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METHOD FOR PRODUCING
POLYCARBONATE-POLYORGANOSILOXANE
COPOLYMER

TECHNICAL FIELD

[0001] The present invention relates to a method of pro-
ducing a polycarbonate-polyorganosiloxane copolymer.

BACKGROUND ART

[0002] A polycarbonate-based resin is a polymer excellent
in transparency, heat resistance, and impact resistance and is
widely used at present as an engineering plastic in the
industrial field.

[0003] As a method of producing the polycarbonate-based
resin, a method involving allowing an aromatic dihydroxy
compound, such as bisphenol A, and phosgene to react
directly with each other (interfacial polymerization method)
is known as a method of producing a high-qualitypolycar-
bonate. As a method of industrially producing a polycar-
bonate by an interfacial polymerization method, there is
adopted a method involving allowing phosgene and an
alkaline aqueous solution of a bisphenol to react with each
other in the presence of an organic solvent to produce a
polycarbonate oligomer having a reactive chloroformate
group, and simultaneously or sequentially with production
of the polycarbonate oligomer, further subjecting the poly-
carbonate oligomer and the bisphenol to a polycondensation
reaction in the presence of a polymerization catalyst, such as
a tertiary amine, and an alkaline aqueous solution.

[0004] The organic solvent used in a reaction step and a
washing step is typically purified by a method, such as
distillation, after its recovery to be reused in the reaction step
and the like (including a phosgenation reaction step, a
polycondensation reaction step, and the washing step) (see
Patent Document 1). In addition, waste water after the
reaction step, waste water produced in the washing step, or
waste water produced in a granulating step contains an
inorganic matter such as sodium chloride, and an organic
matter such as a phenol or a polycarbonate. In order to purify
the waste water by removing the organic matter from an
aqueous phase, an organic solvent is used to extract and
remove the organic matter from the waste water. The organic
solvent containing the phenol and the polymer that have
been extracted and removed is reused in the polycondensa-
tion reaction step (see Patent Document 2).

[0005] Among the polycarbonate-based resins, a polycar-
bonate-polyorganosiloxane polymer (hereinafter sometimes
referred to as “PC-POS”) has been attracting attention
because of its high impact resistance, high chemical resis-
tance, and high flame retardancy, and the polymer has been
expected to find utilization in a wide variety of fields, such
as the field of electrical and electronic equipment and the
field of an automobile.

[0006] As a method of producing the PC-POS, there is
known a method involving allowing a dihydric phenol-
based compound and phosgene to react with each other to
produce a polycarbonate oligomer, and polymerizing the
polycarbonate oligomer with a polyorganosiloxane in the
presence of methylene chloride, an alkaline compound aque-
ous solution, a dihydric phenol-based compound, and a
polymerization catalyst (see Patent Document 3).
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SUMMARY OF INVENTION
Technical Problem
[0010] Also in the case of the production of a PC-POS, the

following is preferred from economic and environmental
viewpoints: organic matters (a dihydric phenol-based com-
pound and the PC-POS) are extracted and removed from
waste water by using the same organic solvent as that used
in a conventional production process for a typical polycar-
bonate-based resin, and the organic solvent containing the
dihydric phenol-based compound and the PC-POS thus
obtained is reused.

[0011] However, an investigation made by the inventors of
the present invention has found that when the recovered
organic solvent is reused in a phosgenation reaction step in
a production process for a polycarbonate oligomer, bubbling
in an oligomerization reactor subsequent to the step and a
fluctuation in flow rate at the outlet of the reactor occur to
make it difficult to efficiently produce the PC-POS.

[0012] An object to be achieved by the present invention
is to provide a method by which a polycarbonate-polyor-
ganosiloxane copolymer is efficiently produced while bub-
bling in an oligomerization reactor and a fluctuation in flow
rate at the outlet of the reactor are avoided.

Solution to Problem

[0013] The inventors of the present invention have made
extensive investigations, and as a result, have found that
when the content of a polycarbonate-polyorganosiloxane
copolymer in an organic solvent to be introduced into a
phosgenation reaction step in a production process for a
polycarbonate oligomer is controlled to less than a certain
value, bubbling in an oligomerization reactor and a fluctua-
tion in flow rate at the outlet of the reactor hardly occur, and
hence the polycarbonate-polyorganosiloxane copolymer can
be efficiently produced. Thus, the inventors have completed
the present invention.

[0014] That is, the present invention relates to the follow-
ing items [1] to [10]. [1] A method of producing a polycar-
bonate-polyorganosiloxane copolymer, comprising

[0015] a step (a) of producing a polycarbonate oligomer
with an alkaline aqueous solution of a dihydric phenol,
phosgene, and an organic solvent, and

[0016] the method further comprising a step of setting a
content of a polycarbonate-polyorganosiloxane copolymer
in the organic solvent to be introduced into the step (a) to
less than 850 ppm by mass. [2] The method of producing a
polycarbonate-polyorganosiloxane copolymer according to
Item [1], further comprising:

[0017] a step (b) of causing the polycarbonate oligomer
obtained in the step (a), the alkaline aqueous solution of the
dihydric phenol, and a polyorganosiloxane to react with each
other to provide a polycarbonate-polyorganosiloxane copo-
lymer;

[0018] a step (c) of continuously or intermittently dis-
charging a solution containing the polycarbonate-polyor-
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ganosiloxane copolymer from a reactor of the step (b),
separating the discharged solution into an aqueous phase and
an organic solvent phase, washing the separated organic
solvent phase, and then further separating the washed phase
into an aqueous phase and an organic solvent phase; and

[0019] a step (d) of concentrating and drying the organic
solvent phase containing the polycarbonate-polyorganosi-
loxane copolymer obtained in the step (¢) to remove the
organic solvent,

[0020] wherein part or a total amount of the organic
solvent removed in the step (d) is used as the organic solvent
to be introduced into the step (a).

[3] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to Item [1] or [2], wherein the
organic solvent to be introduced into the step (a) is obtained
by treating part or a total amount thereof with a demister.

[4] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [3],
wherein the organic solvent to be introduced into the step (a)
is obtained by subjecting part or a total amount there of to
a distillation treatment.

[5] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [4],
wherein the organic solvent to be introduced into the step (a)
is methylene chloride.

[6] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [5],
wherein the dihydric phenol is a dihydric phenol represented
by the general formula (1):

M
(RN, ®R);

wherein R' and R? each independently represent an alkyl
group having 1 to 6 carbon atoms, X represents a single
bond, an alkylene group having 1 to 8 carbon atoms, an
alkylidene group having 2 to 8 carbon atoms, a cycloalky-
lene group having 5 to 15 carbon atoms, a cycloalkylidene
group having 5 to 15 carbon atoms, —S—, —SO—,
—80,—, —O0—, or —CO—, and a and b each indepen-
dently represent an integer of from 0 to 4.

