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THERMOPLASTIC RESIN, PROCESS FOR 
PRODUCING SAME AND THEROPLASTIC RESIN 

COMPOSITION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a thermoplastic 
resin, a process for producing such a thermoplastic resin and 
a thermoplastic resin composition. More speci?cally, the 
present invention relates to a thermoplastic resin capable 
of giving a thermoplastic resin composition, Which compo 
sition can exhibit a superior ?ame resisting property and 
superior mechanical properties Without use of any ?ame 
retardant such as a halogen-containing ?ame retardant and a 
phosphorus-containing ?ame retardant, (ii) a process for 
producing such a thermoplastic resin, and (iii) the above 
mentioned thermoplastic resin composition. 

BACKGROUND OF THE INVENTION 

[0002] A kind of ?ame retardant such as a halogen 
containing ?ame retardant, a phosphorus-containing ?ame 
retardant and a metal hydroxide ?ame retardant have been 
extensively used as a ?ame retardant in order to give a ?ame 
resisting property to a thermoplastic resin. 

[0003] HoWever, the ?ame retardant such as a halogen 
containing ?ame retardant and a phosphorus-containing 
?ame retardant may give undesirable in?uences to the 
environment. And the metal hydroxide ?ame retardant has a 
problem that said retardant has to be used in a large amount 
in order to give a suf?cient ?ame resistance to a thermo 
plastic resin, and as a result, the resulting thermoplastic resin 
composition is remarkably deteriorated in its mechanical 
properties. 
[0004] As a ?ame retardant different from those men 
tioned above, US. Pat. Nos. 5,169,887 and 5,294,655 dis 
close a certain kind of polyorganosiloxane compound. More 
speci?cally, US. Pat. No. 5,169,887 discloses a ?ame resist 
ing composition comprising a polyphenylene ether resin and 
a liquid straight chain phenylsiloxane, and US. Pat. No. 
5,294,655 discloses another ?ame resisting composition 
comprising a polyphenylene ether resin, a liquid straight 
chain phenylsiloxane and a block copolymer elastomer. 
Each of these references referred to above is incorporated 
herein by reference in its entiety. 

[0005] Although the compositions disclosed in said US. 
Patents are superior in their ?ame resistance to that of the 
polyphenylene ether resin per se, it is dif?cult to say that said 
compositions have a satisfactory ?ame resistance. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present invention 
to provide a thermoplastic resin capable of giving a ther 
moplastic resin composition, Which composition can exhibit 
a superior ?ame resisting property and superior mechanical 
properties Without use of any ?ame retardant such as a 
halogen-containing ?ame retardant and a phosphorus-con 
taining-?ame retardant. 

[0007] It is another object of the present invention to 
provide a process for producing said thermoplastic resin. 

[0008] It is a further object of the present invention to 
provide a thermoplastic resin composition superior in its 
?ame resisting property and its mechanical properties. 
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[0009] The present inventors have undertaken extensive 
studies to develop a ?ame retardant, Which does not give 
undesirable in?uences to the environment, and Which is 
capable of giving a superior ?ame resistance to a thermo 
plastic resin Without remarkable detriment to the mechanical 
properties of the thermoplastic resin. As a result, it has been 
found that a thermoplastic resin obtained by a reaction 
betWeen a polyphenylene ether resin and a speci?c polyor 
ganosiloxane is a superior ?ame retardant capable of giving 
a superior ?ame resisting property. Thereby, the present 
invention has been obtained. 

[0010] The present invention provides a thermoplastic 
resin (X-1) obtained by a process comprising the step of 
reacting: 

[0011] (1) a polyphenylene ether resin (A) With 

[0012] (2) a polyorganosiloxane (B), 

[0013] Wherein the polyorganosiloxane (B) comprises: 

[0014] at least one functional group selected from 
the group consisting of amino, epoxy, hydroxyl, 
phenol, carboxyl, amide, methacryloyl, vinyl, 
alkoxy, carbonyl and imino groups, and 

[0015] (ii) respective structure units represented by 
the folloWing formulas (I), (II) and (III), provided 
that a molar ratio of the structure unit (I) to the 
structure unit (II), namely structure unit (I)/structure 
unit (II), is from 0.1 to 10 

R1R2SiOm (I) 
R3SiO15 (II) 
R4R5R6SiO05 (III) 

[0016] Wherein R1, R2 and R3 are independently of one 
another an alkyl group having 1 to 3 carbon atoms or an aryl 
group having 6 to 10 carbon atoms, and R4, R5 and R6 are 
independently of one another an alkyl group having 1 to 6 
carbon atoms, an aryl group having 6 to 12 carbon atoms, an 
alkoxy group having 1 to 6 carbon atoms or a hydroxyl 
group. 

[0017] The present invention also provides a thermoplas 
tic resin (X-2) obtained by a process comprising the step of 
reacting: 

[0018] (1) a polyphenylene ether resin (A), With 

[0019] (2) a polyorganosiloxane (B) and 

[0020] (3) a coupling agent (C), 

[0021] Wherein the polyorganosiloxane (B) comprises: 

[0022] at least one functional group selected from 
the group consisting of amino, epoxy, hydroxyl, 
phenol, carboxyl, amide, methacryloyl, vinyl, 
alkoxy, carbonyl and imino groups, and 

[0023] (ii) respective structure units represented by 
the above-de?ned formulas (I), (II) and (III), pro 
vided that a molar ratio of the structure unit (I) to the 
structure unit (II), namely structure unit (I)/structure 
unit (II), is from 0.1 to 10. 

[0024] The present invention further provides a process 
for producing a thermoplastic resin (X-1), Which comprises 
the step of reacting: 
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[0025] (1) a polyphenylene ether resin (A) With 

[0026] (2) a polyorganosiloxane (B), 

[0027] wherein the polyorganosiloxane (B) comprises: 

[0028] at least one functional group selected from 
the group consisting of amino, epoxy, hydroxyl, 
phenol, carboxyl, amide, methacryloyl, vinyl, 
alkoxy, carbonyl and imino groups, and 

[0029] (ii) respective structure units represented by 
the above-de?ned formulas (I), (II) and (III), pro 
vided that a molar ratio of the structure unit (I) to the 
structure unit (II), namely structure unit (I)/structure 
unit (II), is from 0.1 to 10. 

