carbonatoms,
a cycloalkylidene group having 5 to 15 carbon atoms , -S-, -SO-,
-S0O;-, -O-, or -CO-, and a and b each independently rep resent an
integer of O to 4.]
[0017]

R® R’
Z—(0)m—Y s::i—o :Si—Y—(o)m—z 2

R* R°

n

[In the formula, R 3toR °each independently represent a hydrogen

atom, a halogen atom, an alkyl group having 1 to 6
analkoxygrouphaving 1to6 carbonatoms,orana

6 to 12 carbon atoms, Y represents a single bond, o
residue including an aliphatic or aromatic moiety,

an average repetition number, Z represents a haloge

carbon atoms,
rylgroup having

r an organic

n represents

natom,-R  ‘OH,

-R’-Z-R 8-OH, -R 'COOH, -R 'NH, -COOH, or —-SH, the R " represents a
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substituted or unsubstituted alkylene group, a subs tituted or
unsubstitutedcycloalkylenegroup orasubstituted orunsubstituted
arylene group, the R 8 represents an arylene group having 6 to 12
ring-formingcarbonatoms theZrepresentsanalk ylenegrouphaving
1to8carbonatoms,analkylidenegrouphaving 2t o8carbonatoms,
acycloalkylenegrouphavingatol Ocarboratoms, orcycloalkylidene
group having 5 to 10 carbon atoms, and m represents Oor1l]
[0018]

Examples of the halogen atom that R Land R ?inthe general
formula (1) eachindependently representinclude a fluorine atom,

a chlorine atom, a bromine atom, and an iodine atom

ExamplesofthealkylgroupthatR landR 2Zeachindependently
representincludeamethylgroup,anethylgroup,a n-propylgroup,
an isopropyl group, various butyl groups ("various" means that a
lineargroupandanybranchedgroupareincluded,a ndthesameholds
true for the following), various pentyl groups, and various hexyl
groups. An example of the alkoxy group that R land R 2 each
independentlyrepresentisanalkoxygroupwhoseal kylgroupmoiety

is the alkyl group described above.

ThealkylenegrouprepresentedbyXis forexampl eamethylene
group, an ethylene group, a trimethylene group, a t etramethylene
group,orahexamethylenegroup,andispreferably analkylenegroup
having 1 to 5 carbon atoms. Examples of the alkyli dene group
representedby Xincludeanethylidenegroupandan isopropylidene

group. The cycloalkylene group represented by X is ,forexample,
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a cyclopentanediyl group, a cyclohexanediyl group, ora
cyclooctanediyl group, and is preferably a cycloalk ylene group
having5tol0carbonatoms. Thecycloalkylideneg rouprepresented

by X is, for example, a cyclohexylidene group, a

3,5,5-trimethylcyclohexylidenegroup,ora2-adaman tylidenegroup,
and is preferably a cycloalkylidene group having 5 to 10 carbon
atoms, morepreferablyacycloalkylidenegrouphavi ng5to8carbon
atoms.

a and b each independently represent an integer of Oto 4,

preferably O to 2, more preferably O or 1.
[0019]

ExamplesofthehalogenatomthatR %oR Sinthegeneralformula
(2)eachindependentlyrepresentincludeafluorine atom,achlorine
atom, a bromine atom, and an iodine atom. Examples of the alkyl
group or alkoxy group that R 3to R °each independently represent
includethesameexamplesasthoseinthecasesof RlandR 2. Examples
ofthearylgroupthatR 3toR °eachindependentlyrepresentinclude

a phenyl group and a naphthyl group.

Theorganiaesiduecontaininganaliphatiamoiety represented
byYis,forexample,analkylenegrouphaving 1to 10carbonatoms
(preferablylto6carbonatoms,morepreferablyl to3carbonatoms).
Inaddition,examplesoftheorganicresiduecontai ninganaromatic
moiety represented by Y include arylene groups each having 6 to
12ring-formingcarbonatomssuchasaphenylenegr oup,anaphthylene

group, and a biphenyldiyl group.
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[0020]

Examplesofthe halogenatomrepresentedbyZint he general
formula (2) include a fluorine atom, a chlorine ato m, a bromine
atom,andaniodineatom. Amongthem,achlorinea tomispreferred.

Examples of the alkylene group represented by R "in-R  "OH,

-R’-Z-R 8-OH,-R 'COOH, and -R ’NH each represented by Z include

alkylenegroupseachhaving1to10(preferably1t o5)carbonatoms
such as a methylene group, an ethylene group, a pro pylene group,
a trimethylene group, and a pentamethylene group. In addition,
examples of the cycloalkylene group represented by theR 7include
cycloalkylene groups each having 3 to 10 (preferabl y 4 to 8)
ring-forming carbon atoms such as a cyclopentylene group and a
cyclohexylenegroup. Examplesofthearylenegroup representedby
theR ‘includearylenegroupseachhaving6tol2ring-fo rmingcarbon
atoms such as a phenylene group, a naphthylene grou p, and a

biphenyldiyl group.

The R " may be substituted with an alkyl group having 1 to 5
carbon atoms, an alkoxy group having 1to 5 carbon atoms, an aryl
grouphavingétol 2ring-formingcarbonatoms,or thelike. Examples
ofthealkylgroupincludeamethylgroup,anethyl group,apropyl
group, and various butyl groups. An example of the alkoxy group
is an alkoxy group whose alkyl group moiety is the alkyl group
described above. An example of the aryl groupis a phenyl group.

Examples of the arylene group represented by R 8include a

phenylene group, a methoxy-substituted phenylene gr oup, a
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naphthylene group, and a biphenylylene group.

Examples of the alkylene group, alkylidene group,
cycloalkylene group, or cycloalkylidene group repre
includethesameexamplesasthoseinthecaseof X
preferably an alkylidene group having 2 to 8 carbon
preferably an isopropylidene group.

In addition, the average repetition number n is pr
2510120, more preferably30to100. Further,the
30 to 60 in the case of a short-chain polyorganosil
preferably70to100inthecaseofalong-chainpo
[0021]

Examples of the dihydric phenol compound represent
general formula (1) include: bis(hydroxyaryl)alkane
2,2-bis(4-hydroxyphenyl)propane [trivial name: bisp
bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydroxypheny
2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyph
bis(4-hydroxyphenyl)phenylmethane, bis(4-hydroxyphe
diphenylmethane, 2,2-bis(4-hydroxy-3-methylphenyl)p
bis(4-hydroxyphenyl)naphthylmethane, 1,1-bis(4-hydr
butylphenyl)propane, 2,2-bis(4-hydroxy-3-bromopheny
2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane,
2,2-bis(4-hydroxy-3-chlorophenyl)propane, 2,2-bis(4
3,5-dichlorophenyl)propane, and 2,2-bis(4-hydroxy-3
dibromophenyl)propane; bis(hydroxyaryl)cycloalkanes

1,1-bis(4-hydroxyphenyl)cyclopentane, 1,1-bis(4-

sented by Z'
. Z'represents

atoms, more

eferably
nispreferably
oxane or is

lyorganosiloxane.

edbythe
s such as
henol A],
lethane,
enyl)octane,
nyl)
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oxy-t-

lpropane,

-hydroxy-
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such as
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hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)
trimethylcyclohexane, 2,2-bis(4-hydroxyphenyl)norbo
1,1-bis(4-hydroxyphenyl)cyclododecane;dihydroxyary
as 4,4'-dihydroxydiphenyl ether and 4,4'-dihydroxy-
dimethylphenyl ether; dihydroxydiaryl sulfides such
4,4'-dihydroxydiphenyl sulfide and 4,4'-dihydroxy-3
dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxide
4,4'-dihydroxydiphenyl sulfoxide and 4,4'-dihydroxy
dimethyldiphenyl sulfoxide; dihydroxydiaryl sulfone
4,4'-dihydroxydiphenyl sulfone and 4,4'-dihydroxy-3
dimethyldiphenyl sulfone; dihydroxydiphenyls such a
4,4'-dihydroxydiphenyl; dihydroxydiarylfluorenes su
9,9-bis(4-hydroxyphenyl)fluorene and 9,9-bis(4-hydr
methylphenyl)fluorene; dihydroxydiaryladamantanes s
1,3-bis(4-hydroxyphenyl)adamantane, 2,2-bis(4-
hydroxyphenyl)adamantane, and 1,3-bis(4-hydroxyphen
5,7-dimethyladamantane; 4,4'-[1,3-phenylenebis(1-
methylethylidene)]bisphenol; 10,10-bis(4-hydroxyphe
anthrone; and 1,5-bis(4-hydroxyphenylthio)-2,3-diox
Among them, 2,2-bis(4-hydroxyphenyl)propane [trivia
bisphenol A] is preferred.
Oneofthose dihydric phenolcompounds may be used
two or more thereof may be used as a mixture.
Examplesofthecarbonateprecursorincludecarbon

carbonic acid diesters and haloformates, and specif

-3,5,5-
rnane, and
letherssuch
3,3"-

as

3™

s such as
-3,3"-

s such as
3

s

ch as
OoXy-3-
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yl)-
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thereof include phosgene, diphenyl carbonate and a
ofadihydricphenolcompound. Amongthem, phosgen
[0022]

Inaddition thepolyorganosiloxanerepresentedby
formula (2) can be easily produced by subjecting a
an olefinically unsaturated carbon-carbon bond (pre
example,vinylphenol,allylphenol,eugenol,orisop
toahydrosilylationreactionwithaterminalofa
chain having a predetermined polymerization degree
ismore preferably allylphenol oreugenol. Inthis
general formula (2) represents an organic residue d

allylphenol or eugenol.