[7] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [6],
wherein the polyorganosiloxane is at least one of polyor-
ganosiloxane selected from the general formulae (2), (3),
and (4):

@

R? R’
7—Y ?i—O Si—Y—7Z
R* RS

n
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3
R3 RS 5 R3
7—Y ?i—O Si—Y—p—Y—Si O—?i Y—Z
4 6 6 4
R /o R R R A
@
R’ R’
7—Y Si—O Si—Y—p—Y—Z
I|{4 R®

n

wherein R? to R® each independently represent a hydrogen
atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, or an
aryl group having 6 to 12 carbon atoms, and a plurality of
R?, R* R°, and/or R® may be identical to or different from
each other, Y represents —R’0O— —R’COO—,
—R’NH—, —R’NR®*—, —COO—, —S—, —R’COO—
R°—O—, or —R’0—R'°—0—, and a plurality of Y may
be identical to or different from each other, the R” represents
a single bond, a linear, branched, or cyclic alkylene group,
an aryl-substituted alkylene group, a substituted or unsub-
stituted arylene group, or a diarylene group, R® represents an
alkyl group, an alkenyl group, an aryl group, or an aralkyl
group, R’ represents a diarylene group, R'® represents a
linear, branched, or cyclic alkylene group, or a diarylene
group, Z represents a hydrogen atom or a halogen atom, and
a plurality of Z may be identical to or different from each
other, f represents a divalent group derived from a diiso-
cyanate compound, or a divalent group derived from a
dicarboxylic acid or a halide of a dicarboxylic acid, p and q
each represent an integer of 1 or more, and a sum of p and
q is from 20 to 500, and n represents an average number of
repetitions of from 20 to 500.

[8] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [7],
wherein the dihydric phenol is bisphenol A.

[9] The method of producing a polycarbonate-polyorganosi-
loxane copolymer according to any one of Items [1] to [8],
wherein the alkaline aqueous solution is aqueous sodium
hydroxide.

[10] The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to any one of Items [1]
to [9], wherein the polycarbonate oligomer has a weight-
average molecular weight of 5,000 or less.

Advantageous Effects of Invention

[0021] According to the present invention, the method by
which a polycarbonate-polyorganosiloxane copolymer is
efficiently produced while bubbling in an oligomerization
reactor and a fluctuation in flow rate at the outlet of the
reactor are avoided can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic view of a production process
for a polycarbonate-polyorganosiloxane copolymer per-
formed in Example 1 of the present invention.

DESCRIPTION OF EMBODIMENTS

[0023] The present invention is directed to a method of
producing a polycarbonate-polyorganosiloxane copolymer,
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comprising a step (a) of producing a polycarbonate oligomer
with an alkaline aqueous solution of a dihydric phenol,
phosgene, and an organic solvent, the method further com-
prising a step of setting a content of the polycarbonate-
polyorganosiloxane copolymer in the organic solvent to be
introduced into the step (a) to less than 850 ppm by mass.

[0024] In addition, the method of producing a polycarbon-
ate-polyorganosiloxane copolymer of the present invention
preferably further comprises: a step (b) of causing the
polycarbonate oligomer obtained in the step (a), the alkaline
aqueous solution of the dihydric phenol, and a polyorganosi-
loxane to react with each other to provide the polycarbonate-
polyorganosiloxane copolymer; a step (c) of continuously or
intermittently discharging a solution containing the polycar-
bonate-polyorganosiloxane copolymer from a reactor of the
step (b), separating the discharged solution into an aqueous
phase and an organic solvent phase, washing the separated
organic solvent phase, and then further separating the
washed phase into an aqueous phase and an organic solvent
phase; and a step (d) of concentrating and drying the organic
solvent phase containing the polycarbonate-polyorganosi-
loxane copolymer obtained in the step (¢) to remove the
organic solvent, wherein part or a total amount of the organic
solvent removed in the step (d) is used as the organic solvent
to be introduced into the step (a).

[0025] The method of producing a polycarbonate-polyor-
ganosiloxane copolymer (PC-POS) of the present invention
is described in detail below.

[Step (a)]

[0026] In the step (a), first, a phosgenation reaction is
performed by mixing the alkaline aqueous solution of the
dihydric phenol, phosgene, and the organic solvent. The
phosgenation reaction is a reaction in which a chloroformate
group is introduced mainly into the dihydric phenol.

[0027] A reaction temperature in the step (a) is selected
from the range of typically from 0° C. to 80° C., preferably
from 5° C. to 70° C.

[0028] The respective raw materials to be used in the
phosgenation reaction are described below.

<Dihydric Phenol>

[0029] A dihydric phenol represented by the following
general formula (1) is preferably used as the dihydric
phenol.

M
®RY, ®R?),

wherein R' and R? each independently represent an alkyl
group having 1 to 6 carbon atoms, X represents a single
bond, an alkylene group having 1 to 8 carbon atoms, an
alkylidene group having 2 to 8 carbon atoms, a cycloalky-
lene group having 5 to 15 carbon atoms, a cycloalkylidene
group having 5 to 15 carbon atoms, —S—, —SO—,
—S0,—, —O—, or —CO—, and a and b each indepen-
dently represent an integer of from 0 to 4.
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[0030] Although the dihydric phenol represented by the
general formula (1) is not particularly limited, 2,2-bis(4-
hydroxyphenyl)propane [trivial name: bisphenol A] is suit-
able.

[0031] Examples of the dihydric phenol other than bis-
phenol A include: bis(hydroxyaryl)alkanes, such as bis(4-
hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)
octane, bis(4-hydroxyphenyl)phenylmethane, bis(4-hy-
droxyphenyl)diphenylmethane, 2,2-bis(4-hydroxy-3-meth-
ylphenyl)propane, bis(4-hydroxyphenyl)naphthylmethane,
1,1-bis(4-hydroxy-t-butylphenyl)propane, 2,2-bis(4-hy-
droxy-3-bromophenyl)propane, 2,2-bis(4-hydroxy-3,5-dim-
ethylphenyl)propane,  2,2-bis(4-hydroxy-3-chlorophenyl)
propane,  2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane,
and 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane; bis(hy-
droxyaryl)cycloalkanes, such as 1,1-bis(4-hydroxyphenyl)
cyclopentane, 1,1-bis(4-hydroxyphenyl)cyclohexane, 1,1-
bis(4-hydroxyphenyl)-3,5,5-trimethylcyclohexane, 2.,2-bis
(4-hydroxyphenyl)norbornane, and 1,1-bis(4-
hydroxyphenyl)cyclododecane; dihydroxyaryl ethers, such
as 4.,4'-dihydroxydiphenyl ether and 4,4'-dihydroxy-3,3'-
dimethylphenyl ether; dihydroxydiaryl sulfides, such as 4,4'-
dihydroxydiphenyl sulfide and 4,4'-dihydroxy-3,3'-dimeth-
yldiphenyl sulfide; dihydroxydiaryl sulfoxides, such as 4,4'-
dihydroxydiphenyl sulfoxide and 4,4'-dihydroxy-3,3'-
dimethyldiphenyl sulfoxide; dihydroxydiaryl sulfones, such
as 4,4'-dihydroxydiphenyl sulfone and 4,4'-dihydroxy-3,3'-
dimethyldiphenyl sulfone; dihydroxydiphenyls, such as 4,4'-
dihydroxydiphenyl; dihydroxydiarylfiuorenes, such as 9,9-
bis(4-hydroxyphenyl)fluorene and 9,9-bis(4-hydroxy-3-
methylphenyl)fluorene; dihydroxydiaryladamantanes, such
as  1,3-bis(4-hydroxyphenyl)adamantane, 2,2-bis(4-hy-
droxyphenyl) adamantane, and 1,3-bis(4-hydroxyphenyl)-5,
7-dimethyladamantane;  4,4'-[1,3-phenylenebis(1-methyl-
ethylidene)]bisphenol; 10,10-bis(4-hydroxyphenyl)-9-

anthrone; and 1,5-bis(4-hydroxyphenylthio)-2,3-
dioxapentane.
[0032] One of those dihydric phenols may be used alone,

or two or more thereof may be used as a mixture.

