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(57) ABSTRACT 

A ?ame-retardant polycarbonate resin composition, charac 
teriZed by comprising a polycarbonate resin (A) and a 
composite rubbery graft copolymer (B), preferably one 
obtained by grafting a composite rubber having a structure 
constituted of 1 to 99 Wt. % of a polyorganosiloxane rubber 
component and 99 to 1 Wt. % of a polyalkyl acrylate rubber 
component, the tWo components being so interWisted With 
each other as not to separate from each other, and a mean 
particle diameter of 0.01 to 0.6 pm With one or more vinyl 

monomers, at an (A) to (B) Weight ratio of 99: 1 to 90: 10, and 
by containing, per 100 parts by Weight of the sum total of the 
components (A) and (B), 0.3 to 1.2 parts by Weight (in terms 
of phosphorus) of a halogen-free phosphoric ester (C) and 
0.01 to 1.0 part by Weight of polytetra?uoroethylene (D), the 
Weight ratio of the graft copolymer (B) to the phosphorus 
resulting from the phosphoric ester (C) lying Within the 
range of 2 to 15; and housing of office automation equipment 
and electrical and electronic appliances and battery packs 
made by molding the composition. The composition is 
improved in mechanical properties such as impact resis 
tance, is excellent in moldability and ?oWability, and exhib 
its high ?ame retardance even Without resort to any bromine 
compound. 



US 2002/0077417 A1 

FLAME-RETARDANT POLYCARBONATE RESIN 
COMPOSITION AND ELECTRICAL AND 
ELECTRONIC COMPONENTS MADE BY 

MOLDING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a ?ame-retardant 
polycarbonate resin composition and to electrical and elec 
tronic components of housings of office automation equip 
ment, housings of electrical and electronic appliances and 
battery packs as made by molding the composition. More 
precisely, it relates to a ?ame-retardant, non-bromine poly 
carbonate resin composition having good ?ame retardancy, 
good mechanical properties including impact resistance, 
good ?oWability and good moldability, and to housings of 
of?ce automation equipment, housings of electrical and 
electronic appliances and battery packs as made by molding 
the composition. 

BACKGROUND OF THE INVENTION 

[0002] As having good mechanical properties (especially 
high impact resistance), good electric properties, and good 
transparency, polycarbonate resins are Widely used as engi 
neering plastics in various ?elds of of?ce automation equip 
ment, electrical and electronic appliances, building materi 
als, etc. 

[0003] Among various thermoplastic resins, polycarbon 
ate resins have a high oXygen indeX and are generally 
self-eXtinguishable. HoWever, especially in the ?elds of 
of?ce automation equipment and electrical and electronic 
appliances, concretely for applications to housings of of?ce 
automation equipment, to housings of electrical and elec 
tronic instruments such as notebook-type personal comput 
ers and others, and to battery packs, resin compositions With 
much more improved ?ame retardancy are desired to satisfy 
the requirement for safety operation of those equipment and 
appliances. 
[0004] For making resins have ?ame retardancy, hereto 
fore, ?ame retardants comprising a bromine compound have 
been used. One problem With resin compositions that com 
prise such a bromine-containing ?ame retardant is that 
molds used for repeatedly molding the resin compositions 
are rusted and that the resin compositions being molded are 
yelloWed While in molds. Another problem is that the resin 
compositions being molded release corrosive gases that may 
pollute the environment. In that situation, non-bromine 
?ame retardants are being much desired for resin composi 
tions. 

[0005] On the other hand, of?ce automation equipment 
and electrical and electronic appliances, concretely, their 
housings and battery packs are required to have much 
improved impact resistance. In order to improve the impact 
resistance of such equipment and appliances, concretely 
their components, one popular means that has heretofore 
been generally employed is to add rubbery improvers to 
polycarbonate resins and to mold the resulting resin com 
positions. HoWever, this is problematic in that the resin 
compositions to Which is added a large amount of such an 
impact resistance improver could not have good ?ame 
retardancy. For their applications, in particular, battery packs 
are used for mobile communication appliances such as 
portable telephones and others or for portable terminals such 
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as notebook-type personal computers and others, and are 
therefore required to be lightWeight and thin-Walled. 
Accordingly, the materials for such battery packs are 
required to have good moldability and ?oWability. 