Examplesofthepolyorganosiloxanerepresentedby

formula (2) include the following.

[0023]

dihaloformate

eispreferred.

thegeneral
phenol having
ferably, for
ropenylphenol)
polyorganosiloxane
n. Thephenol
case, Yinthe

erived from

thegeneral
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[0024]

In the general formulae (3) to (11), R

asR 3toR °®inthe general formula (2). nisthe same asnin

generalformula(2). Inaddition,crepresentsap
andis preferably aninteger of 1to 6, more prefer

of 1 to 3, still more preferably 3.

%toR °arethe same
the
ositiveinteger

ablyaninteger

Among them, the phenol-modified polyorganosiloxane

representedbythegeneraformula3)spreferred

of easiness of polymerization. Further,
hydroxyphenyl)propyl]polydimethylsiloxane, which is
compound represented by the general formula (4), or
(4-hydroxy-3-methoxyphenyl)propyl]polydimethylsilox
one of the compound represented by the general form
preferred from the viewpoint of easiness of availab
[0025]

FurtherthePC-POScopolymercarbeproducedoyc
the dihydric phenol represented by the general form
polyorganosiloxane represented by the following gen
(12),andphosgene,acarbonate,orachloroformate
thepolyorganosiloxanerepresentedbythefollowing
(12) is areaction product of the polyorganosiloxan
by the general formula (2) and a diisocyanate compo

R® R®

Z—O)m—Y
R* RS

n

| |
Sli—O sli—Y—(o)m~z‘—B—z‘—(O)m—Y—

fromtheviewpoint

o, w-bis[3-(0-

one of the
o, w-bis[3-

ane,whichis

ula (5), is

lity

opolymerizing
ula (1), a
eral formula
. Inthiscase,
generalformula

e represented

und.
R® RS
| |
Sli O—Sli Y—O)n—z 12)
R® R*

n
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Inthe generalformula(12),R 3toR °,n,m,Y,andZareeach
definedinthe same mannerasthatinthe general f ormula(2),and
preferredexamplesthereofarealsothesameastho seofthesymbols

in the formula.

Z ! represents a divalent group derived from Z in the

polyorganosiloxane represented by the general formu la (2) after

thereactionof Zwithan—NCO group of the diisocy anate compound.
Inaddition, g represents adivalent group derived fromthe

diisocyanate compound or from a dicarboxylic acid c ompound, and

examples thereof include divalent groups each repre sented by any

one of the following general formulae (12-1) to (12 -5).

O O
i G o S
(I? H H ?

0
—C—NH
0
H Il (12-3)
N—C—
0 0

Il H H Il
—C—N—CH2CH2CH2CH,CH,CHy—N—C— (12-4)

i i
___C__4<::::>f__c___ (12-5)

The phenol-modified polyorganosiloxane can be prod ucedbya

[0026]
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knownmethod. Forexample,thefollowingisavaila bleastheknown

production method.

Cyclotrisiloxaneanddisiloxaneareallowedtorea ctwitheach
other in the presence of an acid catalyst to synthe size an
o, w-dihydrogenorganopolysiloxane. Athigimean o, w-dihydrogen
organopolysiloxane having adesired average repeati ng unitcanbe
synthesized by changing a loading ratio between cyc lotrisiloxane
and disiloxane. Next, the o, w-dihydrogen organopolysiloxane is
subjected to an addition reaction with a phenol com pound having
anunsaturated aliphatic hydrocarbongroup such as allylphenolor
eugenolinthepresenceofacatalystforahydrosi lylationreaction,
whereby a phenol-modified polyorganosiloxane having a desired

average repeating unit can be produced.

Inaddition,atthisstage,acyclicpolyorganosil oxanehaving
alowmolecularweightandanexcessiveamountoft hephenolcompound
remain as impurities. Accordingly, those low-molec ular weight
compoundsareremovedbyevaporationthroughheatin gunderreduced
pressure.

[0027]
(Polycarbonate-polyorganosiloxane copolymer: PC-POS )

A PC-POS obtained by the production method of the present
inventionhasarepeatingunitrepresentedbythef ollowinggeneral
formula (I) and a constituent unit represented by t he following

general formula (II):
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(R1 )a Rz)b

——0—<;;>— —<;5>—o L1

RO\R 0
—%Y ?_O %—Y—C (II)
R* /RS

[intheformulae,R 1 toR °,X,Y,a,bandnarethe sameasdefined

above].
[0028]

InthePC-POS thecontentoftheconstituentunit
by the general formula (I1) is not particularly lim
preferably1to25%bymass,morepreferably2tol
thecontentis1%bymassormore theimpactresis
and when the content is 25% by mass or less, the he
is satisfactory.

In addition, in the PC-POS, the average repeating
in the constituent unit represented by the general
is preferably 25 to 120, more preferably 30 to 100.
n is preferably 30 to 60 in the case of a short-cha
polyorganosiloxane or is preferably 70 to 100 in th
long-chain polyorganosiloxane. Inthe PC-POS, when
250rmore,theimpactresistanceisexcellent,and
120 or less, the transparency is satisfactory.

Theviscosity-averagemolecularweight(Mv)ofthe

represented
ited, but is
0%bymass. When
tanceisexcellent,

at resistance

numbern
formula (II)
Further, the
in
e case of a
n represents

Whennreprese nts

PC-POSis
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notparticularlylimited, butis preferably 10,000
preferably13,000t025,000,morepreferably15,000
preferably 15,000 to 21,000, more preferably 16,000
particularly preferably 16,000 to 18,000. When the
viscosity-average molecular weightofthe PC-POSfa
range,thestrengthofamoldedarticleissufficie
of the copolymer does not become excessively large,
productivity at the time of production is stable.
Itshouldbenotedthattheviscosity-averagemole
(Mv)inthedescriptioniscalculatedfromthefoll
expression(Schnell'sequation)oymeasuringtheli
[ n]Jofamethylenechloridesolutionat20°Cwithan
viscosity tube.
[ n]=1.23x10 °xMP&
[0029]

[Method of producing polycarbonate-polyorganosiloxa

As described above, the method of producing a

polycarbonate-polyorganosiloxane copolymer (PC-POS)

the present invention includes the step (A) to the
(Step (A))
Thestep(A)isastepofcontinuouslyorintermit
apolymerizationreactionliquid,whichisobtained
adihydricphenolcompoundrepresentedbythegener
acarbonateprecursor,andapolyorganosiloxanerep

generalformula(2)inthepresenceofanalkaline

t030,000, more
t023,000,more

to 20,000,

lIswithinthe
nt,theviscosity

and the

cularweight
owingrelational
mitingviscosity

Ubbelohde-type

ne copolymer]

accordingto

step (E).

tentlytaking
bypolymerizing
alformula(l),
resentedbythe

compoundaqueous
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solution and a water-insoluble organic solvent, out
In the step (A), the polymerization can also be per
presenceofapolymerizationcatalystoramolecula
as necessary. The alkaline compound aqueous soluti
water-insoluble organicsolvent, the polymerization
the molecular weight modifier are described below.
Althoughthereisnoparticuladimitation fromt
ofincreasingthetransparencyofthePC-POS thes
includes the following step (a-1) and the following
step (a-1): allowingadihydric phenolcompoundre
bythe generalformula (1) and acarbonate precurso
eachotherinthepresenceofanalkalinecompound
and a water-insoluble organic solvent to produce a
oligomerhavingarepeatingunitrepresentedbythe
(; and
step (a-2): continuously or intermittently taking
polymerizationreactionliquid, whichis obtained b
the dihydric phenolcompound, the polycarbonate oli
inthestep(a-1) andgpolyorganosiloxanereprese
formula(2)inthepresenceofanalkalinecompound
and a water-insoluble organic solvent, out of a rea
[0030]
(Step (a-1))
Inthe step (a-1), the reaction between the dihydr

compound and the carbonate precursor is not particu

of areactor.
formed in the
rweightmodifier,
on, the

catalyst,and

heviewpoint
tep(A)preferably
step (a-2):
presented
rtoreactwith
aqueoussolution
polycarbonate

generalformula

a
y polymerizing
gomerobtained

ntedbythegeneral

agueoussolution

ctor.

ic phenol

larly limited,
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a known method can be adopted, and it is preferred
thereactioninthepresenceofanalkalinecompoun
and a water-insoluble organic solvent by the interf
polymerization method. As necessary, the reaction
carried out in the presence of a polymerization cat
is preferred that the reaction be carried out in su

Examples of the alkaline compound include alkali m
hydroxides such as sodium hydroxide and potassium h
alkaline earth metal hydroxides such as magnesium h
calcium hydroxide. Among them, an alkali metal hyd
preferred, and sodium hydroxide is more preferred.
noted that the dihydric phenol compound is preferab
mixture with the alkaline compound aqueous solution