<Alkaline Aqueous Solution>

[0033] The dihydric phenol is used as an alkaline aqueous
solution, and an alkaline compound to be used at this time
may be, for example, an alkali hydroxide, in particular a
hydroxide having strong basicity, such as sodium hydroxide
or potassium hydroxide. Among them, sodium hydroxide is
preferably used.

[0034] In normal cases, a solution having an alkali con-
centration of from 1 mass % to 15 mass % is preferably used
as the alkaline aqueous solution. In addition, the content of
the dihydric phenol in the alkaline aqueous solution is
typically selected from the range of from 0.5 mass % to 20
mass %.

<Phosgene>

[0035] Phosgene is a compound typically obtained by
causing chlorine and carbon monoxide to react with each
other at a ratio of carbon monoxide of from 1.01 mol to 1.3
mol with respect to 1 mol of chlorine through the use of
activated carbon as a catalyst. When a phosgene gas is used
as a phosgene, a phosgene gas which incorporates about 1
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vol % to about 30 vol % of unreacted carbon monoxide may
be used. Phosgene in a liquefied state may also be used.

<Organic Solvent>

[0036] The organic solvent is used as a solvent for diluting
the polycarbonate oligomer and the polyorganosiloxane.
Specific examples thereof include halogenated hydrocarbon
solvents, such as dichloromethane (methylene chloride),
dichloroethane, trichloroethane, tetrachloroethane, pen-
tachloroethane, hexachloroethane, dichloroethylene, chlo-
robenzene, and dichlorobenzene. Among them, dichlo-
romethane (methylene chloride) is particularly preferred.
[0037] The usage amount of the organic solvent is typi-
cally selected so that a volume ratio between an organic
solvent phase and an aqueous phase may be preferably from
5/1 to 1/7, more preferably from 2/1 to Va.

<Other Raw Materials>

[0038] In the step (a), in the addition to the respective raw
materials, a polymerization catalyst may be used as required.
Examples of the polymerization catalyst include tertiary
amines and quaternary ammonium salts. Examples of the
tertiary amine include trimethylamine, triethylamine, and
tripropylamine. Examples of the quaternary ammonium salt
include trimethylbenzylammonium chloride and triethyl-
benzylammonium chloride. As the polymerization catalyst,
a tertiary amine is preferred, and triethylamine is more
preferred.

[0039] In the phosgenation reaction, substantially no oli-
gomerization reaction proceeds, and hence the polycarbon-
ate oligomer is produced by mixing a reaction product
obtained in the phosgenation reaction, the dihydric phenol,
and an alkali component to perform an oligomerization
reaction. In the oligomerization reaction, an end terminator
may be added as required.

[0040] A stirring tank is generally used as a reactor to be
used in the oligomerization reaction. The stirring tank is not
particularly limited as long as the tank has a stirrer.

[0041] As one means for suppressing bubbling in the
oligomerization reactor, a vortex breaker is preferably
placed in the stirring tank.

[0042] The end terminator is not particularly limited as
long as the end terminator is a monohydric phenol, and
examples thereof include phenol, p-cresol, p-tert-butylphe-
nol, p-tert-octylphenol, p-cumylphenol, p-phenylphenol,
3-pentadecylphenol, bromophenol, tribromophenol, and
nonylphenol. Among them, p-tert-butylphenol, p-cumylphe-
nol, and p-phenylphenol are preferred, and p-tert-butylphe-
nol is more preferred.

[0043] The weight-average molecular weight (Mw) of the
obtained polycarbonate oligomer is preferably 5,000 or less,
more preferably from 500 to 3,000, still more preferably
from 700 to 2,000, even still more preferably from 800 to
1,500.

[0044] It is preferred that a reaction mixture obtained in
the oligomerization reaction be introduced into a static
separation tank to be separated into an organic solvent phase
containing the polycarbonate oligomer and an aqueous
phase containing impurities and the like. The organic solvent
phase is utilized in the step (b). Meanwhile, there may be the
case where the polycarbonate oligomer and the dihydric
phenol are also incorporated into the aqueous phase.
Accordingly, with respect to the aqueous phase, it is pre-
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ferred that such organic matters be extracted with an organic
solvent, and the resultant extract be used as a part or the
whole of the organic solvent to be used in the step (b). It is
preferred to perform the extraction operation by mixing the
aqueous phase with an aqueous phase that is obtained by
washing with an acidic aqueous solution in a step (d)
described below and then separating.

[Step (b)]

[0045] In the step (b), a copolymerization reaction is
completed by adding the polycarbonate oligomer obtained in
the step (a), the alkaline aqueous solution of the dihydric
phenol, and the polyorganosiloxane, and subjecting the
materials to interfacial polymerization in the presence of an
alkaline aqueous solution and an organic solvent, and as
required, a polymerization catalyst and an end terminator.
[0046] An example of the step (b) is specifically
described. The polycarbonate oligomer solution obtained in
the step (a), the alkaline aqueous solution of the dihydric
phenol, the polyorganosiloxane solution diluted with the
organic solvent, the organic solvent, and the alkaline aque-
ous solution are mixed arbitrarily in the presence of the
polymerization catalyst, and the mixture is subjected to the
interfacial polymerization at a temperature in the range of
typically from 0° C. to 50° C., preferably from 20° C. to 40°
C. The end terminator and the polymerization catalyst may
be used as required.

[0047] Examples of the alkaline aqueous solution, the
organic solvent, the polymerization catalyst, the dihydric
phenol, and the end terminator in this step may include those
described in the step (a).

[0048] With regard to the reactor to be used in the step (b)
(polycondensation reaction step), the reaction can be com-
pleted only with one reactor depending on the performance
of the reactor. However, the polycondensation reaction step
may be performed by further building a plurality of reactors,
such as a second reactor subsequent thereto and a third
reactor, as required. A stirring tank, a tower-type stirring
tank with a vertical multistage impeller, a stationary tank, a
static mixer, a line mixer, an orifice mixer, piping, or the like
may be used as the reactor to be used in the polycondensa-
tion reaction step. Those reactors may be arbitrarily com-
bined to be used as a plurality of reactors.

[0049] At least one selected from the following general
formulae (2), (3), and (4) is preferably used as the polyor-
ganosiloxane.

@

R? R?
7—Y ?i—O Si—Y—7Z
4 6
R /| R
3
R3 R’ R’ R?
7—Y ?i—O Sil—Y—ﬁ_Y_?l{O_?l%Y_z
4 6 6 4
R ) R R R/
@
R? R?
7—Y Si—O

?i—Y—[ﬁ—Y—Z

R* R®
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[0050] wherein R® to R® each independently represent a
hydrogen atom, a halogen atom, an alkyl group having 1 to
6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
or an aryl group having 6 to 12 carbon atoms, and a plurality
of R?,R*, R?, and/or R® may be identical to or different from
each other, Y represents —R’0O— —R’COO—,
—R’NH—, —R’NR®*—, —COO—, —S—, —R’COO—
R°—O—, or —R’0—R'*—0O—, and a plurality of Y may
be identical to or different from each other, the R” represents
a single bond, a linear, branched, or cyclic alkylene group,
an aryl-substituted alkylene group, a substituted or unsub-
stituted arylene group, or a diarylene group, R® represents an
alkyl group, an alkenyl group, an aryl group, or an aralkyl
group, R® represents a diarylene group, R'° represents a
linear, branched, or cyclic alkylene group, or a diarylene
group, Z represents a hydrogen atom or a halogen atom, and
a plurality of Z may be identical to or different from each
other, R represents a divalent group derived from a diiso-
cyanate compound, or a divalent group derived from a
dicarboxylic acid or a halide of a dicarboxylic acid, p and q
each represent an integer of 1 or more, and a sum of p and
q is from 20 to 500, and n represents an average number of
repetitions of from 20 to 500.