[0006] Various techniques for those requirements have 
heretofore been proposed, for example, in JP-A 07-173401, 
08-259792, 08-120169, 07-304943, 08-239565, etc. The 
compositions proposed therein could have ?ame retardancy 
in some degree, but are still problematic in that they contain 
bromine-containing ?ame retardants, or if not containing 
bromine-containing ?ame retardants, their mechanical prop 
erties such as impact resistance and also their moldability 
and ?oWability are poor. 

[0007] The object of the invention is to provide a poly 
carbonate resin composition having improved mechanical 
properties such as impact resistance, having good moldabil 
ity and ?oWability and having good ?ame retardancy even 
though not containing a bromine compound, and to provide 
housings of office automation equipment, housings of elec 
trical and electronic appliances and also battery packs as 
made by molding the composition. 

DISCLOSURE OF THE INVENTION 

[0008] Given that situation, We, the present inventors have 
assiduously studied, and, as a result, have found that the 
object can be attained by adding a composite rubbery graft 
copolymer to a polycarbonate resin, preferably by adding a 
speci?c composite rubbery graft copolymer, a halogen-free 
phosphoric ester and a polytetra?uoroethylene thereto in a 
speci?c ratio of the composite rubbery graft copolymer to 
the halogen-free phosphoric ester. 

[0009] The invention has been completed on the basis of 
these ?ndings. 

[0010] Speci?cally, the invention provides a polycarbon 
ate resin composition, and housings of of?ce automation 
equipment, housings of electrical and electronic appliances, 
and battery packs as made by molding the composition, 
Which are as folloWs: 

[0011] (1) A ?ame-retardant polycarbonate resin compo 
sition comprising (A) a polycarbonate resin and (B) a 
composite rubbery graft copolymer in a ratio by Weight, 
(A):(B), falling betWeen 99:1 and 90:10, and containing, 
relative to 100 parts by Weight of the sum total of the 
component (A) and the component (B), (C) from 0.3 to 1.2 
parts by Weight. in terms of phosphorus. of a halogen-free 
phosphoric ester, and (D) from 0.01 to 1.0 part by Weight of 
a polytetra?uoroethylene, in Which the ratio by Weight of the 
amount of the composite rubbery graft copolymer (B) to the 
phosphorus content of the halogen-free phosphoric ester (C) 
falls betWeen 2 and 15. 

[0012] (2) The ?ame-retardant polycarbonate resin com 
position of (1), Wherein the composite rubbery graft copoly 
mer (B) is prepared by grafting a composite rubber, Which 
has a structure composed of from 1 to 99% by Weight of a 
polyorganosiloXane rubber component and from 1 to 99% 
by Weight of a polyalkyl acrylate rubber components, the 
tWo components being so intertWisted With each other as not 
to separate from each other, and has a mean particle diameter 
of from 0.01 pm to 0.6 pm, With one or more vinyl 
monomers. 
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[0013] (3) Electrical and electronic components as made 
by molding the ?ame-retardant polycarbonate resin compo 
sition of (1) or 

[0014] (4) Housings of of?ce automation equipment, or 
housings of electrical and electronic appliances, as made by 
molding the ?ame-retardant polycarbonate resin composi 
tion of (1) or 

[0015] (5) Battery packs as made by molding the ?ame 
retardant polycarbonate resin composition of (1) or 

BEST MODES OF CARRYING OUT THE 
INVENTION 

[0016] The invention is described in detail hereinunder. 

[0017] 1. Flame-Retardant Polycarbonate Resin Compo 
sition 

[0018] (1) Description of constituent components: 

[0019] Polycarbonate resin (component 

[0020] In the ?ame-retardant polycarbonate resin compo 
sition of the invention, the polycarbonate resin for the 
component (A) may be any and every one that may be 
prepared in any ordinary method of, for example, reacting a 
diphenol With a polycarbonate precursor such as phosgene, 
carbonate compounds, etc. Concretely, it includes polycar 
bonate resins as prepared through reaction of a diphenol 
With a carbonate precursor such as phosgene or transesteri 
?cation of a diphenol With a carbonate precursor such as 
diphenyl carbonate, in a solvent of methylene chloride or the 
like in the presence of a knoWn acid acceptor and a knoWn 
molecular Weight-controlling agent, to Which is optionally 
added a branching agent. 

