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SPECIFICATION 

POLYCARBONATE-POLYORGANOSILOXANE COPOLYMER AND METHOD FOR 

CONTINUOUSLY PRODUCING SAME 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a polycarbonate- 

polyorganosiloxane copolymer and a method of contin uously producing 

the copolymer, and more specifically, to a method o f continuously 

producing a polycarbonate-polyorganosiloxane copoly mer by 

interfacial polymerization method. 

 

BACKGROUND ART 

[0002] 

 A polycarbonate-based resin is a polymer excellent  in 

transparency, heat resistance, and impact resistanc e and is widely 

used at present as an engineering plastic in the in dustrial field. 

 As a method of producing the polycarbonate-based r esin, a 

method involving allowing an aromatic dihydroxy com pound such as 

bisphenol A, and phosgene to react directly with ea ch other 

(interfacial polymerization method) is known as a m ethod of producing 

a high-quality polycarbonate. 

 As a method of industrially producing a polycarbon ate by 

interfacial polymerization method, there is adopted  a method 

involving bubbling phosgene into an alkali aqueous solution of a 
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bisphenol to form a polycarbonate oligomer having a  reactive 

chloroformate group, and further allowing a condens ation reaction 

(polymerization reaction) of the polycarbonate olig omer and the 

bisphenol to proceed in the presence of a polymeriz ation catalyst 

such as a tertiary amine, and an alkali aqueous sol ution 

simultaneously with or successively after the forma tion of the 

polycarbonate oligomer.  From the viewpoints of sol ubility, 

handling properties, and the like, methylene chlori de is mainly 

used as a water-insoluble organic solvent on an ind ustrial scale. 

 The methylene chloride used in the reaction step i s generally 

recovered and then reused for the reaction step (se e Patent Document 

1).  In addition, waste water after the polymerizat ion reaction, 

waste water formed after a washing step, and waste water formed 

after a granulation step contain an inorganic mater ial such as sodium 

chloride and an organic material such as a phenol a nd a polycarbonate.  

In order to remove such organic material from the a queous phase 

and clean the waste water, the organic material is extracted and 

removed from the waste water by using an organic so lvent, preferably 

the same water-insoluble organic solvent as that us ed in the 

polycarbonate production step, such as methylene ch loride.  The 

water-insoluble organic solvent containing the extr acted and removed 

phenol and polymer is reused for the polymerization  reaction step 

(see Patent Document 2). 

[0003] 

 In addition, in production of phosgene in the meth od of 
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producing the polycarbonate-based resin, carbon tet rachloride 

(CCl 4) is produced as a by-product and carbon tetrachlor ide is 

gradually accumulated in a reactor by cyclic use of  methylene chloride.  

Accordingly, a concentration of carbon tetrachlorid e in the 

polycarbonate-based resin to be produced increases.   The 

concentration of carbon tetrachloride in the polyca rbonate-based 

resin is preferably suppressed to a low level becau se carbon 

tetrachloride is responsible for deterioration in c olor tone of 

the polycarbonate-based resin and corrosion of a di e.  As a method 

of suppressing the concentration of carbon tetrachl oride in the 

polycarbonate-based resin to a low level, there has  been known a 

method involving producing phosgene with a catalyst  layer diluted 

with a material substantially inert to carbon monox ide and chlorine 

to reduce an amount of carbon tetrachloride to be p roduced as a 

by-product at the time of the production of phosgen e (see Patent 

Document 3), or a method involving purifying circul ating methylene 

chloride by distillation in the production of the 

polycarbonate-based resin (see Patent Document 4). 

 It should be noted that, among the polycarbonate-b ased resins, 

a polycarbonate-polyorganosiloxane polymer (hereina fter sometimes 

referred to as "PC-POS") has been attracting attent ion because of 

its high impact resistance, high chemical resistanc e, and high flame 

retardancy, and the polymer has been expected to fi nd utilization 

in a wide variety of fields such as the field of el ectrical and 

electronic equipment and the field of an automobile .  As a method 
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of producing the PC-POS, there is known a method in volving allowing 

a dihydric phenol-based compound and phosgene to re act with each 

other to produce a polycarbonate oligomer, and poly merizing the 

polycarbonate oligomer with a polyorganosiloxane in  the presence 

of methylene chloride, an alkaline compound aqueous  solution, a 

dihydric phenol-based compound, and a polymerizatio n catalyst (see 

Patent Document 5). 

 

Citation List 

Patent Document 

[0004] 

 [Patent Document 1] JP 2009-132756 A 

 [Patent Document 2] JP 2009-285533 A 

 [Patent Document 3] JP 08-157206 A 

 [Patent Document 4] JP 63-268736 A 

 [Patent Document 5] JP 06-329781 A 

 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0005] 

 The method described in Patent Document 3 and the method 

described in Patent Document 4 are each preferably adopted in the 

production of the PC-POS as well.  However, studies  made by the 

inventors of the present invention have found the f ollowing.  When 

the distillation of methylene chloride is performed , a reboiler 
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at the bottom portion of a distillation column caus es a heat transfer 

failure owing to the foaming of methylene chloride,  and hence stable 

driving of the distillation column cannot be perfor med in some cases.  

In addition, even when a flash drum is used, the di scharge pressure 

of a circulating pump at the bottom portion of the flash drum may 

be destabilized.  As a result, unlike the productio n of a normal 

polycarbonate-based resin, the concentration of car bon 

tetrachloride tends to increase and hence it is dif ficult to 

continuously produce a PC-POS having a carbon tetra chloride 

concentration of less than 4 ppm by mass in an indu strially stable 

manner. 

 In view of the foregoing, an object of the present  invention 

is to provide a polycarbonate-polyorganosiloxane co polymer (PC-POS) 

having a carbon tetrachloride concentration of less  than 4 ppm by 

mass and a method of continuously producing the PC- POS in an 

industrially stable manner. 

 

SOLUTION TO PROBLEM 

[0006] 

 The inventors of the present invention have made e xtensive 

studies, and as a result, have found that when the concentration 

of a PC-POS included in a column bottom liquid at t he bottom portion 

of a distillation column exceeds a predetermined va lue upon 

distillation of methylene chloride for reuse, the f oaming of 

methylene chloride occurs to cause the problem. 
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 In view of the foregoing, the inventors have found  that when 

the concentration of the PC-POS included in the col umn bottom liquid 

is controlled to a value equal to or less than the predetermined 

value by, for example, taking the column bottom liq uid out of the 

bottom portion of the column at the time of the dis tillation, the 

foaming of methylene chloride is suppressed and its  distillation 

purification can be efficiently performed, and by e xtension, a PC-POS 

having a carbon tetrachloride concentration of less  than 4 ppm by 

mass can be continuously produced in an industriall y stable manner. 

[0007] 

 That is, the present invention relates to the foll owing items 

[1] to [9]. 

 [1] A polycarbonate-polyorganosiloxane copolymer, having a 

carbon tetrachloride concentration of less than 4 p pm by mass. 

 [2] The polycarbonate-polyorganosiloxane copolymer  according 

to the item [1], in which the copolymer has a visco sity-average 

molecular weight of 10,000 to 30,000. 

 [3] A method of continuously producing the 

polycarbonate-polyorganosiloxane copolymer accordin g to the item 

[1] or [2], 

 the method comprising the steps of: 

 (A) continuously or intermittently taking a polyme rization 

reaction liquid, which is obtained by polymerizing a dihydric phenol 

compound represented by the following general formu la (1), a 

carbonate precursor, and a polyorganosiloxane repre sented by the 
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following general formula (2) in the presence of an  alkaline compound 

aqueous solution and a water-insoluble organic solv ent, out of a 

reactor; 

 (B) separating the polymerization reaction liquid taken out 

in the step (A) into an aqueous phase and a water-i nsoluble organic 

solvent phase; 

 (C) washing the water-insoluble organic solvent ph ase 

separated in the step (B), followed by separation t hereof into an 

aqueous phase and a water-insoluble organic solvent  phase; 

 (D) concentrating the water-insoluble organic solv ent phase 

separated in the step (C); and 

 (E) recovering part or all of the water-insoluble organic 

solvent removed by evaporation in the step (D), fol lowed by 

distillation purification thereof in a distillation  column, 

 the water-insoluble organic solvent obtained in th e step (E) 

being reused as at least part of the water-insolubl e organic solvent 

in the step (A) or as an extraction solvent for the  aqueous phase 

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

 in the step (E), the distillation purification bei ng performed 

while a concentration of the polycarbonate-polyorga nosiloxane 

copolymer in a column bottom liquid of the distilla tion column is 

controlled to 6% by mass or less. 

[0008] 
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[0009] 

In the formula, R 1 and R 2 each independently represent a halogen 

atom, an alkyl group having 1 to 6 carbon atoms, or  an alkoxy group 

having 1 to 6 carbon atoms, X represents a single b ond, an alkylene 

group having 1 to 8 carbon atoms, an alkylidene gro up having 2 to 

8 carbon atoms, a cycloalkylene group having 5 to 1 5 carbon atoms, 

a cycloalkylidene group having 5 to 15 carbon atoms , -S-, -SO-, 

-SO2-, -O-, or -CO-, and a and b each independently rep resent an 

integer of 0 to 4. 

[0010] 
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[0011] 

 In the formula, R 3 to R 6 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 a ryl group having 

6 to 12 carbon atoms, Y represents a single bond, o r an organic 

residue including an aliphatic or aromatic moiety, n represents 

an average repetition number, Z represents a haloge n atom, -R 7OH, 

-R 7-Z'-R 8-OH, -R 7COOH, -R 7NH2, -COOH, or –SH, the R 7 represents a 

substituted or unsubstituted alkylene group, a subs tituted or 
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unsubstituted cycloalkylene group, or a substituted  or unsubstituted 

arylene group, the R 8 represents an arylene group having 6 to 12 

ring-forming carbon atoms, the Z' represents an alk ylene group having 

1 to 8 carbon atoms, an alkylidene group having 2 t o 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  0 or 1. 

 [4] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to the item 

[3], in which in the step (E), the concentration of  the 

polycarbonate-polyorganosiloxane copolymer in the c olumn bottom 

liquid is controlled to fall within the range by ta king at least 

part of the column bottom liquid out of a column bo ttom portion 

of the distillation column. 