[0051] Examples of the halogen atom that R® to RS each
independently represent include a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom. Examples of the
alkyl group that R® to R® each independently represent
include a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, various butyl groups (“various” means that
a linear group and any branched group are included, and the
same shall apply hereinafter), various pentyl groups, and
various hexyl groups. An example of the alkoxy group that
R? to R® each independently represent is an alkoxy group
whose alkyl group moiety is the alkyl group described
above. Examples of the aryl group that R® to RS each
independently represent include a phenyl group and a naph-

thyl group.

[0052] R>® to RS each preferably represent a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, an alkoxy
group having 1 to 6 carbon atoms, or an aryl group having
6 to 12 carbon atoms.

[0053] The polyorganosiloxanes represented by the gen-
eral formulae (2), (3), and (4) are each preferably a polyor-
ganosiloxane in which R® to R® each represent a methyl
group.

[0054] The linear or branched alkylene group represented
by R” in —R’0—, —R’COO—, —R’NH—, —R'NR®—,
—C00—, —S—, —R’COO—R°*~—0O—, or —R’'0O—
R'°—O— represented by Y is, for example, an alkylene
group having 1 to 8 carbon atoms, preferably 1 to 5 carbon
atoms, and the cyclic alkylene group represented by R” is,
for example, a cycloalkylene group having 5 to 15 carbon
atoms, preferably 5 to 10 carbon atoms.

[0055] The aryl-substituted alkylene group represented by
R’ may have a substituent, such as an alkoxy group or an
alkyl group, on its aromatic ring, and its specific structure
may be, for example, a structure represented by the follow-
ing general formula (5) or (6). When the polyorganosiloxane
has the aryl-substituted alkylene group, the alkylene group
is bonded to Si.
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wherein ¢ represents a positive integer and typically repre-
sents an integer of from 1 to 6.

[0056] The diarylene group represented by each of R”, R®,
and R' refers to a group in which two arylene groups are
linked to each other directly or through a divalent organic
group, and is specifically a group having a structure repre-
sented by —Ar'—W—Ar>—. Here, Ar* and Ar* each rep-
resent an arylene group, and W represents a single bond or
a divalent organic group. Examples of the divalent organic
group represented by W include an isopropylidene group, a
methylene group, a dimethylene group, and a trimethylene

group.

[0057] Examples of the arylene group represented by each
of R7, Ar', and Ar? include arylene groups each having 6 to
14 ring-forming carbon atoms, such as a phenylene group, a
naphthylene group, a biphenylene group, and an anthrylene
group. Those arylene groups may each have an arbitrary
substituent, such as an alkoxy group or an alkyl group.

[0058] The alkyl group represented by R® is a linear or
branched alkyl group having 1 to 8, preferably 1 to 5 carbon
atoms. The alkenyl group represented by R® is, for example,
a linear or branched alkenyl group having 2 to 8, preferably
2to 5 carbon atoms. The aryl group represented by R® is, for
example, a phenyl group or a naphthyl group. The aralkyl
group represented by R® is, for example, a phenylmethyl
group or a phenylethyl group.

[0059] The linear, branched, or cyclic alkylene group
represented by R'° is the same as that represented by R”.

[0060] Y preferably represents —R’O—, and R repre-
sents an aryl-substituted alkylene group, in particular a
residue of a phenol-based compound having an alkyl group,
and more preferably represents an organic residue derived
from allylphenol or an organic residue derived from euge-
nol.

[0061] With regard to p and q in the general formula (3),
it is preferred that p=q, i.e., p=1/2 and q=n/2.

[0062] The average number n of repetitions is preferably
from 20 to 500, more preferably from 50 to 400, still more
preferably from 70 to 300. When the n is 20 or more, the
PC-POS can obtain excellent impact resistance, and signifi-
cant restoration of the impact resistance can be achieved.
When the n is 500 or less, handleability at the time of the
production of the PC-POS is excellent. The number n of
repeating units can be calculated by "H-NMR.
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[0063] In addition, f represents a divalent group derived -continued
from a diisocyanate compound, or a divalent group derived (7-3)
from a dicarboxylic acid or a halide of a dicarboxylic acid, ﬁ
and examples thereof include divalent groups represented by —C—NH
the following general formulae (7-1) to (7-5).
g |
N—C—
7-1
0 0 7-n o o -4
—C—N N—C— H H
——(C—N—CH,CH,CH,CH,CH,CHy=N—C——
7-5)
(€] (€]

(7-2)
0 0 —C c—
—C—N CH, N—C—

[0064] Examples of the polyorganosiloxane represented
by the general formula (2) include compounds represented
by the following general formulae (2-1) to (2-11).

(2-1) (2-2)

R RS oH HO,
i NP A A P
(CHz)c—f?l—O?n—?l—(CHz)c | |
— R* RS — (CHz)c_f?i_O‘)n_?i_(CHz)c
R* R®

(2-3) (2-4)
H;CO OCH; R3 R’
R3 RS | |
Cl—8i—03=—Si-Cl
HO (CHZ)C+?1—Oﬁn—?i—(CH2)C oH I'{4 II{5
R* RS
(2-5)
HO CH3 CH3
o—esl—o-)—sl—o
(2-6) Q-7
R? RS e RS
| | HOOC\/ \ | | / \/COOH
HOOC—8i—0%;-8i—COOH 4 (CHy)~$i— 0 9-8i— (CHa)e 3
R* R® = R* R® =
(2-8) 2-9)

H>N. N \ \ Y NH, RSHN [ / Y NHRS®
OﬂCHz)c—esl—Oﬁ—sl—(cm)cO <:>7<CH2>C+SI Oﬁ—sl—<CHz>cO

(2-10)

3 5

cH 0 R CH3
HO. /3 | |
SN\ | I |
T O—C—(CHCHZ) ?1—0 ?1—(CH2CH)—C—O
CH.

n

(2-11)
R3 RS

HO— (CH,),—0—(CH,), ?i—O ?i—(CHZ)Z—O—(CHZ)Z—OH

R* R®

n
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[0065] Inthe general formulae (2-1) to (2-11), R® to RS, n,
and R® are as defined above, and preferred groups and values
thereof are also the same. ¢ represents a positive integer and
typically represents an integer of from 1 to 6.

