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Description

Field of Invention

[0001] The present invention relates to a polycarbonate resin composition, the formed product thereof, and the use
of a polycarbosilane compound as a modifier for polycarbonate resins.

Background Art

[0002] Polycarbonate resins are resins having excellent heat resistance, mechanical properties, optical properties,
and electrical characteristics and are widely utilized, for example, in automotive materials, electrical and electronic device
materials, housing materials, and materials for use in the manufacture of components in other industrial fields. In particular,
flame-resistant polycarbonate resin. compositions are suitably used as members for OA and information appliances,
such as computers, notebook computers, cellular phones, printers, and copying machines, and sheet and film members.
[0003] In these various applications, it is known to blend organosiloxane (silicone) compounds having low surface
energy with resins to modify surface properties, such as water repellency, oil repellency, anti-fogging properties, anti-
fouling properties, stain removability, moisture resistance, lubricity, abrasion resistance, mold releasability, chemical
resistance, and scratch resistance, for the purpose of improving product value. Among others, dimethyl silicone oils can
effectively impart water repellency, oil repellency, and other characteristics.
[0004] Furthermore, resin lubricants containing polysilane compounds have been proposed (Patent Document 19).
[0005] As means for imparting flame resistance to polycarbonate resins, methods for blending a halogen flame retardant
or a phosphorus flame retardant with polycarbonate resins have been employed. However, polycarbonate resin com-
positions containing a halogen flame retardant containing chlorine or bromine sometimes result in low thermal stability
or deteriorated hue or cause the corrosion of screws or forming dies of forming machines in shape processing. Polycar-
bonate resin compositions containing a phosphorus flame retardant sometimes cause degradation of high transparency
that is characteristic of polycarbonate resins or result in low impact resistance or low heat resistance, thus having limited
applications. In addition, such a halogen flame retardant and phosphorus flame retardant may cause environmental
pollution during the disposal and collection of products. Thus, in recent years, it has been strongly desired to impart
flame resistance to polycarbonate resins without using such a flame retardant.
[0006] Under such circumstances, many metal salt compounds, typically organic alkali metal salt compounds and
organic alkaline-earth metal salt compounds, have been recently studied as useful flame retardants (e.g., refer to Patent
Documents 1 to 4). Examples of methods for imparting flame resistance to aromatic polycarbonate resin compositions
by using an aromatic sulfonic acid alkali metal salt compound include a method that uses a perfluoroalkylsulfonic acid
alkali metal salt having 4 to 8 carbon atoms (refer to Patent Document 1) and a method for blending a non-halogen
aromatic sulfonic acid sodium salt (refer to Patent Document 2). Such metal salt compounds can be used as flame
retardants to impart flame resistance to polycarbonate resins to some extent without adversely affecting their intrinsic
characteristics such as mechanical properties, including impact resistance, heat resistance, optical properties, and
electrical characteristics.
[0007] However, the flame resistance levels achieved by the above-described methods for blending such a metal salt
compound with a polycarbonate resin are by no means satisfactory. This is probably because the flame-retardant effect
achieved by blending the metal salt compound with a polycarbonate resin results from a catalytic action. Even if the
amount of metal salt compound blended is increased to further improve the flame resistance, the flame resistance is
not improved and, on the contrary, tends to be lowered. Furthermore, such an increase in the amount of metal salt
compound causes a significant deterioration in mechanical properties, such as impact resistance, optical properties,
such as transparency, and other physical properties, such as heat resistance and wet heat stability.
[0008] An attempt has been made to improve flame resistance by blending an organosiloxane (silicone) compound
with a polycarbonate resin (e.g., refer to Patent Document 5).
[0009] In particular, methods for blending an organosiloxane compound having a branched structure in the main chain
and having an aromatic group have been actively studied (e.g., refer to Patent Documents 6 to 8).
[0010] Furthermore, methods for simultaneously blending an organic sulfonic acid metal salt and the above-described
organosiloxane compound having a branched structure in the main chain and having an aromatic group have been
proposed (e.g., refer to Patent Documents 9 and 10).
[0011] However, the methods for blending only an organosiloxane compound according to Patent Documents 5 to 8
practically have very small effects of improving flame resistance and cannot achieve practical levels of flame resistance.
[0012] Furthermore, organosiloxane compounds have poor compatibility with and dispersibility in polycarbonate resins,
resulting in poor mechanical properties, such as impact resistance, and thermophysical properties. In addition, even the
addition of a small amount of organosiloxane compound markedly lowers the transparency of polycarbonate resins,
which presents a critical drawback. Moreover, there are other problems such as the generation of a large amount of gas
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during kneading and shaping of resin compositions, a tendency to cause mold fouling, poor appearances of resin formed
products, and sticky surfaces.
[0013] In accordance with the methods for simultaneously blending an organic sulfonic acid metal salt and the orga-
nosiloxane compound, the methods being proposed in Patent Documents 9 and 10, the amount of organosiloxane
compound to be blended can be relatively reduced to improve flame resistance and thus the generation of gas, mold
fouling, and poor appearances and stickiness of resin formed products can be suppressed to some extent. However,
this cannot prevent deterioration in mechanical properties or thermophysical properties, particularly transparency.
[0014] Examples of methods for improving transparency that have been proposed include a method in which an
organosiloxane compound having a particular functional group is used to improve compatibility with polycarbonate resins
(e.g., refer to Patent Documents 11 to 13), a method using an organosiloxane compound having a phenyl group and a
low degree of polymerization (e.g., refer to Patent Document 14), and a method using a low-molecular-weight organosi-
loxane compound (e.g., refer to Patent Documents 15 and 16).
[0015] In accordance with recent studies, polysilanes having the main chain composed of silicon atoms are blended
with resins to improve mechanical properties, lubricity, and flame resistance. (e.g., refer to Patent Documents 17 to 19)
[0016] Also the document US 2005/286397 A1 discloses a composition comprising a polycarbonate resin and a silicon-
based flame retarder, where among the silicon-based flame retarders polycarbosilanes (PCS) are disclosed as equivalent
to polysilanes.
[0017] Hitherto, fluoropolymers have been blended with thermoplastic resins to improve the melt properties and surface
properties, such as sliding characteristics, scratch resistance, water repellency, oil repellency, stain resistance, and
fingerprint resistance, of the thermoplastic resins.
[0018] Among others, fluoroolefin polymers capable of forming fibrils can effectively modify the melt properties of
thermoplastic resins. In particular, the blend of fluoroolefin polymers with flame-retarded thermoplastic resin compositions
can improve anti-dripping properties during combustion and thereby can prevent the spread of fire when a thermoplastic
resin formed product burns, thus showing excellent blending effects.
[0019] In the case where flame resistance is imparted to thermoplastic resins, fluoropolymers generally need to be
used in combination with flame retardants because, normally, the addition of a fluoropolymer alone improves anti-dripping
properties, but does not improve extinction properties (e.g., refer to Patent Documents 20 and 21).
[0020] In recent years, attempts have been actively made to weld thermoplastic resin formed products using a near-
infrared laser (so-called laser welding) in automobile, electrical and electronics, and precision apparatus fields. Laser
welding methods are noncontact methods, produce no abrasion powder or burrs, and cause minimal damage to products.
Thus, laser welding methods have considerable industrial advantages.
[0021] Near-infrared light having a wavelength of 800 to 1200 nm is generally suitably used as a laser for use in laser
welding for safety and cost reasons. Thus, thermoplastic resin compositions that are highly transparent to light in the
near-infrared region are used in a laser welding field (e.g., refer to Patent Documents 22 and 23).
[0022] Many thermoplastic resin compositions are used in members for sensing devices, exemplified by various au-
tomobile sensing devices, such as face direction detection systems and rain sensors, various security systems, such
as face recognition systems, fingerprint recognition systems, and vein recognition systems, and various information/
communication devices, such as remote controllers and infrared communication devices. The wavelength of infrared
light used in such fields depends on the devices and systems. In general, near-infrared light in the range of 800 to 1500
nm is used. Thus, also in such fields, there is a demand for thermoplastic resin compositions that are highly transparent
to light in a near-infrared region.

Citation List

Patent Document

[0023]

Patent Document 1: Japanese Examined Patent Application Publication No. 47-40445
Patent Document 2: Japanese Examined Patent Application Publication No. 54-32456
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Patent Document 6: Japanese Patent No. 3240972
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Patent Document 8: Japanese Patent No. 3835497
Patent Document 9: Japanese Unexamined Patent Application Publication No. 11-217494
Patent Document 10: Japanese Unexamined Patent Application Publication No. 11-263903
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Patent Document 11: Japanese Unexamined Patent Application Publication No. 2004-524423
Patent Document 12: Japanese Patent No. 3163596
Patent Document 13: Japanese Patent No. 2719486
Patent Document 14: Japanese Patent No. 2746519
Patent Document 15: Japanese Patent No. 3503095
Patent Document 16: Japanese Unexamined Patent Application Publication No. 2003-531940
Patent Document 17: Japanese Unexamined Patent Application Publication No. 2003-268247
Patent Document 18: Japanese Unexamined Patent Application Publication No. 2003-277617
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Patent Document 21: Japanese Unexamined Patent Application Publication No. 2000-239509
Patent Document 22: Japanese Unexamined Patent Application Publication No. 2006-199861
Patent Document 23: Japanese Unexamined Patent Application Publication No. 2007-131692

Object and Summary of Invention

Objects to be achieved by Invention

[Object I]

[0024] Hitherto, organosiloxane (silicone) compounds used to improve surface properties, particularly dimethylsi-
loxane, are effective in improving water repellency or the like but tend to have poor compatibility with resins and markedly
poor dispersibility in resins. Thus, the blend of organosiloxane (silicone) compounds with resins causes a significant
deterioration in mechanical properties.
[0025] Furthermore, because of poor compatibility with resins, organosiloxane (silicone) compounds bleed during
forming or from a formed product over time, resulting in mold fouling, poor surface appearances, stickiness, or unsus-
tainable water-repellent effects.
[0026] Polysilane compounds also inevitably cause a deterioration in mechanical properties, and resin compositions
containing such polysilane compounds are unsatisfactory.
[0027] In particular, the blend of these compounds having poor dispersibility in and compatibility with resins with
polycarbonate resins results in degradation of the intrinsic transparency of the polycarbonate resins and also causes a
significant deterioration in heat resistance and mechanical properties, such as impact resistance.
[0028] In accordance with a first aspect, the present invention provides a polycarbonate resin composition having
surface properties, such as water repellency, oil repellency, anti-fogging properties, anti-fouling properties, stain remov-
ability, moisture resistance, lubricity, abrasion resistance, mold releasability, chemical resistance, and scratch resistance,
modified with a modifier having excellent dispersibility in and compatibility with a polycarbonate resin without adversely
affecting the intrinsic characteristics of the polycarbonate resin, such as transparency, heat resistance, and impact
resistance, and a polycarbonate resin formed product manufactured by shaping the polycarbonate resin composition
(Object I).

Advantageous Effects of Invention

[0029] The polycarbonate resin composition containing a polycarbosilane compound as a modifier according to the
first aspect of the present invention has excellent surface properties, such as water repellency, oil repellency, anti-fogging
properties, anti-fouling properties, stain removability, moisture resistance, lubricity, abrasion resistance, mold releasa-
bility, chemical resistance, and scratch resistance while retaining the intrinsic characteristics of polycarbonate resins,
such as transparency, heat resistance, and impact resistance.
[0030] Unlike organosiloxane (silicone) compounds or polysilane compounds that have been conventionally used as
surface modifiers, polycarbosilane compounds have high dispersibility in and compatibility with polycarbonate resins,
cause no bleedout problem, and do not adversely affect the intrinsic characteristics of polycarbonate resins.
[0031] The polycarbonate resin formed product according to the first aspect of the present invention has excellent
transparency, mechanical properties, such as impact resistance, and heat resistance, modified surface properties, such
as water repellency, oil repellency, anti-fogging properties, anti-fouling properties, stain removability, moisture resistance,
lubricity, abrasion resistance, mold releasability, chemical resistance, and scratch resistance, causes no outgassing or
mold fouling problem, can be manufactured with high productivity and high yield, and is industrially very useful as an
automotive material, an electrical and electronic device material, a housing material, or a material for use in the manu-
facture of components in other industrial fields, particularly as a member for OA and information appliances, such as
computers, notebook computers, cellular phones, printers, and copying machines, or a sheet or film member.
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Description of Embodiments

[0032] The present invention will be described in detail in the following embodiments and examples. However, the
present invention is not limited to these embodiments and examples, and any modification can be made without departing
from the gist of the present invention.

[1. Overview]

[0033] A polycarbonate resin composition according to the first aspect of the present invention contains at least a
polycarbonate resin and a polycarbosilane compound as defined in claim 1. The polycarbonate resin composition ac-
cording to the first aspect of the present invention may optionally contain other components.
[0034] Polycarbosilane compounds are compounds having two or more repeating units each having a silicon-carbon
bond (Si-C bond) in their main chains. The polycarbosilane compound used in the first aspect of the present invention
has the Si-C bond in its main chain and thus has excellent dispersibility in and compatibility with polycarbonate resins.
Consequently, there can be solved the problems of existing polycarbonate resin compositions containing an organosi-
loxane (silicone) compound or a polysilane compound, such as degradations of transparency, impact resistance, and
heat resistance, and outgassing and mold fouling.

[2. Polycarbonate Resin]

[0035] There is no limitation on the type of polycarbonate resin used in the polycarbonate resin composition according
to the first aspect of the present invention. Polycarbonate resins may be used alone, or two or more polycarbonate resins
may be combined with each other at any ratio.
[0036] The polycarbonate resin in the first aspect of the present invention is a polymer having a basic structure with
a carbonate bond represented by the following formula (7).

[0037] In the formula (7), X1 generally represents a hydrocarbon group, and X1 containing a heteroatom or a hetero
bond for imparting various characteristics may be used.
[0038] Polycarbonate resins can be classified into aromatic polycarbonate resins in which each carbon directly bonded
to the carbonate bond is aromatic carbon and aliphatic polycarbonate resins in which each carbon directly bonded to
the carbonate bond is aliphatic carbon. Both aromatic polycarbonate resins and aliphatic polycarbonate resins can be
used. Aromatic polycarbonate resins are preferred in terms of heat resistance, mechanical properties, and electrical
characteristics.
[0039] The type of polycarbonate resin is not particularly limited. One example is a polycarbonate polymer produced
through the reaction between a dihydroxy compound and a carbonate precursor. In addition to the dihydroxy compound
and the carbonate precursor, a polyhydroxy compound may be involved in the reaction. Alternatively, carbon dioxide
may be used as the carbonate precursor to react with a cyclic ether. The polycarbonate polymer may have a straight
chain or a branched chain. The polycarbonate polymer may be a homopolymer composed of one repeating unit or a
copolymer composed of two or more repeating units. The copolymer may be selected from various copolymerization
forms, such as a random copolymer and a block copolymer. In general, such polycarbonate polymers are thermoplastic
resins.