 [5] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to the item 

[3] or [4], in which in the step (E), the concentra tion of the 

polycarbonate-polyorganosiloxane copolymer in the c olumn bottom 

liquid of the distillation column is controlled to 5% by mass or 

less. 

 [6] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to any one 

of the items [3] to [5], in which a concentration o f carbon 

tetrachloride in the water-insoluble organic solven t to be reused 

as at least part of the water-insoluble organic sol vent in the step 

(A) or as the extraction solvent for the aqueous ph ase separated 
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in the step (B), or as both thereof is controlled t o less than 20 

ppm by mass. 

 [7] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to any one 

of the items [3] to [6], in which in the step (E), a column top 

temperature of the distillation column is set to 35  to 70°C and 

a column bottom temperature thereof is set to 45 to  80°C. 

 [8] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to any one 

of the items [3] to [7], in which in the step (E), before part or 

all of the water-insoluble organic solvent is recov ered and purified 

by distillation in the distillation column, the wat er-insoluble 

organic solvent is passed through a flash drum and the concentration 

of the polycarbonate-polyorganosiloxane copolymer i n the solvent 

in the flash drum is controlled to 6% by mass or le ss. 

 [9] The method of continuously producing a 

polycarbonate-polyorganosiloxane copolymer accordin g to any one 

of the items [3] to [8], in which the step (A) incl udes the following 

step (a-1) and the following step (a-2): 

 step (a-1): allowing the dihydric phenol compound represented 

by the general formula (1) and the carbonate precur sor to react 

with each other in the presence of the alkaline com pound aqueous 

solution and the water-insoluble organic solvent to  produce a 

polycarbonate oligomer having a repeating unit repr esented by the 

following general formula (I); and 
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 step (a-2): continuously or intermittently taking the 

polymerization reaction liquid, which is obtained b y polymerizing 

the dihydric phenol compound, the polycarbonate oli gomer obtained 

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

general formula (2) in the presence of the alkaline  compound aqueous 

solution and the water-insoluble organic solvent, o ut of the reactor: 

[0012] 

O X O C

O

(R

1

)
a

(R

2

)
b

( I )

 

(In the formula, R 1, R 2, X, a and 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 

in the production of a polycarbonate-polyorganosilo xane copolymer, 

the foaming of methylene chloride in a distillation  column is 

suppressed and its distillation purification can be  efficiently 

performed, and by extension, a polycarbonate-polyor ganosiloxane 

copolymer having a carbon tetrachloride concentrati on of less than 

4 ppm by mass can be continuously produced in an in dustrially stable 

manner. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0014] 

 FIG. 1 is a schematic view of an apparatus for pro ducing a 

polycarbonate-polyorganosiloxane copolymer used in Examples. 

 

DESCRIPTION OF EMBODIMENTS 

[0015] 

 In the description, a preferred definition can be arbitrarily 

adopted, and a combination of preferred definitions  can be said 

to be more preferred. 

 According to one embodiment of the present inventi on, there 

is provided a polycarbonate-polyorganosiloxane copo lymer having 

a carbon tetrachloride concentration of less than 4  ppm by mass, 

and such polycarbonate-polyorganosiloxane copolymer  can be produced 

by the following production method. 

 In this case, the carbon tetrachloride concentrati on in the 

polycarbonate-polyorganosiloxane copolymer of the p resent 

invention is preferably 3 ppm by mass or less, more  preferably 2 

ppm by mass or less, still more preferably 1 ppm by  mass or less.  

The polycarbonate-polyorganosiloxane copolymer of t he present 

invention may contain carbon tetrachloride as long as its 

concentration falls within the range. 

 That is, there is provided a method of continuousl y producing 

the polycarbonate-polyorganosiloxane copolymer havi ng a carbon 

tetrachloride concentration of less than 4 ppm by m ass, 
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 the method comprising the steps of: 

 (A) continuously or intermittently taking a polyme rization 

reaction liquid, which is obtained by polymerizing a dihydric phenol 

compound represented by the following general formu la (1), a 

carbonate precursor, and a polyorganosiloxane repre sented by the 

following general formula (2) in the presence of an  alkaline compound 

aqueous solution and a water-insoluble organic solv ent, out of a 

reactor; 

 (B) separating the polymerization reaction liquid taken out 

in the step (A) into an aqueous phase and a water-i nsoluble organic 

solvent phase; 

 (C) washing the water-insoluble organic solvent ph ase 

separated in the step (B), followed by separation t hereof into an 

aqueous phase and a water-insoluble organic solvent  phase; 

 (D) concentrating the water-insoluble organic solv ent phase 

separated in the step (C); and 

 (E) recovering part or all of the water-insoluble organic 

solvent removed by evaporation in the step (D), fol lowed by 

distillation purification thereof in a distillation  column, 

 the water-insoluble organic solvent obtained in th e step (E) 

being reused as at least part of the water-insolubl e organic solvent 

in the step (A) or as an extraction solvent for the  aqueous phase 

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

 in the step (E), the distillation purification bei ng performed 

while a concentration of the polycarbonate-polyorga nosiloxane 
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copolymer in a column bottom liquid of the distilla tion column is 

controlled to 6% by mass or less. 

[0016] 
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[In the formula, R 1 and R 2 each independently represent a halogen 

atom, an alkyl group having 1 to 6 carbon atoms, or  an alkoxy group 

having 1 to 6 carbon atoms, X represents a single b ond, an alkylene 

group having 1 to 8 carbon atoms, an alkylidene gro up having 2 to 

8 carbon atoms, a cycloalkylene group having 5 to 1 5 carbon atoms, 

a cycloalkylidene group having 5 to 15 carbon atoms , -S-, -SO-, 

-SO2-, -O-, or -CO-, and a and b each independently rep resent an 

integer of 0 to 4.] 

[0017] 
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[In the formula, R 3 to R 6 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 a ryl group having 

6 to 12 carbon atoms, Y represents a single bond, o r an organic 

residue including an aliphatic or aromatic moiety, n represents 

an average repetition number, Z represents a haloge n atom, -R 7OH, 

-R 7-Z'-R 8-OH, -R 7COOH, -R 7NH2, -COOH, or –SH, the R 7 represents a 
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substituted or unsubstituted alkylene group, a subs tituted or 

unsubstituted cycloalkylene group, or a substituted  or unsubstituted 

arylene group, the R 8 represents an arylene group having 6 to 12 

ring-forming carbon atoms, the Z' represents an alk ylene group having 

1 to 8 carbon atoms, an alkylidene group having 2 t o 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  0 or 1.] 

[0018] 

 Examples of the halogen atom that R 1 and R 2 in the general 

formula (1) each independently represent include a fluorine atom, 

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

 Examples of the alkyl group that R 1 and R 2 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, a nd the same holds 

true for the following), various pentyl groups, and  various hexyl 

groups.  An example of the alkoxy group that R 1 and R 2 each 

independently represent is an alkoxy group whose al kyl group moiety 

is the alkyl group described above. 

 The alkylene group represented by X is, for exampl e, a methylene 

group, an ethylene group, a trimethylene group, a t etramethylene 

group, or a hexamethylene group, and is preferably an alkylene group 

having 1 to 5 carbon atoms.  Examples of the alkyli dene group 

represented by X include an ethylidene group and an  isopropylidene 

group.  The cycloalkylene group represented by X is , for example, 
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a cyclopentanediyl group, a cyclohexanediyl group, or a 

cyclooctanediyl group, and is preferably a cycloalk ylene group 

having 5 to 10 carbon atoms.  The cycloalkylidene g roup represented 

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

3,5,5-trimethylcyclohexylidene group, or a 2-adaman tylidene group, 

and is preferably a cycloalkylidene group having 5 to 10 carbon 

atoms, more preferably a cycloalkylidene group havi ng 5 to 8 carbon 

atoms. 

 a and b each independently represent an integer of  0 to 4, 

preferably 0 to 2, more preferably 0 or 1. 

[0019] 

 Examples of the halogen atom that R 3 to R 6 in the general formula 

(2) each independently represent include a fluorine  atom, a chlorine 

atom, a bromine atom, and an iodine atom.  Examples  of the alkyl 

group or alkoxy group that R 3 to R 6 each independently represent 

include the same examples as those in the cases of R1 and R 2.  Examples 

of the aryl group that R 3 to R 6 each independently represent include 

a phenyl group and a naphthyl group. 

 The organic residue containing an aliphatic moiety  represented 

by Y is, for example, an alkylene group having 1 to  10 carbon atoms 

(preferably 1 to 6 carbon atoms, more preferably 1 to 3 carbon atoms).  

In addition, examples of the organic residue contai ning an aromatic 

moiety represented by Y include arylene groups each  having 6 to 

12 ring-forming carbon atoms such as a phenylene gr oup, a naphthylene 

group, and a biphenyldiyl group. 
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[0020] 

 Examples of the halogen atom represented by Z in t he general 

formula (2) include a fluorine atom, a chlorine ato m, a bromine 

atom, and an iodine atom.  Among them, a chlorine a tom is preferred. 

 Examples of the alkylene group represented by R 7 in -R 7OH, 

-R 7-Z'-R 8-OH, -R 7COOH, and -R 7NH2 each represented by Z include 

alkylene groups each having 1 to 10 (preferably 1 t o 5) carbon atoms 

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 the R 7 include 

cycloalkylene groups each having 3 to 10 (preferabl y 4 to 8) 

ring-forming carbon atoms such as a cyclopentylene group and a 

cyclohexylene group.  Examples of the arylene group  represented by 

the R 7 include arylene groups each having 6 to 12 ring-fo rming carbon 

atoms such as a phenylene group, a naphthylene grou p, and a 

biphenyldiyl group. 

 The R 7 may be substituted with an alkyl group having 1 to  5 

carbon atoms, an alkoxy group having 1 to 5 carbon atoms, an aryl 

group having 6 to 12 ring-forming carbon atoms, or the like.  Examples 

of the alkyl group include a methyl group, an ethyl  group, a propyl 

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 group is a  phenyl group. 

 Examples of the arylene group represented by R 8 include 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 sented by Z' 

include the same examples as those in the case of X .  Z' represents 

preferably an alkylidene group having 2 to 8 carbon  atoms, more 

preferably an isopropylidene group. 