[0066] Among them, a phenol-modified polyorganosilox-
ane represented by the general formula (2-1) is preferred
from the viewpoint of the ease of polymerization. In addi-
tion, a,m-bis[3-(o-hydroxyphenyl)propyl]polydimethylsi-
loxane as one of the compounds each represented by the
general formula (2-2) or a,w-bis[3-(4-hydroxy-3-methoxy-
phenyl)propyl]polydimethylsiloxane as one of the com-
pounds each represented by the general formula (2-3) is
preferred from the viewpoint of the ease of availability.
[0067] The viscosity-average molecular weight (Mv) of
the polycarbonate-polyorganosiloxane is typically from
10,000 to 30,000, preferably from 12,000 to 28,000, more
preferably from 15,000 to 25,000. In the present invention,
the viscosity-average molecular weight (Mv) is a value
calculated from Schnell’s equation ([1]=1.23x107>xMv®-*?)
by measuring the limiting viscosity [n] of a methylene
chloride solution at 20° C. with an Ubbelohde-type viscosity
tube.

[0068] A method of producing the polyorganosiloxane to
be used in the present invention is not particularly limited.
According to, for example, a method disclosed in JP
11-217390 A, the polyorganosiloxane can be obtained by:
causing cyclotrisiloxane and disiloxane to react with each
other in the presence of an acid catalyst to synthesize
a,w-dihydrogen organopentasiloxane; and then subjecting a
phenol compound having an unsaturated group (such as
2-allylphenol, 4-allylphenol, eugenol, or 2-propenylphenol)
or the like to an addition reaction with the a,w-dihydrogen
organopentasiloxane in the presence of a catalyst for a
hydrosilylation reaction. In addition, according to a method
disclosed in JP 2662310 B2, the polyorganosiloxane can be
obtained by: causing octamethylcyclotetrasiloxane and
tetramethyldisiloxane to react with each other in the pres-
ence of sulfuric acid (acid catalyst); and subjecting a phenol
compound having an unsaturated group or the like to an
addition reaction with the resultant o, w-dihydrogen organo-
polysiloxane in the presence of the catalyst for a hydrosi-
lylation reaction in the same manner as described above. The
chain length n of the a,w-dihydrogen organopolysiloxane
may be appropriately adjusted depending on a polymeriza-
tion condition therefor before its use, or a commercially
available a,w-dihydrogen organopolysiloxane may be used.
[0069] Examples of the catalyst for a hydrosilylation reac-
tion include transition metal-based catalysts. Among them, a
platinum-based catalyst is preferably used in terms of a
reaction rate and selectivity. Specific examples of the plati-
num-based catalyst include chloroplatinic acid, a solution of
chloroplatinic acid in an alcohol, an olefin complex of
platinum, a complex of platinum and a vinyl group-contain-
ing siloxane, platinum-supported silica, and platinum-sup-
ported activated carbon.

[Step ()]

[0070] In the step (c), first, the solution containing the
polycarbonate-polyorganosiloxane copolymer is continu-
ously or intermittently discharged from the reactor of the
step (b), and the discharged solution is separated into an
aqueous phase and an organic solvent phase. The method for
the separation is not particularly limited, and a settled
separation may be adopted. From the viewpoint of making
the separated state between the aqueous phase and the
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organic solvent phase satisfactory, it is preferred to perform
centrifugation. Although the centrifugation condition is not
particularly limited, in general, a rotational speed is prefer-
ably from about 1,000 rpm to about 3,000 rpm.

[0071] In many cases, the organic solvent phase obtained
after the separation contains a trace amount of the dihydric
phenol, and therefore, it is preferred to wash the organic
solvent phase with an alkaline aqueous solution. Examples
of'the alkaline compound to be used for the alkaline aqueous
solution include the same materials as those used in the step
(a), and it is preferred to use the same material. After the
washing with the alkaline aqueous solution, the resultant is
separated into an aqueous phase and an organic solvent
phase. On this occasion, the method for the separation is not
particularly limited, and a settled separation may be adopted.
From the viewpoint of making the separated state between
the aqueous phase and the organic solvent phase satisfactory,
it is preferred to perform centrifugation at the above-men-
tioned rotational speed. Although the amount of the alkaline
aqueous solution to be used for the washing is not particu-
larly limited, the amount is preferably from about 5 vol %
to about 40 vol %, more preferably from 5 vol % to 30 vol
%, still more preferably from 10 vol % to 20 vol % in the
whole liquid, from the viewpoints of a washing effect and a
reduction in the generation amount of waste water. When the
amount of the alkaline aqueous solution is 40 vol % or less,
the continuous phase does not change from the organic
solvent phase to the aqueous phase, and the extraction
efficiency from the organic solvent phase can be kept high.
[0072] The aqueous phase obtained after the separation is
preferably reused in the step (a) from the viewpoint of
production cost because the aqueous phase contains the
dihydric phenol and the alkaline compound.

[0073] Next, the organic solvent phase obtained by the
separation is washed with an acidic aqueous solution, and is
then separated into an aqueous phase and an organic solvent
phase. The washing with the acidic aqueous solution can
remove the polymerization catalyst and a trace amount of
the alkaline compound that may be present in the organic
solvent phase obtained by the separation. The method for the
separation is not particularly limited, and a settled separation
may be adopted. Examples of the acid which is used for
preparation of the acidic aqueous solution include hydro-
chloric acid and phosphoric acid, with hydrochloric acid
being preferred. However, the acid is not particularly limited
thereto.

[0074] Because the acid and the inorganic matter used for
washing tend to be contained in the organic solvent phase
obtained by the above-mentioned separation, it is preferred
to conduct washing with water at least one time. Here, the
degree of cleanliness of the organic solvent phase can be
evaluated according to an electric conductivity of the aque-
ous phase after washing. The intended electric conductivity
is preferably 1 mS/m or less, more preferably 0.5 mS/m or
less. After washing with water, the resultant is separated into
an aqueous phase and an organic solvent phase. On this
occasion, the method for the separation is not particularly
limited, and a settled separation may be adopted.

[0075] The electric conductivity is a value measured with
an electric conductivity-measuring device “DS-7” (manu-
factured by Horiba, Ltd.).

[Step (d)]

[0076] In the step (d), the organic solvent is removed by
concentrating the organic solvent phase obtained in the step
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(c) (concentrating step), the residue is pulverized, and the
pulverized product is dried preferably at from about 80° C.
to about 160° C. under reduced pressure (drying step), or is
further granulated. Thus, a PC-POS powder can be obtained.
The resultant PC-POS powder can be pelletized with a
pelletizer or the like into various molded bodies.

[0077] In the step (d), the concentration is performed so
that the solid content concentration of the organic solvent
phase may become preferably from 30 mass % to 40 mass
%, more preferably from 30 mass % to 35 mass %.
[0078] In addition, in the drying step, the drying is per-
formed so that the solid content concentration of the organic
solvent phase may preferably become 99.9 mass % or more
(the concentration of methylene chloride in the resin may
preferably become less than 1,000 ppm).

[0079] In the present invention, part or the whole of the
organic solvent removed in the concentrating step is pref-
erably reused as at least part of the organic solvent of the
step (a). Further, part or the whole of the organic solvent
obtained in the drying step is also preferably reused as at
least part of the organic solvent of the step (a).

[0080] In the present invention, the content of the PC-POS
in the total amount of the organic solvent to be reused in the
step (a) is set to less than 850 ppm by mass, preferably less
than 800 ppm by mass, more preferably less than 600 ppm
by mass, still more preferably less than 500 ppm by mass.
The setting of the content of the PC-POS to less than 850
ppm by mass enables the avoidance of bubbling in the
reactor to be used in the step (a) and a fluctuation in flow rate
at the outlet of the reactor.