[0030] The present invention still further provides a pro 
cess for producing a thermoplastic resin (X-2), Which com 
prises the step of reacting: 

[0031] (1) a polyphenylene ether resin (A) With 

[0032] (2) a polyorganosiloxane (B) and 

[0033] (3) a coupling agent (C), 

[0034] Wherein the polyorganosiloxane (B) comprises: 

[0035] at least one functional group selected from 
the group consisting of amino, epoxy, hydroxyl, 
phenol, carboxyl, amide, methacryloyl, vinyl, 
alkoxy, carbonyl and imino groups, and 

[0036] (ii) respective structure units represented by 
the above-de?ned formulas (I), (II) and (III), pro 
vided that a molar ratio of the structure unit (I) to the 
structure unit (II), namely structure unit (I)/structure 
unit (II), is from 0.1 to 10. 

[0037] The present invention additionally provides a ther 
moplastic resin composition (Z-1) comprising: 

[0038] the above-de?ned thermoplastic resin 
(X-1) and 

[0039] (ii) a thermoplastic resin 

[0040] The present invention still additionally provides a 
thermoplastic resin composition (Z-2) comprising: 

[0041] the above-de?ned thermoplastic resin 
(X-2) and 

[0042] (ii) a thermoplastic resin 

[0043] In the present invention, the thermoplastic resin 
(X-1) and the thermoplastic resin (X-2) are hereinafter 
together referred to as “thermoplastic resin (X)”, and the 
thermoplastic resin composition (Z-1) and the thermoplastic 
resin composition (Z-2) are also hereinafter together referred 
to as “thermoplastic resin composition (Z)”. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] The “polyphenylene ether resin (A)” used in the 
present invention means a (co)polymer resin obtained by 
oxidatively polymeriZing at least one phenol compound 
represented by the folloWing formula (IV) With oxygen or an 
oxygen-containing gas With the aid of an oxidative coupling 
catalyst, 
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(IV) 
OH 

[0045] Wherein R7,R8,R9,R1O and R11 are independently of 
one another a hydrogen atom, a halogen atom, a hydrocar 
bon group or a substituted hydrocarbon group, provided that 
at least one of them is alWays a hydrogen atom. 

[0046] Examples of R7,R8,R9,R1O and R11 in the formula 
(IV) are hydrogen, chlorine, bromine, ?uorine, iodine, 
methyl, ethyl, n-propyl, iso-propyl, pri-butyl, sec-butyl, 
t-butyl, hydroxyethyl, phenylethyl, benZyl, hydroxymethyl, 
carboxyethyl, methoxycarbonylethyl, cyanoethyl, phenyl, 
methylphenyl, dimethylphenyl, ethylphenyl and allyl. 

[0047] Examples of the phenol compound represented by 
the formula (IV) are phenol, o-cresol, m-cresol, p-cresol, 
2,6-dimethylphenol, 2,5-dimethylphenol, 2,4-dimethylphe 
nol, 3,5-dimethylphenol, 2-methyl-6-phenylphenol, 2,6 
diphenylphenol, 2,6-diethylphenol, 2-methyl-6-ethylphenol, 
2,3,5-trimethylphenol, 2,3,6-trimethylphenol, 2,4,6-trimeth 
ylphenol, 3-methyl-6-t-butylphenol, thymol and 2-methyl 
6-allylphenol. Among these phenol compounds, 2,6-dimeth 
ylphenol, 2,6-diphenylphenol, 3-methyl-6-t-butylphenol 
and 2,3,6-trimethylphenol are preferred. 

[0048] It is alloWable to copolymeriZe the phenol com 
pound represented by the formula (IV) With a polyhydric 
aromatic compound such as bisphenol-A, resorcinol, hyd 
roquinone and novolak resins to prepare a copolymer. In the 
present invention, the polyphenylene ether resin (A) used in 
the present invention also means the copolymer obtained by 
such a copolymeriZation. 

[0049] The oxidative coupling catalyst used for the oxi 
dative (co)polymeriZation of said phenol compound is not 
particularly limited, and any catalyst having a polymeriZing 
ability can be used. 

[0050] As a process for oxidatively (co)polymeriZing the 
phenol compound to produce the polyphenylene ether resin, 
there are exempli?ed those disclosed in, for example, US. 
Pat. Nos. 3,306,874, 3,306,875 and 3,257,357, Japanese 
Patent Publication (JP-B) No. 52-17880, Japanese Patent 
Kokai (JP-A) Nos. 50-51197 and 1-304119. Each of these 
references referred to above is incorporated herein by ref 
erence in its entiety. 

[0051] Speci?c examples of the polyphenylene ether resin 
(A) used in the present invention are homopolymers such as 
poly(2,6-dimethyl-1,4-phenylene ether), poly(2,6-diethyl-1, 
4-phenylene ether), poly(2-methyl-6-ethyl-1,4-phenylene 
ether), poly(2-methyl-6-propyl-1,4-phenylene ether), 
poly(2,6-dipropyl-1,4-phenylene ether), poly(2-ethyl-6-pro 
pyl-1,4-phenylene ether), poly(2,6-dibutyl-1,4-phenylene 
ether), poly(2,6-dipropenyl-1,4-phenylene ether), poly(2,6 
dilauryl-1,4-phenylene ether), poly(2,6-diphenyl-1,4-phe 
nylene ether), poly(2,6-dimethoxy-1,4-phenylene ether), 
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poly(2,6-diethoxy-1,4-phenylene ether), poly(2-methoxy-6 
ethoxy-1,4-phenylene ether), poly(2-ethyl-6-stearyloxy-1,4 
phenylene ether), poly(2-methyl-6-phenyl-1,4-phenylene 
ether), poly(2-methyl-1,4-phenylene ether), poly(2-ethoxy 
1,4-phenylene ether), poly(3-methyl-6-t-butyl-1,4-phe 
nylene ether) and poly(2,6-dibenZyl-1,4-phenylene ether), 
and copolymers having repeating units Which are different 
from one another and Which are selected from those con 
stituting the above-exempli?ed homopolymers. 

[0052] The “polyphenylene ether resin (A)” used in the 
present invention further means a copolymer of a multi 
substituted phenol such as 2,3,6-trimethylphenol and 2,3,5, 
6-tetramethylphenol With a 2-substituted phenol such as 
2,6-dimethylphenol. 

[0053] Among the polyphenylene ether resins exempli?ed 
above, preferred are poly(2,6-dimethyl-1,4-phenylene ether) 
and a copolymer of 2,6-dimethylphenol With 2,3,6-trimeth 
ylphenol. 

[0054] The “polyphenylene ether resin (A)” used in the 
present invention still further means a graft copolymer 
obtained by grafting the above-mentioned (co)polymer With 
a styrene compound such as styrene, ot-methylstyrene, 
p-methylstyrene and vinyltoluene. 