 In addition, the average repetition number n is pr eferably 

25 to 120, more preferably 30 to 100.  Further, the  n is preferably 

30 to 60 in the case of a short-chain polyorganosil oxane or is 

preferably 70 to 100 in the case of a long-chain po lyorganosiloxane. 

[0021] 

 Examples of the dihydric phenol compound represent ed by the 

general formula (1) include: bis(hydroxyaryl)alkane s such as 

2,2-bis(4-hydroxyphenyl)propane [trivial name: bisp henol A], 

bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydroxypheny l)ethane, 

2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyph enyl)octane, 

bis(4-hydroxyphenyl)phenylmethane, bis(4-hydroxyphe nyl) 

diphenylmethane, 2,2-bis(4-hydroxy-3-methylphenyl)p ropane, 

bis(4-hydroxyphenyl)naphthylmethane, 1,1-bis(4-hydr oxy-t- 

butylphenyl)propane, 2,2-bis(4-hydroxy-3-bromopheny l)propane, 

2,2-bis(4-hydroxy-3,5-dimethylphenyl)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(hydroxyaryl)cycloalkanes  such as 

1,1-bis(4-hydroxyphenyl)cyclopentane, 1,1-bis(4- 
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hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl) -3,5,5- 

trimethylcyclohexane, 2,2-bis(4-hydroxyphenyl)norbo rnane, and 

1,1-bis(4-hydroxyphenyl)cyclododecane; dihydroxyary l 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'- 

dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxide s such as 

4,4'-dihydroxydiphenyl sulfoxide and 4,4'-dihydroxy -3,3'- 

dimethyldiphenyl sulfoxide; dihydroxydiaryl sulfone s such as 

4,4'-dihydroxydiphenyl sulfone and 4,4'-dihydroxy-3 ,3'- 

dimethyldiphenyl sulfone; dihydroxydiphenyls such a s 

4,4'-dihydroxydiphenyl; dihydroxydiarylfluorenes su ch as 

9,9-bis(4-hydroxyphenyl)fluorene and 9,9-bis(4-hydr oxy-3- 

methylphenyl)fluorene; dihydroxydiaryladamantanes s uch as 

1,3-bis(4-hydroxyphenyl)adamantane, 2,2-bis(4- 

hydroxyphenyl)adamantane, and 1,3-bis(4-hydroxyphen yl)- 

5,7-dimethyladamantane; 4,4'-[1,3-phenylenebis(1- 

methylethylidene)]bisphenol; 10,10-bis(4-hydroxyphe nyl)-9- 

anthrone; and 1,5-bis(4-hydroxyphenylthio)-2,3-diox apentaene.  

Among them, 2,2-bis(4-hydroxyphenyl)propane [trivia l name: 

bisphenol A] is preferred. 

 One of those dihydric phenol compounds may be used  alone, or 

two or more thereof may be used as a mixture. 

 Examples of the carbonate precursor include carbon yl halides, 

carbonic acid diesters and haloformates, and specif ic examples 
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thereof include phosgene, diphenyl carbonate and a dihaloformate 

of a dihydric phenol compound.  Among them, phosgen e is preferred. 

[0022] 

 In addition, the polyorganosiloxane represented by  the general 

formula (2) can be easily produced by subjecting a phenol having 

an olefinically unsaturated carbon-carbon bond (pre ferably, for 

example, vinylphenol, allylphenol, eugenol, or isop ropenylphenol) 

to a hydrosilylation reaction with a terminal of a polyorganosiloxane 

chain having a predetermined polymerization degree n.  The phenol 

is more preferably allylphenol or eugenol.  In this  case, Y in the 

general formula (2) represents an organic residue d erived from 

allylphenol or eugenol. 

 Examples of the polyorganosiloxane represented by the general 

formula (2) include the following. 

[0023] 
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[0024] 

 In the general formulae (3) to (11), R 3 to R 6 are the same 

as R 3 to R 6 in the general formula (2).  n is the same as n in  the 

general formula (2).  In addition, c represents a p ositive integer 

and is preferably an integer of 1 to 6, more prefer ably an integer 

of 1 to 3, still more preferably 3. 

 Among them, the phenol-modified polyorganosiloxane  

represented by the general formula (3) is preferred  from the viewpoint 

of easiness of polymerization.  Further, α, ω-bis[3-(o- 

hydroxyphenyl)propyl]polydimethylsiloxane, which is  one of the 

compound represented by the general formula (4), or  α, ω-bis[3- 

(4-hydroxy-3-methoxyphenyl)propyl]polydimethylsilox ane, which is 

one of the compound represented by the general form ula (5), is 

preferred from the viewpoint of easiness of availab ility. 

[0025] 

 Further, the PC-POS copolymer can be produced by c opolymerizing 

the dihydric phenol represented by the general form ula (1), a 

polyorganosiloxane represented by the following gen eral formula 

(12), and phosgene, a carbonate, or a chloroformate .  In this case, 

the polyorganosiloxane represented by the following  general formula 

(12) is a reaction product of the polyorganosiloxan e represented 

by the general formula (2) and a diisocyanate compo und. 
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 In the general formula (12), R 3 to R 6, n, m, Y, and Z are each 

defined in the same manner as that in the general f ormula (2), and 

preferred examples thereof are also the same as tho se of the symbols 

in the formula. 

 Z 1 represents a divalent group derived from Z in the 

polyorganosiloxane represented by the general formu la (2) after 

the reaction of Z with an –NCO group of the diisocy anate compound. 

 In addition, β represents a divalent group derived from the 

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). 

 

[0026] 

 The phenol-modified polyorganosiloxane can be prod uced by a 
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known method.  For example, the following is availa ble as the known 

production method. 

 Cyclotrisiloxane and disiloxane are allowed to rea ct with each 

other in the presence of an acid catalyst to synthe size an 

α, ω-dihydrogen organopolysiloxane.  At this time, an α, ω-dihydrogen 

organopolysiloxane having a desired average repeati ng unit can be 

synthesized by changing a loading ratio between cyc lotrisiloxane 

and disiloxane.  Next, the α, ω-dihydrogen organopolysiloxane is 

subjected to an addition reaction with a phenol com pound having 

an unsaturated aliphatic hydrocarbon group such as allylphenol or 

eugenol in the presence of a catalyst for a hydrosi lylation reaction, 

whereby a phenol-modified polyorganosiloxane having  a desired 

average repeating unit can be produced. 

 In addition, at this stage, a cyclic polyorganosil oxane having 

a low molecular weight and an excessive amount of t he phenol compound 

remain as impurities.  Accordingly, those low-molec ular weight 

compounds are removed by evaporation through heatin g under reduced 

pressure. 

[0027] 

(Polycarbonate-polyorganosiloxane copolymer: PC-POS ) 

 A PC-POS obtained by the production method of the present 

invention has a repeating unit represented by the f ollowing general 

formula (I) and a constituent unit represented by t he following 

general formula (II): 
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[in the formulae, R 1 to R 6, X, Y, a, b and n are the same as defined 

above]. 

[0028] 

 In the PC-POS, the content of the constituent unit  represented 

by the general formula (II) is not particularly lim ited, but is 

preferably 1 to 25% by mass, more preferably 2 to 1 0% by mass.  When 

the content is 1% by mass or more, the impact resis tance is excellent, 

and when the content is 25% by mass or less, the he at resistance 

is satisfactory. 

 In addition, in the PC-POS, the average repeating number n 

in the constituent unit represented by the general formula (II) 

is preferably 25 to 120, more preferably 30 to 100.   Further, the 

n is preferably 30 to 60 in the case of a short-cha in 

polyorganosiloxane or is preferably 70 to 100 in th e case of a 

long-chain polyorganosiloxane.  In the PC-POS, when  n represents 

25 or more, the impact resistance is excellent, and  when n represents 

120 or less, the transparency is satisfactory. 

 The viscosity-average molecular weight (Mv) of the  PC-POS is 
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not particularly limited, but is preferably 10,000 to 30,000, more 

preferably 13,000 to 25,000, more preferably 15,000  to 23,000, more 

preferably 15,000 to 21,000, more preferably 16,000  to 20,000, 

particularly preferably 16,000 to 18,000.  When the  

viscosity-average molecular weight of the PC-POS fa lls within the 

range, the strength of a molded article is sufficie nt, the viscosity 

of the copolymer does not become excessively large,  and the 

productivity at the time of production is stable. 

 It should be noted that the viscosity-average mole cular weight 

(Mv) in the description is calculated from the foll owing relational 

expression (Schnell's equation) by measuring the li miting viscosity 

[ η] of a methylene chloride solution at 20°C with an Ubbelohde-type 

viscosity tube. 

 [ η]=1.23×10 -5 ×Mv0.83  

[0029] 

[Method of producing polycarbonate-polyorganosiloxa ne copolymer] 

 As described above, the method of producing a 

polycarbonate-polyorganosiloxane copolymer (PC-POS)  according to 

the present invention includes the step (A) to the step (E). 

(Step (A)) 

 The step (A) is a step of continuously or intermit tently taking 

a polymerization reaction liquid, which is obtained  by polymerizing 

a dihydric phenol compound represented by the gener al formula (1), 

a carbonate precursor, and a polyorganosiloxane rep resented by the 

general formula (2) in the presence of an alkaline compound aqueous 
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solution and a water-insoluble organic solvent, out  of a reactor.  

In the step (A), the polymerization can also be per formed in the 

presence of a polymerization catalyst or a molecula r weight modifier, 

as necessary.  The alkaline compound aqueous soluti on, the 

water-insoluble organic solvent, the polymerization  catalyst, and 

the molecular weight modifier are described below. 

 Although there is no particular limitation, from t he viewpoint 

of increasing the transparency of the PC-POS, the s tep (A) preferably 

includes the following step (a-1) and the following  step (a-2): 

 step (a-1): allowing a dihydric phenol compound re presented 

by the general formula (1) and a carbonate precurso r to react with 

each other in the presence of an alkaline compound aqueous solution 

and a water-insoluble organic solvent to produce a polycarbonate 

oligomer having a repeating unit represented by the  general formula 

(I); and 

 step (a-2): continuously or intermittently taking a 

polymerization reaction liquid, which is obtained b y polymerizing 

the dihydric phenol compound, the polycarbonate oli gomer obtained 

in the step (a-1), and a polyorganosiloxane represe nted by the general 

formula (2) in the presence of an alkaline compound  aqueous solution 

and a water-insoluble organic solvent, out of a rea ctor. 