[2-1. Dihydroxy Compound]

[0040] Among dihydroxy compounds serving as a raw material of the polycarbonate resin, examples of aromatic
dihydroxy compounds serving as a raw material of the aromatic polycarbonate resin include:

dihydroxybenzenes, such as
1,2-dihydroxybenzene,
1,3-dihydroxybenzene (or resorcinol), and
1,4-dihydroxybenzene,
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dihydroxybiphenyls, such as
2,5-dihydroxybiphenyl,
2,2’-dihydroxybiphenyl, and
4,4’-dihydroxybiphenyl,
dihydroxynaphthalenes, such as
2,2’-dihydroxy-1,1’-binaphthyl,
1,2-dihydroxynaphthalene,
1,3-dihydroxynaphthalene,
2,3-dihydroxynaphthalene,
1,6-dihydroxynaphthalene,
2,6-dihydroxynaphthalene,
1,7-dihydroxynaphthalene, and
2,7-dihydroxynaphthalene,
dihydroxydiaryl ethers, such as
2,2’-dihydroxydiphenyl ether,
3,3’-dihydroxydiphenyl ether,
4,4’-dihydroxydiphenyl ether,
4,4’-dihydroxy-3,3’-dimethyldiphenyl ether,
1,4-bis(3-hydroxyphenoxy)benzene, and
1,3-bis(4-hydroxyphenoxy)benzene,
bis(hydroxyaryl)alkanes, such as
2,2-bis(4-hydroxyphenyl)propane (or bisphenol A),
1,1-bis(4-hydroxyphenyl)propane,
2,2-bis(3-methyl-4-hydroxyphenyl)propane,
2,2-bis(3-methoxy-4-hydroxyphenyl)propane,
2-((4-hydroxyphenyl)-2-(3-methoxy-4-hydroxyphenyl)propane,
1,1-bis{3-tert-butyl-4-hydroxyphenyl)propane,
2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane,
2,2-bis(3-cyclohexyl-4-hydroxyphenyl)propane,
2-((4-hydroxyphenyl)-2-(3-cyclohexyl-4-hydroxyphenyl)propane,
α,α’-bis(4-hydroxyphenyl)-1,4-diisopropylbenzene,
1,3-bis[2-(4-hydroxyphenyl)-2-propyl]benzene,
bis(4-hydroxyphenyl)methane,
bis(4-hydroxyphenyl)cyclohexylmethane,
bis(4-hydroxyphenyl)phenylmethane,
bis(4-hydroxyphenyl)(4-propenylphenyl)methane,
bis(4-hydroxyphenyl)diphenylmethane,
bis(4-hydroxyphenyl)naphthylmethane,
1,1-bis(4-hydroxyphenyl)ethane,
1,2-bis(4-hydroxyphenyl)ethane,
1,1-bis(4-hydroxyphenyl)-1-phenylethane,
1,1-bis(4-hydroxyphenyl)-1-naphthylethane,
1,1-bis(4-hydroxyphenyl)butane,
2,2-bis(4-hydroxyphenyl)butane,
2,2-bis(4-hydroxyphenyl)pentane,
1,1-bis(4-hydroxyphenyl)hexane,
2,2-bis(4-hydroxyphenyl)hexane,
1,1-bis(4-hydroxyphenyl)octane,
2,2-bis(4-hydroxyphenyl)octane,
1-bis(4-hydroxyphenyl)hexane,
2-bis(4-hydroxyphenyl)hexane,
4,4-bis(4-hydroxyphenyl)heptane,
2,2-bis(4-hydroxyphenyl)nonane,
1,10-bis(4-hydroxyphenyl)decane, and
1,1-bis(4-hydroxyphenyl)dodecane,
bis(hydroxyaryl)cycloalkanes, such as
1,1-bis(4-hydroxyphenyl)cyclopentane,
1,1-bis(4-hydroxyphenyl)cyclohexane,
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1,4-bis(4-hydroxyphenyl)cyclohexane,
1,1-bis(4-hydroxyphenyl)-3,3-dimethylcyclohexane,
1,1-bis(4-hydroxyphenyl)-3,4-dimethylcyclohexane,
1,1-bis(4-hydroxyphenyl)-3,5-dimethylcyclohexane,
1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
1,1-bis(4-hydroxy-3,5-dimethylphenyl)-3,3,5-trimethylcyclohexane,
1,1-bis(4-hydroxyphenyl)-3-propyl-5-methylcyclohexane,
1,1-bis(4-hydroxyphenyl)-3-tert-butyl-cyclohexane,
1,1-bis(4-hydroxyphenyl)-4-tert-butyl-cyclohexane,
1,1-bis(4-hydroxyphenyl)-3-phenylcyclohexane, and
1,1-bis(4-hydroxyphenyl)-4-phenylcyclohexane,
bisphenols having a cardo structure, such as
9,9-bis(4-hydroxyphenyl)fluorene, and
9,9-bis(4-hydroxy-3-methylphenyl)fluorene,
dihydroxydiaryl sulfides, such as
4,4’-dihydroxydiphenyl sulfide, and
4,4’-dihydroxy-3,3’-dimethyldiphenyl sulfide,
dihydroxydiaryl sulfoxides, such as
4,4’-dihydroxydiphenyl sulfoxide, and
4,4’-dihydroxy-3,3’-dimethyldiphenyl sulfoxide, and
dihydroxydiarylsulfones, such as
4,4’-dihydroxydiphenylsulfone, and
4,4’-dihydroxy-3,3’-dimethyldiphenylsulfone.

[0041] Among these, bis(hydroxyaryl)alkanes are preferred, and bis(4-hydroxyphenyl)alkanes are more preferred. In
particular, 2,2-bis(4-hydroxyphenyl)propane (or bisphenol A) is preferred in terms of impact resistance and heat resist-
ance.
[0042] These aromatic dihydroxy compounds may be used alone, or two or more of the aromatic dihydroxy compounds
may be combined with each other at any ratio.
[0043] Examples of aliphatic dihydroxy compounds serving as a raw material of the aliphatic polycarbonate resin
include:

alkanediols, such as
ethane-1,2-diol,
propane-1,2-diol,
propane-1,3-diol,
2,2-dimethylpropane-1,3-diol,
2-methyl-2-propylpropane-1,3-diol,
butane-1,4-diol,
pentane-1,5-diol,
hexane-1,6-diol, and
decane-1,10-diol,
cycloalkanediols, such as
cyclopentane-1,2-diol,
cyclohexane-1,2-diol,
cyclohexane-1,4-diol,
1,4-cyclohexanedimethanol,
4-((2-hydroxyethyl)cyclohexanol, and
2,2,4,4-tetramethyl-cyclobutane-1,3-diol,
glycols, such as
2,2’-oxydiethanol (or ethylene glycol),
diethylene glycol,
triethylene glycol,
propylene glycol, and
spiroglycol,
aralkyl diols, such as
1,2-benzenedimethanol,
1,3-benzenedimethanol,
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1,4-benzenedimethanol,
1,4-benzenediethanol,
1,3-bis(2-hydroxyethoxy)benzene,
1,4-bis(2-hydroxyethoxy)benzene,
2,3-bis(hydroxymethyl)naphthalene,
1,6-bis(hydroxyethoxy)naphthalene,
4,4’-biphenyldimethanol,
4,4’-biphenyidiethanol,
1,4-bis(2-hydroxyethoxy)biphenyl,
bisphenol A bis(2-hydroxyethyl)ether, and
bisphenol S bis(2-hydroxyethyl)ether, and
cyclic ethers, such as
1,2-epoxyethane (or ethylene oxide),
1,2-epoxypropane (or propylene oxide),
1,2-epoxycyclopentane,
1,2-epoxycyclohexane,
1,4-epoxycyclohexane,
1-methyl-1,2-epoxycyclohexane,
2,3-epoxynorbornane, and
1,3-epoxypropane.

[0044] These aliphatic dihydroxy compounds may be used alone, or two or more of the aliphatic dihydroxy compounds
may be combined with each other at any ratio.

[2-2. Carbonate Precursor]

[0045] Among monomers serving as a raw material of the polycarbonate resin, examples of the carbonate precursor
include carbonyl halides and carbonate esters.
[0046] These carbonate precursors may be used alone, or two or more of the carbonate precursors may be combined
with each other at any ratio.
[0047] Specific examples of carbonyl halides include phosgene and haloformates, such as bischloroformates of dihy-
droxy compounds and monochloroformates of dihydroxy compounds.
[0048] Specific examples of carbonate esters include diaryl carbonates, such as diphenyl carbonate and ditolyl car-
bonate; dialkyl carbonates, such as dimethyl carbonate and diethyl carbonate; and carbonates of dihydroxy compounds,
such as biscarbonates of dihydroxy compounds, monocarbonates of dihydroxy compounds, and cyclic carbonates.

[2-3. Method for Producing Polycarbonate Resin]

[0049] A method for producing a polycarbonate resin is not particularly limited and may be any method. Examples of
the method include an interfacial polymerization method, a melt transesterification method, a pyridine method, a ring-
opening polymerization method of cyclic carbonate compounds, and a solid phase transesterification method of prepol-
ymers. Among these, particularly suitable methods are more specifically described below.

<Interfacial polymerization Method>

[0050] An interfacial polymerization method for producing polycarbonate resins is described below. In accordance
with the interfacial polymerization method, a dihydroxy compound and a carbonate precursor (preferably phosgene) are
allowed to react with each other in the presence of an organic solvent inert to the reaction and an aqueous alkaline
solution normally at a pH of 9 or more, and subsequent interfacial polymerization in the presence of a polymerization
catalyst yields a polycarbonate resin. If necessary, the reaction system may include a molecular weight modifier (termi-
nating agent) and an antioxidant for preventing the oxidation of the dihydroxy compound.
[0051] Dihydroxy compounds and carbonate precursors to be used are described above. Among the carbonate pre-
cursors, phosgene is preferably used. A method using phosgene is particularly referred to as a phosgene method.
[0052] Examples of the organic solvent inert to the reaction include chlorinated hydrocarbons, such as dichloromethane,
1,2-dichloroethane, chloroform, monochlorobenzene, and dichlorobenzene; and aromatic hydrocarbons, such as ben-
zene, toluene, and xylene. These organic solvents may be used alone, or two or more of the organic solvents may be
combined with each other at any ratio.
[0053] Examples of an alkaline compound contained in the aqueous alkaline solution include alkali metal compounds
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and alkaline-earth metal compounds, such as sodium hydroxide, potassium hydroxide, lithium hydroxide, and sodium
hydrogen carbonate. Among these, sodium hydroxide and potassium hydroxide are preferred. These alkaline compounds
may be used alone, or two or more of the alkaline compounds may be combined with each other at any ratio.
[0054] The concentration of the alkaline compound in the aqueous alkaline solution is not particularly limited and
generally ranges from 5% to 10% by mass to control the pH of the reaction system within the range of 10 to 12. For
example, in the case of blowing with phosgene, in order to control the pH of an aqueous phase within the range of 10
to 12, preferably 10 to 11, it is preferable that the molar ratio of the dihydroxy compound to the alkaline compound is
generally 1:1.9 or more, particularly 1:2.0 or more, and generally 1:3.2 or less, particularly 1:2.5 or less.
[0055] Examples of the polymerization catalyst include aliphatic tertiary amines, such as trimethylamine, triethylamine,
tributylamine, tripropylamine, and trihexylamine; alicyclic tertiary amines, such as N,N’-dimethylcyclohexylamine and N,
N’-diethylcyclohexylamine; aromatic tertiary amines, such as N,N’-dimethylaniline and N,N’-diethylaniline; quaternary
ammonium salts, such as trimethylbenzylammonium chloride, tetramethylammonium chloride, and triethylbenzylammo-
nium chloride; pyridine; guanine; and salts of guanidine. These polymerization catalysts may be used alone, or two or
more of the polymerization catalysts may be combined with each other at any ratio.
[0056] Examples of the molecular weight modifier include aromatic phenols having a monovalent phenolic hydroxy
group; aliphatic alcohols, such as methanol and butanol; mercaptans; and phthalimide. Among these, aromatic phenols
are preferred. Specific examples of the aromatic phenols include alkyl-substituted phenols, such as m-methylphenol, p-
methylphenol, m-propylphenol, p-propylphenol, p-tertbutylphenol, and p-long-chain-alkyl-substituted phenols; phenols
having a vinyl group, such as isopropanylphenol; phenols having an epoxy group; and phenols having a carboxyl group,
such as o-oxybenzoic acid and 2-methyl-6-hydroxyphenylacetic acid. These molecular weight modifiers may be used
alone, or two or more of the molecular weight modifiers may be combined with each other at any ratio.
[0057] The amount of molecular weight modifier to be used is generally 0.5 mol or more and preferably 1 mol or more
and generally 50 mol or less and preferably 30 mol or less relative to 100 mol of the dihydroxy compound. By setting
the amount of molecular weight modifier to be used within the range, the thermal stability and hydrolysis resistance of
the polycarbonate resin composition can be improved.
[0058] In the reaction, a reaction substrate, a reaction medium, a catalyst, and an additive agent are mixed in any
order provided that a desired polycarbonate resin can be produced. Thus, the order may be appropriately determined.
For example, when phosgene is used as the carbonate precursor, the molecular weight modifier may be added at any
point between the reaction (phosgenation) of the dihydroxy compound with phosgene and the beginning of the polym-
erization reaction.
[0059] The reaction temperature generally ranges from 0°C to 40°C, and the reaction time generally ranges from
several minutes (for example, 10 minutes) to several hours (for example, 6 hours).

<Melt Transesterification Method>

[0060] A melt transesterification method for producing polycarbonate resins is described below. The melt transester-
ification method involves, for example, transesterification between a carbonic acid diester and a dihydroxy compound.
[0061] Dihydroxy compounds to be used are described above.
[0062] Examples of the carbonic acid diester include dialkyl carbonate compounds, such as dimethyl carbonate, diethyl
carbonate, and di-tert-butyl carbonate; diphenyl carbonate; and substituted diphenyl carbonates, such as ditolyl carbon-
ate. Among these, diphenyl carbonate and substituted diphenyl carbonates are preferred, and particularly diphenyl
carbonate is more preferred. These carbonic acid diesters may be used alone, or two or more of the carbonic acid
diesters may be combined with each other at any ratio.
[0063] The ratio of the dihydroxy compound to the carbonic acid diester is not particularly limited provided that a
desired polycarbonate resin can be produced. Preferably 1 or more, more preferably 1.01 or more, mol of the carbonic
acid diester is used relative to 1 mol of the dihydroxy compound. The upper limit is generally 1.30 mol or less. Within
the range, the number of terminal hydroxy groups can be controlled within a suitable range.
[0064] In polycarbonate resins, the number of terminal hydroxy groups tends to significantly affect their thermal stability,
hydrolytic stability, and color tone. Therefore, the number of terminal hydroxy groups may be optionally controlled by a
known method. In transesterification, the mixing ratio of the carbonic acid diester to the dihydroxy compound and the
degree of vacuum in transesterification are generally controlled to produce a polycarbonate resin having a controlled
number of terminal hydroxy groups. In general, this procedure also allows the control of the molecular weights of poly-
carbonate resins produced.
[0065] When the number of terminal hydroxy groups is controlled using the mixing ratio of the carbonic acid diester
to the dihydroxy compound, the mixing ratio is as described above.
[0066] A more active control method is a method in which a terminating agent is separately mixed during the reaction.
Examples of the terminating agent include monovalent phenols, monovalent carboxylic acids, and carbonic acid diesters.
These terminating agents may be used alone, or two or more of the terminating agents may be combined with each
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other at any ratio.
[0067] The production of polycarbonate resins by the melt transesterification method generally employs a transester-
ification catalyst. Any transesterification catalyst may be used. Among others, for example, an alkali metal compound
and/or an alkaline-earth metal compound is preferably used. In an auxiliary manner, for example, a basic compound,
such as a basic boron compound, a basic phosphorus compound, a basic ammonium compound, or an amine compound,
may be used together. These transesterification catalysts may be used alone, or two or more of the transesterification
catalysts may be combined with each other at any ratio.
[0068] In the melt transesterification method, the reaction temperature generally ranges from 100°C to 320°C. The
reaction pressure is generally a reduced pressure of 2 mmHg or less. Specifically, a melt polycondensation reaction
may be performed under the conditions described above while removing by-products, such as an aromatic hydroxy
compound.
[0069] The melt polycondensation reaction may be performed batchwise or continuously. In a batchwise reaction, a
reaction substrate, a reaction medium, a catalyst, and an additive agent are mixed in any order provided that a desired
aromatic polycarbonate resin can be produced. Thus, the order may be appropriately determined. In consideration of
the stability or the like of polycarbonate resins and polycarbonate resin compositions produced, the melt polycondensation
reaction is preferably performed continuously.
[0070] The melt transesterification method may optionally employ a catalyst deactivator. The catalyst deactivator may
be any compound that can neutralize the transesterification catalyst. Examples of the catalyst deactivator include sulfur-
containing acidic compounds and the derivatives thereof. These catalyst deactivators may be used alone, or two or more
of the catalyst deactivators may be combined with each other at any ratio.
[0071] The amount of catalyst deactivator to be used is generally 0.5 equivalents or more and preferably 1 equivalent
or more and generally 10 equivalents or less and preferably 5 equivalents or less with respect to an alkali metal or
alkaline-earth metal contained in the transesterification catalyst. The amount of catalyst deactivator to be used is generally
1 ppm or more and generally 100 ppm or less and preferably 20 ppm or less with respect to the polycarbonate resin.