[0055] The “polyphenylene ether resin (A)” used in the 
present invention additionally means a polyphenylene ether 
resin derivative capable of producing a chemical bond 
through reaction With the functional group contained in the 
polyorganosiloxane Examples of the polyphenylene 
ether resin derivative are resins obtained by modi?cation 
reaction of the polyphenylene ether resin such as poly(2,6 
dimethyl-1,4-phenylene ether) With an acid anhydride such 
as maleic anhydride, resins obtained by modi?cation reac 
tion thereof With an epoxy compound such as glycidyl 
methacrylate, resins obtained by modi?cation reaction 
thereof With a carboxylic acid such as acrylic acid and resins 
obtained by modi?cation reaction thereof With an amine 
compound such as hexamethylenediamine. 

[0056] The amino, epoxy, hydroxyl, phenol, carboxyl, 
amide, methacryloyl, vinyl, alkoxy, carbonyl or imino group 
contained in the polyorganosiloxane (B) used in the present 
invention is bonded to the terminal or the side chain of the 
polyorganosiloxane 

[0057] With respect to the structure units represented by 
the above formulas (I), (II) and (III), the structure units (I), 
(II) and (III) stand for a divalent structure unit expressing 
non-terminal parts (i.e. parts Which are not terminal) of the 
molecule, a trivalent structure unit expressing non-terminal 
parts of the molecule, and a univalent structure unit express 
ing a terminal part of the molecule, respectively. Therefore, 
the structure unit of the formula (I) forms a straight chain 
structure, and the structure unit of the formula (II) forms a 
tWo- or three-dimensional netWork or branched structure. 

[0058] Here, the term “structure unit” means a chemical 
structure unit constituting a compound. For example, a 
compound represented by the folloWing formula (V) (its 
molecular formula being CMH36 Si5 O 4) can be said to be a 
compound composed of one structure unit of (CH3)2SiO1_O 
(its molecular formula being C2H6SiO1_0), one structure unit 
of (CH3)SiO1_5, and three structure units of (CH3)3SiOO_5 (its 
molecular formula being C9H27Si3O15). 
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[0059] In the formulas (I) and (II), R1, R2 and R3 are 
independently of one another an alkyl group having 1 to 3 
carbon atoms or an aryl group having 6 to 10 carbon atoms. 
When R1 to R3 stand for the alkyl group, a methyl group is 
preferred. Examples of the aryl group are a phenyl group, a 
naphthyl group and groups derived from said groups. 
Among these aryl groups, a phenyl group is particularly 
preferred from a vieWpoint of ?ame resistance of the ther 
moplastic resin composition in accordance With the present 
invention. Also from a vieWpoint of ?ame resistance of the 
thermoplastic resin composition in accordance With the 
present invention, the aryl group is better than the alkyl 
group as R1 to R3. Here, When the polyorganosiloxane (B) 
has tWo or more structure units (I) (R1R2SiO1_O), respective 
Rls may be the same or different, and in the same Way, 
respective R2s may be the same or different. 

[0060] In the formula (III), R4, R5 and R6 are indepen 
dently of one another an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 12 carbon atoms, an alkoxy 
group having 1 to 6 carbon atoms or a hydroxyl group. From 
a vieWpoint of balance betWeen ?ame resistance and 
mechanical properties of the thermoplastic resin composi 
tion in accordance With the present invention, methyl and 
hydroxyl groups are preferred. 

[0061] In the present invention, a proportion of aryl 
groups in groups represented by R1 to R6 is preferably from 
10 to 100% by mole, and more preferably from 30 to 100% 
by mole, provided that the sum of groups represented by R1 
to R6 is assigned to be 100% by mole. When the proportion 
of aryl groups is less than 10% by mole, the thermoplastic 
resin composition in accordance With the present invention 
may become insuf?cient in its ?ame resistance. 

[0062] The polyorganosiloxane (B) used in the present 
invention can be produced in a manner knoWn in the art to 
produce a polyorganosiloxane. As one embodiment of the 
production processes thereof, there can be exempli?ed a 
process comprising the steps of: 

[0063] (1) subjecting a mixture of a diorganodichlo 
rosilane and a monoorganotrichlorosilane to 
hydrolysis, thereby obtaining a precursor of the 
desired polyorganosiloxane, Which is a partial con 
densation product of both chlorosilanes, and 

[0064] (2) alloWing the precursor and a triorga 
nochlorosilane to react With each other, 

[0065] Wherein a chlorosilane having at least one 
functional group selected from the group consisting 
of amino, epoxy, hydroxyl, phenol, carboxyl, amide, 
methacryloyl, vinyl, alkoxy, carbonyl and imino 
groups is added in the step (1) and/or the step (2), 
Whereby the polyorganosiloxane (B) can be pro 
duced. 

[0066] A molar ratio of a content of the structure unit (I) 
in the polyorganosiloxane (B) to a content of the structure 
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unit (II) therein, namely structure unit (I)/structure unit (II), 
is from 0.1 to 10. When the ratio exceeds 10, the thermo 
plastic resin composition (Z) in accordance With the present 
invention may become insu?icient in its ?ame resistance. 
Whereas, When it is less than 0.1, a melt viscosity of the 
thermoplastic resin may be increased to cause deterio 
ration of a molding processability of the thermoplastic resin 
composition 

[0067] In the present invention, the polyorganosiloxane 
(B) may further comprise a tetravalent structure unit repre 
sented by the following formula (VI) in addition to the 
divalent structure unit (I), the trivalent structure unit (II) and 
the univalent structure unit (III). A content of the structure 
unit (VI) is preferably not higher than 30% by mole based 
on the content of structure unit (II). 

SiOZD (VI) 

[0068] A Weight average molecular Weight of the polyor 
ganosiloxane (B) used in the present invention is preferably 
betWeen 500 (inclusive) and 300,000 (exclusive). When the 
Weight average molecular Weight is loWer than 500, the 
thermoplastic resin composition (Z) may be deteriorated in 
its ?ame resistance. On the other hand, When it is not loWer 
than 300,000, the thermoplastic resin composition (Z) may 
be deteriorated in its moldability. 