[0030] 

(Step (a-1)) 

 In the step (a-1), the reaction between the dihydr ic phenol 

compound and the carbonate precursor is not particu larly limited, 
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a known method can be adopted, and it is preferred to carry out 

the reaction in the presence of an alkaline compoun d aqueous solution 

and a water-insoluble organic solvent by the interf acial 

polymerization method.  As necessary, the reaction can also be 

carried out in the presence of a polymerization cat alyst, and it 

is preferred that the reaction be carried out in su ch a manner. 

 Examples of the alkaline compound include alkali m etal 

hydroxides such as sodium hydroxide and potassium h ydroxide; and 

alkaline earth metal hydroxides such as magnesium h ydroxide and 

calcium hydroxide.  Among them, an alkali metal hyd roxide is 

preferred, and sodium hydroxide is more preferred.  It should be 

noted that the dihydric phenol compound is preferab ly used as a 

mixture with the alkaline compound aqueous solution . 

 As the water-insoluble organic solvent, for exampl e, a 

halogenated hydrocarbon such as methylene chloride,  chlorobenzene 

or chloroform is preferred, and methylene chloride is more preferred. 

 Examples of the polymerization catalyst include te rtiary 

amines and quaternary ammonium salts.  Examples of the tertiary amine 

include trimethylamine, triethylamine, and tripropy lamine.  

Examples of the quaternary ammonium salt include 

trimethylbenzylammonium chloride and triethylammoni um chloride.  

As the polymerization catalyst, a tertiary amine is  preferred, and 

triethylamine is more preferred. 

[0031] 

 In the step (a-1), a molecular weight modifier may  be used, 
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as necessary.  The molecular weight modifier is not  particularly 

limited so long as the modifier is a monohydric phe nol, and examples 

thereof include phenol, o-n-butylphenol, m-n-butylp henol, 

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 l, 

m-cyclohexylphenol, p-cyclohexylphenol, o-phenylphe nol, 

m-phenylphenol, p-phenylphenol, o-nonylphenol, m-no nylphenol, 

p-nonylphenol, o-cumylphenol, m-cumylphenol, p-cumy lphenol, 

o-naphthylphenol, m-naphthylphenol, p-naphthylpheno l, 

2,5-di-t-butylphenol, 2,4-di-t-butylphenol, 3,5-di- t-butylphenol, 

2,5-dicumylphenol, 3,5-dicumylphenol, p-cresol, p-b romophenol, 

2,4,6-tribromophenol, a monoalkylphenol having a li near or branched 

alkyl group having 12 to 35 carbon atoms on average  at the ortho-, 

meta-, or para-position, 9-(4-hydroxyphenyl)-9- 

(4-methoxyphenyl)fluorene, 9-(4-hydroxy-3-methylphe nyl)- 

9-(4-methoxy-3-methylphenyl)fluorene, and 4-(1-adam antyl)phenol.  

Among them, p-t-butylphenol, p-cumylphenol, and p-p henylphenol are 

preferred, and p-t-butylphenol is more preferred. 

 It should be noted that the molecular weight modif ier is 

preferably used after dissolution in a water-insolu ble organic 

solvent so that its concentration may become prefer ably 2 to 20% 

by mass, more preferably 4 to 15% by mass, still mo re preferably 
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4 to 12% by mass.  Examples of the water-insoluble organic solvent 

include the same solvents as those described above.   Among them, 

methylene chloride is preferred. 

[0032] 

 Although an embodiment of the reaction is not part icularly 

limited, preferred is a method involving continuous ly or 

intermittently supplying the alkaline compound aque ous solution 

of a dihydric phenol compound, the water-insoluble organic solvent, 

and the carbonate precursor into a reactor, and as necessary, adding 

the polymerization catalyst aqueous solution theret o, while keeping 

the temperature of the reaction liquid at 40 °C or less, to thereby 

perform the reaction. 

 The weight-average molecular weight (Mw) of the th us obtained 

polycarbonate oligomer is preferably 500 to 3,000, more preferably 

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

[0033] 

 The reaction mixed liquid obtained in the step (a- 1) is 

separated into an aqueous phase and a water-insolub le organic solvent 

phase, and the water-insoluble organic solvent phas e containing 

the polycarbonate oligomer is used in the step (a-2 ).  Meanwhile, 

there may be the case where the polycarbonate oligo mer or the dihydric 

phenol compound is also incorporated into the aqueo us phase.  Then, 

with respect to the aqueous phase, it is preferred that such an 

organic material be extracted with a water-insolubl e organic solvent, 

and the resultant extract be used as a part or the whole of the 
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water-insoluble organic solvent to be used in the s tep (a-2).  It 

is preferred to perform the extraction operation by  mixing the aqueous 

phase with an aqueous phase that is obtained by was hing with an 

acidic aqueous solution in a step (C) to be describ ed below and 

then separating. 

[0034] 

(Step (a-2)) 

 The step (a-2) is a step of continuously or interm ittently 

taking a polymerization reaction liquid, which is o btained by 

polymerizing the dihydric phenol compound, the poly carbonate 

oligomer obtained in the step (a-1), and a polyorga nosiloxane 

represented by the general formula (2) in the prese nce of an alkaline 

compound aqueous solution and a water-insoluble org anic solvent, 

out of a reactor.  As necessary, the reaction can a lso be carried 

out in the presence of a polymerization catalyst, a nd it is preferred 

that the reaction be carried out in such a manner. 

 An embodiment of the polymerization reaction in th e step (a-2) 

is not particularly limited, and a known method can  be adopted.  

However, from the viewpoint of reducing the amount of the unreacted 

PDMS as much as possible, it is preferred to divide  the polymerization 

reaction into a preliminary polymerization step and  a main 

polymerization step. 

(Preliminary polymerization step) 

 The preliminary polymerization step is a step of c ontinuously 

or intermittently supplying a polycarbonate oligome r having the 
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repeating unit represented by the general formula ( I) and a 

water-insoluble organic solvent, a polyorganosiloxa ne represented 

by the general formula (2), a water-insoluble organ ic solvent, and 

an alkaline compound aqueous solution, to thereby p erform the 

reaction.  As necessary, the reaction can also be c arried out in 

the presence of a polymerization catalyst, and it i s preferred that 

the reaction be carried out in such a manner. 

 In this step, operation procedures are preferred i n which the 

polycarbonate oligomer having the repeating unit re presented by 

the general formula (I) and the water-insoluble org anic solvent, 

and the polyorganosiloxane represented by the gener al formula (2) 

are supplied and mixed; thereafter, the polymerizat ion catalyst 

is supplied, as necessary; and subsequently, the al kaline compound 

aqueous solution is supplied and mixed. 

(Main polymerization step) 

 The main polymerization step is a step of, after c ooling the 

preliminary polymerization liquid obtained in the p reliminary 

polymerization step to 25°C or less, continuously o r intermittently 

supplying an alkaline compound aqueous solution of the dihydric 

phenol compound represented by the general formula (1) and a molecular 

weight modifier thereto and mixing to perform the m ain polymerization, 

and continuously or intermittently taking the resul tant 

polymerization reaction liquid out of a reactor.  A s necessary, the 

main polymerization can also be carried out in the presence of a 

polymerization catalyst, and it is preferred that t he main 
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polymerization be carried out in such a manner. 

[0035] 

 In the preliminary polymerization step, it is pref erred that 

each of the polyorganosiloxane and the polycarbonat e oligomer on 

the occasion of mixing the polyorganosiloxane be di ssolved in or 

mixed with the water-insoluble organic solvent.  In  that case, the 

concentration of the polyorganosiloxane is preferab ly 10 to 30% 

by mass, more preferably 15 to 25% by mass.  The so lid content 

concentration of the polycarbonate oligomer solutio n is set to 

preferably 300 g/L or less, more preferably 170 to 250 g/L, still 

more preferably 180 to 240 g/L.  With this, the tra nsparency of the 

polycarbonate-polyorganosiloxane copolymer can be i ncreased.  This 

is because the compatibility between the polyorgano siloxane and 

the polycarbonate oligomer is low, and hence, when the 

polyorganosiloxane concentration or the polycarbona te oligomer 

concentration (solid content concentration) is too high, the 

polyorganosiloxane tends to exist in a dispersed st ate in the 

polycarbonate oligomer.  When the polyorganosiloxan e concentration 

is set to 10 to 30% by mass, and the polycarbonate oligomer 

concentration is set to 300 g/L or less, the polyor ganosiloxane 

can be quickly and sufficiently dissolved in the po lycarbonate 

oligomer solution with ease, and hence the uniformi ty of the 

polymerization reaction is enhanced.  As a result, a 

polycarbonate-polyorganosiloxane copolymer having e xcellent 

transparency tends to be obtained. 
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 A supply ratio between the supply rate of the poly carbonate 

oligomer and the supply rate of the polyorganosilox ane 

[polycarbonate oligomer:polyorganosiloxane] may be appropriately 

set in consideration of the composition of the PC-P OS to be produced. 

[0036] 

 In the preliminary polymerization step, the polyme rization 

catalyst is preferably used as a solution of a wate r-insoluble organic 

solvent from the viewpoint of enhancing the uniform ity of the reaction 

to increase the transparency of the 

polycarbonate-polyorganosiloxane copolymer to be ob tained.  

Examples of the water-insoluble organic solvent inc lude the same 

solvents as those described above.  Among them, met hylene chloride 

is preferred from the viewpoint of enhancing the di spersibility 

of the polymerization catalyst.  The concentration of the 

polymerization catalyst in the polymerization catal yst solution 

is preferably 0.05 to 5% by mass, more preferably 0 .1 to 5% by mass. 