As the water-insoluble organic solvent, for exampl
halogenatedhydrocarbonsuchasmethylenechloride,
orchloroformispreferred andmethylenechloride

Examples of the polymerization catalyst include te
aminesandquaternaryammoniumsalts. Examplesof
include trimethylamine, triethylamine, and tripropy
Examples of the quaternary ammonium salt include
trimethylbenzylammonium chloride and triethylammoni
Asthepolymerizationcatalyst,atertiaryamineis
triethylamine is more preferred.
[0031]

Inthe step (a-1), a molecular weight modifier may

to carry out

daqueoussolution

acial

can also be
alyst, and it

ch a manner.

etal

ydroxide; and
ydroxide and
roxide is

It should be

ly used as a

e a

chlorobenzene

ismorepreferred.

rtiary

thetertiaryamine

lamine.

um chloride.

preferred,and

be used,
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as necessary. The molecular weight modifier is not
limitedsolongasthemodifierisamonohydricphe
thereof include phenol, o-n-butylphenol, m-n-butylp
p-n-butylphenol, o-isobutylphenol, m-isobutylphenol
p-isobutylphenol, o-t-butylphenol, m-t-butylphenol,
p-t-butylphenol, o-n-pentylphenol, m-n-pentylphenol
p-n-pentylphenol, o-n-hexylphenol, m-n-hexylphenol,
p-n-hexylphenol, p-t-octylphenol, o-cyclohexylpheno
m-cyclohexylphenol, p-cyclohexylphenol, o-phenylphe
m-phenylphenol, p-phenylphenol, o-nonylphenol, m-no
p-nonylphenol, o-cumylphenol, m-cumylphenol, p-cumy
o-naphthylphenol, m-naphthylphenol, p-naphthylpheno
2,5-di-t-butylphenol,2,4-di-t-butylphenol,3,5-di-
2,5-dicumylphenol, 3,5-dicumylphenol, p-cresol, p-b
2,4,6-tribromophenol,amonoalkylphenolhavingali
alkylgroup having 12to 35 carbon atoms onaverage
meta-, or para-position, 9-(4-hydroxyphenyl)-9-
(4-methoxyphenyl)fluorene, 9-(4-hydroxy-3-methylphe
9-(4-methoxy-3-methylphenyl)fluorene,and4-(1-adam
Amongthem,p-t-butylphenol,p-cumylphenol,andp-p
preferred, and p-t-butylphenol is more preferred.

It should be noted that the molecular weight modif
preferably used after dissolution in a water-insolu
solvent so that its concentration may become prefer

by mass, more preferably 4 to 15% by mass, still mo

particularly
nol,andexamples

henol,

,

nol,

nylphenol,

Iphenal,

l,
t-butylphenol,

romophenol,

nearorbranched

atthe ortho-,

nyl)-
antyl)phenol.

henylphenolare

ieris
ble organic
ably 2 to 20%

re preferably
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4t012%bymass. Examplesofthewater-insoluble
include the same solvents as those described above.
methylene chloride is preferred.

[0032]

Although an embodiment of the reaction is not part
limited, preferred is a method involving continuous
intermittently supplying the alkaline compound aque
ofadihydricphenolcompound,thewater-insoluble
andthecarbonateprecursorintoareactor,andas
thepolymerizationcatalystaqueoussolutiontheret
thetemperature ofthe reaction liquid at40
perform the reaction.

Theweight-averagemolecularweight(Mw)oftheth
polycarbonateoligomerispreferably500to 3,000,

700 to 2,000, still more preferably 800 to 1,500.
[0033]

The reaction mixed liquid obtained in the step (a-
separatedintcanaqueousphaseandawater-insolub
phase, and the water-insoluble organic solvent phas
the polycarbonate oligomeris usedinthe step (a-2
theremaybethecasewherethepolycarbonateoligo
phenolcompoundisalsoincorporatedintotheaqueo
with respect to the aqueous phase, it is preferred
organicmaterialbeextractedwithawater-insolubl

and the resultant extract be used as a part or the

organicsolvent

Among them,

icularly
ly or
ous solution
organicsolvent,
necessary,adding

o,whilekeeping

°Corless,tothereby

usobtained

more preferably

1) is
leorganicsolvent
e containing
). Meanwhile,
merorthedihydric
usphase. Then,
that such an
eorganicsolvent,

whole of the
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water-insoluble organic solvent to be usedinthe s
ispreferredgperformtheextractionoperationby
phase with an aqueous phase that is obtained by was
acidic aqueous solution in a step (C) to be describ
then separating.
[0034]
(Step (a-2))
The step (a-2) is a step of continuously or interm
taking a polymerization reaction liquid, which is o
polymerizing the dihydric phenol compound, the poly
oligomer obtained in the step (a-1), and a polyorga
representedbythegeneralformula(2)intheprese
compound aqueous solution and a water-insoluble org
out of areactor. As necessary, the reactioncana
outinthepresenceofapolymerizationcatalyst,a
that the reaction be carried out in such a manner.
Anembodimentofthepolymerizationreactioninth
is not particularly limited, and a known method can
However,fromtheviewpointofreducingtheamount
PDMSasmuchaspossible iispreferredtodivide
reaction into a preliminary polymerization step and
polymerization step.
(Preliminary polymerization step)
Thepreliminarypolymerizationstepisastepofc

or intermittently supplying a polycarbonate oligome

tep (a-2). It
mixingtheaqueous
hing with an

ed below and

ittently
btained by
carbonate
nosiloxane
nceofanalkaline
anic solvent,
Iso be carried

nditispreferred

estep(a-2)
be adopted.
oftheunreacted
thepolymerization

a main

ontinuously

r having the
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repeating unit represented by the general formula (
water-insolubleorganicsolvent,apolyorganosiloxa
bythegeneralformula(2),awater-insolubleorgan

an alkaline compound aqueous solution, to thereby p
reaction. As necessary, the reaction can also be ¢
thepresenceofapolymerizationcatalyst,anditi

the reaction be carried out in such a manner.

Inthisstep,operationproceduresarepreferredi
polycarbonate oligomer having the repeating unit re
the general formula (I) and the water-insoluble org
andthe polyorganosiloxane represented by the gener
are supplied and mixed; thereafter, the polymerizat
issupplied,asnecessary;andsubsequently,theal
aqueous solution is supplied and mixed.

(Main polymerization step)

Themainpolymerization stepisastep of, afterc
preliminary polymerization liquid obtained in the p
polymerizationstepto25°Corless,continuouslyo
supplying an alkaline compound aqueous solution of
phenokcompoundrepresentedoythegeneraformula
weightmodifiertheretocandmixingtoperformthem
and continuously or intermittently taking the resul
polymerizationreactionliquidoutofareactor. A
main polymerization can also be carried out in the

polymerization catalyst, and it is preferred that t

) and a
nerepresented
icsolvent,and
erform the
arried out in

spreferredthat

nwhichthe

presented by
anic solvent,
alformula(2)
ion catalyst

kalinecompound

oolingthe
reliminary
rintermittently
the dihydric
(L)andamolecular
ainpolymerization,
tant
snecessary,the
presence of a

he main
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polymerization be carried out in such a manner.
[0035]

Inthepreliminarypolymerizationstep, itispref
each of the polyorganosiloxane and the polycarbonat
the occasion of mixing the polyorganosiloxane be di
mixedwiththe water-insolubleorganicsolvent. In
concentration of the polyorganosiloxane is preferab
by mass, more preferably 15 to 25% by mass. The so
concentration of the polycarbonate oligomer solutio
preferably 300 g/L or less, more preferably 170 to
more preferably180to240g/L. Withthis,thetra
polycarbonate-polyorganosiloxanecopolymercanbei
is because the compatibility between the polyorgano
the polycarbonate oligomer is low, and hence, when
polyorganosiloxane concentration or the polycarbona
concentration (solid content concentration) is too
polyorganosiloxane tends to exist in a dispersed st
polycarbonateoligomer. Whenthepolyorganosiloxan
is set to 10 to 30% by mass, and the polycarbonate
concentration is set to 300 g/L or less, the polyor
can be quickly and sufficiently dissolved in the po
oligomer solution with ease, and hence the uniformi
polymerization reaction is enhanced. As a result,
polycarbonate-polyorganosiloxane copolymer having e

transparency tends to be obtained.

erredthat
e oligomer on
ssolved in or
thatcase,the
ly 10 to 30%
lid content
nis setto
250 g/L, still
nsparencyofthe
ncreased. This
siloxane and
the
te oligomer
high, the
ate in the
econcentration
oligomer
ganosiloxane
lycarbonate
ty of the
a

xcellent



34

A supply ratio between the supply rate of the poly
oligomer and the supply rate of the polyorganosilox
[polycarbonate oligomer:polyorganosiloxane] may be
setinconsiderationofthecompositionofthePC-P
[0036]