[0069] The “coupling agent (C)” used in the present 
invention means a compound capable of producing a chemi 
cal bond through reaction With both the polyphenylene ether 
resin (A) and the polyorganosiloxane The coupling 
agent is not limited in its kind, and examples thereof are 
compounds having tWo or more functional groups such as 
amino, hydroxyl, carboxyl, epoxy and vinyl groups. Speci?c 
examples thereof are polyamine compounds such as 1,6 
diaminohexane, 1,12-diaminododecane, triethyltetramine 
and diethylenetriamine; polyisocyanate compounds such as 
2,4-tolylenediisocyanate, 2,6-tolylenediisocyanate, di-p 
phenylenediisocyanate, phenylenemethanediisocyanate and 
triphenylenemethanetriisocyanate; polyol compounds such 
as 1,4-butanediol, 1,6-hexanediol, 1,12-dodecanediol, glyc 
erol and pentaerythritol; polycarboxylic acids such as suc 
cinic acid, glutaric acid, adipic acid and phthalic acid; 
aminocarboxylic acids such as 6-aminohexanoic acid, 
11-aminoundecanoic acid and 12-aminododecanoic acid; 
polyepoxy compounds such as ethylene glycol diglycidyl 
ether, propylene glycol diglycidyl ether, glycerol polygly 
cidyl ether, sorbitol polyglycidyl ether and trimethylolpro 
pane polyglycidyl ether; and polyene compounds such as 
divinylbenZene, butadiene and hexadiene. 

[0070] The coupling agent is used generally in an amount 
of from 0.3 to 4 times by molar equivalent the content (mole) 
of the functional group contained in the polyorganosiloxane 
(B). 
[0071] A content of a chemical structure derived from the 
polyorganosiloxane (B) present in the ?ame resisting ther 
moplastic resin in accordance With the present invention 
is usually from 10 to 90 parts by Weight, and preferably from 
20 to 80 parts by Weight, based on 100 parts by Weight of a 
chemical structure derived from the polyphenylene ether 
resin When the content of the chemical structure 
derived from the polyorganosiloxane (B) is less than 10 parts 
by Weight, the thermoplastic resin composition (Z) may 
become insufficient in its ?ame resistance. When it exceeds 

Aug. 16, 2001 

90 parts by Weight, the thermoplastic resin composition (Z) 
may become insu?icient in its heat resistance. 

[0072] The thermoplastic resin in accordance With the 
present invention can be produced by the folloWing produc 
tion processes-1 to 4, Which are only illustrative, and are not 
limitative for the scope of the present invention. Among 
these, the production processes-3 and 4 are preferred from 
an economical point of vieW. 

[0073] Process-1 

[0074] Process-1 comprises the step of heating a mixture 
containing the polyphenylene ether resin (A) and the poly 
organosiloxane (B) in a substantially inert organic solvent. 
In the process, if desired, a peroxide may be used. Examples 
of the peroxide are benZoyl peroxide, t-butyl peroxyben 
Zoate, dicumenyl peroxide, t-butylcumenyl peroxide, t-butyl 
peroxide, 2,5-dimethyl-2,5-di-t-butyl peroxyhexane, di-t 
butylperoxy-di-isopropylbenZene and t-butyl peroxypiv 
alate. As speci?c examples of the Process-1, there are 
enumerated the folloWing processes (1) to (4): 

[0075] (1) a process comprising the steps of: 

[0076] dissolving poly(2,6-dimethyl-phenylene 
ether) and a polyorganosiloxane having a vinyl, 
hydroxyl or carboxyl group in toluene, 

[0077] (ii) heating the resulting solution at 50 to 
111° C. for 0.1 to 1 hour, 

[0078] (iii) adding the peroxide thereto, (iv) re?ux 
ing the resultant for 24 hours, and then 

[0079] (v) recovering the desired thermoplastic 
resin from the reaction mixture, 

[0080] (2) a process comprising the steps of: 

[0081] dissolving an acid anhydride-modi?ed 
resin of poly(2,6-dimethyl-1,4-phenylene ether) 
and an amino group-carrying polyorganosiloxane 
in toluene, 

[0082] (ii) re?uxing the resulting solution for 0.1 
to 10 hours, and then 

[0083] (iii) recovering the desired thermoplastic 
resin from the reaction mixture, 

[0084] (3) a process comprising the steps of: 

[0085] dissolving an epoxy group-carrying 
poly(2,6-dimethyl-1,4-phenylene ether) and an 
amino group or carboxyl group-carrying polyor 
ganosiloxane in toluene, 

[0086] (ii) re?uxing the resulting solution for 0.1 
to 10 hours, and then 

[0087] (iii) recovering the desired thermoplastic 
resin from the reaction mixture, and 

[0088] (4) a process comprising the steps of: 

[0089] dissolving an amino group or carboxyl 
group-carrying poly(2,6-dimethyl-1,4-phenylene 
ether) and an epoxy group-carrying polyorganosi 
loxane in toluene, 

[0090] (ii) re?uxing the resulting solution for 0.1 
to 10 hours, and then 
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[0091] (iii) recovering the desired thermoplastic 
resin from the reaction mixture. 

[0092] Process-2 

[0093] Process-2 comprises the step of heating a mixture 
containing the polyphenylene ether resin (A), the polyorga 
nosiloxane (B) and the coupling agent (C) in a substantially 
inert organic solvent. As a speci?c example of said Process 
2, there is enumerated a process comprising the steps of: 

[0094] dissolving an acid anhydride-modi?ed 
resin of poly(2,6-dimethyl-1,4-phenylene ether) and 
a carboxyl group-carrying polyorganosiloxane in 
toluene, 

[0095] (ii) heating the resulting solution at 50 to 111° 
C. for 0.1 to 1 hour, 

[0096] (iii) adding the diamine compound thereto, 

[0097] (iv) re?uxing the resultant for 1 to 24 hours, 
and then 

0098 v recoverin the desired thermo lastic resin g P 
(X) from the reaction mixture. 

[0099] The organic solvent used in this process and the 
above-mentioned Process-1 contains those capable of dis 
solving or dispersing the polyphenylene ether resin (A) and 
the polyorganosiloxane Speci?c examples thereof are 
xylene and chloroform besides toluene already mentioned 
above. 