[2-4. Other Matters regarding Polycarbonate Resin]

[0072] The molecular weight of the polycarbonate resin used in the first aspect of the present invention is not particularly
limited and may be appropriately determined. The viscosity-average molecular weight [Mv] converted from the solution
viscosity is generally 10000 or more, preferably 16000 or more, and more preferably 18000 or more and generally 40000
or less and preferably 30000 or less. The viscosity-average molecular weight not less than the above-described lower
limit results in improved mechanical strength of the polycarbonate resin composition according to the first aspect of the
present invention. This is therefore more preferred in applications that require high mechanical strength. The viscosity-
average molecular weight not more than the above-described upper limit results in the suppression of reduction in the
flowability of the polycarbonate resin composition according to the first aspect of the present invention, improving shaping
processability and facilitating shape processing. Two or more polycarbonate resins having different viscosity-average
molecular weights may be used in combination. In this case, polycarbonate resins having viscosity-average molecular
weights outside the suitable range described above may be mixed.
[0073] The viscosity-average molecular weight [Mv] is a value determined by measuring the intrinsic viscosity [η] (dl/g)
with an Ubbelohde viscometer at a temperature of 20°C using methylene chloride as a solvent and calculating Mv from
the Schnell’s viscosity equation η = 1.23 3 10-4Mv0.83. The intrinsic viscosity [η] is a value determined by measuring
the specific viscosities [ηsp] at different solution concentrations [C] (g/dl) and calculating η from the following formula.

[0074] The terminal hydroxyl group concentration of the polycarbonate resin is not particularly limited and may be
appropriately determined. The terminal hydroxyl group concentration of the polycarbonate resin is generally 1000 ppm
or less, preferably 800 ppm or less, and more preferably 600 ppm or less. The terminal hydroxyl group concentration
not more than the upper limit results in further improved thermal stability in residence and color tone of the polycarbonate
resin composition according to the first aspect of the present invention. The lower limit, particularly for polycarbonate
resins produced by the melt transesterification method, is generally 10 ppm or more, preferably 30 ppm or more, and
more preferably 40 ppm or more. The terminal hydroxyl group concentration not less than the lower limit results in the
suppression of reduction in the molecular weight and further improved mechanical properties of the polycarbonate resin
composition according to the first aspect of the present invention.
[0075] The terminal hydroxyl group concentration is the weight ratio of the terminal hydroxyl group to the polycarbonate
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resin expressed in ppm. The measurement method of the terminal hydroxyl group concentration is colorimetry that uses
a titanium tetrachloride/acetic acid method (a method described in Macromol. Chem. 88 215 (1965)).
[0076] The polycarbonate resin may be a polycarbonate resin alone (the term "a polycarbonate resin alone" includes
not only an aspect involving only one type of polycarbonate resin, but also an aspect involving multiple types of poly-
carbonate resins, for example, having different monomer compositions, molecular weights, or physical properties) or
may be an alloy (mixture) of a polycarbonate resin and another thermoplastic resin. For example, the polycarbonate
resin may be a copolymer mainly composed of a polycarbonate resin: for example, for the purpose of further improving
flame resistance and impact resistance, a copolymer with an oligomer or polymer having a siloxane structure; for the
purpose of further improving thermo-oxidative stability and flame resistance, a copolymer with a monomer, oligomer, or
polymer having a phosphorus atom; for the purpose of improving thermo-oxidative stability, a copolymer with a monomer,
oligomer, or polymer having a dihydroxy anthraquinone structure; for the purpose of improving optical properties, a
copolymer with an oligomer or polymer having an olefin structure, such as polystyrene; or for the purpose of improving
chemical resistance, a copolymer with a polyester resin oligomer or polymer.
[0077] Furthermore, in order to improve the appearance and flowability of formed products, the polycarbonate resin
may contain a polycarbonate oligomer. The polycarbonate oligomer generally has a viscosity-average molecular weight
[Mv] of 1500 or more and preferably 2000 or more and generally 9500 or less and preferably 9000 or less. In this case,
the content of the polycarbonate oligomer in the polycarbonate resin composition according to the first aspect of the
present invention is preferably 30% by mass or less of the polycarbonate resin (including the polycarbonate oligomer).
[0078] The polycarbonate resin may be not only made of virgin raw materials but also a polycarbonate resin regenerated
from used products (so-called material-recycled polycarbonate resin). Examples of the used products include optical
recording media, such as optical disks; light guide plates; vehicle transparent members, such as automobile window
glass, automobile headlight lenses, and windshields; containers, such as water bottles; eyeglass lenses; and architectural
members, such as sound barriers, glass windows, and corrugated sheets. Moreover, for example, nonconforming prod-
ucts, ground products obtained from a sprue, a runner, and the like, and pellets manufactured by melting such products
may also be used.
[0079] The amount of regenerated polycarbonate resin is preferably 80% by mass or less and more preferably 50%
by mass or less of the polycarbonate resin contained in the polycarbonate resin composition according to the first aspect
of the present invention. This is because regenerated polycarbonate resins are likely to have undergone degradation,
such as thermal degradation or aging degradation, and use of such a polycarbonate resin more than the upper limit can
cause a deterioration in hue and mechanical properties.

[3. Polycarbosilane Compound]

[0080] The polycarbonate resin composition according to the first aspect of the present invention contains a polycar-
bosilane compound, that is, a silicon compound having a silicon-carbon bond in the main chain. In the first aspect of the
present invention, the polycarbosilane compound can improve surface properties; such as water repellency, oil repellency,
anti-fogging properties, anti-fouling properties, stain removability, moisture resistance, lubricity, abrasion resistance,
mold releasability, chemical resistance, and scratch resistance, without adversely affecting the characteristics of the
polycarbonate resin composition according to the first aspect of the present invention. A polycarbonate resin composition
having higher transparency, impact resistance, and heat resistance and causing less outgassing and mold fouling can
be produced using a polycarbosilane compound according to the first aspect of the present invention compared with the
case where a conventional organosiloxane (silicone) compound or polysilane compound is used. The reason for this is
described below.
[0081] Conventional organosiloxanes (silicones) are silicon compounds having a silicon-oxygen bond as the main
chain. Polysilane compounds are silicon compounds having a silicon-silicon bond as the main chain. These silicon
compounds therefore have highly inorganic characteristics and consequently poor compatibility with and dispersibility
in polycarbonate resins, which are organic resins. Thus, these silicon compounds tend to cause poor mechanical prop-
erties, such as impact resistance, and poor transparency.
[0082] In particular, since organosiloxanes generally have low melting points, the blend of the organosiloxanes with
polycarbonate resins tends to cause low heat resistance of their resin compositions and increased outgassing, which
easily causes mold fouling. Use of organosiloxanes having lower molecular weights so as to achieve higher transparency
increases outgassing and mold fouling. Although polysilane compounds tend to be better in terms of heat resistance
than organosiloxane compounds, because of the same reasons as described above, use of the polysilane compounds
results in markedly poor mechanical properties, possibly low transparency, and increased outgassing and mold fouling.
[0083] In contrast, polycarbosilane compounds having a silicon-carbon bond in the main chain contain an organic
moiety (organic residue) in the main chain and have more organic characteristics. Polycarbosilane compounds therefore
have much higher dispersibility in polycarbonate resins than organosiloxanes or polysilane compounds and have excellent
surface modifying effects without causing deterioration in mechanical properties, such as impact resistance, and trans-
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parency. Furthermore, a polycarbosilane compound according to the first aspect of the present invention has high heat
resistance, resulting in reduced deterioration in the heat resistance of a polycarbonate resin composition and markedly
reduced outgassing and mold fouling.
[0084] A polycarbosilane compound according to the first aspect of the present invention may contain a bond between
a silicon atom and an atom other than carbon in the main chain without departing from the object of the first aspect of
the present invention. Examples of such a bond include a silicon-silicon (Si-Si) bond, a silicon-oxygen (Si-O) bond, a
silicon-nitrogen (Si-N) bond, a silicon-boron (Si-B) bond, a silicon-phosphorus (Si-P) bond, and a silicon-titanium (Si-Ti)
bond. Such a bond may be introduced from components, such as raw materials and catalysts, or may be unintentionally
introduced by oxidation or other actions during the production of silicon compounds substantially having a silicon-carbon
bond alone.
[0085] A polycarbosilane compound used in the first aspect of the present invention has two or more repeating units
having a silicon-carbon bond (Si-C bond) in the main chain. The polycarbosilane compound is a silicon compound having
a main chain structure in which silicon or a silicon-silicon bond unit and a hydrocarbon residue are alternately linked to
each other, particularly a silicon compound having a main chain structure containing at least one of structural units
represented by the following formula (4): represented by the following formulae (1) to (3) and a hydrocarbon residue.

[0086] In the formulae (1) to (3), R1, R2, and R3 each independently represent a monovalent hydrocarbon group, a
hydrogen atom, or a silyl group; a, b, and c each independently represent 0 or 1; and a plurality of R1s, R2s, and R3s in
the main chain structure may each be the same or different.
[0087] Examples of such a polycarbosilane compound include linear or cyclic polycarbosilane compounds having a
structural unit represented by the formula (1) and a hydrocarbon residue, branched or network polycarbosilane com-
pounds having a structural unit represented by the formula (2) or (3) and a hydrocarbon residue, and polycarbosilane
compounds having a combination of structural units represented by the formulae (1) to (3), for example, a combination
of the formula (1) and the formula (2), the formula (1) and the formula (3), the formula (2) and the formula (3), or the
formulae (1) to (3), and a hydrocarbon residue. In particular, linear polycarbosilane compounds having a main chain
structure containing the structural unit represented by the formula (1) and a divalent hydrocarbon residue are preferred
because they tend to have high dispersibility in polycarbonate resins. The linear polycarbosilane compounds may have
a branched or network structure.
[0088] The linear polycarbosilane compounds having a main chain structure containing a structural unit represented
by the formula (1) and a divalent hydrocarbon residue are preferably those having a repeating unit represented by the
following formula (4):
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[0089] In the formula (4), R1 and R2 each independently represent a monovalent hydrocarbon group, a hydrogen
atom, or a silyl group; a and b each independently represent 0 or 1; A1 represents a divalent hydrocarbon group having
1 to 12 carbon atoms; p and q each independently represent an integer of 1 to 8; and R1s, R2s, and A1s in all the
repeating units may each be the same or different.
[0090] In the formula (4), p and q each independently represent an integer of 1 to 8, preferably 1 to 4, more preferably
1 or 2, and still more preferably 1.
[0091] Such linear polycarbosilane compounds are preferably those having a repeating unit represented by the fol-
lowing formula (5). Such a linear structure tends to improve the dispersibility in polycarbonate resins and the transparency
and mechanical properties of the polycarbonate resin composition according to the first aspect of the present invention.

[0092] In the formula (5), R1 and R2 are as defined in the formula (4), A2 represents an alkylene group having 1 to 12
carbon atoms, and R1s, R2s, and A2s in all the repeating units may each be the same or different.
[0093] In the formulae (4) and (5), the groups represented by R1, R2, and R3 represent at least one selected from a
monovalent hydrocarbon group, a hydrogen atom, and a silyl group. Examples of the monovalent hydrocarbon group
include alkyl groups, cycloalkyl groups, alkenyl groups, cycloalkenyl groups, alkynyl groups, aryl groups, and aralkyl
groups. Among these, alkyl groups and aryl groups are preferred, alkyl groups are more preferred, and a methyl group
is particularly preferred. The substituents represented by R1, R2, and R3 in all the repeating units may each be the same
or different.
[0094] Examples of the alkyl groups include a methyl group, an ethyl group, a propyl group, an isopropyl group, a
butyl group, a t-butyl group, a pentyl group, a hexyl group, an octyl group, a decyl group, and a dodecyl group. In general,
alkyl groups having 1 to 12 carbon atoms are preferred. Among these, alkyl groups having 1 to 6 carbon atoms, such
as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a t-butyl group, a pentyl group, and
a hexyl group, are preferred. A methyl group is particularly preferred.
[0095] Examples of the cycloalkyl groups include cycloalkyl groups having 5 to 14 carbon atoms, such as a cyclopentyl
group and a cyclohexyl group. Among these, cycloalkyl groups having 5 to 8 carbon atoms are preferred.
[0096] Examples of the alkenyl groups include alkenyl groups having 2 to 8 carbon atoms, such as a vinyl group and
an allyl group. Examples of the cycloalkenyl groups include cycloalkenyl groups having 5 to 12 carbon atoms, such as
a cyclopentyl group and a cyclohexyl group.
[0097] Examples of the alkynyl groups include alkynyl groups having 2 to 8 carbon atoms, such as an ethynyl group
and a propynyl group, and arylalkynyls, such as an ethynylbenzene group.
[0098] Examples of the aryl groups include aryl groups having 6 to 20 carbon atoms, such as a phenyl group, a
methylphenyl (or tolyl) group, a dimethylphenyl (or xylyl) group, and a naphthyl group. Among these, aryl groups having
6 to 10 carbon atoms are preferred, and a phenyl group is particularly preferred.
[0099] Examples of the aralkyl groups include aralkyl groups having 6 to 20 carbon atoms, such as a benzyl group,
a phenethyl group, and a phenylpropyl group. Among these, aralkyl groups having 6 to 10 carbon atoms are preferred,
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and a benzyl group is particularly preferred.
[0100] Examples of the silyl groups include silyl groups having 1 to 10 silicon atoms, such as a silyl group, a disilanyl
group, and a trisilanyl group. Among these, silyl groups having 1 to 6 silicon atoms are preferred. In the case of the silyl
group, at least one of the hydrogen atoms may be substituted with a functional group, such as an alkyl group, an aryl
group, or an alkoxy group.
[0101] In the formulae (4) and (5), the substituents represented by R1, R2, and R3 each independently represent more
preferably a monovalent hydrocarbon group or a hydrogen atom, still more preferably an alkyl group or a hydrogen atom,
and particularly preferably a methyl group or a hydrogen atom.
[0102] In the formula (4), a, b, and c represent 0 or 1. The case where each of a, b, and c is 0 means that the silicon
atoms of the polycarbosilane compound have an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group,
an alkynyl group, an aryl group, an aralkyl group, or a silyl group as a substituent or are unsubstituted (have hydrogen
atoms). The case where each of a, b, and c is 1 means that the silicon atoms of the polycarbosilane compound have
an alkoxy group, a cycloalkyloxy group, an alkenyloxy group, a cycloalkenyloxy group, an alkynyloxy group, an aryloxy
group, an aralkyloxy group, or a hydroxyl group as a substituent. Although each of a, b, and c is preferably 0 in terms
of the heat resistance of the polycarbosilane compound, each of a, b, and c may intentionally be 1 to improve an affinity
for resins or unintentionally be 1 by oxidation or other actions.
[0103] The hydrocarbon residue to be bonded to the structural units represented by the formula (4) to form a main
chain structure of the polycarbosilane compound is not particularly limited, may have a straight chain, a branched chain,
or a cyclic structure, and may include not only a saturated bond but also an unsaturated bond. In addition to a carbon
atom and a hydrogen atom, the hydrocarbon residue may contain a heteroatom, such as an oxygen atom, a nitrogen
atom, a sulfur atom, a phosphorus atom, or a fluorine atom. Among these, divalent to tetravalent hydrocarbon groups
are preferred, and divalent hydrocarbon groups are particularly preferred.
[0104] Specific examples of the divalent hydrocarbon residue to be bonded to the structural units represented by the
formula (4) to form the main chain structure of the polycarbosilane compound include the following linear or branched
divalent hydrocarbon residues:

alkylene groups having 1 to 12 carbon atoms, such as a methylene group, an ethylene group, a trimethylene group,
a propylene group, an isopropylidene group, a tetramethylene group, an isobutylene group, a tert-butylene group,
an isobutylene group, a pentamethylene group, a hexamethylene group, and an octamethylene group;
alkylidene groups having 2 to 12 carbon atoms, such as an ethylidene group, a propylidene group, a butylidene
group, a sec-butylidene group, and an isohexylidene group;
cycloalkylene groups having 3 to 12 carbon atoms, such as a cyclopentylene group, a cyclohexylene group, a
methylcyclohexylene group, a trimethylcyclohexylene group, a cycloheptylene group, a cyclooctylene group, a cy-
clononylene group, and a cyclodecylene group;
alkenylene groups having 2 to 12 carbon atoms, such as a vinylene group, a propenylene group, a 1-butenylene
group, a 2-butenylene group, a 1,3-butadienylene group, a 1-methylpropenylene group, a 1-methyl-2-propenylene
group, a 1-pentenylene group, a 2-pentenylene group, a 1,3-pentadienylene group, a 1,4-pentadienylene group, a
1-methylbutenylene group, a 1-methyl-1,2-butadienylene group, a 1-hexenylene group, a 2-hexenylene group, a 3-
hexenylene group, a 1-methylpentenylene group, a 2-methyl-2-pentenylene group, a 1,1-dimethyl-2-propenylene
group, a 1-ethyl-2-propenylene group, a 1,2-dimethylpropenylene group, a 1-methyl-1-butenylene group, a 1-hep-
tenylene group, a 1-methylhexenylene group, a 2-methyl-2-hexenylene group, a 1,2-dimethylpentenylene group, a
1-octenylene group, a 2-octenylene group, a 3-nonenylene group, and a 4-decenylene group;
alkenylidene groups having 2 to 12 carbon atoms, such as a vinylidene group, a propynylidene group, and an
allylidene group;
cycloalkenylene groups having 3 to 12 carbon atoms, such as a 2-cyclopropenylene group, a 2-cyclopentenylene
group, a 2,4-cyclopentadienylene group, a 1-cyclohexenylene group, a 2-cyclohexenylene group, a 1-cyclohepte-
nylene group, a 2-cyclononenylene group, a 3-cyclodecenylene group, and a 2-cyclododecenylene group;
alkynylene groups having 2 to 12 carbon atoms, such as an ethynylen group, a 1,3-(1-propynylene) group, a 3,3-(1-
propynylene) group, a 1,4-(1-butynylene) group, a 1,5-(1-pentynylene) group, a 1,6-(1-hexynylene) group, and a
1,12-(1-dodecynylene) group;
arylene groups having 6 to 12 carbon atoms, such as an o-phenylene group, a m-phenylene group, a p-phenylene
group, a methylphenylene group, a dimethylphenylene group, a p-xylene-α,α’-diyl group, a biphenylene group, and
a naphthylene group; and
aralkylene groups having 6 to 12 carbon atoms, such as -CH2-C6H4-, -CH2-C6H4-CH2-, -CH2CH2-C6H4-,
-CH2CH2-C6H4-CH2-, -
CH2CH2CH2-C6H4-, -CH(CH3)CH2-C6H4-, -CH2CH2CH2CH2-C6H4-, and - CH2CH2CH (CH3) -C6H4-.

[0105] Examples of the trivalent hydrocarbon group to be bonded to the structural units represented by the formula
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(4) to form the main chain structure of the polycarbosilane compound include hydrocarbon groups represented by the
following formulae (15) and (16).

[0106] An example of the tetravalent hydrocarbon group to be bonded to the structural units represented by the the
formula (4) to form the main chain structure of the polycarbosilane compound is a hydrocarbon group represented by
the following formula (17).

[0107] As described above, the hydrocarbon residue is preferably a divalent hydrocarbon group. Among these, an
alkylene group, an alkenylene group, an alkynylene group, or an arylene group is preferred, an alkylene group or an
arylene group is particularly preferred, and an alkylene group is most preferred. The alkylene group is more preferably
an alkylene group having 1 to 8 carbon atoms, particularly preferably an alkylene group having 1 to 4 carbon atoms,
and most preferably a methylene group.
[0108] A1 in the formula (4) represents a linear or branched divalent hydrocarbon group having 1 to 12 carbon atoms
and, more specifically, the divalent hydrocarbon residue described above. A2 in the formula (5) represents an alkylene
group having 1 to 12 carbon atoms and, more specifically, the alkylene group having 1 to 12 carbon atoms described
above. The alkylene groups of A1 and A2 are more preferably alkylene groups having 1 to 8 carbon atoms, particularly
preferably alkylene groups having 1 to 4 carbon atoms, and most preferably a methylene group.
[0109] Examples of the polycarbosilane compound used in the first aspect of the present invention include those
having repeating units described below. However, the polycarbosilane compound is not limited to these examples. The
polycarbonate resin composition according to the first aspect of the present invention may contain only one polycarbosi-
lane compound or any combination of two or more polycarbosilane compounds at any ratio.
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[0110] Among these, polycarbosilane compounds having a repeating unit represented by the following formula (6) are
particularly preferred. Such polycarbosilane compounds can be easily produced by the thermal decomposition of poly-
dimethylsilanes with high yields and thus provide great industrial advantages.

[0111] In the exemplary formulae above, n represents the degree of polymerization of the polycarbosilane compound
and is generally 2 or more, more preferably 3 or more, particularly preferably 5 or more, and still more preferably 10 or
more and generally 20000 or less, more preferably 5000 or less, particularly preferably 1000 or less, and still more
preferably 500 or less. Herein, n not less than the lower limit can result in reduced outgassing and mold fouling in the
polycarbonate resin composition according to the first aspect of the present invention and is therefore preferred. On the
other hand, n not more than the upper limit results in improved dispersibility in the polycarbonate resin according to the
first aspect of the present invention and tends to result in improved mechanical properties of the polycarbonate resin
composition according to the first aspect of the present invention.
[0112] The molecular weight of the polycarbosilane compound according to the first aspect of the present invention
may be appropriately determined. The number-average molecular weight [Mn] of the polycarbosilane compound is 100
or more, preferably 200 or more, more preferably 300 or more, and particularly preferably 500 or more and 20000 or
less, preferably 10000 or less, more preferably 5000 or less, and particularly preferably 3000 or less. The number-
average molecular weight not less than the lower limit can result in reduced outgassing and mold fouling in the polycar-
bonate resin composition according to the first aspect of the present invention and is therefore preferred. The number-
average molecular weight not more than the upper limit results in the suppression of reduction in the flowability of the
polycarbonate resin composition according to the first aspect of the present invention, improving shaping processability
and facilitating shape processing. The number-average molecular weight not more than the upper limit also tends to
result in improved mechanical properties. Two or more polycarbosilane compounds having different number-average
molecular weights may be used in combination. In this case, polycarbosilane compounds having number-average mo-
lecular weights outside the suitable range described above may be mixed.
[0113] The number-average molecular weight [Mn], as used herein, is a value measured by gel permeation chroma-
tography (GPC) (apparatus: Tosho 8020, column: Tosoh TSKgel Multipore Hxl-M) at a temperature of 40°C using
tetrahydrofuran as a solvent.
[0114] The melting point of the polycarbosilane compound according to the first aspect of the present invention is not
particularly limited and may be appropriately determined. The melting point of the polycarbosilane compound is generally
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20°C or more, preferably 30°C or more, more preferably 40°C or more, and particularly preferably 60°C or more and
generally 500°C or less, preferably 300°C or less, more preferably 280°C or less, and particularly preferably 260°C or
less. The melting point not less than the lower limit can result in reduced mold fouling in the polycarbonate resin com-
position according to the first aspect of the present invention and is therefore preferred. The melting point not more than
the upper limit results in improved dispersibility in the polycarbonate resin according to the first aspect of the present
invention and tends to result in improved mechanical properties of the polycarbonate resin composition according to the
first aspect of the present invention. Two or more polycarbosilane compounds having different melting points may be
used in combination. In this case, polycarbosilane compounds having melting points outside the suitable range described
above may be mixed.
[0115] A method for producing a polycarbosilane compound according to the first aspect of the present invention is
not particularly limited and may be appropriately determined. Among others, a direct synthesis method and a thermal
decomposition method are exemplified.
[0116] An example of the direct synthesis method is a method in which at least one dihalogen silane and at least one
dihalogen hydrocarbon are co-condensed in the presence of a catalyst, such as an alkali metal. In this case, the reaction
is generally performed in a suspension of a catalyst, such as an alkali metal, using a solvent. Examples of the solvent
for use in the suspension preferably include hydrocarbon solvents, more preferably toluene, xylene, and decalin. After
other components (dihalogen silane and dihalogen hydrocarbon) are introduced in the catalyst suspension and the
reaction is performed, an objective product can be obtained from the reaction mixture by an appropriate method. When
the polycarbosilane compound is, for example, soluble in the solvent, other insoluble components may be removed by
filtration. The polycarbosilane compound remaining in the solvent can be cleaned by washing with water and can be
dried into a powder by removing the solvent. When the synthesized polycarbosilane compound is insoluble in the solvent,
the polycarbosilane compound can be extracted with an appropriate solvent. Subsequently, the polycarbosilane com-
pound can be cleaned by washing with water and can be dried into a powder by removing the solvent.
[0117] An example of the thermal decomposition method is a method in which a polycarbosilane compound is produced
by pyrolytic conversion by heating an alkylsilane, such as tetramethylsilane, or a polysilane, such as polydimethylsilane
(polymethylsilylene), at high temperature. The heating temperature generally ranges from 350°C to 1000°C and more
preferably 400°C to 800°C. Although the reaction may be performed under atmospheric pressure or high pressure, high
pressure is preferred because the yield tends to increase. The addition of a catalytic amount of a boron compound, such
as polyborodiphenylsiloxane, is also preferred. The amount of boron compound to be added is generally 0.1 parts by
mass or more, preferably 0.2 parts by mass or more, and more preferably 0.5 parts by mass or more and generally 5
parts by mass or less, preferably 3 parts by mass or less, and more preferably 2 parts by mass or less relative to 100
parts by mass of the alkylsilane or polysilane. The boron compound content not less than the lower limit tends to result
in an increased yield of the polycarbosilane compound according to the first aspect of the present invention. The boron
compound content not more than the upper limit can result in a reduced oxygen content of the polycarbosilane compound
according to the first aspect of the present invention and the suppression of reduction in heat resistance and dispersibility
in polycarbonate resins.
[0118] Among these, a method for producing a polycarbosilane compound from the polysilane compound by the
thermal decomposition method is preferred in terms of quality and cost as a method for producing a polycarbosilane
compound according to the first aspect of the present invention. Two or more polycarbosilane compounds produced by
different methods may be used in combination. In this case, polycarbosilane compounds produced by methods outside
the suitable method described above may be mixed.
[0119] The content of the polycarbosilane compound in the polycarbonate resin composition according to the first
aspect of the present invention is 0.001 parts by mass or more, 0.005 parts by mass or more, more preferably 0.01 parts
by mass or more, still more preferably 0.02 parts by mass or more, particularly preferably 0.05 parts by mass or more,
and most preferably 0.1 parts by mass or more and 20 parts by mass or less, more preferably 15 parts by mass or less,
still more preferably 10 parts by mass or less, and particularly preferably 7.5 parts by mass or less relative to 100 parts
by mass of the polycarbonate resin. An excessively low content of polycarbosilane compound can result in insufficient
effects of modifying surface properties, such as water repellency, oil repellency, anti-fogging properties, anti-fouling
properties, stain removability, moisture resistance, lubricity, abrasion resistance, mold releasability, chemical resistance,
and scratch resistance. On the other hand, at an excessively high content of polycarbosilane compound, its effects may
be leveled off and thus its use may be uneconomical, and also the polycarbonate resin composition may have low
mechanical strength.
[0120] The polycarbosilane compound according to the first aspect of the present invention may be used alone or in
combination.

[4. Other Components]

[0121] The polycarbonate resin composition according to the first aspect of the present invention may optionally contain
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components other than those described above provided that desired physical properties are not deteriorated significantly.
Examples of the other components include resins other than polycarbonate resins and various resin additive agents.
The other components may be contained alone, or two or more of the other components may be contained at any ratio.

<Other Resins>

[0122] Examples of other resins that can be blended together with a polycarbonate resin in the polycarbonate resin
composition according to the first aspect of the present invention include:

thermoplastic polyester resins, such as a polyethylene terephthalate resin (PET resin), polytrimethylene terephthalate
(PTT resin), a polybutylene terephthalate resin (PBT resin), polylactic acid (PLA), a polybutylene succinate resin
(PBS), and polycaprolactone (PCL);
styrene resins, such as a polystyrene resin (PS resin), a high-impact polystyrene resin (HIPS), an acrylonitrile-
styrene copolymer (AS resin), an acrylonitrile-butadienestyrene copolymer (ABS resin), an acrylonitrile-styrene-
acrylic rubber copolymer (ASA resin), and an acrylonitrile-ethylene propylene rubber-styrene copolymer (AES resin);
polyolefin resins, such as a polyethylene resin (PE resin), a polypropylene resin (PP resin), a cyclic cycloolefin resin
(COP resin), and a cyclic cycloolefin copolymer resin (COC resin);
polyamide resins (PA resins); polyimide resins (PI resins); polyetherimide resins (PEI resins); polyurethane resins
(PU resins); polyphenylene ether resins (PPE resins); polyphenylene sulfide resins (PPS resins); polysulfone resins
(PSU resins); and polymethyl methacrylate resins (PMMA resins).