In the preliminary polymerization step, the polyme
catalystispreferablyusedasasolutionofawate
solventromtheviewpointoienhancingtheuniform
to increase the transparency of the
polycarbonate-polyorganosiloxane copolymer to be ob
Examples of the water-insoluble organic solventinc
solventsasthosedescribedabove. Amongthem, met
is preferred from the viewpoint of enhancing the di
of the polymerization catalyst. The concentration
polymerization catalyst in the polymerization catal
ispreferably0.05t05%bymass, morepreferably0
[0037]

Inthepreliminarypolymerizationstep,thealkali
is preferably used as an alkaline compound aqueous
addition, in that case, it is preferred to set the
ofthealkalinecompoundaqueoussolution(hereinaf
as alkali concentration) to 2 to 15% by mass. Ont
the preliminary polymerization, the alkaline compou
bythreereactionsincluding(1)areactionbetween

oligomer and the polyorganosiloxane, (2) a reaction

carbonate
ane
appropriately

OStobeproduced.

rization
r-insolubleorganic

ityothereaction

tained.
lude the same
hylenechloride
spersibility
of the
yst solution

.1to5%bymass.

necompound
solution. In
concentration
terabbreviated
he occasion of
ndisconsumed
thepolycarbonate

between a
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chloroformate group of the polycarbonate oligomer a
group, and (3) a decomposition reaction of a chloro
of the polycarbonate oligomer. When the alkali con
the alkaline compound aqueous solution to be suppli
mass or less, the progress of the reaction (3) can
fromthestandpointofareactionrate,andanincr
oftheunreactedpolyorganosiloxanecanbesuppress
concentration of the alkaline compound aqueous solu
supplied at the time of preliminary polymerization
3to15%bymass,morepreferably3to12%bymass
ofreaction efficiency ofthe polyorganosiloxanean
of the polycarbonate-polyorganosiloxane copolymer.
[0038]

It should be noted that the preliminary polymeriza
carriedoutbyaninterfacialpolymerizationreacti
in the case of an interfacial polymerization reacti
includedtwowaysofthecasewheretheaqueouspha
phaseandthe casewherethewater-insoluble organi
isacontinuousphase andnordertoobtainaPC-
transparency, it is preferred that the water-insolu
solventphasebeacontinuousphase. Forthepurpo
the uniformity of a reaction between the polyorgano
the polycarbonate oligomer in order to obtain the t
thewater-insolubleorganicsolventphaseisstirre

phaseandthentheuniformitybetweenbothofthep

nd a hydroxyl
formate group
centration of
ed is 15% by
be suppressed
easeintheamount
ed. Thealkal
tion to be
is preferably
fromtheviewpoints

dtransparency

tion is
on. Ingeneral,
on, there are
seisacontinuous
csolventphase
POShavingexcellent
ble organic
seofincreasing
siloxane and
ransparency,
dasacontinuous

olyorganosiloxane
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and the polycarbonate oligomer can be increased, be
thepolyorganosiloxaneandthepolycarbonateoligom
water-insoluble organic solvent phase.
[0039]
In the main polymerization step, the preliminary
polymerization liquid obtained in the preliminary p
step is preferably once cooled to 25°C or less (pre
15to 20°C). Thereafter, the alkaline compound aqu
ofthedihydricphenolcompoundrepresentedbythe
(1) and the molecularweight modifier (chain-endte
as necessary, a polymerization catalyst are continu
intermittently supplied and mixed to perform the ma
polymerization.
With respectto the alkaline compound, the molecul
modifier (chain-endterminator),andthe polymeriza
the same materials as those described above are exe
preferredmaterialsarealsothesame. Itshouldb
molecular weight modifier is preferably used after
a water-insoluble organic solvent so that its conce
become preferably 2 to 20% by mass, more preferably
mass, still more preferably 4 to 12% by mass. Exam
water-insolubleorganicsolventincludethesameso
described above. Among them, methylene chloride is
The thus obtained polymerization reaction liquid i

continuouslyorintermittentlytakenoutofareact

cause both of

erexistinthe

olymerization
ferably about
eous solution
generalformula
rminator), and
ously or

in

arweight
tioncatalyst,
mplified, and
enotedthatthe
dissolved in
ntration may
4 to 15% by
ples of the
lventsasthose
preferred.

S

orandtransferred
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into the step (B).
[0040]
(Step (B))
Thestep(B)isastepofseparatinghepolymeriz
liquid taken outin the step (A) (referring to the
reaction liquid taken out after the step (a-2) in t
the step (A) includes the step (a-1) and the step (
agueous phase and a water-insoluble organic solvent
methodfortheseparationisnotparticularlylimit
separatiormaybeadopted. Frontheviewpoinbim
state between the aqueous phase and the water-insol
solvent phase satisfactory, it is preferred to perf
centrifugation. Although the centrifugation condit
particularlylimited,ingeneral,arotationalspee
about 1,000 to 3,000 rpm.
Theaqueousphaseobtainedinthestep(B)ispref
in the step (A), especially the step (a-1) from the
aproduction costbecause the aqueous phase contain
phenol compound or the alkaline compound.
[0041]
(Step (C))
Thestep(C)isastepofwashingthewater-insolu
solventphase obtainedinthe step (B), followed by
intoanaqueous phaseandawater-insoluble organic

Amethodorthewashings forexample alkalwa

atiorreaction
polymerization
he case where
a-2)) into an
phase. The
ed,andstanding
akingheseparated
uble organic
orm
ion is not

dispreferably

erablyreused
viewpoint of

sthe dihydric

bleorganic
itsseparation
solventphase.

shingacidwvashing,
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orwaterwashing,andatleasttheacidwashingand
are preferably performed.
[Alkali washing]

In many cases, the water-insoluble organic solvent
obtained in the step (B) contains a trace amount of
phenol compound, and therefore, it is preferred to
water-insoluble organic solvent phase with an alkal
solution (hereinafter sometimes referred to as alka

Examples of the alkaline compound to be used for t
agueous solution include the same materials as thos
step (A), and itis preferred to use the same mater
the temperature at which the phase is washed is not
limited as long as the temperature is equal to or |
boiling point of the water-insoluble organic solven
temperature is preferably 37°C or less, more prefer
less, stillmore preferably 30°C or less, particula
28°C or less.

After the washing with the alkali aqueous solution
resultantisseparatedintoanaqueousphaseanda
organic solvent phase. On this occasion, the metho
separation is not particularly limited, and standin
may be adopted. From the viewpoint of making the s
betweenthe aqueous phase and the water-insoluble o
phase satisfactory, itis preferred to perform cent

the above-mentioned rotational speed. Althoughthe

thewaterwashing

phase
the dihydric
wash the
I aqueous
li washing).
he alkali
e used in the
ial. Although
particularly
ess than the
t,the washing
ably 34°C or

rly preferably

, the
water-insoluble
d for the
g separation
eparated state
rganic solvent
rifugation at

amountofthe
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alkaliaqueoussolutiontobeusedforthewashing

limited, the amount is preferably about 5 to 40% by
preferably 5 to 30% by volume, still more preferabl
volumeinthewholeliquid,fromtheviewpointsof
andareductioninthe generationamount of waste w
amount of the alkali aqueous solution is 40% by vol
the continuous phase does notchange fromthe organ
agueousphase,andtheextractionefficiencyfromt

can be kept high.

The aqueous phase obtained in the alkali washing s
preferably reused inthe step (A), especially the s
theviewpointofaproductioncostbecausetheaque
the dihydric phenol compound or the alkaline compou
[0042]

[Acid washing]

The water-insoluble organic solvent phase separate
step (B) or the water-insoluble organic solvent pha
alkaliwashingispreferablywashedwithanacidic
(hereinafter sometimes referred to as acid washing)
washing can remove the polymerization catalyst or a
ofthealkalinecompoundthatmaybepresentinthe
organic solvent phase. An acid to be used inthe p
the acidic aqueous solution is, for example, hydroc
phosphoric acid. Among them, hydrochloric acid is

However, the acid is not particularly limited there

isnotparticularly
volume, more
y 10to 20% by
awashingeffect
ater. Whenthe
ume or less,
icphasetothe

heorganicphase

tep is
tep (a-1) from
ousphasecontains

nd.

dinthe
se after the
agueoussolution
. The acid
trace amount
water-insoluble
reparation of
hloric acid or
preferred.

to. Although
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the temperature at which the phase is washed is not
limited as long as the temperature is equal to or |
boiling point of the water-insoluble organic solven
temperature is preferably 37°C or less, more prefer
less, stillmore preferably 30°C or less, particula

28°C or less.

After the acid washing, the washed phase is separa
an aqueous phase and a water-insoluble organic solv
methodfortheseparationisnotparticularlylimit
separation can be adopted, butitis sufficientto
separation.

[Water washing]

Thewater-insolubleorganicsolventphasetobeob
the washing is preferably washed with water once or
preferably washed with water one to three times bec
tendsto containthe acid usedinthewashingorin
In this case, the water-insoluble organic solvent p
evaluatedforitscleannessonthebasisoftheele
of the aqueous phase after the washing. A target e
conductivityispreferablylmS/morless,morepre
orless. Althoughthetemperature atwhichthe pha
not particularly limited as long as the temperature
oflessthantheboilingpointothewater-insolub
thewashingtemperatureispreferably37°Corless,

34°C or less, still more preferably 30°C or less, p

particularly

ess than the
t,the washing

ably 34°C or

rly preferably

ted into
ent phase. A
edandcentrifugal

adopt standing

tainedafter
more, more
ause the phase
organic matter.
hase can be
ctricconductivity
lectric
ferably0.5mS/m
seiswashedis
Is equal to
leorganicsolvent,
morepreferably

articularly
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preferably 28°C or less.