[0100] Process-3 

[0101] Process-3 comprises the step of melt-kneading a 
mixture containing the polyphenylene ether resin (A) and 
the polyorganosiloxane As speci?c examples of the 
Process-3, there are enumerated the folloWing processes (1) 
to (4): 

[0102] (1) a process comprising the step of melt 
kneading a mixture containing poly(2,6-dimethyl-1, 
4-phenylene ether) and a vinyl, hydroxyl or carboxyl 
group-carrying polyorganosiloxane to obtain the 
desired thermoplastic resin (X), 

[0103] (2) a process comprising the step of melt 
kneading a mixture containing an acid anhydride 
modi?ed resin of poly(2,6-dimethyl-1,4-phenylene 
ether) and an amino group-carrying polyorganosi 
loxane to obtain the desired thermoplastic resin (X), 

[0104] (3) a process comprising the step of melt 
kneading a mixture containing an epoxy group 
carrying poly(2,6-dimethyl-1,4-phenylene ether) and 
an amino or carboxyl group-carrying polyorganosi 
loxane to obtain the desired thermoplastic resin (X), 
and 

[0105] (4) a process comprising the step of melt 
kneading a mixture containing an amino or carboxyl 
group-carrying poly(2,6-dimethyl-1,4-phenylene 
ether) and an epoxy group-carrying polyorganosi 
loxane to obtain the desired thermoplastic resin 

[0106] Process-4 

[0107] Process-4 comprises the step of melt-kneading a 
mixture containing the polyphenylene ether resin (A), the 
polyorganosiloxane (B) and the coupling agent As a 
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speci?c example thereof, there is enumerated a process 
comprising the step of melt-kneading a mixture containing 
an acid anhydride-modi?ed resin of poly(2,6-dimethyl-1,4 
phenylene ether), a carboxyl group-carrying polyorganosi 
loxane and the diamine compound to obtain the desired 
thermoplastic resin 

[0108] The thermoplastic resin (D) used in the present 
invention is not particularly limited. Speci?c examples 
thereof are alkenyl aromatic resins such as polystyrene, high 
impact polystyrene and styrene-butadiene-styrene triblock 
copolymer; polyphenylene ether resin; ole?n polymers such 
as polypropylene, high density polyethylene, loW density 
polyethylene, linear loW density polyethylene, propylene 
ethylene copolymer, ethylene-butene-1 copolymer, ethyl 
ene-pentene copolymer, ethylene-hexene copolymer and 
poly-4-methylpentene-1; copolymers of an ole?n such as 
ethylene and propylene With a vinyl monomer such as an 
acrylic acid ester containing, for example, methyl acrylate 
and ethyl acrylate, a methacrylic acid ester containing, for 
example, methyl methacrylate and ethyl methacrylate, vinyl 
acetate, styrene, acrylonitrile and glycidyl (meth)acrylate; 
high molecular compounds such as polymethyl methacry 
late, acrylonitrile-butadiene-styrene copolymer, polyvinyl 
acetate, polyvinylpyridine, polyvinylcarbaZol, polyacryla 
mide, polyacrylonitrile, polycarbonate, polysulfone, poly 
ether sulfone, polyethylene terephthalate, polybutylene 
terephthalate, polyarylene ester, polyphenylene sul?de, 
polyamide (for example, 6-nylon, 6,6-nylon and 12-nylon) 
and polyacetal; phenolic resin; silicone resin; and ?uo 
roresin. Among them, the thermoplastic resins (D) having an 
aromatic ring in the molecule is preferred, because such 
thermoplastic resins (D) have superior compatibility With 
the thermoplastic resin in accordance With the present 
invention. Examples of the thermoplastic resin (D) having 
an aromatic ring in the molecule are polycarbonate, acry 
lonitrile-butadiene-styrene copolymer, alkenyl aromatic 
resin, polyphenylene ether resin and polyphenylene sul?de 
resin. Of these, the alkenyl aromatic resin and the polyphe 
nylene ether resin are preferred, because said resins have 
particularly superior compatibility With the thermoplastic 
resin 

[0109] A proportion of the thermoplastic resin in the 
thermoplastic resin composition (Z) in accordance With the 
present invention is usually from about 0.1 to about 20% by 

Weight, provided that the sum of the thermoplastic resin and the thermoplastic resin (D) is assigned to be 100% by 

Weight. When the proportion of the thermoplastic resin is less than about 0.1% by Weight, the thermoplastic resin 

composition (Z) may become insuf?cient in its ?ame resis 
tance. Whereas, When it exceeds about 20% by Weight, the 
thermoplastic resin composition (Z) may be deteriorated in 
its mechanical properties such as rigidity. 

[0110] If necessary, each one of the polyphenylene ether 
resin (A) and the polyorganosiloxane (B) used for the 
production of the thermoplastic resin in accordance With 
the present invention, and each one of the thermoplastic 
resin and the thermoplastic resin (D) used for the 
production of the thermoplastic resin composition (Z) in 
accordance With the present invention may be used in 
combination With an additional component. Examples of 
said additional component are styrene elastomers capable of 
improving properties such as processability and impact 
resistance of the thermoplastic resin composition (Z), and 
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?llers capable of reinforcing the thermoplastic resin com 
position (Z) or giving some functions to the composition (Z) 
or increasing the Weight of the composition (Z) in order to 
decrease its production cost. 

[0111] The styrene elastomers mentioned above are not 
particularly limited, and those knoWn in the art can be used. 
Speci?c examples thereof are a styrene-butadiene block 
copolymer having both at least one polystyrene block and at 
least one polybutadiene block; a styrene-isoprene block 
copolymer having both at least one polystyrene block and at 
least one polyisoprene block; a block copolymer having both 
at least one polystyrene block and at least one isoprene 
butadiene copolymer block; another block copolymer 
obtained by selectively hydrogenating an unsaturated bond 
portion present in the isoprene block or the butadiene block 
of the above-mentioned block copolymers, Which block 
copolymer is hereinafter referred to as “hydrogenated block 
copolymer”; and a graft copolymer obtained by graft-poly 
meriZing styrene to a polyole?n elastomer obtained by 
copolymeriZing at least tWo members selected from ethyl 
ene, propylene, butene, butadiene and isoprene, Which graft 
copolymer is hereinafter referred to as “styrene-graft poly 
ole?n”. Of these, the hydrogenated block copolymer and the 
styrene-graft polyole?n are preferred. 

[0112] The ?llers mentioned above are not particularly 
limited. Speci?c examples thereof are reinforcing ?bers 
such as glass ?ber, carbon ?ber, aramid ?ber, aluminum 
made ?ber and stainless steel-made ?ber; inorganic ?llers 
such as metal Whisker, silica, alumina, calcium carbonate, 
talc, mica, clay, kaolin, magnesium sulfate, carbon black, 
titanium oxide, Zinc oxide and antimony trioxide; and addi 
tives such as antioxidants, Weather resistance-improving 
agents, nucleating agents for polyole?n, slip agents, ?ame 
retardants, ?ame resisting auxiliaries, plasticiZers, various 
coloring agents, anti-static agents and mold releasing agents. 