[0123] The other resins may be contained alone, or two or more of the other resins may be contained at any ratio.

<Resin Additive Agents>

[0124] Examples of the resin additive agents include a flame retardant, a heat stabilizer, an antioxidant, a mold-release
agent, an ultraviolet absorber, a dye or pigment, a flame retardant, an anti-dripping agent, an antistatic agent, an anti-
fogging agent, a lubricant, an anti-blocking agent, a flow modifier, a sliding modifier, a plasticizer, a dispersant, and an
antimicrobial agent. The resin additive agents may be contained alone, or two or more of the resin additive agents may
be contained at any ratio.
[0125] Examples of the resin additive agents suitable for the polycarbonate resin composition according to the first
aspect of the present invention will be more specifically described below.

[Flame Retardant]

[0126] Examples of the flame retardant include metal salt compounds, halides, and phosphorus compounds. Metal
salt compounds can be suitably used.

[3. Metal Salt Compound]

[0127] The polycarbonate resin composition according to the second aspect of the present invention contains a metal
salt compound. The metal salt compound can improve the flame resistance of the polycarbonate resin composition
according to the second aspect of the present invention.
[0128] Examples of the metal of the metal salt compound include alkali metals, such as lithium (Li), sodium (Na),
potassium (K), rubidium (Rb), and cesium (Cs); alkaline-earth metals, such as magnesium (Mg), calcium (Ca), strontium
(Sr), and barium (Ba); and aluminum (Al), titanium (Ti), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), zirconium
(Zr), and molybdenum (Mo). Among these, alkali metals and alkaline-earth metals are preferred.
[0129] This is because they can promote the formation of a carbonized layer during the combustion of the polycarbonate
resin composition according to the second aspect of the present invention, thereby improving flame resistance, and can
maintain excellent mechanical properties, such as impact resistance, heat resistance, and electrical characteristics of
the polycarbonate resin. Thus, the metal salt compound is more preferably at least one metal salt compound selected
from the group consisting of alkali metal salts and alkaline-earth metal salts, still more preferably an alkali metal salt
compound, and particularly preferably a sodium salt compound, a potassium salt compound, and a cesium salt compound.
[0130] Examples of the metal salt compounds include organic metal salt compounds and inorganic metal salt com-
pounds. In terms of dispersibility in polycarbonate resins, organic metal salt compounds are preferred.
[0131] Examples of the organic metal salt compounds include organic sulfonic acid metal salts, organic sulfonamide
metal salts, organic carboxylic acid metal salts, organic boric acid metal salts, and organic phosphoric acid metal salts.
Among these, in terms of thermal stability when mixed with a polycarbonate resin, organic sulfonic acid metal salts,
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organic sulfonamide metal salts, and organic phosphoric acid metal salts are preferred, and organic sulfonic acid metal
salts are particularly preferred.
[0132] Examples of the organic sulfonic acid metal salts include organic sulfonic acid lithium (Li) salts, organic sulfonic
acid sodium (Na) salts, organic sulfonic acid potassium (K) salts, organic sulfonic acid rubidium (Rb) salts, organic
sulfonic acid cesium (Cs) salts, organic sulfonic acid magnesium (Mg) salts, organic sulfonic acid calcium (Ca) salts,
organic sulfonic acid strontium (Sr) salts, and organic sulfonic acid barium (Ba) salts. Among these, organic sulfonic
acid alkali metal salts, such as organic sulfonic acid sodium (Na) salts, organic sulfonic acid potassium (K) salt compounds,
and organic sulfonic acid cesium (Cs) salt compounds, are particularly preferred.
[0133] Preferred examples of the metal salt compound include fluorine-containing aliphatic sulfonic acid metal salts,
fluorine-containing aliphatic sulfonimide metal salts, aromatic sulfonic acid metal salts, and aromatic sulfonamide metal
salts. Among these, preferred specific examples include:

<Fluorine-Containing Aliphatic Sulfonic Acid Metal Salts>

fluorine-containing aliphatic sulfonic acid alkali metal salts having at least one C-F bond in its molecule, such
as potassium perfluorobutanesulfonate, lithium perfluorobutanesulfonate, sodium perfluorobutanesulfonate, ce-
sium perfluorobutanesulfonate, lithium trifluoromethanesulfonate, sodium trifluoromethanesulfonate, potassium
trifluoromethanesulfonate, potassium perfluoroethanesulfonate, and potassium perfluoropropanesulfonate;
fluorine-containing aliphatic sulfonic acid alkaline-earth metal salts having at least one C-F bond in its molecule,
such as magnesium perfluorobutanesulfonate, calcium perfluorobutanesulfonate, barium perfluorobutanesul-
fonate, magnesium trifluoromethanesulfonate, calcium trifluoromethanesulfonate, and barium trifluorometh-
anesulfonate; and
fluorine-containing aliphatic disulfonic acid alkali metal salts having at least one C-F bond in its molecule, such
as disodium perfluoromethanedisulfonate, dipotassium perfluoromethanedisulfonate, sodium perfluoroethane-
disulfonate, dipotassium perfluoroethanedisulfonate, dipotassium perfluoropropanedisulfonate, dipotassium
perfluoroisopropanedisulfonate, disodium perfluorobutanedisulfonate, dipotassium perfluorobutanedisulfonate,
and dipotassium perfluorooctanedisulfonate:

<Fluorine-Containing Aliphatic Sulfonimide Metal Salts>

fluorine-containing aliphatic sulfonimide alkali metal salts having at least one C-F bond in its molecule, such as
lithium bis(perfluoropropanesulfonyl)imide, sodium bis(perfluoropropanesulfonyl)imide, potassium bis(perfluor-
opropanesulfonyl)imide, lithium bis(perfluorobutanesulfonyl)imide, sodium bis(perfluorobutanesulfonyl)imide,
potassium bis(perfluorobutanesulfonyl)imide, potassium trifluoromethane(pentafluoroethane)sulfonylimide, so-
dium trifluoromethane(nonafluorobutane)sulfonylimide, and potassium trifluoromethane(nonafluorobutane)sul-
fonylimide; and
cyclic fluorine-containing aliphatic sulfonimide alkali metal salts having at least one C-F bond in its molecule,
such as lithium cyclo-hexafluoropropane-1,3-bis(sulfonyl)imide, sodium cyclo-hexafluoropropane-1,3-bis(sul-
fonyl)imide, and potassium cyclo-hexafluoropropane-1,3-bis(sulfonyl)imide;

<Aromatic Sulfonic Acid Metal Salts>

aromatic sulfonic acid alkali metal salts having at least one aromatic group in its molecule, such as dipotassium
diphenylsulfone-3,3’-disulfonate, potassium diphenylsulfone-3-sulfonate, sodium benzenesulfonate, poly(sodi-
um styrenesulfonate), sodium paratoluenesulfonate, (branched) sodium dodecylbenzenesulfonate, sodium
trichlorobenzenesulfonate, potassium benzenesulfonate, potassium styrenesulfonate, poly(potassium sty-
renesulfonate), potassium paratoluenesulfonate, (branched) potassium dodecylbenzenesulfonate, potassium
trichlorobenzenesulfonate, cesium benzenesulfonate, poly(cesium stlyrenesulfonate), cesium paratoluenesul-
fonate, (branched) cesium dodecylbenzenesulfonate, and cesium trichlorobenzenesulfonate; and
aromatic sulfonic acid alkaline-earth metal salts having at least one aromatic group in its molecule, such as
magnesium paratoluenesulfonate, calcium paratoluenesulfonate, strontium paratoluenesulfonate, barium para-
toluenesulfonate, (branched) magnesium dodecylbenzenesulfonate, and (branched) calcium dodecylbenze-
nesulfonate; and

<Aromatic Sulfonamide Metal Salts>

aromatic sulfonamide alkali metal salts having at least one aromatic group in its molecule, such as saccharin
sodium salt, N-(p-tolylsulfonyl)-p-toluene sulfonimide potassium salt, N-(N’-benzylaminocarbonyl)sulfanilimide
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potassium salt, and N-(phenylcarboxyl)-sulfanilimide potassium salt.

[0134] Among these examples, fluorine-containing aliphatic sulfonic acid metal salts and aromatic sulfonic acid metal
salts are more preferred, and fluorine-containing aliphatic sulfonic acid metal salts are particularly preferred.
[0135] The fluorine-containing aliphatic sulfonic acid metal salts are more preferably fluorine-containing aliphatic sul-
fonic acid alkali metal salts having at least one C-F bond in its molecule and particularly preferably perfluoroalkane
sulfonic acid alkali metal salts. More specifically, potassium perfluorobutanesulfonate is preferred.
[0136] The aromatic sulfonic acid metal salts are more preferably aromatic sulfonic acid alkali metal salts; particularly
preferably diphenylsulfone-sulfonic acid alkali metal salts, such as dipotassium diphenylsulfone-3,3’-disulfonate and
potassium diphenylsulfone-3-sulfonate, and paratoluenesulfonic acid alkali metal salts, such as sodium paratoluenesul-
fonate, potassium paratoluenesulfonate, and cesium paratoluenesulfonate; and still more preferably paratoluenesulfonic
acid alkali metal salts.
[0137] These metal salt compounds may be used alone, or two or more of the metal salt compounds may be combined
with each other at any ratio.
[0138] The content of metal salt compound serving as a flame retardant in the polycarbonate resin composition ac-
cording to the first aspect of the present invention is preferably 0.01 parts by mass or more, more preferably 0.02 parts
by mass or more, still more preferably 0.03 parts by mass or more, and particularly preferably 0.05 parts by mass or
more and preferably 1 part by mass or less, more preferably 0.75 parts by mass or less, still more preferably 0.5 parts
by mass or less, and particularly preferably 0.3 parts by mass or less relative to 100 parts by mass of the polycarbonate
resin. An excessively low content of metal salt compound has insufficient effects of improving the flame resistance of
the polycarbonate resin composition. On the other hand, an excessively high content of metal salt compound may result
in reduced thermal stability of the polycarbonate resin composition and poor appearance and low mechanical strength
of a formed product.

[Heat Stabilizer]

[0139] Examples of the heat stabilizer include phosphorus compounds.
[0140] Phosphorus compounds may be any known phosphorus compounds. Specific examples of the phosphorus
compounds include phosphorus oxo acids, such as phosphoric acid, phosphonic acid, phosphorous acid, phosphinic
acid, and polyphosphoric acid; acid pyrophosphate metal salts, such as sodium acid pyrophosphate, potassium acid
pyrophosphate, and calcium acid pyrophosphate; phosphates of periodic table group 1 or 2B metal, such as potassium
phosphate, sodium phosphate, cesium phosphate, and zinc phosphate; and organic phosphate compounds, organic
phosphite compounds, and organic phosphonite compounds.
[0141] Among these, organic phosphite compounds represented by the following formulae (18) to (20), organic phos-
phonite compounds represented by the following formula (21), and organic phosphate compounds represented by the
following formula (22) are preferred.
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O=P (OH)d(OR28)3-d (22)

[0142] In the formulae (18) to (22), R18, R19, R20, R21, R22, R23, R24, R25, R26, R27, and R28 represent an alkyl group
or an aryl groups. Among these, R18, R19, R20, R21, R22, R23, R24, R25, R26, R27, and R28 more preferably represent an
alkyl group generally having 1 or more, preferably 2 or more, and generally 30 or less, preferably 25 or less, carbon
atoms, or an aryl group generally having 6 or more and 30 or less carbon atoms. R18, R19, R20, R22, and R23 preferably
represent an aryl group rather than an alkyl group. R21, R24, R25, R26, R27, and R28 preferably represent an alkyl group
rather than an aryl group. R18, R19, R20, R21, R22, R23, R24, R25, R26, R27, and R28 may be the same or different.
[0143] In the formulae (19) and (21), X6 and X7 represent an aryl residue having 6 to 30 carbon atoms. In the formula
(22), d generally represents an integer of 0 or more and preferably 1 or more and generally 2 or less.
[0144] Examples of the organic phosphite compounds represented by the formula (18) include triphenyl phosphite,
tris(monononylphenyl)phosphite, tris(monononyl/dinonyl-phenyl)phosphite, tris(2,4-di-tert-butylphenyl)phosphite, mo-
nooctyldiphenyl phosphite, dioctylmonophenyl phosphite, monodecyldiphenyl phosphite, didecylmonophenyl phosphite,
tridecyl phosphite, trilauryl phosphite, and tristearyl phosphite. Specific examples of the organic phosphite compounds
include "ADK STAB 1178" and "ADK STAB 2112" manufactured by Adeka Corp., "JP-351", "JP-360", and "JP-3CP"
manufactured by Johoku Chemical Co., Ltd., and "Irgafos 168" manufactured by Ciba Specialty Chemicals Co., Ltd.
[0145] An example of the organic phosphite compounds represented by the formula (19) is 2,2-methylenebis(4,6-di-
tert-butylphenyl)octyl phosphite. A specific example of the organic phosphite compounds is "ADK STAB HP-10" manu-
factured by Adeka Corp.
[0146] Examples of the organic phosphite compounds represented by the formula (20) include distearyl pentaerythritol
diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, and bis(2,6-di-tert-butyl-4-methylphenyl)pentaeryth-
ritol diphosphite. Specific examples of the organic phosphite compounds include "ADK STAB PEP-8", "ADK STAB PEP-
24G", and "ADK STAB PEP-36" manufactured by Adeka Corp. and "JPP-2000" manufactured by Johoku Chemical Co.,
Ltd.
[0147] An example of the organic phosphonite compounds represented by the formula (21) is tetrakis(2,4-di-tert-
butylphenyl)-4,4’-biphenylene-di-phosphonite. A specific example of the organic phosphonite compounds is "Sandostab
P-EPQ" manufactured by Sandoz.
[0148] Examples of the organic phosphate compounds represented by the formula (22) include mono-stearic acid
phosphate, distearic acid phosphate, mono-2-ethylhexyl acid phosphate, di-2-ethylhexyl acid phosphate, monooleyl acid
phosphate, and di-oleyl acid phosphate. Specific examples of the organic phosphate compounds include "ADK STAB
AX-71" manufactured by Adeka Corp. and "JP-508" and "JP-518-O" manufactured by Johoku Chemical Co., Ltd.
[0149] The heat stabilizers may be contained alone, or two or more of the heat stabilizers may be contained at any ratio.
[0150] The content of the heat stabilizer in the polycarbonate resin composition according to the first aspect of the
present invention is generally 0.001 parts by mass or more, preferably 0.01 parts by mass or more, and more preferably
0.03 parts by mass or more and generally 1 part by mass or less, preferably 0.7 parts by mass or less, and more
preferably 0.5 parts by mass or less relative to 100 parts by mass of the polycarbonate resin. A heat stabilizer content
less than or equal to the lower limit may result in an insufficient heat stabilizing effect. At a heat stabilizer content more
than the upper limit, its effect may be leveled off and thus its use may be uneconomical.