[0037] 

 In the preliminary polymerization step, the alkali ne compound 

is preferably used as an alkaline compound aqueous solution.  In 

addition, in that case, it is preferred to set the concentration 

of the alkaline compound aqueous solution (hereinaf ter abbreviated 

as alkali concentration) to 2 to 15% by mass.  On t he occasion of 

the preliminary polymerization, the alkaline compou nd is consumed 

by three reactions including (1) a reaction between  the polycarbonate 

oligomer and the polyorganosiloxane, (2) a reaction  between a 
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chloroformate group of the polycarbonate oligomer a nd a hydroxyl 

group, and (3) a decomposition reaction of a chloro formate group 

of the polycarbonate oligomer.  When the alkali con centration of 

the alkaline compound aqueous solution to be suppli ed is 15% by 

mass or less, the progress of the reaction (3) can be suppressed 

from the standpoint of a reaction rate, and an incr ease in the amount 

of the unreacted polyorganosiloxane can be suppress ed.  The alkali 

concentration of the alkaline compound aqueous solu tion to be 

supplied at the time of preliminary polymerization is preferably 

3 to 15% by mass, more preferably 3 to 12% by mass from the viewpoints 

of reaction efficiency of the polyorganosiloxane an d transparency 

of the polycarbonate-polyorganosiloxane copolymer. 

[0038] 

 It should be noted that the preliminary polymeriza tion is 

carried out by an interfacial polymerization reacti on.  In general, 

in the case of an interfacial polymerization reacti on, there are 

included two ways of the case where the aqueous pha se is a continuous 

phase and the case where the water-insoluble organi c solvent phase 

is a continuous phase, and in order to obtain a PC- POS having excellent 

transparency, it is preferred that the water-insolu ble organic 

solvent phase be a continuous phase.  For the purpo se of increasing 

the uniformity of a reaction between the polyorgano siloxane and 

the polycarbonate oligomer in order to obtain the t ransparency, 

the water-insoluble organic solvent phase is stirre d as a continuous 

phase and then the uniformity between both of the p olyorganosiloxane 
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and the polycarbonate oligomer can be increased, be cause both of 

the polyorganosiloxane and the polycarbonate oligom er exist in the 

water-insoluble organic solvent phase. 

[0039] 

 In the main polymerization step, the preliminary 

polymerization liquid obtained in the preliminary p olymerization 

step is preferably once cooled to 25°C or less (pre ferably about 

15 to 20°C).  Thereafter, the alkaline compound aqu eous solution 

of the dihydric phenol compound represented by the general formula 

(1) and the molecular weight modifier (chain-end te rminator), and 

as necessary, a polymerization catalyst are continu ously or 

intermittently supplied and mixed to perform the ma in 

polymerization. 

 With respect to the alkaline compound, the molecul ar weight 

modifier (chain-end terminator), and the polymeriza tion catalyst, 

the same materials as those described above are exe mplified, and 

preferred materials are also the same.  It should b e noted that the 

molecular weight modifier is preferably used after dissolved in 

a water-insoluble organic solvent so that its conce ntration may 

become preferably 2 to 20% by mass, more preferably  4 to 15% by 

mass, still more preferably 4 to 12% by mass.  Exam ples of the 

water-insoluble organic solvent include the same so lvents as those 

described above.  Among them, methylene chloride is  preferred. 

 The thus obtained polymerization reaction liquid i s 

continuously or intermittently taken out of a react or and transferred 
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into the step (B). 

[0040] 

(Step (B)) 

 The step (B) is a step of separating the polymeriz ation reaction 

liquid taken out in the step (A) (referring to the polymerization 

reaction liquid taken out after the step (a-2) in t he case where 

the step (A) includes the step (a-1) and the step ( a-2)) into an 

aqueous phase and a water-insoluble organic solvent  phase.  The 

method for the separation is not particularly limit ed, and standing 

separation may be adopted.  From the viewpoint of m aking the separated 

state between the aqueous phase and the water-insol uble organic 

solvent phase satisfactory, it is preferred to perf orm 

centrifugation.  Although the centrifugation condit ion is not 

particularly limited, in general, a rotational spee d is preferably 

about 1,000 to 3,000 rpm. 

 The aqueous phase obtained in the step (B) is pref erably reused 

in the step (A), especially the step (a-1) from the  viewpoint of 

a production cost because the aqueous phase contain s the dihydric 

phenol compound or the alkaline compound. 

[0041] 

(Step (C)) 

 The step (C) is a step of washing the water-insolu ble organic 

solvent phase obtained in the step (B), followed by  its separation 

into an aqueous phase and a water-insoluble organic  solvent phase.  

A method for the washing is, for example, alkali wa shing, acid washing, 
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or water washing, and at least the acid washing and  the water washing 

are preferably performed. 

[Alkali washing] 

 In many cases, the water-insoluble organic solvent  phase 

obtained in the step (B) contains a trace amount of  the dihydric 

phenol compound, and therefore, it is preferred to wash the 

water-insoluble organic solvent phase with an alkal i aqueous 

solution (hereinafter sometimes referred to as alka li washing). 

 Examples of the alkaline compound to be used for t he alkali 

aqueous solution include the same materials as thos e used in the 

step (A), and it is preferred to use the same mater ial.  Although 

the temperature at which the phase is washed is not  particularly 

limited as long as the temperature is equal to or l ess than the 

boiling point of the water-insoluble organic solven t, the washing 

temperature is preferably 37°C or less, more prefer ably 34°C or 

less, still more preferably 30°C or less, particula rly preferably 

28°C or less. 

 After the washing with the alkali aqueous solution , the 

resultant is separated into an aqueous phase and a water-insoluble 

organic solvent phase.  On this occasion, the metho d for the 

separation is not particularly limited, and standin g separation 

may be adopted.  From the viewpoint of making the s eparated state 

between the aqueous phase and the water-insoluble o rganic solvent 

phase satisfactory, it is preferred to perform cent rifugation at 

the above-mentioned rotational speed.  Although the  amount of the 
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alkali aqueous solution to be used for the washing is not particularly 

limited, the amount is preferably about 5 to 40% by  volume, more 

preferably 5 to 30% by volume, still more preferabl y 10 to 20% by 

volume in the whole liquid, from the viewpoints of a washing effect 

and a reduction in the generation amount of waste w ater.  When the 

amount of the alkali aqueous solution is 40% by vol ume or less, 

the continuous phase does not change from the organ ic phase to the 

aqueous phase, and the extraction efficiency from t he organic phase 

can be kept high. 

 The aqueous phase obtained in the alkali washing s tep is 

preferably reused in the step (A), especially the s tep (a-1) from 

the viewpoint of a production cost because the aque ous phase contains 

the dihydric phenol compound or the alkaline compou nd. 

[0042] 

[Acid washing] 

 The water-insoluble organic solvent phase separate d in the 

step (B) or the water-insoluble organic solvent pha se after the 

alkali washing is preferably washed with an acidic aqueous solution 

(hereinafter sometimes referred to as acid washing) .  The acid 

washing can remove the polymerization catalyst or a  trace amount 

of the alkaline compound that may be present in the  water-insoluble 

organic solvent phase.  An acid to be used in the p reparation of 

the acidic aqueous solution is, for example, hydroc hloric acid or 

phosphoric acid.  Among them, hydrochloric acid is preferred.  

However, the acid is not particularly limited there to.  Although 
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the temperature at which the phase is washed is not  particularly 

limited as long as the temperature is equal to or l ess than the 

boiling point of the water-insoluble organic solven t, the washing 

temperature is preferably 37°C or less, more prefer ably 34°C or 

less, still more preferably 30°C or less, particula rly preferably 

28°C or less. 

 After the acid washing, the washed phase is separa ted into 

an aqueous phase and a water-insoluble organic solv ent phase.  A 

method for the separation is not particularly limit ed and centrifugal 

separation can be adopted, but it is sufficient to adopt standing 

separation. 

[Water washing] 

 The water-insoluble organic solvent phase to be ob tained after 

the washing is preferably washed with water once or  more, more 

preferably washed with water one to three times bec ause the phase 

tends to contain the acid used in the washing or in organic matter.  

In this case, the water-insoluble organic solvent p hase can be 

evaluated for its cleanness on the basis of the ele ctric conductivity 

of the aqueous phase after the washing.  A target e lectric 

conductivity is preferably 1 mS/m or less, more pre ferably 0.5 mS/m 

or less.  Although the temperature at which the pha se is washed is 

not particularly limited as long as the temperature  is equal to 

or less than the boiling point of the water-insolub le organic solvent, 

the washing temperature is preferably 37°C or less,  more preferably 

34°C or less, still more preferably 30°C or less, p articularly 
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preferably 28°C or less. 

 After the washing with water, the washed phase is separated 

into an aqueous phase and a water-insoluble organic  solvent phase.  

A method for the separation at that time is also no t particularly 

limited and centrifugal separation can be adopted, but it is 

sufficient to adopt standing separation.  It should  be noted that 

the electric conductivity is a value measured with an electric 

conductivity-measuring device "DS-7" (manufactured by HORIBA, 

Ltd.). 

[0043] 

 Incidentally, the aqueous phase separated in the s tep (B) or 

the step (C) contains the PC-POS, and in some cases , the polymerization 

catalyst or the like, and hence the following is pr eferably adopted 

from the viewpoint of a production cost: the PC-POS , the 

polymerization catalyst, or the like is extracted w ith a 

water-insoluble organic solvent, and part or all of  the extract 

is appropriately subjected to a devolatilizing step  for carbon 

dioxide removal or distillation purifying step befo re the aqueous 

phase is reused in the step (A), especially the ste p (a-2).  A method 

described in JP 2005-60599 A can be adopted for the  devolatilizing 

step.  Upon reuse of the water-insoluble organic so lvent used in 

the extraction, the water-insoluble organic solvent  is typically 

transported with a liquid delivery pump, and hence the concentration 

of the PC-POS in the total amount of the water-inso luble organic 

solvent to be reused is set to preferably 2% by mas s or less (more 
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preferably 1.5% by mass or less, still more prefera bly 1% by mass 

or less) from the viewpoint of suppressing, for exa mple, the 

occurrence of cavitation in the liquid delivery pum p and from the 

viewpoint of stably performing a devolatilization o peration. 

 Further, in the present invention, the following i s preferably 

adopted from the viewpoint of a production cost: an  aqueous phase 

obtained by separating the reaction mixed liquid ob tained in the 

step (a-1) into the aqueous phase and a water-insol uble organic 

solvent phase is mixed with an aqueous phase obtain ed by separation 

after acid washing, the resultant aqueous phase is subjected to 

extraction with a water-insoluble organic solvent, and part or all 

of the extract is reused as the water-insoluble org anic solvent 

in the step (A) (provided that the solvent may cont ain the dihydric 

phenol compound, the polycarbonate oligomer, the po lymerization 

catalyst, or the like). 