[0081] Although a detailed reason why the bubbling in the
reactor and the fluctuation in flow rate at the outlet of the
reactor occur is unknown, as a result of their observation, the
inventors of the present invention have found that when the
organic solvent containing the PC-POS is introduced into
the step (a), at the time of the stirring of the reaction product
containing the PC-POS, the dihydric phenol compound, and
the alkali component in the oligomerization reactor, the
solution in the reactor entrains a gas to bubble, and the
discharge pressure of an extraction pump fluctuates at the
time of the extraction of the oligomerization reaction prod-
uct containing the bubbles from the reactor, and hence a
stable operation becomes difficult. The phenomenon is pecu-
liar to the PC-POS, and is a phenomenon that does not occur
in a typical polycarbonate-based resin (polycarbonate resin
having a repeating unit represented by the general formula
(1), and free of constituent units represented by the general
formulae (2), (3), and (4)).

[0082] In addition, in order that the content of the PC-POS
in the total amount of the organic solvent to be reused in the
step (a) may be set to less than the predetermined value, the
organic solvent obtained in the step (d) is preferably sub-
jected to one of a treatment with a demister and a distillation
treatment, and is particularly preferably treated with the
demister.

[0083] In the treatment with the demister, a gas mixture is
produced by heating the organic solvent obtained in one of
the concentrating step and drying step of the step (d) at a
temperature in the range of from the boiling point of the
organic solvent or more to less than the boiling point of the
PC-POS, preferably from 60° C. to 100° C. to vaporize the
solvent. After that, the gas mixture is introduced into the
demister. A mist-like PC-POS in the gas mixture is captured
as droplets in the demister. Meanwhile, an organic solvent
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gas that has passed the demister is cooled to the boiling point
of the organic solvent or less to be liquefied. After that, the
liquefied gas is introduced into the reactor of the step (a) to
be reused.

[0084] Although the structure of the demister is not par-
ticularly limited as long as the demister can separate the
PC-POS in the organic solvent, the structure is, for example,
such a structure that a mist-separating zone formed of a wire
mesh or the like is arranged in an upper part in the demister.
Although the surface area of the wire mesh is not particu-
larly limited, in normal cases, a wire mesh having a surface
area of from about 200 m*/m> to about 400 m?*m> is
preferably used. Although a material for the wire mesh is
also not particularly limited, a material that does not cause
a trouble such as corrosion, is preferred, and for example, a
stainless steel, such as SUS304 or SUS316, is used. The
mist-separating zone may be a layer filled with, for example,
a metallic or ceramic raschig ring in addition to the wire
mesh.

[0085] In addition, the droplets each containing the PC-
POS captured in the demister may be, and are preferably,
extracted from the lower part of the demister to be returned
to the step (c) or the step (d).

[0086] In addition, with regard to the conditions for the
distillation treatment, distillation is preferably performed
with, for example, a multistage distillation column having
30 stages to 60 stages under the conditions of a reflux ratio
of from 0.3 to 5, preferably from 1 to 4, more preferably
from 1 to 3, a pressure of from normal pressure to 0.2 MPa
(gauge pressure), a column top temperature of from 35° C.
to 70° C., preferably from 35° C. to 45° C., and a column
bottom temperature of from 45° C. to 80° C., preferably
from 45° C. to 60° C.

[0087] Inthe present invention, the following method may
also be preferably adopted: before the organic solvent
obtained in the concentrating step and drying step of the step
(d) is introduced into the demister, or before the organic
solvent is purified by distillation in the distillation column,
the organic solvent is passed through a flash drum, and the
content of the PC-POS in the total amount of the organic
solvent gas at the outlet of the flash drum is controlled to less
than 850 ppm by mass, preferably less than 800 ppm by
mass, more preferably less than 600 ppm by mass, still more
preferably less than 500 ppm by mass.

EXAMPLES

[0088] The present invention is more specifically
described by way of Examples. However, the present inven-
tion is by no means limited by these Examples. In Example
1 below, the amount of a polydimethylsiloxane (PDMS)
residue, a viscosity number, a viscosity-average molecular
weight (Mv), the amount of an unreacted PDMS, and the
reaction ratio of the PDMS were determined by the follow-
ing methods.

[0089] In some of Examples below, the following means
was adopted for convenience: the effects of the present
invention were confirmed by production of a batch system.

(1. Amount of Polydimethylsiloxane (PDMS) Residue)

[0090] The amount was determined by protons of methyl
groups in a PDMS by NMR measurement.
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(2. Viscosity Number)

[0091] The viscosity number was measured in conformity
with ISO1628-4 (1999).

(3. Method of Measuring Viscosity-Average Molecular
Weight (Mv))

[0092] The viscosity-average molecular weight (Mv) was
calculated from the following relational expression
(Schnell’s equation) by measuring the limiting viscosity [n]
of a methylene chloride solution at 20° C. with an Ubbe-
lohde-type viscosity tube.

[N]=1.23x107x My 083

(4. Method of Calculating Amount of Unreacted PDMS)

[0093] The amount of an unreacted PDMS in 'H-NMR
was determined by the following method.

[0094] (i) To a solution of 6 g of a polycarbonate-poly-
dimethylsiloxane copolymer flake obtained in Example 1 in
50 ml of methylene chloride, 50 ml of acetone and 150 ml
of n-hexane were added and mixed, and then the mixture
was left to stand still for 30 minutes.

[0095] (ii) Suction filtration with filter paper (manufac-
tured by Advantec, No. 5A) was conducted to obtain a
filtrate, the recovered filtrate was concentrated to dryness,
and the weight of the resultant dry solid was measured. The
resultant dry solid was dissolved in deuterated chloroform
and subjected to 'H-NMR measurement. A proportion z (%)
of an unreacted PDMS was calculated from an integrated
value x of a proton of a hydroxyl group at the ortho-position
of an unreacted phenol-modified polydimethylsiloxane (8
6.7 ppm) and an integrated value y of a proton assigned to
a methylene chain (8 0.6 ppm) according the following
expression.

z=2xx/yx100

[0096] (iii)) Meanwhile, a standard specimen in which a
phenol-modified polydimethylsiloxane was added at from
150 ppm to 2,000 ppm to a polycarbonate-polydimethylsi-
loxane copolymer substantially free of an unreacted PDMS
prepared as a standard sample was separately prepared and
subjected to the same operations as those described above,
thereby determining a relational expression (standard curve)
between z and the amount of an unreacted PDMS (ppm; =the
addition amount of a phenol-modified polydimethylsilox-
ane).

[0097] The amount of an unreacted PDMS (ppm) was
calculated from the z determined in (ii) and the relational
expression determined in (iii).

(5. Reaction Ratio of PDMS)

[0098] The reaction ratio of a PDMS was calculated in
accordance with the following calculation equation.
Reaction ratio of PDMS (mass %)=(1-amount of

unreacted PDMS (mass %)/amount of PDMS
residue (mass %))x100

Example 1

[0099] A polycarbonate-polydimethylsiloxane copolymer
was produced in accordance with a flow illustrated in FIG.
1.
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[Production of Polycarbonate Oligomer Solution: Step (a)]
[0100] To 5.6 mass % aqueous sodium hydroxide, sodium
dithionite was added in an amount of 2,000 ppm by mass
relative to bisphenol A to be dissolved later, and bisphenol
A was then dissolved therein so that the concentration of
bisphenol A became 13.5 mass %, to thereby prepare a
solution of bisphenol A in aqueous sodium hydroxide.
[0101] The solution of bisphenol A in aqueous sodium
hydroxide, methylene chloride, and phosgene were continu-
ously passed through a tubular reactor having an inner
diameter of 6 mm and a tube length of 30 m at flow rates of
40 L/hr, 15 L/hr, and 4.0 kg/hr, respectively. The tubular
reactor had a jacket portion, and cooling water was passed
through the jacket to keep the reaction liquid at a tempera-
ture of 40° C. or less.