[Antioxidant]

[0151] An example of the antioxidant is a hindered phenol antioxidant. Specific examples of the antioxidant include
pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate, thiodiethylenebis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], N,N’-hexane-1,6-diylbis[3-(3,5-di-tert-
butyl-4-hydroxyphenylpropionamide), 2,4-dimethyl-6-(1-methylpentadecyl)phenol, diethyl[[3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyl]methyl]phosphoate, 3,3’,3",5,5’,5"-hexa-tert-butyl-a,a’,a"-(mesitylene-2,4,6-triyl)tri-p-cresol, 4,6-bis(oc-
tylthiomethyl)-o-cresol, ethylenebis(oxyethylene)bis[3-(5-tert-butyl-4-hydroxy-m-tolyl)propionate], hexamethylenebis
[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,5-triazine-2,4,6(1H,
3H,5H)-trion, and 2,6-di-tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazine-2-ylamino)phenol.
[0152] Among these, pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] and octadecyl-3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate are preferred. Specific examples of the phenol antioxidant include "Irganox 1010"
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and "Irganox 1076" manufactured by Ciba Specialty Chemicals Co., Ltd. and "ADK STAB AO-50" and "ADK STAB AO-
60" manufactured by Adeka Corp.
[0153] The antioxidants may be contained alone, or two or more of the antioxidants may be contained at any ratio.
[0154] The content of the antioxidant in the polycarbonate resin composition according to the first aspect of the present
invention is generally 0.001 parts by mass or more and preferably 0.01 parts by mass or more and generally 1 part by
mass or less and preferably 0.5 parts by mass or less relative to 100 parts by mass of the polycarbonate resin. An
antioxidant content less than or equal to the lower limit may result in an insufficient antioxidant effect. At an antioxidant
content more than the upper limit, its effect may be leveled off and thus its use may be uneconomical.

[Mold-Release Agent]

[0155] Examples of the mold-release agent include aliphatic carboxylic acids, esters of aliphatic carboxylic acids and
alcohols, aliphatic hydrocarbon compounds having a number-average molecular weight of 200 to 15000, and polysiloxane
silicone oils.
[0156] Examples of the aliphatic carboxylic acids include saturated and unsaturated aliphatic monovalent, divalent,
and trivalent carboxylic acids. The aliphatic carboxylic acids include alicyclic carboxylic acids. Among these, preferred
aliphatic carboxylic acids are monovalent and divalent carboxylic acids having 6 to 36 carbon atoms. Aliphatic saturated
monovalent carboxylic acids having 6 to 36 carbon atoms are more preferred. Examples of the aliphatic carboxylic acids
include palmitic acid, stearic acid, caproic acid, capric acid, lauric acid, arachidic acid, behenic acid, lignoceric acid,
cerotic acid, melissic acid, tetrariacontanoic acid, montanic acid, adipic acid, and azelaic acid.
[0157] Examples of the aliphatic carboxylic acids in the esters of aliphatic carboxylic acids and alcohols include the
aliphatic carboxylic acids described above. Examples of the alcohols include saturated and unsaturated monohydric
and polyhydric alcohols. These alcohols may have a substituent, such as a fluorine atom or an aryl group. Among these,
saturated monohydric and polyhydric alcohols having 30 or less carbon atoms are preferred, and aliphatic saturated
monohydric alcohols and aliphatic saturated polyhydric alcohols each having 30 or less carbon atoms are more preferred.
The aliphatics, as used herein, include alicyclic compounds.
[0158] Specific examples of the alcohols include octanol, decanol, dodecanol, stearyl alcohol, behenyl alcohol, ethylene
glycol, diethylene glycol, glycerin, pentaerythritol, 2,2-dihydroxyperfluoropropanol, neopentylene glycol, ditrimethylol-
propane, and dipentaerythritol.
[0159] The esters may contain an aliphatic carboxylic acid and/or an alcohol as an impurity. The esters may be pure
substances or mixtures of a plurality of compounds. The aliphatic carboxylic acids and the alcohols to constitute the
esters may be used alone or in any combination at any ratio.
[0160] The esters of aliphatic carboxylic acids and alcohols are classified into full esters in which all the carboxyl
groups of the aliphatic carboxylic acid are esterified and partial esters in which the carboxyl groups are partly esterified.
The esters of aliphatic carboxylic acids and alcohols used in the first aspect of the present invention may be full esters
or partial esters.
[0161] Specific examples of the esters of aliphatic carboxylic acids and alcohols include beeswax (a mixture mainly
composed of myricyl palmitate), stearyl stearate, behenyl behenate, stearyl behenate, glycerin monopalmitate, glycerin
monostearate, glycerin distearate, glycerin tristearate, pentaerythritol monopalmitate, pentaerythritol monostearate, pen-
taerythritol distearate, pentaerythritol tristearate, and pentaerythritol tetrastearate.
[0162] Examples of the aliphatic hydrocarbons having a number-average molecular weight of 200 to 15000 include
liquid paraffin, paraffin wax, microcrystalline wax, polyethylene wax, Fischer-Tropsch wax, and α-olefin oligomers having
3 to 12 carbon atoms. The aliphatic hydrocarbons include alicyclic hydrocarbons. These hydrocarbons may be partially
oxidized.
[0163] Among these, paraffin wax, polyethylene wax, and partially oxidized polyethylene wax are preferred, and paraffin
wax and polyethylene wax are more preferred.
[0164] The aliphatic hydrocarbons preferably have a number-average molecular weight of 5000 or less.
[0165] Each of the aliphatic hydrocarbons may be a single substance or a mixture of substances having different
compositions and molecular weights provided that the main component is within the range described above.
[0166] Examples of the polysiloxane silicone oils include dimethyl silicone oil, methylphenyl silicone oil, diphenyl
silicone oil, and fluorinated alkyl silicone.
[0167] The mold-release agents may be contained alone, or two or more of the mold-release agents may be contained
at any ratio.
[0168] The content of the mold-release agent in the polycarbonate resin composition according to the first aspect of
the present invention is generally 0.001 parts by mass or more and preferably 0.01 parts by mass or more and generally
2 parts by mass or less and preferably 1 part by mass or less relative to 100 parts by mass of the polycarbonate resin.
A mold-release agent content less than or equal to the lower limit may result in insufficient mold releasability. A mold-
release agent content more than the upper limit may result in low hydrolysis resistance and mold fouling during injection
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molding.

[Ultraviolet Absorber]

[0169] Examples of the ultraviolet absorber include inorganic ultraviolet absorbers, such as cerium oxide and zinc
oxide; and organic ultraviolet absorbers, such as benzotriazole compounds, benzophenone compounds, salicylate com-
pounds, cyanoacrylate compounds, triazine compounds, oxanilide compounds, malonate compounds, and hindered
amine compounds. Among these, the organic ultraviolet absorbers are preferred, and benzotriazole compounds are
more preferred. The organic ultraviolet absorbers can be used to improve the transparency and mechanical properties
of the polycarbonate resin composition according to the first aspect of the present invention.
[0170] Specific examples of the benzotriazole compounds include 2-(2’-hydroxy-5’-methylphenyl)benzotriazole, 2-[2’-
hydroxy-3’,5’-bis(α,α-dimethylbenzyl)phenyl]-benzotriazole, 2-(2’-hydroxy-3’,5’-di-tert-butyl-phenyl)-benzotriazole,
2-(2’-hydroxy-3’-tert-butyl-5’-methylphenyl)-5-chlorobenzotriazole, 2-(2’-hydroxy-3’,5’-di-tert-butylphenyl)-5-chloroben-
zotriazole), 2-(2’-hydroxy-3’,5’-di-tert-amyl)-benzotriazole, 2-(2’-hydroxy-5’-tert-octylphenyl)benzotriazole, and 2,2’-
methylenebis[4-(1,1,3,3-tetramethylbutyl)-6-(2N-benzotriazol-2-yl)phenol]. Among these, 2-(2’-hydroxy-5’-tert-octylphe-
nyl)benzotriazole and 2,2’-methylenebis[4-(1,1,3,3-tetramethylbutyl)-6-(2N-benzotriazol-2-yl)phenol] are preferred, and
2-(2’-hydroxy-5’-tert-octylphenyl)benzotriazole is particularly preferred.
[0171] Examples of commercially available benzotriazole compounds include "Seesorb 701", "Seesorb 705", "Seesorb
703", "Seesorb 702", "Seesorb 704", and "Seesorb 709" manufactured by Shipro Kasei Kaisha Ltd., "Viosorb 520",
"Viosorb 582", "Viosorb 580", and "Viosorb 583" manufactured by Kyodo Chemical Co., Ltd., "Kemisorb 71" and "Kemisorb
72" manufactured by Chemipro Kasei Kaisha, Ltd., "Cyasorb UV5411" manufactured by Cytec Industries Inc., "LA-32",
"LA-38", "LA-36", "LA-34", and "LA-31" manufactured by Adeka Corp., and "Tinuvin P", "Tinuvin 234", "Tinuvin 326",
"Tinuvin 327", and "Tinuvin 328" manufactured by Ciba Specialty Chemicals Co., Ltd.
[0172] Specific examples of the benzophenone compounds include 2,4-dihydroxybenzophenone, 2-hydroxy-4-meth-
oxybenzophenone, 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid, 2-hydroxy-4-n-octoxybenzophenone, 2-hy-
droxy-n-dodesiloxybenzophenone, bis(5-benzoyl-4-hydroxy-2-methoxyphenyl)methane, 2,2’-dihydroxy-4-methoxyben-
zophenone, and 2,2’-dihydroxy-4,4’-dimethoxybenzophenone.
[0173] Examples of commercially available benzophenone compounds include "Seesorb 100", "Seesorb 101", "See-
sorb 101S", "Seesorb 102", "Seesorb 103" manufactured by Shipro Kasei Kaisha Ltd., "Viosorb 100", "Viosorb 110",
and "Viosorb 130" manufactured by Kyodo Chemical Co., Ltd., "Kemisorb 10" "Kemisorb 11" "Kemisorb 11S" "Kemisorb
12", "Kemisorb 13", and "Kemisorb 111" manufactured by Chemipro Kasei Kaisha, Ltd., "Uvinul 400" manufactured by
BASF, "Uvinul M-40" manufactured by BASF, "Uvinul MS-40" manufactured by BASF, "Cyasorb UV9", "Cyasorb UV284",
"Cyasorb UV531", and "Cyasorb UV24" manufactured by Cytec Industries Inc., and "ADK STAB 1413" and "ADK STAB
LA-51" manufactured by Adeka Corp.
[0174] Specific examples of salicylate compounds include phenyl salicylate and 4-tert-butylphenyl salicylate. Examples
of commercially available salicylate compounds include "Seesorb 201" and "Seesorb 202" manufactured by Shipro Kasei
Kaisha Ltd. and "Kemisorb 21" and "Kemisorb 22" manufactured by Chemipro Kasei Kaisha, Ltd.
[0175] Specific examples of cyanoacrylate compounds include ethyl-2-cyano-3,3-diphenyl acrylate and 2-ethylhexyl-
2-cyano-3,3-diphenyl acrylate. Examples of commercially available cyanoacrylate compounds include "Seesorb 501"
manufactured by Shipro Kasei Kaisha Ltd., "Viosorb 910" manufactured by Kyodo Chemical Co., Ltd., "Uvisolator 300"
manufactured by Daiichi Kasei Co., Ltd., and "Uvinul N-35" and "Uvinul N-539" manufactured by BASF.
[0176] A specific example of the oxanilide compounds is 2-ethoxy-2’-ethyloxanilic acid bisanilide. An example of the
commercially available oxanilide compounds include "Sanduvor VSU" manufactured by Clariant AG.
[0177] The malonate compounds are preferably 2-(alkylidene) malonates and more preferably 2-(1-arylalkylidene)
malonates. Examples of commercially available malonate compounds include "PR-25" manufactured by Clariant (Japan)
K.K. and "B-CAP" manufactured by Ciba Specialty Chemicals Co., Ltd.
[0178] The content of the ultraviolet absorber in the polycarbonate resin composition according to the first aspect of
the present invention is generally 0.01 parts by mass or more and preferably 0.1 parts by mass or more and generally
3 parts by mass or less and preferably 1 part by mass or less relative to 100 parts by mass of the polycarbonate resin.
An ultraviolet absorber content less than or equal to the lower limit may result in an insufficient effect of improving
weatherability. An ultraviolet absorber content more than the upper limit results in the occurrence of mold deposit or the
like, possibly causing mold fouling. The ultraviolet absorbers may be contained alone, or two or more of the ultraviolet
absorbers may be contained at any ratio.

[Dye or Pigment]

[0179] Examples of the dye or pigment include inorganic pigments, organic pigments, and organic dyes.
[0180] Examples of the inorganic pigments include carbon black; sulfide pigments, such as cadmium red and cadmium
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yellow; silicate pigments, such as ultramarine blue; oxide pigments, such as titanium oxide, zinc white, red iron oxide,
chromium oxide, iron black, titan yellow, zinc-iron brown, titanium cobalt green, cobalt green, cobalt blue, copper-
chromium black, and copper-iron black; chromate pigments, such as chrome yellow and molybdate orange; and ferro-
cyanide pigments, such as iron blue.
[0181] Examples of the organic pigments and organic dyes include phthalocyanine dyes and pigments, such as copper
phthalocyanine blue and copper phthalocyanine green; azo dyes and pigments, such as nickel azo yellow; thioindigo-
based, perinone-based, perylene-based, quinoline-based, quinacridone-based, dioxazine-based, isoindolinone-based,
and quinophthalone-based condensed polycyclic dyes and pigments; anthraquinone-based, heterocycle-based, and
methyl-based dyes and pigments.
[0182] Among these, in terms of thermal stability, titanium oxide, carbon black, and cyanine-based, quinoline-based,
anthraquinone-based, and phthalocyanine-based compounds are preferred.
[0183] The dyes and pigments may be contained alone, or two or more of the dyes and pigments may be contained
at any ratio. The dye or pigment may be contained in a masterbatch together with a polystyrene resin, a polycarbonate
resin, or an acrylic resin to improve handleability during extrusion and dispersibility in resin compositions.
[0184] The content of the dye or pigment in the polycarbonate resin composition according to the first aspect of the
present invention is generally 5 parts by mass or less, preferably 3 parts by mass or less, and more preferably 2 parts
by mass or less relative to 100 parts by mass of the polycarbonate resin. An excessively high content of dye or pigment
may result in insufficient impact resistance.