After the washing with water, the washed phase is
intoanaqueousphaseandawater-insoluble organic
A method for the separation at that time is also no
limited and centrifugal separation can be adopted,
sufficientto adopt standing separation. Itshould
the electric conductivity is a value measured with
conductivity-measuring device "DS-7" (manufactured
Ltd.).

[0043]

Incidentally,theaqueousphase separatedinthes
thestep(C)ontainghePC-POS andnsomecases
catalystorthelike,andhencethefollowingispr
from the viewpoint of a production cost: the PC-POS
polymerization catalyst, or the like is extracted w
water-insoluble organic solvent, and part or all of
is appropriately subjected to a devolatilizing step
dioxide removal or distillation purifying step befo
phaseisreusedinthestep(A),especiallytheste
describedinJP 2005-60599 A canbe adoptedforthe
step. Upon reuse of the water-insoluble organic so
the extraction, the water-insoluble organic solvent
transportedwithaliquiddeliverypump,andhence
of the PC-POS in the total amount of the water-inso

solventto bereusedis setto preferably 2% by mas

separated
solventphase.
t particularly
but it is
be noted that
an electric

by HORIBA,

tep(B)or
thepolymerization
eferablyadopted
, the
ith a
the extract
for carbon
rethe aqueous
p(a-2). Amethod
devolatilizing
lvent used in
is typically
theconcentration
luble organic

sorless(more
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preferably 1.5% by mass or less, still more prefera
or less) from the viewpoint of suppressing, for exa
occurrence of cavitation in the liquid delivery pum
viewpoint of stably performing a devolatilization o

Further,inthepresentinvention thefollowingi
adopted from the viewpoint of a production cost: an
obtained by separating the reaction mixed liquid ob
step (a-1) into the aqueous phase and a water-insol
solventphaseismixedwithanaqueousphaseobtain
after acid washing, the resultant aqueous phase is
extractionwithawater-insoluble organicsolvent,
of the extract is reused as the water-insoluble org
inthestep(A) (providedthatthesolventmaycont
phenol compound, the polycarbonate oligomer, the po
catalyst, or the like).

[0044]

Thewater-insolubleorganicsolventisremovedby
through the concentration of the water-insoluble or
phasethathasundergonethestep(C)[step(D);co
andtheresidueispulverizedpulverizingsteplan
underreducedpressureatabout80to160°C[drying
granulated [granulating step]. Thus, the PC-POSca

Inthe step (D), the concentration is performed so
solidcontentconcentrationofthewater-insoluble

may become preferably 30to 40% by mass, more prefe

bly 1% by mass
mple, the
p and fromthe
peration.
spreferably
agueous phase
tained in the
uble organic
edbyseparation
subjected to
andpartorall
anic solvent
ainthedihydric

lymerization

evaporation
ganic solvent
ncentratingstep],
ddriedpreferably
step]orfurther
n be obtained.
thatthe
organicsolvent

rably 30to 35%
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by mass.

Inaddition, inthe drying step, the drying is per
thatthesolidcontentconcentrationofthewater-i
solventmaypreferablypecome9d9.9%bymassomore
ofmethylene chlorideintheresinmay preferably b
1,000 ppm).

Inthe presentinvention, partorallofthe water
organic solvent removed by evaporation in the conce
isreused as at least part of the water-insoluble o
inthestep(A)orasasolvent(extractionsolvent
organic mattersuchasthe PC-POSfromthe aqueous
in the step (B) or each of the washing steps, or as
afterhavingundergoneastep (E)tobedescribed|
partorall ofthe water-insoluble organic solvent
drying step is preferably reused as at least part o
water-insoluble organic solvent in the step (A) or
(extractionsolvent)forextractingorganicmatter
from the aqueous phase separated in the step (B) or
washing steps, or as both thereof after having unde
(E) to be described later.

[0045]

(Step (E))

Uponproductionofphosgene asarawmaterial for

copolymer,carbontetrachloride(CClI

andhencecarbontetrachlorideisgraduallyaccumul

formed so
nsolubleorganic
(theconcentration

ecomelessthan

-insoluble
ntrating step
rganic solvent
)forextracting
phase separated
both thereof
ater. Further,
obtainedinthe
f the
as a solvent
suchasthePC-POS
each of the

rgone the step

thePC-POS

4)isproducedasaby-product,

atedinareactor
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by the cyclic use of methylene chloride. When the
continuously driven as it is, the concentration of
tetrachlorideinthePC-POScopolymerbecomes4ppm
which causes the deterioration of the color tone of
copolymer and the corrosion of a die. In view of t
thewater-insolubleorganicsolventtobereusedne

by distillation as described in the foregoing in or
concentration of carbontetrachlorideinthe PC-POS
besetdessthardppmbymass. Thewater-insol

to be reused may be the water-insoluble organic sol
by distillation alone, or may be a mixture of the w
organic solvent purified by distillation and an und
water-insolubleorganicsolvent(e.g.,thewater-in
solventobtainedinthestep(D)). Inallcases,t

of carbontetrachloride inthe water-insoluble orga
setto preferablylessthan 20 ppm by mass, more pr
by mass or less, still more preferably 5 ppm by mas
particularlypreferably3pnmbymassoiess. Whe

of carbontetrachloride inthe water-insoluble orga
bereusedisreducedasdescribedabove,theconcen
tetrachlorideinthePC-POScopolymercanbeeasily
than 4 ppm by mass. It should be noted that a flas

placed for preventing the clogging of a distillatio

Inthiscontext,furtherstudiesmadebytheinven

presentinventionhavefoundthatunlikethecaseo

reactor is
carbon
bymassormore,
the PC-POS
he foregoing,
edstobepurified
der that the
copolymer may
ubleorganicsolvent
vent purified
ater-insoluble
istilled
solubleorganic
heconcentration
nic solventis
eferably 10 ppm
s or less,
rntheconcentration
nic solventto
trationofcarbon
reducedtoless
h drum may be
ncolumntray.
torsofthe

ftheproduction
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of a normal polycarbonate-based resin, in the produ
PC-POScopolymer,theconcentrationofcarbontetra
PC-POS copolymerisliable toincrease. Theforego

to result from: the fact that when the distillation
ofmethylenechlorideisperformed,areboileratt

of a distillation column causes a heat transfer fai

the foaming of methylene chloride containing a slig
the PC-POScopolymer,andhencestabledriving oft
column cannot be performed in some cases; and the f
whenaflashdrumisused, the discharge pressure o
pump at the bottom portion of the flash drum may be
Inthepresentinvention,theproblemhasbeensolv
theconcentrationofthePC-POScopolymerintheco
ofthedistillationcolumnto6%bymassorless.
othePC-POScopolymelinthecolumnbottomliquid
column is preferably controlled to 5% by mass or le
theproblemisassumedtobeduetothefactthata

of the PC-POS copolymer in the column bottom liquid
responsible forthe foaming of methylene chloride,
isaproblemthatarisesonlyintheproductionof

because the phenomenon does not arise in a normal p
resin(e.g.,apolycarbonateresinobtainedfromth
compound represented by the general formula (1) and
precursor, especially a polycarbonate resin free of

organosiloxane structural unit).

ction of the
chlorideinthe
ingisassumed
purification
hebottomportion
lure owing to
ht amount of
hedistillation
act that even
facirculating
destabilized.
edbycontrolling
lumnbottomliquid
Theconcentration
othedistillation
ss. Although
highconcentration
has been
the phenomenon
thePC-POScopolymer
olycarbonate
edihydricphenol
the carbonate

any
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Althoughamethod of settingthe concentration of
in the column bottom liquid within the range is not
limited, a preferred example thereofis amethodin
out the column bottom liquid to reduce the concentr
PC-POScopolymer. Althoughtherateatwvhichthec
istakenoutisnotparticularlylimitedaslongas
of the PC-POS copolymer can be set to fall within t
example, the following method is given: the column
is taken out at a flow rate corresponding to 0.3 to
theamountofthe water-insoluble organic solventt
distillation column.

Althoughamethodofmonitoringtheconcentration
inthe column bottom liquid is not particularly lim
thereofinclude:amethodinvolvingsamplingtheco
of the distillation column during its driving, remo
water-insoluble organic solvent by evaporation to d
measuring the amount of the solid content in the re
method involving placing a concentration meter.
[0046]

Althoughconditionsforthedistillationpurificat
particularlylimitedexcepttheforegoingmatters,
ispreferablyperformedwithamultistagedistillat
30 to 60 stages under the conditions of a reflux ra
5 (preferably 1 to 4, more preferably 1 to 3), apr

normalpressureto0.2MPa(gaugepressure),acolu

thePC-POS

particularly

volving taking

ation of the
olumrbottomiquid
theconcentration

he range, for

bottom liquid

2% by mass of

obefedtothe

ofthePC-POS
ited, examples
lumnbottomliquid
ving the
ryness, and

sidue; and a

ionarenot
thedistillation
ioncolumnhaving
tioof 0.3 t0
essure of from

mntoptemperature
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0f35t070°C(preferably35t045°C),andacolumn
of 45 to 80°C (preferably 45 to 60°C).