[0044] 

 The water-insoluble organic solvent is removed by evaporation 

through the concentration of the water-insoluble or ganic solvent 

phase that has undergone the step (C) [step (D); co ncentrating step], 

and the residue is pulverized [pulverizing step] an d dried preferably 

under reduced pressure at about 80 to 160°C [drying  step] or further 

granulated [granulating step].  Thus, the PC-POS ca n be obtained. 

 In the step (D), the concentration is performed so  that the 

solid content concentration of the water-insoluble organic solvent 

may become preferably 30 to 40% by mass, more prefe rably 30 to 35% 
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by mass. 

 In addition, in the drying step, the drying is per formed so 

that the solid content concentration of the water-i nsoluble organic 

solvent may preferably become 99.9% by mass or more  (the concentration 

of methylene chloride in the resin may preferably b ecome less than 

1,000 ppm). 

 In the present invention, part or all of the water -insoluble 

organic solvent removed by evaporation in the conce ntrating step 

is reused as at least part of the water-insoluble o rganic solvent 

in the step (A) or as a solvent (extraction solvent ) for extracting 

organic matter such as the PC-POS from the aqueous phase separated 

in the step (B) or each of the washing steps, or as  both thereof 

after having undergone a step (E) to be described l ater.  Further, 

part or all of the water-insoluble organic solvent obtained in the 

drying step is preferably reused as at least part o f the 

water-insoluble organic solvent in the step (A) or as a solvent 

(extraction solvent) for extracting organic matter such as the PC-POS 

from the aqueous phase separated in the step (B) or  each of the 

washing steps, or as both thereof after having unde rgone the step 

(E) to be described later. 

[0045] 

(Step (E)) 

 Upon production of phosgene as a raw material for the PC-POS 

copolymer, carbon tetrachloride (CCl 4) is produced as a by-product, 

and hence carbon tetrachloride is gradually accumul ated in a reactor 
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by the cyclic use of methylene chloride.  When the reactor is 

continuously driven as it is, the concentration of carbon 

tetrachloride in the PC-POS copolymer becomes 4 ppm  by mass or more, 

which causes the deterioration of the color tone of  the PC-POS 

copolymer and the corrosion of a die.  In view of t he foregoing, 

the water-insoluble organic solvent to be reused ne eds to be purified 

by distillation as described in the foregoing in or der that the 

concentration of carbon tetrachloride in the PC-POS  copolymer may 

be set to less than 4 ppm by mass.  The water-insol uble organic solvent 

to be reused may be the water-insoluble organic sol vent purified 

by distillation alone, or may be a mixture of the w ater-insoluble 

organic solvent purified by distillation and an und istilled 

water-insoluble organic solvent (e.g., the water-in soluble organic 

solvent obtained in the step (D)).  In all cases, t he concentration 

of carbon tetrachloride in the water-insoluble orga nic solvent is 

set to preferably less than 20 ppm by mass, more pr eferably 10 ppm 

by mass or less, still more preferably 5 ppm by mas s or less, 

particularly preferably 3 ppm by mass or less.  Whe n the concentration 

of carbon tetrachloride in the water-insoluble orga nic solvent to 

be reused is reduced as described above, the concen tration of carbon 

tetrachloride in the PC-POS copolymer can be easily  reduced to less 

than 4 ppm by mass.  It should be noted that a flas h drum may be 

placed for preventing the clogging of a distillatio n column tray. 

 In this context, further studies made by the inven tors of the 

present invention have found that unlike the case o f the production 
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of a normal polycarbonate-based resin, in the produ ction of the 

PC-POS copolymer, the concentration of carbon tetra chloride in the 

PC-POS copolymer is liable to increase.  The forego ing is assumed 

to result from: the fact that when the distillation  purification 

of methylene chloride is performed, a reboiler at t he bottom portion 

of a distillation column causes a heat transfer fai lure owing to 

the foaming of methylene chloride containing a slig ht amount of 

the PC-POS copolymer, and hence stable driving of t he distillation 

column cannot be performed in some cases; and the f act that even 

when a flash drum is used, the discharge pressure o f a circulating 

pump at the bottom portion of the flash drum may be  destabilized.  

In the present invention, the problem has been solv ed by controlling 

the concentration of the PC-POS copolymer in the co lumn bottom liquid 

of the distillation column to 6% by mass or less.  The concentration 

of the PC-POS copolymer in the column bottom liquid  of the distillation 

column is preferably controlled to 5% by mass or le ss.  Although 

the problem is assumed to be due to the fact that a  high concentration 

of the PC-POS copolymer in the column bottom liquid  has been 

responsible for the foaming of methylene chloride, the phenomenon 

is a problem that arises only in the production of the PC-POS copolymer 

because the phenomenon does not arise in a normal p olycarbonate 

resin (e.g., a polycarbonate resin obtained from th e dihydric phenol 

compound represented by the general formula (1) and  the carbonate 

precursor, especially a polycarbonate resin free of  any 

organosiloxane structural unit). 
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 Although a method of setting the concentration of the PC-POS 

in the column bottom liquid within the range is not  particularly 

limited, a preferred example thereof is a method in volving taking 

out the column bottom liquid to reduce the concentr ation of the 

PC-POS copolymer.  Although the rate at which the c olumn bottom liquid 

is taken out is not particularly limited as long as  the concentration 

of the PC-POS copolymer can be set to fall within t he range, for 

example, the following method is given: the column bottom liquid 

is taken out at a flow rate corresponding to 0.3 to  2% by mass of 

the amount of the water-insoluble organic solvent t o be fed to the 

distillation column. 

 Although a method of monitoring the concentration of the PC-POS 

in the column bottom liquid is not particularly lim ited, examples 

thereof include: a method involving sampling the co lumn bottom liquid 

of the distillation column during its driving, remo ving the 

water-insoluble organic solvent by evaporation to d ryness, and 

measuring the amount of the solid content in the re sidue; and a 

method involving placing a concentration meter. 

[0046] 

 Although conditions for the distillation purificat ion are not 

particularly limited except the foregoing matters, the distillation 

is preferably performed with a multistage distillat ion column having 

30 to 60 stages under the conditions of a reflux ra tio of 0.3 to 

5 (preferably 1 to 4, more preferably 1 to 3), a pr essure of from 

normal pressure to 0.2 MPa (gauge pressure), a colu mn top temperature 
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of 35 to 70°C (preferably 35 to 45°C), and a column  bottom temperature 

of 45 to 80°C (preferably 45 to 60°C). 

 In the present invention, the following method can  also be 

preferably adopted: before part or all of the water -insoluble organic 

solvent is recovered and purified by distillation i n the distillation 

column, the water-insoluble organic solvent is pass ed through a 

flash drum and the concentration of the 

polycarbonate-polyorganosiloxane copolymer in the s olvent in the 

flash drum is controlled to 6% by mass or less.  Th e concentration 

of the polycarbonate-polyorganosiloxane copolymer i n the 

water-insoluble organic solvent in the flash drum i s more preferably 

5% by mass or less. 

 It should be noted that the concentration of the P C-POS 

copolymer in the water-insoluble organic solvent ph ase to be reused 

is controlled to preferably 2% by mass or less, mor e preferably 

1.5% by mass or less, still more preferably 1% by m ass or less. 

[0047] 

 The content of carbon tetrachloride in the PC-POS copolymer 

obtained as described above is less than 4 ppm by m ass, preferably 

3 ppm by mass or less, more preferably 2 ppm by mas s or less, still 

more preferably 1 ppm by mass or less, and hence th e PC-POS copolymer 

is a high-quality PC-POS copolymer.  According to t he present 

invention, such high-quality PC-POS copolymer can b e continuously 

produced for a long time period.  It should be note d that the content 

of carbon tetrachloride in the PC-POS copolymer is measured by a 
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method described in Examples. 

 In addition, the amount of a polyorganosiloxane re sidue in 

the PC-POS copolymer is preferably 0.1 to 40% by ma ss, more preferably 

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

 

EXAMPLES 

[0048] 

 Examples of the present invention are further desc ribed.  It 

should be noted that the present invention is by no  means limited 

by Examples.  It should be noted that in each examp le, a 

viscosity-average molecular weight (Mv) and the amo unt of a 

polydimethylsiloxane (PDMS) residue in a PC-PDMS we re measured in 

accordance with the following methods.  In addition , the measurement 

of the concentration of a PC-PDMS in a column botto m liquid was 

performed by a method involving removing a water-in soluble organic 

solvent by evaporation to dryness and measuring the  amount of the 

solid content in the residue, and the measurement o f the concentration 

of carbon tetrachloride in methylene chloride and t he measurement 

of the concentration of carbon tetrachloride in a P C-PDMS pellet 

were performed by gas chromatography measurement un der the following 

conditions. 

[0049] 

[1. Amount of polydimethylsiloxane (PDMS) residue i n PC-PDMS] 

 The amount was determined by focusing attention on  protons 

of methyl groups in a PDMS by NMR measurement. 
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[2. Method of measuring viscosity-average molecular  weight (Mv)] 

 The viscosity-average molecular weight (Mv) was ca lculated 

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

measuring the limiting viscosity [ η] of a methylene chloride solution 

at 20°C with an Ubbelohde-type viscosity tube. 

  [ η]=1.23×10 -5 ×Mv0.83 

[0050] 

[3. Gas chromatography measurement condition] 

Apparatus:   Model number "7890A" (manufactured by 

Agilent Technologies) 

Analysis conditions: An injection port temperature of 200°C and 

a detector temperature of 220°C 

Column:   A capillary column ("DB-WAX" manufactured  

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

60 m) 

Column temperature: The temperature is increased 40 °C to 65°C 

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

Detector:   A hydrogen flame ionization detector (F ID) 

[0051] 

<Synthesis Example 1> Production of polycarbonate o ligomer solution 

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

 To a 5.6% 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 A became 
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13.5% by mass, to thereby prepare a solution of bis phenol A in aqueous 

sodium hydroxide (aqueous solution of BPNa). 