[0021] For the reaction, various diphenols are employable. 
Especially preferred is 2,2-bis(4-hydroXyphenyl)propane 
(this is generally referred to as bisphenol A). As other 
bisphenols employable herein in addition to bisphenol A, 
mentioned are bis (hydroXyaryl) alkanes such as bis (4-hy 
droXyphenyl)methane, 1,1-bis(4-hydroXyphenyl)ethane, 
2,2-bis(4-hydroXyphenyl)butane, 2,2-bis(4-hydroXypheny 
l)octane, 2,2-bis(4-hydroXyphenyl)phenylmethane, 2,2 
bis(4-hydroXy-1-methylphenyl)propane, bis(4-hydroXyphe 
nyl)naphthylmethane, 1,1-bis(4-hydroXy-t 
butylphenyl)propane, 2,2-bis(4-hydroXy-3,5 
tetramethylphenyl)propane, etc.; 
bis(hydroXyaryl)cycloalkanes such as 1,1-bis(4-hydroX 
yphenyl)cyclopentane, 1,1-bis(4-hydroXyphenyl)cycloheX 
ane, 1,1-bis(4-hydroXyphenyl)-3,5,5-trimethylcycloheXane, 
etc.; dihydroXyaryl ethers such as 4,4‘-dihydroXyphenyl 
ether, 4,4‘-dihydroXy-3,3,‘-dimethylphenyl ether, etc.; dihy 
droXydiaryl sul?des such as 4,4‘-dihydroXydiphenyl sul?de, 
4,4‘-dihydroXy-3,3‘-dimethyldiphenyl sul?de, etc.; dihy 
droXydiaryl sulfoXides such as 4,4‘-dihydroXydiphenyl sul 
foXide, 4,4‘-dihydroXy-3,3‘-dimethyldiphenyl sulfoXide, 
etc.; dihydroXydiaryl sulfones such as 4,4‘-dihydroXydiphe 
nyl sulfone, 4,4‘-dihydroXy-3,3‘-dimethyldiphenyl sulfone, 
etc.; dihydroXydiphenyls such as 4,4‘-dihydroXydiphenyl, 
etc. One or more of these diphenols may be used either 
singly or as combined. 

[0022] The carbonate compound includes, for eXample, 
diaryl carbonates such as diphenyl carbonate, etc.; dialkyl 
carbonates such as dimethyl carbonate, diethyl carbonate, 
etc. 
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[0023] As the molecular Weight-controlling agent, herein 
employable is any and every one that may be used in 
polymeriZation to give polycarbonates. Concretely men 
tioned are monophenols Which include, for example, phenol, 
o-n-butylphenol, m-n-butylphenol, p-n-butylphenol, 
o-isobutylphenol, m-isobutylphenol, p-isobutylphenol, o-t 
butylphenol, m-t-butylphenol, p-t-butylphenol, o-n-pen 
tylphenol, m-n-pentylphenol, p-n-pentylphenol, o-n-heXy 
lphenol, m-n-heXylphenol, p-n-heXylphenol, p-t 
octylphenol, o-cycloheXylphenol, m-cycloheXylphenol, 
p-cycloheXylphenol, o-phenylphenol, m-phenylphenol, 
p-phenylphenol, o-n-nonylphenol, m-nonylphenol, p-n-non 
ylphenol, o-cumylphenol, m-cumylphenol, p-cumylphenol, 
o-naphthylphenol, m-naphthylphenol, p-naphthylphenol, 
2,5-di-t-butylphenol, 2,4-di-t-butylphenol, 3,5-di-t-bu 
tylphenol, 2,5-dicumylphenol, 3,5-dicumylphenol, p-cresol, 
etc. Of those monophenols, preferred are p-t-butylphenol, 
p-cumylphenol, p-phenylphenol, etc. 

[0024] As the branching agent, for eXample, employable 
are compounds having at least three functional groups, such 
as 1,1,1-tris(4-hydroXyphenyl)ethane, 0t, 0t‘, ot“-tris(4-hy 
droXyphenyl)-1,3,5-triisopropylbenZene, 1-[ot-methyl-ot-(4‘ 
hydroXyphenyl)ethyl]-4-[ot‘, ot-bis(4“-hydroXyphenyl)ethyl] 
benZene, phloroglucinol, trimellitic acid, isatinbis(o-cresol), 
etc. 