In the present invention, the following method can
preferablyadopted:beforepartoraliothewater
solventisrecoveredandpurifiedoydistillationi
column, the water-insoluble organic solvent is pass
flash drum and the concentration of the
polycarbonate-polyorganosiloxane copolymerinthe s
flashdrumis controlledto 6% by massorless. Th
of the polycarbonate-polyorganosiloxane copolymer i
water-insolubleorganicsolventintheflashdrumi
5% by mass or less.

It should be noted that the concentration of the P
copolymerinthewater-insolubleorganicsolventph
is controlled to preferably 2% by mass or less, mor
1.5% by mass or less, still more preferably 1% by m
[0047]

The contentof carbon tetrachloride inthe PC-POS
obtained asdescribed aboveislessthan4ppmbym
3ppmbymassorless, more preferably 2ppmbymas
morepreferablylppmbymassorless,andhenceth
is a high-quality PC-POS copolymer. According to t
invention, such high-quality PC-POS copolymercanb
producedforalongtimeperiod. Itshouldbenote

of carbon tetrachloride in the PC-POS copolymer is

bottomtemperature

also be
-insolubleorganic
nthedistillation

ed through a

olventinthe
econcentration
n the

smorepreferably

C-POS
asetobereused
e preferably

ass or less.

copolymer
ass, preferably
sorless,still
ePC-POScopolymer
he present
econtinuously
dthatthecontent

measured by a
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method described in Examples.
In addition, the amount of a polyorganosiloxane re
thePC-POScopolymerispreferably0.1to40%byma

1 to 10% by mass, still more preferably 3t0 6.5% b

EXAMPLES
[0048]
Examplesofthepresentinventionarefurtherdesc
should be noted that the presentinvention is by no
by Examples. It should be noted that in each examp
viscosity-average molecular weight (Mv) and the amo
polydimethylsiloxane (PDMS)residueina PC-PDMS we
accordancewiththefollowingmethods. Inaddition
of the concentration of a PC-PDMS in a column botto
performedbyamethodinvolvingremovingawater-in
solvent by evaporation to dryness and measuring the
solidcontentntheresidue ancthemeasuremento
of carbontetrachloride in methylene chloride and t
of the concentration of carbon tetrachloride ina P
wereperformedbygaschromatographymeasurementun
conditions.
[0049]
[1. Amount of polydimethylsiloxane (PDMS) residue i
The amount was determined by focusing attention on

of methyl groups in a PDMS by NMR measurement.

siduein
ss,morepreferably

y mass.

ribed. It
means limited
le, a
unt of a
remeasuredin
themeasurement
m liquid was
solubleorganic
amount of the
theconcentration
he measurement
C-PDMS pellet

derthefollowing

n PC-PDMS]

protons
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[2. Method of measuring viscosity-average molecular weight (Mv)]
The viscosity-average molecular weight (Mv) was ca Iculated

from the following relational expression (Schnell's equation) by

measuringthelimitingviscosityf njofamethylenechloridesolution

at 20°C with an Ubbelohde-type viscosity tube.
[ n]=1.23x10 °xMP8
[0050]
[3. Gas chromatography measurement condition]
Apparatus: Model number "7890A" (manufactured by
Agilent Technologies)
Analysis conditions: Aninjectionporttemperature of200°Cand

a detector temperature of 220°C

Column: Acapillarycolumn("DB-WAX"manufactured

by J & W, film thickness: 1 um, inner diameter: 0.53 mm, length:

60 m)

Column temperature: Thetemperatureisincreased 40 °Cto65°C

at 2°C/min and is increased to 120°C at 5°C/min.

Detector: Ahydrogenflameionizationdetector(F ID)
[0051]
<SynthesisExamplel>Productionofpolycarbonateo ligomersolution

(step (A)-step (a-1))

To a5.6% by mass sodium hydroxide aqueous solutio n, sodium
dithionite was added in an amount of 2,000 ppm by m ass relative
to bisphenol A to be dissolved later, and bisphenol A was then

dissolved therein so that the concentration of bisp henol Abecame
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13.5%bymass,totherebyprepareasolutionofbis

sodium hydroxide (aqueous solution of BPNa).

The solution of bisphenol A in aqueous sodium hydr

methylene chloride, and phosgene were continuously
atubularreactorhavinganinnerdiameterof6mm
of30matflowratesof40L/hr,15L/hrand4.0k
The tubular reactor had a jacket portion, and cooli
passedthroughthejackettokeepthereactionliqu
of 40°C or less.
Thereaction liquid that had exited the tubular re
continuouslyintroducedinto abaffled vessel-type
an internal volume of 40 L and provided with a swep
andthen, 2.8L/hrofthe solutionofbisphenol Ai
hydroxide 0.07/hroB25%bymasssodiumhydrox
17L/hrofwater,and0.64L/hrofal%bymasstri
solution were further added to the reactor to perfo
The reaction liquid overflown from the vessel-type
continuously taken outandallowedto standto sepa
anaqueousphase,andamethylenechloridephasewa
Theconcentrationofthethusobtainedpolycarbona
solution (methylene chloride solution) was 324 g/L,
concentrationofachloroformate groupthereofwas
addition,thepolycarbonateoligomerhadaweight-a
weight (Mw) of 1,190.

Itshould be noted thatthe weight-average molecul

phenolAinaqueous

oxide,
passedthrough
andatubelength
g/hr,respectively.
ng water was

idatatemperature

actorwas
reactorhaving
tback blade,
naqueoussodium
ideaqueoussolution,
ethylamineaqueous
rmareaction.
reactor was
rateandremove
sthencollected.
teoligomer
and the
0.74mol/L. In

veragemolecular

arweight
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(Mw)was measured as amolecular weight (weight-ave
weight: Mw) interms of standard polystyrene by GPC
TSK-GEL MULTIPORE HXL-M (two) + Shodex KF801 (one),
40°C, flow rate: 1.0 ml/min, detector: RI) with tet
(THF) as a developing solvent.
[0052]
<Example 1>

A polycarbonate-polydimethylsiloxane copolymer was
continuously produced with a production apparatus i
FIG. 1. Amethod for the production is specificall
below.
(Step (A)-step (a-2))

26 Kilograms per hour of the polycarbonate oligome

solution[6.PCO/MC]producedinSynthesisExample

rage molecular
(column: TOSOH
temperature:

rahydrofuran

llustrated in

y as described

r (PCO)

land11.8kg/hr

ofmethylenechloride[7 MC)weremixednpiping (PCQOconcentration:

223g/L). Then,2.7kg/hrofa20%bymasssolutio
terminal-modified polydimethylsiloxane in which the
number n of dimethylsiloxane units was 90 in methyl
[8.PDMS/MC]weremixedwiththemixtureinthepip

the contents were sufficiently mixed with astatic

nofanallylphenol

repetition

ene chloride

ing. Afterthat,

mixer[5a. SMX]

andhenthemixediquidvascooledtol 9a22°C witheheatexchanger.

The cooled mixed liquid was mixed with 0.52 kg/hr
mass solution of triethylamine (TEA) in methylene ¢
TEA/MCl]inthepipingandthenthecontentsweresu

with a static mixer [Sb. SMX]. After that, 1.84 kg

ofal%by
hloride [9.
fficientlymixed

/hr of 6.4% by
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mass aqueous sodium hydroxide [10a. aqueous NaOH] w
themixturemmediatelyinfrontofareactoff1.R
(preliminary polymerization) between the polycarbon
and the allylphenol terminal-modified PDMS was perf
reactor [1. Rx-1] while a methylene chloride phase
continuous phase. It should be noted that the reac
was a mixer provided with a turbine blade (pipeline
[manufactured by Tokushu Kika Kogyo Co., Ltd.]) and
a number of rotations of 4,400 rpm.
Apreliminarypolymerizationiquidhahadexite
[1. Rx-1] was cooled to 17 to 20°C with a heat exch
that,amixtureobtainedbyadding2.3kg/hrofan
of p-t-butylphenol (PTBP) in methylene chloride [13
0.18 kg/hr of a 1% by mass aqueous solution of trie
agqueoussolutionof TEA]and 11.2 kg/hr ofasoluti
Ainaqueous sodium hydroxide [12. agueous solution
mixing the contents in the piping was added to the
polymerizationliquidimmediatelyinfrontofarea
After that, 5.1 kg/hr of a 15% by mass aqueous NaOH
NaOH]were addedtothe mixedliquidandapolymeri
(main polymerization) was performed in the reactor
should be noted that the reactor [2. Rx-2] was a mi
with a turbine blade and was driven at a number of
4,400rpm. ThesolutionofbisphenolAinagueous

usedherewasthesameastheaqueoussolutionoB

ere added to
x-1],andareaction
ate oligomer
ormed in the
was used as a
tor [1. Rx-1]
homomixer

was driven at

dthereactor
anger. After
8%bymasssolution
.PTBP/MC] to
thylamine [11.
on of bisphenol
of BPNa], and
preliminary
ctor[2.Rx-2].
[10b. aqueous
zationreaction
[2.Rx-2]. It
xer provided
rotations of
sodiumhydroxide

PNausednSynthesis
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Example 1.
Apolymerizationreactionliquidthathadexitedt

[2.Rx-2]was sequentiallyintroducedintoareacto

areactor[4.Rx-4],andthe polymerizationreactio

whileitstemperature was controlledto 38°Corles

[3.Rx-3Jisareactorhavinganorificeplateand

and the reactor [4. Rx-4] is a five-stage tower rea

cooling jacket.