[Anti-dripping Agent]

[0185] Examples of the anti-dripping agent include fluoropolymers. Among these, fluoroolefin resins are preferred.
[0186] The fluoroolefin resin is generally a polymer or copolymer having a fluoroethylene structure. Specific examples
thereof include difluoroethylene resins, tetrafluoroethylene resins, and tetrafluoroethylene/hexafluoropropylene copoly-
mer resins. Among these, tetrafluoroethylene resins are preferred.
[0187] In particular, the fluoropolymer is preferably a fluoropolymer capable of forming fibrils, more specifically a
fluoroolefin resin capable of forming fibrils. The fluoropolymer capable of forming fibrils tends to markedly improve the
anti-dripping properties during combustion.
[0188] Examples of commercially available fluoroolefin resins capable of forming fibrils include "Teflon (registered
trademark) 6J" manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd. and "Polyflon (registered trademark) F201L"
and "Polyflon (registered trademark) F103" manufactured by Daikin Industries, Ltd. Examples of commercially available
aqueous fluoroolefin resin dispersions include "Teflon (registered trademark) 30J" and "Teflon (registered trademark)
31-JR" manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd. and "Fluon (registered trademark) D-1" manufactured
by Daikin Industries, Ltd.
[0189] Organic-polymer-coated fluoroolefin resins may also be suitably used as the fluoropolymer. The organic-pol-
ymer-coated fluoroolefin resins can improve dispersibility and the surface appearance of formed products and reduce
surface foreign substances. The organic-polymer-coated fluoroolefin resins can be produced by known various methods,
for example, (1) a method in which an aqueous polyfluoroethylene particle dispersion and an aqueous organic polymer
particle dispersion are mixed and powdered by coagulation or spray-drying, (2) a method in which monomers of the
organic polymer are polymerized in the presence of an aqueous polyfluoroethylene particle dispersion and the resultant
polymer is powdered by coagulation or spray-drying, and (3) a method in which monomers having an ethylenically
unsaturated bond are subjected to emulsion polymerization in a mixed dispersion liquid of an aqueous polyfluoroethylene
particle dispersion and an aqueous organic polymer particle dispersion and the resultant polymer is powdered by coag-
ulation or spray-drying.
[0190] The organic polymer coating the fluoroolefin resin is not particularly limited. Specific examples of monomers
for use in the production of the organic polymer include:

aromatic vinyl monomers, such as styrene, α-methylstyrene, p-methylstyrene, o-methylstyrene, tert-butylstyrene,
o-ethylstyrene, p-chlorostyrene, o-chlorostyrene, 2,4-dichlorostyrene, p-methoxystyrene, o-methoxystyrene, and
2,4-dimethylslyrene;
(meth)acrylate monomers, such as methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, butyl
acrylate, butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, dodecyl acrylate, dodecyl methacr-
ylate, tridecyl acrylate, tridecyl methacrylate, octadecyl acrylate, octadecyl methacrylate, cyclohexyl acrylate, and
cyclohexyl methacrylate;
vinyl cyanide monomers, such as acrylonitrile and methacrylonitrile;
α,β-unsaturated carboxylic acids, such as maleic anhydride;
maleimide monomers, such as N-phenylmaleimide, N-methylmaleimide, and N-cyclohexylmaleimide;
monomers containing a glycidyl group, such as glycidyl methacrylate;



EP 2 395 052 B1

30

5

10

15

20

25

30

35

40

45

50

55

vinyl ether monomers, such as vinyl methyl ether and vinyl ethyl ether;
vinyl carboxylate monomers, such as vinyl acetate and vinyl butyrate;
olefin monomers, such as ethylene, propylene, and isobutylene; and
diene monomers., such as butadiene, isoprene, and dimethylbutadiene.

[0191] These monomers may be used alone or in combination.
[0192] Among these, the monomers for producing the organic polymer coating the fluoroolefin resin are preferably
monomers having a high affinity for polycarbonate resins in terms of dispersibility of the monomers in polycarbonate
resins. Aromatic vinyl monomers, (meth)acrylate monomers, and vinyl cyanide monomers are more preferred.
[0193] The content ratio of the fluoroolefin resin in the organic-polymer-coated fluoroolefin resin is generally 30% by
mass or more, preferably 35% by mass or more, more preferably 40% by mass or more, and particularly preferably 45%
by mass or more and generally 95% by mass or less, preferably 90% by mass or less, more preferably 80% by mass
or less, and particularly preferably 75% by mass or less. When the content ratio of the fluoroolefin resin in the organic-
polymer-coated fluoroolefin resin is within the above-described range, a good balance between flame resistance and
appearance of formed products tends to be favorably achieved.
[0194] Examples of commercially available organic-polymer-coated fluoroolefin resins include "Metablen (registered
trademark) A-3800" manufactured by MITSUBISHI RAYON Co., Ltd., "Blendex (registered trademark) 449" manufactured
by GE Speciality Chemicals Inc., and "Poly TS AD001" manufactured by PIC.
[0195] The anti-dripping agents may be contained alone, or two or more of the anti-dripping agents may be contained
at any ratio.
[0196] The content of the anti-dripping agent in the polycarbonate resin composition according to the first aspect of
the present invention is generally 0.001 parts by mass or more, preferably 0.005 parts by mass or more, more preferably
0.01 parts by mass or more, and particularly preferably 0.02 parts by mass or more and generally 1 part by mass or
less, preferably 0.5 parts by mass or less, more preferably 0.3 parts by mass or less, and particularly preferably 0.1
parts by mass or less relative to 100 parts by mass of the polycarbonate resin. An anti-dripping agent content less than
or equal to the lower limit may result in insufficient effects on flame resistance produced by the anti-dripping agent. An
anti-dripping agent content more than the upper limit may result in poor appearance, low mechanical strength, or sig-
nificantly low transparency of formed products obtained by shaping the polycarbonate resin composition.

[5. Method for Producing Polycarbonate Resin Composition]

[0197] A method for producing the polycarbonate resin composition according to the first aspect of the present invention
is not particularly limited. Various known methods for producing polycarbonate resin compositions can be employed.
[0198] A specific example is a method in which a polycarbonate resin, a polycarbosilane compound, and other com-
ponents to be optionally blended are mixed in advance, for example, in a mixer, such as a tumbler or a Henschel mixer,
and are melt-kneaded in a mixer, such as a Banbury mixer, a roll, a Brabender, a single-screw extruder, a twin-screw
extruder, or a kneader.
[0199] Alternatively, for example, the components are not mixed in advance, or part of the components is mixed in
advance, and the components are supplied to an extruder with a feeder and then melt-kneaded to produce the polycar-
bonate resin composition according to the first aspect of the present invention.
[0200] Alternatively, for example, part of the components is mixed in advance and is supplied to and melt-kneaded in
an extruder to produce a resin composition as a masterbatch. This masterbatch is again mixed with the other components
and melt-kneaded to produce the polycarbonate resin composition according to the first aspect of the present invention.
[0201] When a component that is difficult to disperse is mixed, the component that is difficult to disperse can be
dissolved or dispersed in advance in a solvent, such as water or an organic solvent. The solution or dispersion liquid is
kneaded with other components and thus high dispersibility can be achieved.

[6. Polycarbonate Resin Formed Product]

[0202] The polycarbonate resin composition according to the first aspect of the present invention can generally be
formed into polycarbonate resin formed products having any shape. The shape, design, color, and size of the formed
products are not particularly limited and may be appropriately determined in accordance with each application of the
formed products.
[0203] Examples of the formed products include components of electrical and electronic devices, OA equipment,
information terminals, mechanical parts, household electrical appliances, vehicle parts, architectural members, various
containers, recreational equipment and miscellaneous articles, and illuminators. Among these, the formed products are
suitably used for components of electrical and electronic devices, OA equipment, information terminals, household
electrical appliances, and illuminators and are particularly suitably used for components of electrical and electronic
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devices.
[0204] Examples of the electrical and electronic devices include personal computers, game machines, display units,
such as television sets, printers, copying machines, scanners, facsimiles, electronic notebooks and PDAs, electronic
calculators, electronic dictionaries, cameras, video cameras, cellular phones, battery packs, recording medium drives
and readers, mouses, numeric keypads, CD players, MD players, and portable radios and audio-players.
[0205] A method for manufacturing formed products is not particularly limited. Any common molding method for poly-
carbonate resin compositions can be employed. Examples of the common molding method include an injection molding
method, an ultra-high-speed injection molding method, an injection compression molding method, a coinjection molding
method, gas-assisted blow molding methods and the like, molding methods using insulated metal dies, molding methods
using rapid heating metal dies, a foam molding (including supercritical fluid) method, an insert molding method, an IMC
(in-mold coating molding) molding method, an extrusion molding method, a sheet forming method, a thermoforming
method, a rotational molding method, a laminate molding method, and a press forming method. A hot-runner molding
method may also be used.
[0206] The polycarbonate resin formed product according to the first aspect of the present invention obtained by
shaping the polycarbonate resin composition according to the first aspect of the present invention has surface properties,
such as water repellency, oil repellency, anti-fogging properties, anti-fouling properties, stain removability, moisture
resistance, lubricity, abrasion resistance, mold releasability, chemical resistance; and scratch resistance, modified without
adversely affecting the excellent intrinsic characteristics of polycarbonate resins. Thus, the polycarbonate resin formed
product can be used as a practical formed product in a wide variety of applications.

[7. Modifier for Polycarbonate Resin]

[0207] The modifier for polycarbonate resins according to the first aspect of the present invention contains the poly-
carbosilane compound according to the first aspect of the present invention, preferably having a main chain structure
containing at least one of structural units represented by the formula (4) and a hydrocarbon residue, wherein the hydro-
carbon residue is a divalent hydrocarbon group. More preferably, the modifier for polycarbonate resins contains a
polycarbosilane compound having a repeating unit represented by the formula (4), particularly the formula (5), and more
particularly the formula (6) and a number-average molecular weight of 100 to 20000. The modifier for polycarbonate
resins is industrially quite useful in improving the surface properties of the polycarbonate resin composition, such as
water repellency, oil repellency, anti-fogging properties, anti-fouling properties, stain removability, moisture resistance,
lubricity, abrasion resistance, mold releasability, chemical resistance, and scratch resistance, without adversely affecting
the intrinsic characteristics of polycarbonate resins, such as transparency, heat resistance, and mechanical properties,
e.g., impact resistance.

Examples

[0208] The invention according to the first aspect will now be specifically described on the basis of Examples. The
invention according to the first aspect is not limited to Examples below, and any modification can be made without
departing from the gist of the present invention.

I. Examples and Comparative Examples according to First Aspect of the Present Invention

[Production of Resin Pellet]

[0209] The components shown in Table 1 below were blended with each other at the ratios (mass ratios) shown in
Table 2 and mixed in a tumbler for 20 minutes. The mixture was supplied to (TEX30HSST) having a single vent and
manufactured by The Japan Steel Works, Ltd. and kneaded at a number of screw revolutions of 200 rpm, a discharge
rate of 15 kg/hour, and a barrel temperature of 290°C. After that, a molten resin extruded in a strand shape was rapidly
cooled in a water bath and pelletized using a pelletizer to obtain a pellet of a polycarbonate resin composition.

[Preparation of Test Piece]

[0210] The pellet obtained by the above-described production method was dried at 120°C for 5 hours and then injection-
molded at a cylinder temperature of 280°C, a mold temperature of 80°C, and a molding cycle of 55 seconds using an
M150AII-SJ injection molding machine manufactured by Meiki Co., Ltd. to obtain a flat test piece (90 mm x 50 mm x 2
mm in thickness) and an ASTM test piece (notched test piece with a thickness of 3.2 mm).
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[Evaluation of Water Repellency and Oil Repellency]

[0211] The water repellency of each polycarbonate resin composition was evaluated as follows using, as a test piece,
the flat test piece obtained by the above-described method. A droplet of pure water was dropped onto the test piece
and the contact angle (unit: deg) was measured by a θ/2 method using a DropMaster 300 contact angle analyzer
manufactured by Kyowa Interface Science Co., Ltd. in an environment of JIS standard temperature and humidity (23°C
and 50 %RH).
[0212] Ten measurement results were averaged to evaluate water repellency. The oil repellency was evaluated by
measuring a contact angle by the same method as described above, except that a mixed solution of pure water:isopropyl
alcohol = 1:1 was used as a droplet to be dropped. A higher value of contact angle means higher water repellency or
oil repellency, which is preferable.
Table 2 shows the results.

[Evaluation of Impact Resistance]

[0213] The Izod impact strength (unit: J/m) was measured using the ASTM test piece (notched test piece with a
thickness of 3.2 mm) prepared above at 23°C in accordance with ASTM D256.
[0214] Table 2 shows the results. In Table 2, the impact resistance is given as "Izod".

[Evaluation of Transparency]

[0215] The haze value (unit "%") and the total light transmittance (unit "%") were measured with an NDH-2000 haze
meter manufactured by NIPPON DENSHOKU INDUSTRIES Co., Ltd. in accordance with JIS K-7105 using the flat test
piece (2 mm in thickness) as a test piece.
[0216] The haze value is used as the scale of turbidity of resins. A smaller haze value means higher transparency,
which is preferable. The total light transmittance is used as the scale of transmittancy of resins. The total light transmittance
is preferably high.
[0217] Table 2 shows the results. In Table 2, the haze value is given as "Hz" and the total light transmittance is given
as "T" .

[Table 1]

Abbreviation Sample

Polycarbonate resin (A) Aromatic polycarbonate resin produced by interfacial polymerization 
using bisphenol A as a starting material
Product name: "Iupilon (registered trademark) S-3000N" manufactured 
by Mitsubishi Engineering-Plastics Corporation
Viscosity-average molecular weight: 21000

Polycarbosilane compound (B1) Polycarbosilane compound having a structure represented by formula 
(6)

Product name: "Nipusi Type-L" manufactured by Nippon Carbon Co., 
Ltd.
Number-average molecular weight: 950, Melting point: 66°C

(B2) Polycarbosilane compound having a structure represented by formula 
(6)
Product name: "Nipusi Type-A" manufactured by Nippon Carbon Co., 
Ltd.
Number-average molecular weight: 1500, Melting point: 248°C

(B3) Polycarbosilane compound having a structure represented by formula 
(6)

Product name: "Nipusi Type-S" manufactured by Nippon Carbon Co., 
Ltd.
Number-average molecular weight: 1600, Melting point: 234°C
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[0218] It is clear from the results above that, by blending a polycarbosilane compound, surface properties, such as
water and oil repellency, can be modified without significantly impairing the intrinsic characteristics of the polycarbonate
resin, such as transparency and impact resistance.

Industrial Applicability

[0219] The first aspect of the present invention can be utilized in a wide variety of industrial fields and are suitably
used in the fields of, for example, electrical and electronic devices and their components, OA equipment, information
terminals, mechanical parts, household electrical appliances, vehicle parts, architectural members, various containers,
recreational equipment and miscellaneous articles, and illuminators.

Claims

1. A polycarbonate resin composition comprising a polycarbonate resin and a polycarbosilane compound,
wherein the polycarbosilane compound has a repeating unit represented by the following formula (4) and a number-
average molecular weight of 100 to 20000:

(continued)

Abbreviation Sample

Other silicon compounds (C1) Organosiloxane compound
Polydimethylsiloxane

Product name: "SH200CV-100CS" manufactured by Dow Corning 
Toray Co., Ltd.

(D2) Polysilane compound
Polydimethylsilane
Number-average molecular weight: 2000
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in the formula (4), R1 and R2 each independently represent a monovalent hydrocarbon group, a hydrogen atom, or
a silyl group; a and b each independently represent 0 or 1; A1 represents a divalent hydrocarbon group having 1 to
12 carbon atoms; p and q each independently represent an integer of 1 to 8; and R1s, R2s, and A1s in all the repeating
units may each be the same or different,
wherein the blending amount of the polycarbosilane compound is 0.001 to 20 parts by mass relative to 100 parts
by mass of the polycarbonate resin.

2. The polycarbonate resin composition according to Claim 1 comprising:

0.005 to 5 parts by mass of the polycarbosilane compound relative to 100 parts by mass of the polycarbonate
resin, and
0.001 to 1 part by mass of a metal salt compound relative to 100 parts by mass of the polycarbonate resin;
wherein the metal salt compound is an organic sulfonic acid alkali metal salt, and
wherein the organic sulfonic acid alkali metal salt is at least one selected from a fluorine-containing aliphatic
sulfonic acid alkali metal salt and an aromatic sulfonic acid alkali metal salt.