[0025] In general, the polycarbonates for use in the inven 
tion preferably have a viscosity-average molecular Weight of 
from 10,000 to 100,000, more preferably from 14,000 to 
40,000. 

[0026] [ii] Composite rubbery graft copolymer 
(component 

[0027] The composite rubbery graft copolymer of the 
component (B) is one as prepared by grafting a composite 
rubber With one or more vinyl monomers. Preferably, it is 
prepared by grafting a composite rubber, Which has a 
structure composed of from 1 to 99% by Weight of a 
polyorganosiloXane rubber component and from 1 to 99% 
by Weight of a polyalkyl acrylate rubber components, the 
tWo components being so intertWisted With each other as not 
to separate from each other, and has a mean particle diameter 
of from 0.01 pm to 0.6 pm, With one or more vinyl 
monomers. 

[0028] The composite rubbery graft copolymer may be 
produced in any knoWn manner, for eXample, according to 
the methods described in JP-A 64-79257 and 1-190746. For 
producing it, for eXample, a polyorganosiloXane rubber lateX 
is ?rst prepared, and monomers for polyalkyl (meth)acrylate 
rubbers are in?ltrated into rubber particles in the polyorga 
nosiloXane rubber lateX, and then polymeriZed in the rubber 
particles. 
[0029] The polyorganosiloXane rubber may be prepared 
by miXing a linear organosiloXane such as dimethylsiloXane 
or the like With from 0.1 to 30% by Weight of a polyfunc 
tional, silane-based crosslinking agent such as trimethoXym 
ethylsilane, tetraethoXysilane or the like, and polymeriZing 
them in emulsion. 

[0030] For the lateX production, usable is the method 
disclosed in Us. Pat. No. 2,891, 920. According to the 
method, the emulsion polymeriZation may be effected by 
miXing the components noted above in Water, in the presence 
of a sulfonic acid-based emulsi?er such as an alkylbenZe 
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nesulfonic acid, an alkylsulfonic acid or the like, Which acts 
also as a polymerization initiator, for example, in a homog 
eniZer. 

[0031] The resulting polyorganosiloxane rubber latex is 
then neutralized With an aqueous alkali solution of sodium 
hydroxide or the like, to Which are added an alkyl (meth 
)acrylate such as methyl acrylate, n-butyl acrylate or the 
like, a crosslinking agent such as ethylene glycol 
dimethacrylate or the like, and a grafting reaction promoter 
such as allyl methacrylate or the like. In that condition, those 
additives are in?ltrated into the polyorganosiloxane rubber 
particles. Next, an ordinary radical polymeriZation initiator 
is added thereto, and the monomers are polymeriZed to give 
a composite rubber latex in Which the crosslinked polyalkyl 
(meth)acrylate rubber structure formed is intertWisted With 
the crosslinked polyorganosiloxane rubber structure so that 
the tWo rubber components are substantially unseparable. 

[0032] To the composite rubber latex, added are vinyl 
monomers (e.g., alkenyl aromatic compounds such as sty 
rene, etc.; methacrylates such as methyl methacrylate, etc.; 
acrylates such as methyl acrylate, etc.; vinyl cyanides such 
as acrylonitrile, etc.), and these are radical-polymeriZed in a 
single-stage or multi-stage polymeriZation manner. Then, 
calcium chloride or the like is added to the resulting latex for 
salting out to obtain the intended, composite rubbery graft 
copolymer through solidi?cation and isolation. 

[0033] [iii] Halogen-free phosphoric ester (com 
ponent 

[0034] The halogen-free phosphoric ester of the compo 
nent (C) for use in the invention does not contain a halogen 
atom such as bromine or the like. Therefore, the scrap of the 
moldings of the composition of the invention pollutes little 
the environment. 

[0035] The halogen-free phosphoric ester includes, for 
example, monophosphates or polyphosphates of the folloW 
ing general formula (I): 

[0036] In formula (I), R1 to R4 each independently repre 
sent an optionally-substituted aryl group, and these may be 
the same or different; X represents an optionally-substituted 
arylene group; a, b, c and d each represent 0 or 1; and p 
represents an integer of from 0 to 5. Where tWo or more 
phosphates are used, as combined, p in formula (I) shall be 
the average of p in plural phosphates. The substituents for 
the aryl and arylene groups include, for example, an alkyl 
group having from 1 to 10 carbon atoms, an alkoxy group 
having from 1 to 10 carbon atoms, an aryl group such as 
phenyl, tolyl, etc. The aryl and arylene groups may have one 
or more substituents. 