[0053]

(Separating step (step (B)))
35Litersofthepolymerizationreactionliquidco

the reactor [4. Rx-4] and 10 L of methylene chlorid

were charged into a 50-L vessel-type washing vessel

a baffle board and a paddle-type stirring blade, an

at240rpmforlOminutes. Afterthat,themixture

for 1 hour to be separated into an organic phase co

polycarbonate-polydimethylsiloxane copolymer (PC-PD

agueousphasecontainingexcessiveamountsofbisph

hydroxide, followed by the isolation of the organic

(Alkali washing, acid washing, and water washing (s
The solution of the polycarbonate-polydimethylsilo

copolymer (PC-PDMS) in methylene chloride thus obta

sequentially washed with 0.03 mol/L aqueous sodium

0.2 mol/L hydrochloric acid in amounts of 15% by vo

respecttothesolution. Next,thesolutionwasre

hereactor
r[3.Rx-3]and
nwascompleted
S. Thereactor
acoolingjacket,

ctor having a

llectedfrom
e for dilution
provided with
d were stirred
waslefttostand
ntaining the
MS), and an
enolAandsodium
phase.
tep (C)))
xane
ined was
hydroxide and
lume each with

peatedlywashed
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withpurewatersothatanelectricconductivityin
after the washing became 0.1 mS/m or less.
(Concentratingstep(step(D)),dryingstep,andgr

ThesolutionofthePC-PDMSinmethylenechloride
wasconcentrated[concentratingstep],andwasthen
driedunderreducedpressureat120°C[dryingstep]
flakewasfedtoanextruderandpelletized. Atth
temperature was divided into four sections starting
inlet portion, and the temperatures of the sections
270°C, 275°C, and 275°C, respectively, and the temp
die head was set to 270°C [granulating step].

[0054]
(Recoveryanddistillationpurificationofmethylen
(E))

Meanwhile, methylene chloride separated in each of
concentrating step and the drying step was recovere
storage tank (MC storage tank). The concentration
in methylene chloride in the MC storage tank was 19

Next,methylenechloriderecoveredintheMCstora
introducedintothetwentiethstageofadistillati
40 stagesat52 L/hr,and was purified by distillat
top temperature of 40°C, a column bottom temperatur
acolumntoprefluxratioof2.0. Methylene chlori
by distillation from the top of the column atarec

99.5%.

anaqueousphase

anulatingstep)
thusobtained
pulverizedand
. Theresultant
attime,apreset
from a screw
were 260°C,

erature of a

echloride(step

the
dina4.5-m
ofthe PC-PDMS
5 ppm by mass.
getankwas
oncolumnhaving
ionatacolumn
e of50°C, and
dewas purified

overy ratio of
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Thefollowingcontinuousdrivingwasperformed:th
methylene chloride was introduced into the tubular
used in Synthesis Example 1 and as a reaction solve
(A)-step(a-2),andwasreused. Duringthecontinu
followingoperationwasperformed:theconcentratio
in the column bottom liquid of the distillation col
periodically measured, part of the column bottom i
outandmethylenechlorideafterdistillationpurif
instead so that the concentration fell within the r
1 to 3% by mass. The concentration of the PC-PDMS
bottom liquid of the distillation column was around
average.

The concentration of carbon tetrachloride in methy
chloride in the MC storage tank after 720 hours of
driving and the concentration of carbon tetrachlori
resultant PC-PDMS pellet were measured.

Table 1 shows the results.

[0055]
<Example 2>

Thesameoperationswere performedexceptthatin
during the continuous driving, the following operat
performed: the concentration of the PC-PDMS in the
liquid of the distillation column was periodically
of the column bottom liquid was taken out and methy

after distillation purification was fed instead so

epurified
reactor to be
ntin the step
ousdriving,the
nofthePC-PDMS
umn was
quid was taken
icationwasfed
ange of from
in the column

2% by masson

lene
the continuous

de in the

Examplel,
ion was
column bottom
measured, part
lene chloride

that the
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concentration fell within the range of from 3 to 5%
concentration of the PC-PDMS in the column bottom |
distillation column was around 4% by mass on averag
Table 1 shows the results.
[0056]
<Example 3>
Thesameoperationswere performedexceptthatin
the supply amount of the 8% by mass solution of p-t
(PTBP)inmethylenechloride[13.PTBP/MC]tobead
infrontofthereactor|2.Rx-2]afterthecooling
polymerizationliquidthathad exitedthereactor|
step (A)-step (a-2) with the heatexchangerto from
changedtol.8kg/hr. TheconcentrationofthePC-
bottom liquid of the distillation column was around
average.
Table 1 shows the results.
[0057]
<Comparative Example 1> Case where methylene chlori
without being purified by distillation.
InExamplel,thefollowingcontinuousdrivingwas
recoveredmethylenechloridewasintroducedintoth
tobe usedin Synthesis Example 1 and asareaction
step (A)-step (a-2) without being purified by disti
wasreused. Theconcentrationofcarbontetrachlor

chloride in the MC storage tank after 200 hours of

by mass. The
iquid of the

e.

Example2,
-butylphenol
dedimmediately
ofthepreliminary
1.Rx-1]ofthe
17t020°Cwas
PDMSinthecolumn

4% by mass on

de is reused

performed:
etubulamreactor
solventinthe
llation, and
ideinmethylene

the continuous
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driving and the concentration of carbon tetrachlori
resultant PC-PDMS pellet were measured.

Table 1 shows the results.

[0058]
<ComparativeExample2>Casewhereconcentrationof
bottom liquid is not controlled.

Thesameoperationswere performedexceptthatin
the concentration of the PC-PDMS in the column bott
thedistillationcolumnwasnotcontrolled. After
continuousdriving, temperature control became diff
a heat transfer failure at the bottom portion of th
column. Accordingly, the driving of the distillati
stopped and the following continuous driving was pe
recoveredmethylenechloridewasintroducedintoth
tobe usedin Synthesis Example 1 and asareaction
step (A)-step (a-2) without being purified by disti
was reused.

The concentration of carbon tetrachloride in methy
chloride in the MC storage tank after a total of 72
continuous driving and the concentration of carbon
in the resultant PC-PDMS pellet were measured.

Table 1 shows the results.

[0059]
<Reference Example 1> Case of continuous production

polycarbonate-based resin.

de in the

PC-PDMSincolumn

Examplel,
om liquid of
200hoursofthe
icultowingto
e distillation
on column was
rformed:
etubulamreactor
solventinthe

llation, and

lene

0 hours of the

tetrachloride

of normal
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Continuous production of a polycarbonate was simil
performed except that in Example 1, the 20% by mass
anallylphenolterminal-modifiedpolydimethylsiloxa
chloride was notusedinthe "step (A)-step (a-2)",
continuousdriving,theconcentrationofthePCin
liquid of the distillation column was not controlle
720 hours of the continuous driving, no trouble occ
distillation column.

The concentration of carbon tetrachloride in methy
chloride in the MC storage tank after 720 hours of
driving and the concentration of carbon tetrachlori
resultant polycarbonate pellet were measured.

Table 1 shows the results.

arly

solution of
neinmethylene
andduringthe
thecolumnbottom
d. Evenafter

urred in the

lene
the continuous

de in the
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[0060]
Table 1
Example Comparative Example Reference
Example

1 2 3 1 2 1
Plrelsenlce or alblser!ce of Present Present Present Absent Present Present
distillation purification [step (E)]
Concentration of PC-PDMS in
column bottom liquid 1103 3to5 3t05 — 7 16™
(% by mass)
Concentration of CCls
in MC storage tank 2 2 2 20 23 2
(ppm by mass)
Concentration of CCls
in PC-PDMS pellet Lessthan1 | Lessthan1 | Less than 1 4 4 Less than 12
(ppm by mass)
Continuous driving time 720 720 720 200 720 720
Amount of polydimethylsiloxane
residue in PC-PDMS 6 6 6 6 6 0
Viscosity-average molecular
weight of PC-PDMS (M) 17,500 17,800 21,300 17,200 17,300 17,500
*1: Concentration of PC in column bottom liquid (% by mass)

*2: Concentration of CClI

4 in PC pellet (ppm by mass)




[0061]

Whenrecovered methylene chloride was reused witho
Comparative Example 1, the concentration of carbon
methylenechloridestoragetank(MCstoragetank)i
of carbon tetrachloride in the PC-PDMS pellet becam

In addition, when the concentration of the PC-PDMS
distillationcolumnwasnotcontrolledlikeCompara
driving, temperature control became difficult owing
portionofthedistillationcolumn,andhencethec
and there was no choice but to stop the driving of
was foundthatthe concentration of carbontetrachl
chloride storage tank increased and the concentrati
PC-PDMS also increased.