[0113] A process for producing the thermoplastic resin 
composition (Z) in accordance With the present invention is 
not particularly limited, and may be any process knoWn in 
the art. For example, there are enumerated a process 
comprising the step of melt-kneading the thermoplastic resin 
(X) separately prepared With the thermoplastic resin (D) in 
a molten state, and (ii) a process comprising the step of 
blending the thermoplastic resin separately prepared 
With the thermoplastic resin (D) in a solution state. Of these, 
the process is recommendable. As one embodiment of the 
process (i), there is enumerated a process comprising the 
step of melt-kneading the thermoplastic resin With the 
thermoplastic resin (D) With a kneading machine such as a 
Bumbury’s mixer, a plastmill, a brabender, a single screW 
extruder and a tWin screW extruder. A temperature for the 
melt-kneading is usually from 150 to 400° C., and preferably 
from 200 to 350° C. 

[0114] In addition to the processes and (ii) mentioned 
above, in Which the thermoplastic resin separately 
prepared is used, there is enumerated (iii) another process 
comprising the step of producing both the thermoplastic 
resin and the thermoplastic resin composition (Z) suc 
cessively or substantially simultaneously by melt-kneading 
method. The process (iii) is advantageous from an economi 
cal point of vieW. As one embodiment of the process (iii), 
there is enumerated a process comprising the step of either 
melt-kneading the polyphenylene ether resin (A), the poly 
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organosiloxane (B) and the thermoplastic resin (D) to obtain 
the thermoplastic resin composition (Z-1), or melt-kneading 
the polyphenylene ether resin (A), the polyorganosiloxane 
(B), the coupling agent (C) and the thermoplastic resin (D) 
to obtain the thermoplastic resin composition (Z-2), in an 
extruder equipped With the singular number or the plural 
number of a feeding means. A feeding order of respective 
components is not limited, and respective components may 
be fed in a lump or dividedly. 

[0115] The thermoplastic resin composition (Z) in accor 
dance With the present invention can be applied particularly 
suitably for uses Where a ?ame resistance is required, for 
example, uses of electric and electronic parts such as ?yback 
transducers, de?ection yokes, connectors, relay housings 
and coil bobbins; uses of electric containers such as battery 
cases; and uses of structure parts such as developing tanks, 
fans, fan housings, housings of of?ce automation instru 
ments, chassis for of?ce automation instruments and trays. A 
shape of the molded products is not limited. 

[0116] In applying the thermoplastic resin composition (Z) 
in accordance With the present invention for uses as men 
tioned above, a method for molding said composition is not 
limited, and may be a conventional molding method. For 
example, an injection molding method, an extrusion mold 
ing method, a compression molding method and a bloW 
molding method are enumerated. 

EXAMPLE 

[0117] The present invention is illustrated in more detail 
With reference to Examples, Which are only illustrative, and 
are not limitative for the scope of the present invention. 
Meanings of abbreviated Words and the evaluation method 
of ?ame resistance are as folloWs. 

[0118] 1. PPE 

[0119] Poly(2,6-dimethyl-1,4-phenylene ether), its intrin 
sic viscosity measured in a chloroform solvent at 30° C. 
being 0.46 dl/g. 

[0120] 2. SIP-1 

[0121] Polyorganosiloxane comprising the structure units 
(I), (II) and (III) mentioned above, and having a Weight 
average molecular Weight of 4,000, a vinyl group content of 
1.2% by Weight, a molar ratio of structure unit (I)/structure 
unit (II) of 0.25, and a molar ratio of methyl groups in groups 
represented by R1 to R6/phenyl groups therein of 1. 

[0122] 3. SIP-2 

[0123] Polyorganosiloxane comprising the structure units 
(I), (II) and (III) mentioned above, and having a Weight 
average molecular Weight of 11,000, a hydroxyl group 
content of 0.9% by Weight, a molar ratio of structure unit 
(I)/structure unit (II) of 1, and a molar ratio of methyl groups 
in groups represented by R1 to R6/phenyl groups therein of 
0.5. 

[0124] 4. SIP-3 

[0125] Silicon compound comprising the structure units 
(I) and (III) mentioned above, and having a Weight average 
molecular Weight of 11,000, a hydroxyl group content of 
0.9% by Weight, and methyl groups as all of groups repre 
sented by R1 to R6. 
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[0126] 5. PO 

[0127] t-Butyl peroxypivalate of a trade mark PV-70, 
manufactured by Kayaku Nully Co., Ltd. 

[0128] 6. PS 

[0129] Polystyrene resin of a trade mark G 690, manufac 
tured by Japan Poly Styrene Inc. 

[0130] 7. Evaluation of Flame Resistance 

[0131] The resin Was press-molded at 300° C. to obtain a 
test piece of 50 mm length><5 mm Width><1 mm thickness. 
The test piece Was hung doWn to a clump vertically in a 
lengthwise direction. A ?ame Was contacted With the loWer 
end of the test piece. After 10 second contact, the ?ame Was 
detached therefrom. Atime from detachment of the ?ame to 
a time When a ?ame caused by burning of the test piece 
disappeared Was measured. The time measured Was 
regarded as a duration of combustion. The shorter the 
duration of combustion, the higher the ?ame resistance. 

Example 1 

[0132] 4 Grams of PPE and 4 g of SIP-1 Were dissolved in 
100 cc of toluene in an eggplant type ?ask, Which Was then 
dipped in an oil bath kept at 130° C. To the solution, 100 mg 
of PO Was added, and the mixture Was re?uxed for 2 hours. 
The resulting toluene solution Was added to ethanol under 
stirring, thereby precipitating a solid, Which Was then sepa 
rated by ?ltration. The solid separated Was dissolved in 
toluene, the resulting toluene solution Was added to ethanol 
under stirring, and a solid precipitated Was separated by 
?ltration, and this series of operations Was repeated once 
more. The solid obtained Was dried to obtain a thermoplastic 

resin (X-1). 

[0133] With respect to the thermoplastic resin (X-1) 
obtained, an infrared spectroscopic analysis revealed 
absorption peaks caused by Si—(CH3)1_3 in the neighbor 
hood of 800 cm'1 and 1,240 cm_1, respectively. From this 
fact, it Was con?rmed that the reaction betWeen PPE and 
SIP1 proceeded. A glass transition point of the thermoplastic 
resin (X-1) Was found to be 199° C. (DSC measurement). A 
duration of combustion relating to a test piece obtained by 
press-molding the thermoplastic resin (X-1) at 300° C. Was 
found to be 2 seconds. 