 The solution of bisphenol A in aqueous sodium hydr oxide, 

methylene chloride, and phosgene were continuously 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 k g/hr, respectively.  

The tubular reactor had a jacket portion, and cooli ng water was 

passed through the jacket to keep the reaction liqu id at a temperature 

of 40°C or less. 

 The reaction liquid that had exited the tubular re actor was 

continuously introduced into a baffled vessel-type reactor having 

an internal volume of 40 L and provided with a swep tback blade, 

and then, 2.8 L/hr of the solution of bisphenol A i n aqueous sodium 

hydroxide, 0.07 L/hr of a 25% by mass sodium hydrox ide aqueous solution, 

17 L/hr of water, and 0.64 L/hr of a 1% by mass tri ethylamine aqueous 

solution were further added to the reactor to perfo rm a reaction.  

The reaction liquid overflown from the vessel-type reactor was 

continuously taken out and allowed to stand to sepa rate and remove 

an aqueous phase, and a methylene chloride phase wa s then collected. 

 The concentration of the thus obtained polycarbona te oligomer 

solution (methylene chloride solution) was 324 g/L,  and the 

concentration of a chloroformate group thereof was 0.74 mol/L.  In 

addition, the polycarbonate oligomer had a weight-a verage molecular 

weight (Mw) of 1,190. 

 It should be noted that the weight-average molecul ar weight 
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(Mw) was measured as a molecular weight (weight-ave rage molecular 

weight: Mw) in terms of standard polystyrene by GPC  (column: TOSOH 

TSK-GEL MULTIPORE HXL-M (two) + Shodex KF801 (one),  temperature: 

40°C, flow rate: 1.0 ml/min, detector: RI) with tet rahydrofuran 

(THF) as a developing solvent. 

[0052] 

<Example 1> 

 A polycarbonate-polydimethylsiloxane copolymer was  

continuously produced with a production apparatus i llustrated in 

FIG. 1.  A method for the production is specificall y as described 

below. 

(Step (A)-step (a-2)) 

 26 Kilograms per hour of the polycarbonate oligome r (PCO) 

solution [6. PCO/MC] produced in Synthesis Example 1 and 11.8 kg/hr 

of methylene chloride [7. MC] were mixed in piping (PCO concentration: 

223 g/L).  Then, 2.7 kg/hr of a 20% by mass solutio n of an allylphenol 

terminal-modified polydimethylsiloxane in which the  repetition 

number n of dimethylsiloxane units was 90 in methyl ene chloride 

[8. PDMS/MC] were mixed with the mixture in the pip ing.  After that, 

the contents were sufficiently mixed with a static mixer [5a. SMX] 

and then the mixed liquid was cooled to 19 to 22°C with a heat exchanger. 

 The cooled mixed liquid was mixed with 0.52 kg/hr of a 1% by 

mass solution of triethylamine (TEA) in methylene c hloride [9. 

TEA/MC] in the piping and then the contents were su fficiently mixed 

with a static mixer [5b. SMX].  After that, 1.84 kg /hr of 6.4% by 
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mass aqueous sodium hydroxide [10a. aqueous NaOH] w ere added to 

the mixture immediately in front of a reactor [1. R x-1], and a reaction 

(preliminary polymerization) between the polycarbon ate oligomer 

and the allylphenol terminal-modified PDMS was perf ormed in the 

reactor [1. Rx-1] while a methylene chloride phase was used as a 

continuous phase.  It should be noted that the reac tor [1. Rx-1] 

was a mixer provided with a turbine blade (pipeline  homomixer 

[manufactured by Tokushu Kika Kogyo Co., Ltd.]) and  was driven at 

a number of rotations of 4,400 rpm. 

 A preliminary polymerization liquid that had exite d the reactor 

[1. Rx-1] was cooled to 17 to 20°C with a heat exch anger.  After 

that, a mixture obtained by adding 2.3 kg/hr of an 8% by mass solution 

of p-t-butylphenol (PTBP) in methylene chloride [13 . PTBP/MC] to 

0.18 kg/hr of a 1% by mass aqueous solution of trie thylamine [11. 

aqueous solution of TEA] and 11.2 kg/hr of a soluti on of bisphenol 

A in aqueous sodium hydroxide [12. aqueous solution  of BPNa], and 

mixing the contents in the piping was added to the preliminary 

polymerization liquid immediately in front of a rea ctor [2. Rx-2].  

After that, 5.1 kg/hr of a 15% by mass aqueous NaOH  [10b. aqueous 

NaOH] were added to the mixed liquid and a polymeri zation reaction 

(main polymerization) was performed in the reactor [2. Rx-2].  It 

should be noted that the reactor [2. Rx-2] was a mi xer provided 

with a turbine blade and was driven at a number of rotations of 

4,400 rpm.  The solution of bisphenol A in aqueous sodium hydroxide 

used here was the same as the aqueous solution of B PNa used in Synthesis 
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Example 1. 

 A polymerization reaction liquid that had exited t he reactor 

[2. Rx-2] was sequentially introduced into a reacto r [3. Rx-3] and 

a reactor [4. Rx-4], and the polymerization reactio n was completed 

while its temperature was controlled to 38°C or les s.  The reactor 

[3. Rx-3] is a reactor having an orifice plate and a cooling jacket, 

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

cooling jacket. 

[0053] 

(Separating step (step (B))) 

 35 Liters of the polymerization reaction liquid co llected from 

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

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

a baffle board and a paddle-type stirring blade, an d were stirred 

at 240 rpm for 10 minutes.  After that, the mixture  was left to stand 

for 1 hour to be separated into an organic phase co ntaining the 

polycarbonate-polydimethylsiloxane copolymer (PC-PD MS), and an 

aqueous phase containing excessive amounts of bisph enol A and sodium 

hydroxide, followed by the isolation of the organic  phase. 

(Alkali washing, acid washing, and water washing (s tep (C))) 

 The solution of the polycarbonate-polydimethylsilo xane 

copolymer (PC-PDMS) in methylene chloride thus obta ined was 

sequentially washed with 0.03 mol/L aqueous sodium hydroxide and 

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

respect to the solution.  Next, the solution was re peatedly washed 
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with pure water so that an electric conductivity in  an aqueous phase 

after the washing became 0.1 mS/m or less. 

(Concentrating step (step (D)), drying step, and gr anulating step) 

 The solution of the PC-PDMS in methylene chloride thus obtained 

was concentrated [concentrating step], and was then  pulverized and 

dried under reduced pressure at 120°C [drying step] .  The resultant 

flake was fed to an extruder and pelletized.  At th at time, a preset 

temperature was divided into four sections starting  from a screw 

inlet portion, and the temperatures of the sections  were 260°C, 

270°C, 275°C, and 275°C, respectively, and the temp erature of a 

die head was set to 270°C [granulating step]. 

[0054] 

(Recovery and distillation purification of methylen e chloride (step 

(E))) 

 Meanwhile, methylene chloride separated in each of  the 

concentrating step and the drying step was recovere d in a 4.5-m 3 

storage tank (MC storage tank).  The concentration of the PC-PDMS 

in methylene chloride in the MC storage tank was 19 5 ppm by mass. 

 Next, methylene chloride recovered in the MC stora ge tank was 

introduced into the twentieth stage of a distillati on column having 

40 stages at 52 L/hr, and was purified by distillat ion at a column 

top temperature of 40°C, a column bottom temperatur e of 50°C, and 

a column top reflux ratio of 2.0.  Methylene chlori de was purified 

by distillation from the top of the column at a rec overy ratio of 

99.5%. 
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 The following continuous driving was performed: th e purified 

methylene chloride was introduced into the tubular reactor to be 

used in Synthesis Example 1 and as a reaction solve nt in the step 

(A)-step (a-2), and was reused.  During the continu ous driving, the 

following operation was performed: the concentratio n of the PC-PDMS 

in the column bottom liquid of the distillation col umn was 

periodically measured, part of the column bottom li quid was taken 

out and methylene chloride after distillation purif ication was fed 

instead so that the concentration fell within the r ange of from 

1 to 3% by mass.  The concentration of the PC-PDMS in the column 

bottom liquid of the distillation column was around  2% by mass on 

average. 

 The concentration of carbon tetrachloride in methy lene 

chloride in the MC storage tank after 720 hours of the continuous 

driving and the concentration of carbon tetrachlori de in the 

resultant PC-PDMS pellet were measured. 

 Table 1 shows the results. 

[0055] 

<Example 2> 

 The same operations were performed except that in Example 1, 

during the continuous driving, the following operat ion was 

performed: the concentration of the PC-PDMS in the column bottom 

liquid of the distillation column was periodically measured, part 

of the column bottom liquid was taken out and methy lene chloride 

after distillation purification was fed instead so that the 
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concentration fell within the range of from 3 to 5%  by mass.  The 

concentration of the PC-PDMS in the column bottom l iquid of the 

distillation column was around 4% by mass on averag e. 

 Table 1 shows the results. 

[0056] 

<Example 3> 

 The same operations were performed except that in Example 2, 

the supply amount of the 8% by mass solution of p-t -butylphenol 

(PTBP) in methylene chloride [13. PTBP/MC] to be ad ded immediately 

in front of the reactor [2. Rx-2] after the cooling  of the preliminary 

polymerization liquid that had exited the reactor [ 1. Rx-1] of the 

step (A)-step (a-2) with the heat exchanger to from  17 to 20°C was 

changed to 1.8 kg/hr.  The concentration of the PC- PDMS in the column 

bottom liquid of the distillation column was around  4% by mass on 

average. 

 Table 1 shows the results. 

[0057] 

<Comparative Example 1> Case where methylene chlori de is reused 

without being purified by distillation. 

 In Example 1, the following continuous driving was  performed: 

recovered methylene chloride was introduced into th e tubular reactor 

to be used in Synthesis Example 1 and as a reaction  solvent in the 

step (A)-step (a-2) without being purified by disti llation, and 

was reused.  The concentration of carbon tetrachlor ide in methylene 

chloride in the MC storage tank after 200 hours of the continuous 
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driving and the concentration of carbon tetrachlori de in the 

resultant PC-PDMS pellet were measured. 

 Table 1 shows the results. 

[0058] 

<Comparative Example 2> Case where concentration of  PC-PDMS in column 

bottom liquid is not controlled. 