[0102] The reaction liquid that had exited the tubular
reactor was continuously introduced into a baffled tank-type
reactor having an internal volume of 40 L and provided with
a sweptback blade, and then, 2.8 L/hr of the solution of
bisphenol A in aqueous sodium hydroxide, 0.07 L/hr of 25
mass % aqueous sodium hydroxide, 17 L/hr of water, and
0.64 L/hr of a 1 mass % triethylamine aqueous solution were
further added to the reactor to perform a reaction. The
reaction liquid overflown from the tank-type reactor was
continuously taken out and left to stand still to separate and
remove an aqueous phase, and a methylene chloride phase
was then collected.

[0103] The concentration of the thus obtained polycarbon-
ate oligomer solution (methylene chloride solution) was 318
g/L, and the concentration of a chloroformate group thereof
was 0.75 mol/L. In addition, the polycarbonate oligomer had
a weight-average molecular weight (Mw) of 1,190.

[0104] The weight-average molecular weight (Mw) was
measured as a molecular weight (weight-average molecular
weight: Mw) relative to the standard polystyrene with GPC
(column: TOSOH TSK-GEL MULTIPORE HXL-M (two)+
Shodex KF801 (one), temperature: 40° C., flow rate: 1.0
ml/min, detector: RI) with tetrahydrofuran (THF) as a devel-
oping solvent.

[Production of PC-PDMS: Step (b)]

[0105] After 20 L/hr of the polycarbonate oligomer (PCO)
solution produced in the step (a) and 9.5 L/hr of methylene
chloride had been mixed, a 20 mass % solution of an
allylphenol terminal-modified  polydimethylsiloxane
(PDMS) having a number (n) of repetitions of a dimethyl-
siloxane unit of 40 in methylene chloride was added at 2.6
kg/hr to the mixture. After that, the materials were mixed
well with a static mixer, and then the mixed liquid was
cooled to from 19° C. to 22° C. with a heat exchanger.
[0106] After 0.5 kg/hr of a 1 mass % solution of triethyl-
amine in methylene chloride had been added and mixed to
the cooled mixed liquid, 1.4 kg/hr of 8.0 mass % aqueous
sodium hydroxide was added to the mixture. The resultant
was supplied to T.K. Pipeline Homomixer 2SL. Type (manu-
factured by Tokushu Kika Kogyo Co., Ltd.) having an
internal volume of 0.3 L, the homomixer having a turbine
blade having a diameter of 43 mm and a turbine blade
having a diameter of 48 mm, and the PCO and the PDMS
were caused to react with each other under stirring at a
number of revolutions of 4,400 rpm.

[0107] Subsequently, the resultant reaction liquid was
cooled to from 17° C. to 20° C. with a heat exchanger. After
10.2 kg/hr of a solution of bisphenol A in aqueous sodium
hydroxide, 1.5 kg/hr of 15 mass % aqueous sodium hydrox-
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ide, and 1.3 kg/hr of an 8 mass % solution of p-t-butylphenol
in methylene chloride had been added to the reaction liquid
after the cooling, the mixture was supplied to T.K. Pipeline
Homomixer 2SI Type (manufactured by Tokushu Kika
Kogyo Co., [td.) having an internal volume of 0.3 L, the
homomixer having a turbine blade having a diameter of 43
mm and a turbine blade having a diameter of 48 mm, and a
polymerization reaction was performed under stirring at a
number of revolutions of 4,400 rpm.

[0108] Further, in order for the reaction to be completed,
the resultant was supplied to a tower-type stirring tank
having an internal volume of 50 liters and having three
paddle blades, and polycondensation was performed. Thus,
a polymerization liquid was obtained.

[Separating Step and Washing Step: Step (c)]

[0109] 35 L of the polymerization liquid obtained in the
step (b) and 10 L of methylene chloride were charged into
a 50 L tank-type washing tank provided with a baffle board
and a paddle-type stirring blade, and were stirred at 240 rpm
for 10 minutes. After that, the mixture was left to stand still
for 1 hour to be separated into a methylene chloride phase
containing the polycarbonate-polydimethylsiloxane copoly-
mer, and an aqueous phase containing excessive amounts of
bisphenol A and sodium hydroxide.

[0110] The methylene chloride solution containing the
polycarbonate-polydimethylsiloxane ~ copolymer  (PC-
PDMS) thus obtained was sequentially washed with 0.03
mol/L. aqueous sodium hydroxide and 0.2 mol/LL hydrochlo-
ric acid in amounts of 15 vol % each with respect to the
solution. Next, the solution was repeatedly washed with pure
water so that an electric conductivity in an aqueous phase
after the washing became 0.1 mS/m or less.

[0111] The concentration of the PC-PDMS in the methyl-
ene chloride solution containing the PC-PDMS after the
washing was measured. As a result, the concentration was 10
mass %.

[Recovery of PC-PDMS: Step (d)]

[0112] The methylene chloride solution containing the
PC-PDMS thus obtained was introduced at a flow rate of 100
kg/hr into a concentrator having a volume of 210 L in which
a temperature and a pressure were held at 70° C. and 0.2
MPaG, respectively to provide a 28 mass % PC-PDMS
concentrated solution [concentrating step], and a methylene
chloride gas discharged from the concentrator was recov-
ered. After that, the concentrated solution was subjected to
a pulverization treatment, and was dried under reduced
pressure and under a condition of 120° C. [drying step].
[0113] The polycarbonate-polydimethylsiloxane copoly-
mer (PC-PDMS) obtained as described above had an amount
of a polydimethylsiloxane residue of 6.3 mass %, a viscosity
number of 47.0, and a viscosity-average molecular weight
(Mv) of 17,500. In addition, the amount of an unreacted
PDMS was 150 ppm or less, and the reaction ratio of the
PDMS was 99.5% or more.

(Treatment with Demister)

[0114] Mist containing the PC-PDMS was removed by
passing the total amount of the methylene chloride gas
recovered in the step (d) at a flow rate of 64 kg/hr through
a demister (manufactured by Koch-Glitsch, YORK 431).
After that, the methylene chloride gas was cooled at 10° C.
to be liquefied. As a result, the recovery ratio of methylene
chloride was 99%, and the concentration of the PC-PDMS
in the methylene chloride was 100 ppm by mass.
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[0115] The methylene chloride was introduced as meth-
ylene chloride to be used in the step (a) at 15 L/hr into the
tubular reactor, and a reaction was performed. After that, the
inside of the baffled tank-type reactor of the step (a) was
observed. As a result, it was found that no bubbling
occurred. In addition, the discharge pressure of a pump at the
outlet of the baffled tank-type reactor was stable.

Example 2

[0116] Part of the total amount of the methylene chloride
gas recovered in the step (d) was introduced at a flow rate of
58 kg/hr into the twentieth stage of a distillation column
having 40 stages, and was purified by distillation at a column
top temperature of 40° C., a column bottom temperature of
50° C., and a column top reflux ratio of 2.0. Methylene
chloride was purified by distillation from the top of the
column at a recovery ratio of 99.5%. Methylene chloride
obtained by cooling the residue of the methylene chloride
gas that had not been purified by distillation at 10° C. to
liquety the residue and the methylene chloride after the
distillation purification were mixed. The concentration of
the PC-PDMS in the methylene chloride was 180 ppm by
mass.