Example 2 

[0134] Example 1 Was repeated, except that SIP-2 Was 
used in place of SIP-1, thereby obtaining another thermo 
plastic resin (X-1). An infrared spectroscopic analysis relat 
ing to the obtained thermoplastic resin (X-1) revealed 
absorption peaks caused by Si—(CH3)1_3 in the neighbor 
hood of 800 cm-1 and 1,240 cm_1, respectively. From this 
fact, it Was con?rmed that the reaction betWeen PPE and 
SIP-2 proceeded. A glass transition point of this thermoplas 
tic resin (X-1) Was found to be 191° C. (DSC measurement). 
A duration of combustion relating to a test piece obtained by 
press-molding this thermoplastic resin (X-1) at 300° C. Was 
found to be 2 seconds. 

Example 3 

[0135] 10 Parts by Weight of the thermoplastic resin (X-1) 
obtained in Example 1 and 90 parts by Weight of PPE Were 
dissolved in chloroform. The chloroform solution Was added 
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to methanol under stirring, and a solid precipitated Was 
separated by ?ltration and dried, thereby obtaining a ther 
moplastic resin composition (Z-1). Aduration of combustion 
relating to a test piece obtained by press-molding the ther 
moplastic resin composition (Z-1) at 260° C. Was found to 
be 1.3 seconds. 

Example 4 

[0136] 10 Parts by Weight of the thermoplastic resin (X-1) 
obtained in Example 1 and 90 parts by Weight of PS Were 
dissolved in chloroform. The chloroform solution Was added 
to methanol under stirring, and a solid precipitated Was 
separated by ?ltration and dried, thereby obtaining another 
thermoplastic resin composition (Z-1). A duration of com 
bustion relating to a test piece obtained by press-molding 
this thermoplastic resin composition (Z-1) at 260° C. Was 
found to be 23 seconds. 

Comparative Example 1 

[0137] Example 1 Was repeated, except that SIP-3 Was 
used in place of SIP-1, thereby obtaining a thermoplastic 
resin. An infrared spectroscopic analysis relating to this 
thermoplastic resin revealed absorption peaks caused by 
Si—(CH3)1_3 in the neighborhood of 800 cm'1 and 1,240 
cm_1, respectively. From this fact, it Was con?rmed that the 
reaction betWeen PPE and SIP-3 proceeded. A glass transi 
tion point of this thermoplastic resin Was found to be 200° 
C. (DSC measurement). Aduration of combustion relating to 
a test piece obtained by press-molding this thermoplastic 
resin at 300° C. Was found to be 21 seconds. 

Comparative Example 2 

[0138] A duration of combustion relating to a test piece 
obtained by press-molding PPE at 300° C. Was found to be 
9 seconds. 

Comparative Example 3 

[0139] A duration of combustion relating to a test piece 
obtained by press-molding PS at 220° C. Was found to be 63 
seconds. 

Comparative Example 4 

[0140] 10 Parts by Weight of the thermoplastic resin 
obtained in Comparative Example 1 and 90 parts by Weight 
of PPE Were dissolved in chloroform. The chloroform 
solution Was added to methanol under stirring, and a solid 
precipitated Was separated by ?ltration and dried, thereby 
obtaining a thermoplastic resin composition. A duration of 
combustion relating to a test piece obtained by press 
molding this thermoplastic resin composition at 300° C. Was 
found to be 5.5 seconds. 

Comparative Example 5 

[0141] 10 Parts by Weight of the thermoplastic resin 
obtained in Comparative Example 1 and 90 parts by Weight 
of PS Were dissolved in chloroform. The chloroform solu 
tion Was added to methanol under stirring, and a solid 
precipitated Was separated by ?ltration and dried, thereby 
obtaining a thermoplastic resin composition. A duration of 
combustion relating to a test piece obtained by press 
molding this thermoplastic resin composition at 260° C. Was 
found to be 44 seconds. 
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1. A thermoplastic resin (X-1) obtained by a process 
comprising the step of reacting: 

(1) a polyphenylene ether resin (A) With 

(2) a polyorganosiloXane (B), 

Wherein the polyorganosiloXane (B) comprises: 

(i) at least one functional group selected from the group 
consisting of amino, epoxy, hydroXyl, phenol, car 
boXyl, amide, methacryloyl, vinyl, alkoXy, carbonyl 
and imino groups, and 

(ii) respective structure units represented by the folloWing 
formulas (I), (II) and (III), provided that a molar ratio 
of the structure unit (I) to the structure unit (II), namely 
structure unit (I)/structure unit (II), is from 0.1 to 10 

Wherein R1, R2 and R3 are independently of one another 
an alkyl group having 1 to 3 carbon atoms or an aryl 
group having 6 to 10 carbon atoms, and R4, R5 and R6 
are independently of one another an alkyl group having 
1 to 6 carbon atoms, an aryl group having 6 to 12 
carbon atoms, an alkoXy group having 1 to 6 carbon 
atoms or a hydroXyl group. 

2. The thermoplastic resin (X-1) according to claim 1, 
Wherein a proportion of aryl groups in groups represented by 
R1, R2, R3, R4, R5 and R6 is from 10 to 100% by mole, 
provided that the sum of groups represented by R1, R2, R3, 
R4, R5 and R6 is assigned to be 100% by mole. 

3. The thermoplastic resin (X-1) according to claim 1, 
Wherein a Weight ratio of the polyphenylene ether resin (A) 
to the polyorganosiloXane (B), namely ((A)/(B)), Which are 
subjected to reaction, is from 10/90 to 90/10, provided that 
the sum of the polyphenylene ether resin (A) and the 
polyorganosiloXane (B) is assigned to be 100. 

4. A thermoplastic resin (X-2) obtained by a process 
comprising the step of reacting: 

(1) a polyphenylene ether resin (A), With 

(2) a polyorganosiloXane (B) and 

(3) a coupling agent (C), 

Wherein the polyorganosiloXane (B) comprises: 

(i) at least one functional group selected from the group 
consisting of amino, epoXy, hydroXyl, phenol, car 
boXyl, amide, methacryloyl, vinyl, alkoXy, carbonyl 
and imino groups, and 

(ii) respective structure units represented by the folloWing 
formulas (I), (II) and (III), provided that a molar ratio 
of the structure unit (I) to the structure unit (II), namely 
structure unit (I)/structure unit (II), is from 0.1 to 10 

Wherein R1, R2 and R3 are independently of one another 
an alkyl group having 1 to 3 carbon atoms or an aryl 
group having 6 to 10 carbon atoms, and R4, R5 and R6 
are independently of one another an alkyl group having 
1 to 6 carbon atoms, an aryl group having 6 to 12 
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carbon atoms, an alkoXy group having 1 to 6 carbon 
atoms or a hydroXyl group. 