[0037] Speci?c examples of the halogen-free phosphates 
of formula (I) include monophosphates such as triphenyl 
phosphate, tricresyl phosphate, trixylenyl phosphate, tribi 
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phenyl phosphate, etc.; and polyphosphates such as phenyl 
resorcinol polyphosphate, phenyl-hydroquinone polyphos 
phate, phenyl-cresyl-resorcinol polyphosphate, phenyl 
cresyl-hydroquinone polyphosphate, tetraphenyl-resorcinol 
diphosphate, tetraphenyl-hydroquinone diphosphate, phe 
nyl-tricresyl-resorcinol diphosphate, phenyl-tricresyl-hyd 
roquinone diphosphate, tetrabiphenyl-resorcinol diphos 
phate, tetrabiphenyl-hydroquinone diphosphate, etc. Of 
those, preferred are polyphosphates, as being effective for 
preventing the polycarbonate resin composition comprising 
them from adhering to molds and from soiling molds While 
the composition is thermally molded. One or more of these 
monophosphates and polyphosphates may be used either 
singly or as combined. 

[0038] [iv] Polytetra?uoroethylene (component 
(13)) 

[0039] Polytetra?uoroethylene (PTFE) of the component 
(D) is to prevent the polycarbonate resin composition com 
prising it from melting and dripping and to make the 
composition have good ?ame retardancy. Therefore, PTFE 
With good ?brillating ability is preferably used. 

[0040] The ?brillating ability of PTFE is meant to indicate 
that PTFE could ?brillate after having received shear stress 
of plasticiZation While the composition comprising it is 
kneaded or molded through injection, and this brings about 
high ?ame retardancy of the moldings of the composition. 

[0041] PTFE With such ?brillating ability for use in the 
invention is not speci?cally de?ned. For example, preferred 
are those that are grouped in Type 3 in the ASTM standard. 
As speci?c examples of commercially-available products of 
PTFE grouped in Type 3, mentioned are Te?on 6-] (trade 
name, from Mitsui-DuPont Fluorochemical), Poly?on TFE 
D-1 (trade name, from Daikin Industry), Poly?on TFE 
F-104 (trade name, from Daikin Industry), etc. As others not 
in Type 3 but are employable herein, for example, mentioned 
are Algo?on F5 (trade name, from Monte?uos), Poly?on 
MPA FA-110 and Poly?on TFE F201 (both trade names, 
from Daikin Industry), etc. 

[0042] TWo or more of those PTFEs maybe used, as 
combined. PTFEs With ?brillating ability such as those 
mentioned above may be prepared, for example, by poly 
meriZing tetra?uoroethylene in an aqueous medium in the 
presence of sodium, potassium or ammonium peroxydisul 
?de, under a pressure falling betWeen 1 and 100 psi and at 
a temperature falling betWeen 0 and 200° C. preferably 
betWeen 20 and 100° C. 

[0043] (2) Proportions of constituent components: 

[0044] Regarding the proportions of the poly 
carbonate resin (A) and the composite rubbery 
graft copolymer (B), the ratio by Weight of (A) to 
(B) falls betWeen99:1and90:10, but preferably 
betWeen 99:1 and 92:8. With the proportion of the 
composite rubbery graft copolymer being at least 
1 in terms of the ratio noted above, the moldings 
of the composition could have satisfactory impact 
resistance. HoWever, if the proportion of the com 
posite rubbery graft copolymer is larger than 10 in 
terms of that ratio, a large amount of the ?ame 
retardant must be added to the composition in 
order not to loWer the ?ame retardancy of the 
composition. If so, the impact resistance of the 



US 2002/0077417 A1 

moldings of the composition Will lower. With the 
proportion of the polycarbonate resin being at 
least 90 in terms of the ratio noted above, the 
composition Well exhibits the properties of poly 
carbonates. 