[0117] The methylene chloride was introduced as meth-
ylene chloride to be used in the step (a) at 15 L/hr into the
tubular reactor, and a reaction was performed. After that, the
inside of the baffled tank-type reactor of the step (a) was
observed. As a result, it was found that no bubbling
occurred. In addition, the discharge pressure of a pump at the
outlet of the baffled tank-type reactor was stable.

Example 3

[0118] Mist containing the PC-PDMS was removed by
passing part of the total amount of the methylene chloride
gas recovered in the step (d) at a flow rate of 34 kg/hr
through a demister (manufactured by Koch-Glitsch, YORK
431). After that, the methylene chloride gas was cooled at
10° C. to be liquefied. As a result, the recovery ratio of
methylene chloride was 99%. Methylene chloride obtained
by cooling the residue of the methylene chloride gas that had
not been treated with the demister at 10° C. to liquefy the
residue and the methylene chloride after the treatment with
the demister were mixed. The concentration of the PC-
PDMS in the methylene chloride was 480 ppm by mass.
[0119] The methylene chloride was introduced as meth-
ylene chloride to be used in the step (a) at 15 L/hr into the
tubular reactor, and a reaction was performed. After that, the
inside of the baffled tank-type reactor of the step (a) was
observed. As a result, it was found that no bubbling
occurred. In addition, the discharge pressure of a pump at the
outlet of the baffled tank-type reactor was stable.

Comparative Example 1

[0120] The total amount of the methylene chloride gas
recovered in the step (d) was cooled at 10° C. to be liquefied.
The concentration of the PC-PDMS in the methylene chlo-
ride was 900 ppm by mass. The methylene chloride was
introduced as methylene chloride to be used in the step (a)
at 15 L/hr into the tubular reactor, and a reaction was
performed. As a result, the discharge pressure of the pump
at the outlet of the baffled tank-type reactor of the step (a)
was not stable, and hence it became difficult to continue the
operation of the reactor for the production of the PC-PDMS.
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INDUSTRIAL APPLICABILITY

[0121] The polycarbonate-polyorganosiloxane copolymer
obtained by the present invention is expected to find utili-
zation in various fields, such as the field of electrical and
electronic equipment and the field of an automobile. In
particular, the polycarbonate-polyorganosiloxane copoly-
mer can be utilized as, for example, a material for the casing
of a mobile phone, a mobile personal computer, a digital
camera, a video camera, an electric power tool, or the like,
or a material for other articles for daily use.

REFERENCE SIGNS LIST

[0122] 1 phosgenation reaction: step (a)
[0123] 2 oligomerization reaction: step (a)
[0124] 3 settled separation

[0125] 4 polycondensation reaction step (b)
[0126] 5 separating step (c)

[0127] 6 washing step (c)

[0128] 7 concentrating step (d)

[0129] 8 drying step (d)

[0130] 9 waste water treatment

[0131] 10 treatment with demister

1. A method of producing a polycarbonate-polyorganosi-
loxane copolymer, comprising:

a step (a) of producing a polycarbonate oligomer with an
alkaline aqueous solution of a dihydric phenol, phos-
gene, and an organic solvent, and

the method further comprising a step of setting a content
of a polycarbonate-polyorganosiloxane copolymer in
the organic solvent to be introduced into the step (a) to
less than 850 ppm by mass.

2. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, further com-
prising:

a step (b) of causing the polycarbonate oligomer obtained
in the step (a), the alkaline aqueous solution of the
dihydric phenol, and a polyorganosiloxane to react with
each other to provide a polycarbonate-polyorganosi-
loxane copolymer;

a step (c) of continuously or intermittently discharging a
solution containing the polycarbonate-polyorganosi-
loxane copolymer from a reactor of the step (b), sepa-
rating the discharged solution into an aqueous phase
and an organic solvent phase, washing the separated
organic solvent phase, and then further separating the
washed phase into an aqueous phase and an organic
solvent phase; and

a step (d) of concentrating and drying the organic solvent
phase containing the polycarbonate-polyorganosilox-
ane copolymer obtained in the step (c) to remove the
organic solvent,

wherein part or a total amount of the organic solvent
removed in the step (d) is used as the organic solvent
to be introduced into the step (a).

3. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
organic solvent to be introduced into the step (a) is obtained
by treating part or a total amount thereof with a demister.

4. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
organic solvent to be introduced into the step (a) is obtained
by subjecting part or a total amount thereof to a distillation
treatment.
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5. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
organic solvent to be introduced into the step (a) is meth-
ylene chloride.

6. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
dihydric phenol is a dihydric phenol represented by the
general formula (1):

M
(RN, ®R);

wherein R' and R? each independently represent an alkyl
group having 1 to 6 carbon atoms, X represents a single
bond, an alkylene group having 1 to 8 carbon atoms, an
alkylidene group having 2 to 8 carbon atoms, a cycloalky-
lene group having 5 to 15 carbon atoms, a cycloalkylidene
group having 5 to 15 carbon atoms, —S—, —SO—,
—S0,—, —O—, or —CO—, and a and b each indepen-
dently represent an integer of from 0 to 4.

7. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
polyorganosiloxane is at least one of polyorganosiloxane
selected from the general formulae (2), (3), and (4):

@

R3 RS
7Z—Y ?i—O Ti—Y—Z
4 6
R /[ R
(©)]
R? R’ R’ R?
7—Y Si—0 Si—Y—[ﬁ—Y—?i O—?i Y—7Z
4 6 6 4
R j R R R /
()]
R? R?
7Z—Y Si—0 Si—Y—p—Y—2Z

n

wherein R? to R® each independently represent a hydrogen
atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, or an
aryl group having 6 to 12 carbon atoms, and a plurality of
R?, R* R°, and/or R® may be identical to or different from
each other, Y represents —R’0O— —R’COO—,
—R’NH—, —R’NR®*—, —COO—, —S—, —R’COO—
R°—O—, or —R’0—R'°—0—, and a plurality of Y may
be identical to or different from each other, the R” represents
a single bond, a linear, branched, or cyclic alkylene group,
an aryl-substituted alkylene group, a substituted or unsub-
stituted arylene group, or a diarylene group, R® represents an
alkyl group, an alkenyl group, an aryl group, or an aralkyl
group, R’ represents a diarylene group, R'® represents a
linear, branched, or cyclic alkylene group, or a diarylene
group, Z represents a hydrogen atom or a halogen atom, and
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a plurality of Z may be identical to or different from each
other, 3 represents a divalent group derived from a diiso-
cyanate compound, or a divalent group derived from a
dicarboxylic acid or a halide of a dicarboxylic acid, p and q
each represent an integer of 1 or more, and a sum of p and
q is from 20 to 500, and n represents an average number of
repetitions of from 20 to 500.

8. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
dihydric phenol is bisphenol A.

9. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
alkaline aqueous solution is aqueous sodium hydroxide.

10. The method of producing a polycarbonate-polyor-
ganosiloxane copolymer according to claim 1, wherein the
polycarbonate oligomer has a weight-average molecular
weight of 5,000 or less.

#* #* #* #* #*