3. The polycarbonate resin composition according to Claim 1 or 2, wherein the polycarbosilane compound is a poly-
carbosilane compound that has a repeating unit represented by the following formula (5) and a number-average
molecular weight of 100 to 20000:

in the formula (5), R1 and R2 are as defined in the formula (4); A2 represents an alkylene group having 1 to 12
carbon atoms; and R1s, R2s, and A2s in all the repeating units may each be the same or different.

4. The polycarbonate resin composition according to Claim 3, wherein the polycarbosilane compound is a polycar-
bosilane compound that has a repeating unit represented by the following formula (6) and a number-average mo-
lecular weight of 100 to 20000:
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5. The polycarbonate resin composition according to any one of claims 2 to 4, wherein the fluorine-containing aliphatic
sulfonic acid alkali metal salt is a perfluoroalkane sulfonic acid alkali metal salt.

6. The polycarbonate resin composition according to any one of Claims 2 to 5, wherein the aromatic sulfonic acid alkali
metal salt is a paratoluenesulfonic acid alkali metal salt.

7. The polycarbonate resin composition according to any one of Claims 2 to 6, wherein the polycarbonate resin contains
20% by mass or more of a polycarbonate resin having a structural viscosity index N of 1.2 or more, wherein N is
determined from the apparent viscosity ηa at shear rates of γ = 12.16 sec-1 and γ = 24.32 sec-1 using the equation
Log ηa = [(1 - N)/N] x Log γ + C, wherein N represents the structural viscosity index, γ represents the shear rate, C
represents a constant, and ηa represents the apparent viscosity, according to Japanese Unexamined Patent Appli-
cation Publication No. 2005-232442.

8. The polycarbonate resin composition according to Claim 7, wherein the polycarbonate resin having a structural
viscosity index N of 1.2 or more is a polycarbonate resin produced by melt transesterification between an aromatic
dihydroxy compound and a carbonic acid diester.

9. A polycarbonate resin formed product manufactured by shaping the polycarbonate resin composition according to
any one of Claims 1 to 8.

10. Use of a polycarbosilane compound as a modifier for polycarbonate resins, wherein the polycarbosilane compound
has a repeating unit represented by the following formula (4) and a number-average molecular weight of 100 to 20000:

in the formula (4), R1 and R2 each independently represent a monovalent hydrocarbon group, a hydrogen atom, or
a silyl group; a and b each independently represent 0 or 1; A1 represents a divalent hydrocarbon group having 1 to
12 carbon atoms; p and q each independently represent an integer of 1 to 8; and R1s, R2s, and A1s in all the repeating
units may each be the same or different.

11. Use of a polycarbosilane compound for imparting water repellency and oil repellency to a polycarbonate resin,
wherein the polycarbosilane-compound has a repeating unit represented by the following formula (4) and a number-
average molecular weight of 100 to 20000:
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in the formula (4), R1 and R2 each independently represent a monovalent hydrocarbon group, a hydrogen atom, or
a silyl group; a and b each independently represent 0 or 1; A1 represents a divalent hydrocarbon group having 1 to
12 carbon atoms; p and q each independently represent an integer of 1 to 8; and R1s, R2s , and A1s in all the
repeating units may each be the same or different.

Patentansprüche

1. Polycarbonatharzzusammensetzung, umfassend ein Polycarbonatharz und eine Polycarbosilanverbindung,
wobei die Polycarbosilanverbindung eine Wiederholungseinheit, dargestellt durch die folgende Formel (4), und ein
zahlengemitteltes Molekulargewicht von 100 bis 20.000 aufweist:

wobei in der Formel (4) R1 und R2 jeweils unabhängig eine einwertige Kohlenwasserstoffgruppe, ein Wasserstoffa-
tom oder eine Silylgruppe darstellen; a und b jeweils unabhängig 0 oder 1 darstellen; A1 eine zweiwertige Kohlen-
wasserstoffgruppe mit 1 bis 12 Kohlenstoffatomen darstellt; p und q jeweils unabhängig eine ganze Zahl von 1 bis
8 darstellen; und R1, R2 und A1 in allen Wiederholungseinheiten jeweils gleich oder verschieden sein können,
wobei die Mischungsmenge der Polycarbosilanverbindung 0,001 bis 20 Massenteile, bezogen auf 100 Massenteile
des Polycarbonatharzes, beträgt.

2. Polycarbonatharzzusammensetzung gemäß Anspruch 1, umfassend:

0,005 bis 5 Massenteile der Polycarbosilanverbindung, bezogen auf 100 Massenteile des Polycarbonatharzes,
und
0,001 bis 1 Massenteil einer Metallsalzverbindung, bezogen auf 100 Massenteile des Polycarbonatharzes;
wobei die Metallsalzverbindung ein organisches Sulfonsäurealkalimetallsalz ist, und
wobei das organische Sulfonsäurealkalimetallsalz mindestens eines ist, ausgewählt aus einem fluorhaltigen
aliphatischen Sulfonsäurealkalimetallsalz und einem aromatischen Sulfonsäurealkalimetallsalz.
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3. Polycarbonatharzzusammensetzung gemäß Anspruch 1 oder 2, wobei die Polycarbosilanverbindung eine Polycar-
bosilanverbindung ist, die eine Wiederholungseinheit, dargestellt durch die folgende Formel (5), und ein zahlenge-
mitteltes Molekulargewicht von 100 bis 20.000 aufweist:

wobei in der Formel (5) R1 und R2 wie in der Formel (4) definiert sind; A2 eine Alkylengruppe mit 1 bis 12 Kohlen-
stoffatomen darstellt; und R1, R2 und A2 in allen Wiederholungseinheiten jeweils gleich oder verschieden sein können.

4. Polycarbonatharzzusammensetzung gemäß Anspruch 3, wobei die Polycarbosilanverbindung eine Polycarbosilan-
verbindung ist, die eine Wiederholungseinheit, dargestellt durch die folgende Formel (6), und ein zahlengemitteltes
Molekulargewicht von 100 bis 20.000 aufweist:

5. Polycarbonatharzzusammensetzung gemäß einem der Ansprüche 2 bis 4, wobei das fluorhaltige aliphatische Sul-
fonsäurealkalimetallsalz ein Perfluoralkansulfonsäurealkalimetallsalz ist.

6. Polycarbonatharzzusammensetzung gemäß einem der Ansprüche 2 bis 5, wobei das aromatische Sulfonsäureal-
kalimetallsalz ein para-Toluolsulfonsäurealkalimetallsalz ist.

7. Polycarbonatharzzusammensetzung gemäß einem der Ansprüche 2 bis 6, wobei das Polycarbonatharz 20 Massen%
oder mehr eines Polycarbonatharzes mit einem strukturellen Viskositätsindex N von 1,2 oder mehr enthält, wobei
N aus der bekannten Viskosität ηa bei Scherraten von γ = 12,16 sec-1 und γ = 24,32 sec-1 unter Verwendung der
Gleichung Log ηa = [(1 - N)/N] x Log γ + C bestimmt wird, wobei N den strukturellen Viskositätsindex darstellt, γ die
Scherrate darstellt, C eine Konstante darstellt und ηa die bekannte Viskosität darstellt, gemäß der japanischen
ungeprüften Patentanmeldungsveröffentlichung Nr. 2005-232442.

8. Polycarbonatharzzusammensetzung gemäß Anspruch 7, wobei das Polycarbonatharz mit dem strukturellen Visko-
sitätsindex N von 1,2 oder mehr ein Polycarbonatharz ist, welches durch eine Schmelzumesterungsreaktion zwi-
schen einer aromatischen Dihydroxyverbindung und einem Carbonsäurediester hergestellt ist.

9. Polycarbonatharz-Formkörper, der durch Formgebung der Polycarbonatharzzusammensetzung gemäß einem der
Ansprüche 1 bis 8 gefertigt wird.

10. Verwendung einer Polycarbosilanverbindung als Modifizierungsmittel für Polycarbonatharze, wobei die Polycarbo-
silanverbindung eine Wiederholungseinheit, dargestellt durch die folgende Formel (4), und ein zahlengemitteltes
Molekulargewicht von 100 bis 20.000 aufweist:
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wobei in der Formel (4) R1 und R2 jeweils unabhängig eine einwertige Kohlenwasserstoffgruppe, ein Wasserstoffa-
tom oder eine Silylgruppe darstellen; a und b jeweils unabhängig 0 oder 1 darstellen; A1 eine zweiwertige Kohlen-
wasserstoffgruppe mit 1 bis 12 Kohlenstoffatomen darstellt; p und q jeweils unabhängig eine ganze Zahl von 1 bis
8 darstellen; und R1, R2 und A1 in allen Wiederholungseinheiten jeweils gleich oder verschieden sein können.

11. Verwendung einer Polycarbosilanverbindung, um einem Polycarbonatharz eine wasserabweisende und ölabwei-
sende Eigenschaft zu verleihen, wobei die Polycarbosilanverbindung eine Wiederholungseinheit, dargestellt durch
die folgende Formel (4), und ein zahlengemitteltes Molekulargewicht von 100 bis 20.000 aufweist:

wobei in der Formel (4) R1 und R2 jeweils unabhängig eine einwertige Kohlenwasserstoffgruppe, ein Wasserstoffa-
tom oder eine Silylgruppe darstellen; a und b jeweils unabhängig 0 oder 1 darstellen; A1 eine zweiwertige Kohlen-
wasserstoffgruppe mit 1 bis 12 Kohlenstoffatomen darstellt; p und q jeweils unabhängig eine ganze Zahl von 1 bis
8 darstellen; und R1, R2 und A1 in allen Wiederholungseinheiten jeweils gleich oder verschieden sein können.

Revendications

1. Composition de résine de polycarbonate comprenant une résine de polycarbonate et un composé de polycarbosilane,
dans laquelle le composé de polycarbosilane a une unité de répétition représentée par la formule suivante (4) et
une masse moléculaire moyenne en nombre de 100 à 20000 :



EP 2 395 052 B1

39

5

10

15

20

25

30

35

40

45

50

55

dans la formule (4), R1 et R2 représentent chacun indépendamment un groupe hydrocarbure monovalent, un atome
d’hydrogène, ou un groupe silyle ; a et b représentent chacun indépendamment 0 ou 1 ; A1 représente un groupe
hydrocarbure divalent ayant de 1 à 12 atomes de carbone ; p et q représentent chacun indépendamment un entier
de 1 à 8 ; et les R1, R2, et A1 dans toutes les unités de répétition peuvent chacun être les mêmes ou différents,
dans laquelle la quantité de mélange du composé de polycarbosilane est de 0,001 à 20 parties en masse par rapport
à 100 parties en masse de la résine de polycarbonate.

2. Composition de résine de polycarbonate selon la revendication 1 comprenant :

0,005 à 5 parties en masse du composé de polycarbosilane par rapport à 100 parties en masse de la résine
de polycarbonate, et
0,001 à 1 partie en masse d’un composé de sel de métal par rapport à 100 parties en masse de la résine de
polycarbonate ;
dans laquelle le composé de sel de métal est un sel de métal alcalin d’acide sulfonique organique, et
dans laquelle le sel de métal alcalin d’acide sulfonique organique est au moins un sélectionné à partir d’un sel
de métal alcalin d’acide sulfonique aliphatique contenant du fluor et d’un sel de métal alcalin d’acide sulfonique
aromatique.

3. Composition de résine de polycarbonate selon la revendication 1 ou 2, dans laquelle le composé de polycarbosilane
est un composé de polycarbosilane qui a une unité de répétition représentée par la formule suivante (5) et une
masse moléculaire moyenne en nombre de 100 à 20000 :

dans la formule (5), R1 et R2 sont tels que définis dans la formule (4) ; A2 représente un groupe alkylène ayant de
1 à 12 atomes de carbone ; et les R1, R2, et A2 dans toutes les unités de répétition peuvent chacun être les mêmes
ou différents.

4. Composition de résine de polycarbonate selon la revendication 3, dans laquelle le composé de polycarbosilane est
un composé de polycarbosilane qui a une unité de répétition représentée par la formule suivante (6) et une masse
moléculaire moyenne en nombre de 100 à 20000 :
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5. Composition de résine de polycarbonate selon l’une quelconque des revendications 2 à 4, dans laquelle le sel de
métal alcalin d’acide sulfonique aliphatique contenant du fluor est un sel de métal alcalin d’acide sulfonique de
perfluoroalkane.

6. Composition de résine de polycarbonate selon l’une quelconque des revendications 2 à 5, dans laquelle le sel de
métal alcalin d’acide sulfonique aromatique est un sel de métal alcalin d’acide paratoluène-sulfonique.

7. Composition de résine de polycarbonate selon l’une quelconque des revendications 2 à 6, dans laquelle la résine
de polycarbonate contient 20 % en masse ou plus d’une résine de polycarbonate ayant un indice de viscosité
structurelle N de 1,2 ou plus, dans lequel N est déterminé à partir de la viscosité apparente ηa à des taux de
cisaillement de γ = 12,16 s-1 et γ = 24,32 s-1 en utilisant l’équation Log ηa = [(1 - N)/N] x Log γ + C, dans laquelle N
représente l’indice de viscosité structurelle, γ représente le taux de cisaillement, C représente une constante, et ηa,
représente la viscosité apparente, selon la Publication de Demande de Brevet Non examinée Japonaise n°
2005-232442.

8. Composition de résine de polycarbonate selon la revendication 7, dans laquelle la résine de polycarbonate ayant
un indice de viscosité structurelle N de 1,2 ou plus est une résine de polycarbonate produite par transestérification
à l’état fondu entre un composé dihydroxy aromatique et un diester d’acide carbonique.

9. Produit formé de résine de polycarbonate fabriqué en mettant en forme la composition de résine de polycarbonate
selon l’une quelconque des revendications 1 à 8.

10. Utilisation d’un composé de polycarbosilane en tant qu’un modificateur pour résines de polycarbonate, dans laquelle
le composé de polycarbosilane a une unité de répétition représentée par la formule suivante (4) et une masse
moléculaire moyenne en nombre de 100 à 20000 :

dans la formule (4), R1 et R2 représentent chacun indépendamment un groupe hydrocarbure monovalent, un atome
d’hydrogène, ou un groupe silyle ; a et b représentent chacun indépendamment 0 ou 1 ; A1 représente un groupe
hydrocarbure divalent ayant de 1 à 12 atomes de carbone ; p et q représentent chacun indépendamment un entier
de 1 à 8 ; et les R1, R2, et A1 dans toutes les unités de répétition peuvent chacun être les mêmes ou différents.

11. Utilisation d’un composé de polycarbosilane pour conférer des propriétés d’hydrofugation et d’oléofugation à une
résine de polycarbonate, dans laquelle le composé de polycarbosilane a une unité de répétition représentée par la
formule suivante (4) et une masse moléculaire moyenne en nombre de 100 à 20000 :
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dans la formule (4), R1 et R2 représentent chacun indépendamment un groupe hydrocarbure monovalent, un atome
d’hydrogène, ou un groupe silyle ; a et b représentent chacun indépendamment 0 ou 1 ; A1 représente un groupe
hydrocarbure divalent ayant de 1 à 12 atomes de carbone ; p et q représentent chacun indépendamment un entier
de 1 à 8 ; et les R1, R2, et A1 dans toutes les unités de répétition peuvent chacun être les mêmes ou différents.
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