5. The thermoplastic resin (X-2) according to claim 4, 
Wherein a proportion of aryl groups in groups represented by 
R1) R2, R3, R4, R5 and R6 is from 10 to 100% by mole, 
provided that the sum of groups represented by R1, R2, R3, 
R4, R5 and R6 is assigned to be 100% by mole. 

6. The thermoplastic resin (X-2) according to claim 4, 
Wherein a Weight ratio of the polyphenylene ether resin (A) 
to the polyorganosiloXane (B), namely ((A)/(B)), Which are 
subjected to reaction, is from 10/90 to 90/10, provided that 
the sum of the polyphenylene ether resin (A) and the 
polyorganosiloXane (B) is assigned to be 100, and a propor 
tion of the coupling agent (C) subjected to reaction is from 
0.3 to 4 times by molar equivalent a content by mole of the 
functional group in the polyorganosiloXane 

7. A process for producing a thermoplastic resin (X-1), 
Which comprises the step of reacting: 

(1) a polyphenylene ether resin (A) With 

(2) a polyorganosiloXane (B), 

Wherein the polyorganosiloXane (B) comprises: 

(i) at least one functional group selected from the group 
consisting of amino, epoXy, hydroXyl, phenol, car 
boXyl, amide, methacryloyl, vinyl, alkoXy, carbonyl 
and imino groups, and 

(ii) respective structure units represented by the folloWing 
formulas (I), (II) and (III), provided that a molar ratio 
of the structure unit (I) to the structure unit (II), namely 
structure unit (I)/structure unit (II), is from 0.1 to 10 

Wherein R1, R2 and R3 are independently of one another 
an alkyl group having 1 to 3 carbon atoms or an aryl 
group having 6 to 10 carbon atoms, and R4, R5 and R6 
are independently of one another an alkyl group having 
1 to 6 carbon atoms, an aryl group having 6 to 12 
carbon atoms, an alkoXy group having 1 to 6 carbon 
atoms or a hydroXyl group. 

8. The process for producing a thermoplastic resin (X-1) 
according to claim 7, Wherein a proportion of aryl groups in 
groups represented by R1, R2, R3, R4, R5 and R6 is from 10 
to 100% by mole, provided that the sum of groups repre 
sented by R1, R2, R3, R4, R5 and R6 is assigned to be 100% 
by mole. 

9. The process for producing a thermoplastic resin (X-1) 
according to claim 7, Wherein a Weight ratio of the polyphe 
nylene ether resin (A) to the polyorganosiloXane (B), namely 
((A)/(B)), Which are subjected to reaction is from 10/90 to 
90/10, provided that the sum of the polyphenylene ether 
resin (A) and the polyorganosiloXane (B) is assigned to be 
100. 

10. A process for producing a thermoplastic resin (X-2), 
Which comprises the step of reacting: 

(1) a polyphenylene ether resin (A) With 

(2) a polyorganosiloXane (B) and 

(3) a coupling agent (C), 
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wherein the polyorganosiloXane (B) comprises: 

(i) at least one functional group selected from the group 
consisting of amino, epoxy, hydroXyl, phenol, car 
boXyl, amide, methacryloyl, vinyl, alkoXy, carbonyl 
and imino groups, and 

(ii) respective structure units represented by the folloWing 
formulas (I), (II) and (III), provided that a molar ratio 
of the structure unit (I) to the structure unit (II), namely 
structure unit (I)/structure unit (II), is from 0.1 to 10 

Wherein R1, R2 and R3 are independently of one another 
an alkyl group having 1 to 3 carbon atoms or an aryl 
group having 6 to 10 carbon atoms, and R4, R5 and R6 
are independently of one another an alkyl group having 
1 to 6 carbon atoms, an aryl group having 6 to 12 
carbon atoms, an alkoXy group having 1 to 6 carbon 
atoms or a hydroXyl group. 

11. The process for producing a thermoplastic resin (X-2) 
according to claim 10, Wherein a proportion of aryl groups 
in groups represented by R1, R2, R3, R4, R5 and R6 is from 
10 to 100% by mole, provided that the sum of groups 
represented by R1, R2, R3, R4, R5 and R6 is assigned to be 
100% by mole. 

12. The process for producing a thermoplastic resin (X-2) 
according to claim 10, Wherein a Weight ratio of the 
polyphenylene ether resin (A) to the polyorganosiloXane 
(B), namely ((A)/(B)), Which are subjected to reaction, is 
from 10/90 to 90/10, provided that the sum of the polyphe 
nylene ether resin (A) and the polyorganosiloXane (B) is 
assigned to be 100, and a proportion of the coupling agent 
(C) subjected to reaction is from 0.3 to 4 times by molar 
equivalent a content by mole of the functional group in the 
polyorganosiloXane 

Aug. 16, 2001 

13. A thermoplastic resin composition (Z-1) comprising: 

(I) the thermoplastic resin (X-1) according to claim 1 and 

(II) a thermoplastic resin 
14. The thermoplastic resin composition (Z-1) according 

to claim 13, Wherein the thermoplastic resin (D) contains a 
thermoplastic resin having an aromatic ring. 

15. The thermoplastic resin composition (Z-1) according 
to claim 13, Wherein the thermoplastic resin (D) contains a 
polyphenylene ether resin. 

16. The thermoplastic resin composition (Z-1) according 
to claim 13, Wherein the thermoplastic resin (D) contains an 
alkenyl aromatic resin. 

17. The thermoplastic resin composition (Z-1) according 
to claim 13, Wherein a proportion of the thermoplastic resin 
(X-1) is from about 0.1 to about 20% by Weight, provided 
that the sum of the thermoplastic resin (X-1) and the 
thermoplastic resin (D) is assigned to be 100% by Weight. 

18. A thermoplastic resin composition (Z-2) comprising: 

(I) the thermoplastic resin (X-2) according to claim 4 and 

(II) a thermoplastic resin 
19. The thermoplastic resin composition (Z-2) according 

to claim 18, Wherein the thermoplastic resin (D) contains a 
thermoplastic resin having an aromatic ring. 

20. The thermoplastic resin composition (Z-2) according 
to claim 18, Wherein the thermoplastic resin (D) contains a 
polyphenylene ether resin. 

21. The thermoplastic resin composition (Z-2) according 
to claim 18, Wherein the thermoplastic resin (D) contains an 
alkenyl aromatic resin. 

22. The thermoplastic resin composition (Z-2) according 
to claim 18, Wherein a proportion of the thermoplastic resin 
(X-2) is from about 0.1 to about 20% by Weight, provided 
that the sum of the thermoplastic resin (X-2) and the 
thermoplastic resin (D) is assigned to be 100% by Weight. 

* * * * * 