As compared to the foregoing, in each of Examples
tetrachloride in the PC-PDMS pellet can be maintain
oflong-termdriving,andhencetheexamplesareea

PC-PDMS can be produced in an industrially stable m

60

utbeing purified by distillation like
tetrachloride in methylene chloride in the
ncreased,andatthesametime theconcentration
e 4 ppm by mass or more.
in the column bottom liquid of the
tiveExample2 after200hoursofthecontinuous
to a heat transfer failure at the bottom
ontinuousdrivingcouldnotbeperformedanymore
the distillation column. In addition, it
orideinmethylene chloride inthe methylene

on of carbon tetrachloride in the resultant

1 to 3, the concentration of carbon
ed at less than 1 ppm by mass irrespective
chfoundtobeamethodbywhichahigh-quality

anner.



It should be noted that as shown by the results of
the production of anormal polycarbonate, aninflue
column bottom liquid of a distillation column was a
a PC-PDMS, and hence even when the concentration of
distillationcolumnwasl 6%bymass aheattransfe

column did not occur and its continuous driving was

INDUSTRIAL APPLICABILITY
[0062]

The polycarbonate-polydimethylsiloxane copolymer o
expected to find utilization in various fields such
equipmentandthefieldofanautomobile. Inparti
copolymer canbe utilized as, forexample, amateri
personal computer, a digital camera, a video camera

a material for other articles for daily use.

REFERENCE SIGNS LIST
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Reference Example 1, in the case of
nce by the concentration ofapolymerinthe
bsent unlike the case of the production of
the PC in the column bottom liquid of the
rfailureatthebottomportionothedistillation

able to be performed.

btained by the present invention is
as the field of electrical and electronic
cular,thepolycarbonate-polydimethylsiloxane
alforthe casing ofamobile phone, amobile

, an electric power tool, or the like, or



[0063]

lto4 reactor

5a, 5b mixer

6 solution of polycarbonate oligomer

7 methylene chloride

8 solution of allylphenol terminal-modified polydim
9 solution of triethylamine in methylene chloride

10a, 10b aqueous sodium hydroxide
11 aqueous solution of triethylamine
12 solution of bisphenol A in aqueous sodium hydrox

13 solution of p-t-butylphenol in methylene chlorid
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ethylsiloxane in methylene chloride

ide



1. Apolycarbonate-polyorganosiloxanecopolymer,ha

of less than 4 ppm by mass.

2. Thepolycarbonate-polyorganosiloxanecopolymera

has a viscosity-average molecular weight of 10,000

3. Amethodofcontinuouslyproducinghepolycarbo

to claim 1 or 2, the method comprising the steps of
(A)continuouslyorintermittentlytakingapolyme

by polymerizing a dihydric phenol compound represen

a carbonate precursor, and a polyorganosiloxane rep

(2)inapresenceofanalkalinecompoundaqueouss

out of a reactor;
(B)separatingthepolymerizationreactionliquid

phase and a water-insoluble organic solvent phase;
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CLAIMS

vingacarbontetrachlorideconcentration

ccordingtoclaiml,whereinthecopolymer

to 30,000.

nate-polyorganosiloxanecopolymeraccording

rizationreactionliquid whichisobtained

ted by the following general formula (1),

resented by the following general formula

olutionandawater-insolubleorganicsolvent,

takenoutinthestep(A)intoanaqueous



(C)washingthe water-insoluble organic solventph
by separation thereof into an aqueous phase and a w
(D) concentrating the water-insoluble organic solv
and
(E) recovering partor all of the water-insoluble
in the step (D), followed by distillation purificat
thewater-insoluble organicsolventobtainedinth
ofthewater-insolubleorganicsolventinthestep
phase separated in the step (B), or as both thereof
in the step (E), the distillation purification bei
the polycarbonate-polyorganosiloxane copolymer in a

column is controlled to 6% by mass or less:

(RY, (R?),

HOOX@OH

whereinR 'andR Zeachindependentlyrepresentahalogenatom,anal

atoms, or an alkoxy group having 1 to 6 carbon atom
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aseseparatedinthe step (B), followed
ater-insoluble organic solvent phase;

ent phase separated in the step (C);

organic solventremoved by evaporation
ion thereof in a distillation column,
estep(E)beingreusedasatleastpart

(A)orasanextractionsolventfortheaqueous

ng performed while a concentration of

column bottom liquid of the distillation

(1)

kylgrouphavinglto6carbon

s, X represents a single bond, an alkylene
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grouphaving1to8carbonatoms,analkylidenegro uphaving2to8carbonatoms,acycloalkylene
group having 5 to 15 carbon atoms, a cycloalkyliden e group having 5 to 15 carbon atoms, -S-,
-SO-, -SO  ,-, -O-, or -CO-, and a and b each independently rep resent an integer of 0 to 4;

R® R’
Z—(0)m—Y %i—O :Si—Y—(O)m—Z 2)

R* /| R
whereinR 3toR ° each independently represent a hydrogen atom, a ha logen atom, an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1to 6 carbon atoms, or an aryl group having
6to 12 carbon atoms, Y represents a single bond, o r an organic residue including an aliphatic
oraromaticmoiety,nrepresentsanaveragerepetit ionnumber,Zrepresentsahalogenatom,-R "OH,
-R’-Z'-R 8-OH,-R "COOH, -R 'NH, -COOH, or —-SH, the R " represents a substituted or unsubstituted
alkylene group, a substituted or unsubstituted cycl oalkylene group, or a substituted or
unsubstitutedarylenegroup,theR 8representsanarylenegrouphaving6to12ring-fo rmingcarbon
atoms,theZ'representsanalkylenegrouphaving1 to8carbonatoms,analkylidenegrouphaving
2 to 8 carbon atoms, a cycloalkylene group having 5 to 10 carbon atoms, or a cycloalkylidene

group having 5 to 10 carbon atoms, and m represents Oor1l.



4. Themethodofcontinuouslyproducingapolycarbo
toclaim 3, whereinin the step (E), the concentrat
copolymerinthe columnbottom liquid is controlled

part of the column bottom liquid out of a column bo

5. Themethodofcontinuouslyproducingapolycarbo
toclaim3or4,whereininthestep(E),theconce
copolymer in the column bottom liquid of the distil

or less.

6. Themethodofcontinuouslyproducingapolycarbo
toanyoneofclaims3to5,whereinaconcentratio
organicsolventtobereusedasatleastpartofth

(A) or as the extraction solvent for the aqueous ph

thereof is controlled to less than 20 ppm by mass.

7. Themethodofcontinuouslyproducingapolycarbo

66

nate-polyorganosiloxanecopolymeraccording
ion of the polycarbonate-polyorganosiloxane
to fallwithin the range by taking atleast

ttom portion of the distillation column.

nate-polyorganosiloxanecopolymeraccording
ntrationofthepolycarbonate-polyorganosiloxane

lation column is controlled to 5% by mass

nate-polyorganosiloxanecopolymeraccording
nofcarbontetrachlorideinthewater-insoluble
ewater-insoluble organic solventinthe step

ase separated in the step (B), or as both

nate-polyorganosiloxanecopolymeraccording



toanyoneofclaims3to6,whereininthestep (E

column is set to 35 to 70°C and a column bottom tem

8. Themethodofcontinuouslyproducingapolycarbo
toany one of claims 3to 7, whereinin the step (E
organic solvent is recovered and purified by distil
water-insoluble organic solvent is passed through a
polycarbonate-polyorganosiloxane copolymer in the s

6% by mass or less.

9. Themethodofcontinuouslyproducingapolycarbo
toanyoneofclaims3to8,whereinthestep(A)i
step (a-2):

step (a-1): allowing the dihydric phenol compound
and the carbonate precursor to react with each othe
agueous solution and the water-insoluble organic so

having a repeating unit represented by the followin
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),acolumntoptemperature ofthedistillation

perature thereof is set to 45 to 80°C.

nate-polyorganosiloxanecopolymeraccording
), before part or all of the water-insoluble
lation in the distillation column, the
flash drum and the concentration of the

olvent in the flash drum is controlled to

nate-polyorganosiloxanecopolymeraccording

ncludesthefollowingstep(a-1)andthefollowing

represented by the general formula (1)
rin the presence of the alkaline compound
Ivent to produce a polycarbonate oligomer

g general formula (I); and



68

step(a-2):continuouslyorintermittentlytaking thepolymerizationreactionliquid,which
is obtained by polymerizing the dihydric phenol com pound, the polycarbonate oligomer obtained
inthestep(a-1),andthepolyorganosiloxanerepre sentedbythegeneralformula(2)inthepresence
of the alkaline compound aqueous solution and the w ater-insoluble organic solvent, out of the
reactor:
) (R (R |

——o@x@o-g—— (1)

wherein R 1, R 2, X, aand b are each defined in the same manner as in the foregoing.