 The same operations were performed except that in Example 1, 

the concentration of the PC-PDMS in the column bott om liquid of 

the distillation column was not controlled.  After 200 hours of the 

continuous driving, temperature control became diff icult owing to 

a heat transfer failure at the bottom portion of th e distillation 

column.  Accordingly, the driving of the distillati on column was 

stopped and the following continuous driving was pe rformed: 

recovered methylene chloride was introduced into th e tubular reactor 

to be used in Synthesis Example 1 and as a reaction  solvent in the 

step (A)-step (a-2) without being purified by disti llation, and 

was reused. 

 The concentration of carbon tetrachloride in methy lene 

chloride in the MC storage tank after a total of 72 0 hours of the 

continuous driving and the concentration of carbon tetrachloride 

in the resultant PC-PDMS pellet were measured. 

 Table 1 shows the results. 

[0059] 

<Reference Example 1> Case of continuous production  of normal 

polycarbonate-based resin. 
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 Continuous production of a polycarbonate was simil arly 

performed except that in Example 1, the 20% by mass  solution of 

an allylphenol terminal-modified polydimethylsiloxa ne in methylene 

chloride was not used in the "step (A)-step (a-2)",  and during the 

continuous driving, the concentration of the PC in the column bottom 

liquid of the distillation column was not controlle d.  Even after 

720 hours of the continuous driving, no trouble occ urred in the 

distillation column. 

 The concentration of carbon tetrachloride in methy lene 

chloride in the MC storage tank after 720 hours of the continuous 

driving and the concentration of carbon tetrachlori de in the 

resultant polycarbonate pellet were measured. 

 Table 1 shows the results.
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[0060] 

Table 1 

 
Example Comparative Example 

Reference 
Example 

1 2 3 1 2 1 

Presence or absence of 
distillation purification [step (E)] 

Present Present Present Absent Present Present 

Concentration of PC-PDMS in 
column bottom liquid  
(% by mass) 

1 to 3 3 to 5 3 to 5 ― 7 16*1 

Concentration of CCl4  
in MC storage tank  
(ppm by mass) 

2 2 2 20 23 2 

Concentration of CCl4  
in PC-PDMS pellet  
(ppm by mass) 

Less than 1 Less than 1 Less than 1 4 4 Less than 1*2 

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 (Mv) 

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 CCl 4 in PC pellet (ppm by mass)
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[0061] 

 When recovered methylene chloride was reused witho ut being purified by distillation like 

Comparative Example 1, the concentration of carbon tetrachloride in methylene chloride in the 

methylene chloride storage tank (MC storage tank) i ncreased, and at the same time, the concentration 

of carbon tetrachloride in the PC-PDMS pellet becam e 4 ppm by mass or more. 

 In addition, when the concentration of the PC-PDMS  in the column bottom liquid of the 

distillation column was not controlled like Compara tive Example 2, after 200 hours of the continuous 

driving, temperature control became difficult owing  to a heat transfer failure at the bottom 

portion of the distillation column, and hence the c ontinuous driving could not be performed anymore 

and there was no choice but to stop the driving of the distillation column.  In addition, it 

was found that the concentration of carbon tetrachl oride in methylene chloride in the methylene 

chloride storage tank increased and the concentrati on of carbon tetrachloride in the resultant 

PC-PDMS also increased. 

 As compared to the foregoing, in each of Examples 1 to 3, the concentration of carbon 

tetrachloride in the PC-PDMS pellet can be maintain ed at less than 1 ppm by mass irrespective 

of long-term driving, and hence the examples are ea ch found to be a method by which a high-quality 

PC-PDMS can be produced in an industrially stable m anner. 
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 It should be noted that as shown by the results of  Reference Example 1, in the case of 

the production of a normal polycarbonate, an influe nce by the concentration of a polymer in the 

column bottom liquid of a distillation column was a bsent unlike the case of the production of 

a PC-PDMS, and hence even when the concentration of  the PC in the column bottom liquid of the 

distillation column was 16% by mass, a heat transfe r failure at the bottom portion of the distillation  

column did not occur and its continuous driving was  able to be performed. 

 

INDUSTRIAL APPLICABILITY 

[0062] 

 The polycarbonate-polydimethylsiloxane copolymer o btained by the present invention is 

expected to find utilization in various fields such  as the field of electrical and electronic 

equipment and the field of an automobile.  In parti cular, the polycarbonate-polydimethylsiloxane 

copolymer can be utilized as, for example, a materi al 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 
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[0063] 

1 to 4 reactor 

5a, 5b mixer 

6 solution of polycarbonate oligomer 

7 methylene chloride 

8 solution of allylphenol terminal-modified polydim ethylsiloxane in methylene chloride 

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 ide 

13 solution of p-t-butylphenol in methylene chlorid e 
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CLAIMS 

 

1. A polycarbonate-polyorganosiloxane copolymer, ha ving a carbon tetrachloride concentration 

of less than 4 ppm by mass. 

 

2. The polycarbonate-polyorganosiloxane copolymer a ccording to claim 1, wherein the copolymer 

has a viscosity-average molecular weight of 10,000 to 30,000. 

 

3. A method of continuously producing the polycarbo nate-polyorganosiloxane copolymer according 

to claim 1 or 2, the method comprising the steps of : 

 (A) continuously or intermittently taking a polyme rization reaction liquid, which is obtained 

by polymerizing a dihydric phenol compound represen ted by the following general formula (1), 

a carbonate precursor, and a polyorganosiloxane rep resented by the following general formula 

(2) in a presence of an alkaline compound aqueous s olution and a water-insoluble organic solvent, 

out of a reactor; 

 (B) separating the polymerization reaction liquid taken out in the step (A) into an aqueous 

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

by separation thereof into an aqueous phase and a w ater-insoluble organic solvent phase; 

 (D) concentrating the water-insoluble organic solv ent phase separated in the step (C); 

and 

 (E) recovering part or all of the water-insoluble organic solvent removed by evaporation 

in the step (D), followed by distillation purificat ion thereof in a distillation column, 

 the water-insoluble organic solvent obtained in th e step (E) being reused as at least part 

of the water-insoluble organic solvent in the step (A) or as an extraction solvent for the aqueous 

phase separated in the step (B), or as both thereof , 

 in the step (E), the distillation purification bei ng performed while a concentration of 

the polycarbonate-polyorganosiloxane copolymer in a  column bottom liquid of the distillation 

column is controlled to 6% by mass or less: 

(1)HO X OH

(R

1

)
a

(R

2

)
b

 

wherein R 1 and R 2 each independently represent a halogen atom, an al kyl group having 1 to 6 carbon 

atoms, or an alkoxy group having 1 to 6 carbon atom s, X represents a single bond, an alkylene 
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group having 1 to 8 carbon atoms, an alkylidene gro up having 2 to 8 carbon atoms, a cycloalkylene 

group having 5 to 15 carbon atoms, a cycloalkyliden e group having 5 to 15 carbon atoms, -S-, 

-SO-, -SO 2-, -O-, or -CO-, and a and b each independently rep resent an integer of 0 to 4; 

(2)Y Si

R

3

R

4

O Si

R

5

R

6

Y (O)
m

(O)
m

ZZ

n  

wherein R 3 to R 6 each independently represent a hydrogen atom, a ha logen 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, Y represents a single bond, o r an organic residue including an aliphatic 

or aromatic moiety, n represents an average repetit ion number, Z represents a halogen atom, -R 7OH, 

-R 7-Z'-R 8-OH, -R 7COOH, -R 7NH2, -COOH, or –SH, the R 7 represents a substituted or unsubstituted 

alkylene group, a substituted or unsubstituted cycl oalkylene group, or a substituted or 

unsubstituted arylene group, the R 8 represents an arylene group having 6 to 12 ring-fo rming carbon 

atoms, the Z' represents an alkylene group having 1  to 8 carbon atoms, an alkylidene group having 

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  0 or 1. 
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4. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 

to claim 3, wherein in the step (E), the concentrat ion of the polycarbonate-polyorganosiloxane 

copolymer in the column bottom liquid is controlled  to fall within the range by taking at least 

part of the column bottom liquid out of a column bo ttom portion of the distillation column. 

 

5. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 

to claim 3 or 4, wherein in the step (E), the conce ntration of the polycarbonate-polyorganosiloxane 

copolymer in the column bottom liquid of the distil lation column is controlled to 5% by mass 

or less. 

 

6. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 

to any one of claims 3 to 5, wherein a concentratio n of carbon tetrachloride in the water-insoluble 

organic solvent to be reused as at least part of th e water-insoluble organic solvent in the step 

(A) or as the extraction solvent for the aqueous ph ase separated in the step (B), or as both 

thereof is controlled to less than 20 ppm by mass. 

 

7. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 
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to any one of claims 3 to 6, wherein in the step (E ), a column top temperature of the distillation 

column is set to 35 to 70°C and a column bottom tem perature thereof is set to 45 to 80°C. 

 

8. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 

to any one of claims 3 to 7, wherein in the step (E ), before part or all of the water-insoluble 

organic solvent is recovered and purified by distil lation in the distillation column, the 

water-insoluble organic solvent is passed through a  flash drum and the concentration of the 

polycarbonate-polyorganosiloxane copolymer in the s olvent in the flash drum is controlled to 

6% by mass or less. 

 

9. The method of continuously producing a polycarbo nate-polyorganosiloxane copolymer according 

to any one of claims 3 to 8, wherein the step (A) i ncludes the following step (a-1) and the following 

step (a-2): 

 step (a-1): allowing the dihydric phenol compound represented by the general formula (1) 

and the carbonate precursor to react with each othe r in the presence of the alkaline compound 

aqueous solution and the water-insoluble organic so lvent to produce a polycarbonate oligomer 

having a repeating unit represented by the followin g general formula (I); and 
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 step (a-2): continuously or intermittently taking the polymerization reaction liquid, which 

is obtained by polymerizing the dihydric phenol com pound, the polycarbonate oligomer obtained 

in the step (a-1), and the polyorganosiloxane repre sented by the general formula (2) in the presence 

of the alkaline compound aqueous solution and the w ater-insoluble organic solvent, out of the 

reactor: 

O X O C

O

(R

1

)
a

(R

2

)
b

( I )

 

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