[0045] [ii] Regarding the proportion of the halo 
gen-free phosphoric ester of the component (C), 
the amount of the component (C) is from 0.3 to 1.2 
parts by Weight relative to 100 parts by Weight of 
the sum total of the component (A) and the 
component The component (C) exhibits a 
synergistic effect for improving the ?oWability of 
the composition, and is effective for preventing 
the moldings of the composition from having 
silver marks. If the amount of the component (C) 
is smaller than 0.3 parts by Weight, the composi 
tion could not have satisfactory ?ame retardancy; 
and if larger than 1.2 parts by Weight, the com 
position Will lose the characteristics of polycar 
bonates, in particular, the impact resistance of the 
moldings of the composition Will be poor. There 
fore, adding the component (C) to the composition 
in an amount overstepping the de?ned range is 
unfavorable. 

[0046] [iii] Regarding the proportion of the poly 
tetra?uoroethylene of the component (D), the 
amount of the component (D) is from 0.01 to 1.0 
part by Weight relative to 100 parts by Weight of 
the sum total of the component (A) and the 
component If the amount of the component 
(D) is smaller than 0.01 parts by Weight, the 
composition could not have satisfactory ?ame 
retardancy and its anti-dripping property Will be 
poor. HoWever, even if the amount of the compo 
nent (D) is larger than 1.0 part by Weight, such a 
large amount of the component (D) added could 
not produce any additional effect but is rather 
unfavorable in a sense of economy. 

[0047] [iv] Regarding the relationship betWeen the 
phosphorus content of the halogen-free phospho 
ric ester of the component (C) and the amount of 
the composite rubbery graft copolymer of the 
component (B), it is necessary that the ratio by 
Weight of the amount of the composite rubbery 
graft copolymer (B) to the phosphorus content of 
the halogen-free phosphoric ester (C), or that is, 
[amount of the composite rubbery graft copolymer 
(B)/phosphorus content of the halogen-free phos 
phoric ester falls betWeen 2 and 15. Within 
the de?ned range, the composition could have 
Well-balanced physical properties. If the Weight 
ratio is smaller than 2, the moldings of the com 
position could not have satisfactory impact resis 
tance; and if larger than 15, they could not have 
satisfactory ?ame retardancy. 

[0048] (3) The resin composition of the invention may 
optionally contain, in addition to the components (A), (B), 
(C) and (D) noted above, various inorganic ?llers, additives 
and other synthetic resins, Within the range not interfering 
With the object of the invention. 

[0049] For example, inorganic ?llers may be added to the 
polycarbonate resin composition for the purpose of improv 
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ing the mechanical strength and the durability of the com 
position. As speci?c examples of the inorganic ?llers, men 
tioned are glass ?bers, carbon ?bers, glass beads, glass 
?akes, carbon ?akes, carbon black, calcium sulfate, calcium 
carbonate, calcium silicate, titanium oxide, alumina, silica, 
asbestos, talc, clay, mica, quartZ poWder, etc. The additives 
include, for example, antioxidants such as hindered phenols, 
phosphorus compounds (phosphites, phosphates, etc.), 
amines, etc.; ultraviolet absorbents such as benZotriaZoles, 
benZophenones, etc.; external lubricants such as aliphatic 
carboxylates, paraf?ns, silicone oils, polyethylene Waxes, 
etc.; as Well as mold-releasing agents, antistatic agents, 
colorants, etc. Other resins that may be added to the com 
position of the invention include, for example, polyethyl 
enes, polypropylenes, polystyrenes, AS resins, ABS resins, 
polymethyl methacrylates, etc. 

[0050] (4) Formulation and kneading of constituent 
components, and molding of the resulting composi 
tion: 

[0051] Formulation and kneading of the constituent com 
ponents is not speci?cally de?ned, for Which is employable 
any ordinary method. For example, employable are any of 
ribbon blenders, Henschel mixers, Banbury mixers, drum 
tumblers, single-screW extruders, double-screW extruders, 
co-kneaders, multi-screW extruders, etc. For kneading the 
components, the heating temperature may be any ordinary 
one, for example, falling betWeen 240 and 340° C. 

[0052] The polycarbonate resin composition thus pro 
duced may be molded in various knoWn molding methods 
of, for example, injection molding, bloW molding, extrusion 
molding, compression molding, calender molding, rotary 
molding or the like. In particular, the composition is suitable 
to producing moldings in the ?elds of office automation 
equipment and electrical and electronic appliances, con 
cretely, to producing housings of office automation equip 
ment and electrical and electronic appliances such as note 
book-type personal computers, etc., and battery packs of 
of?ce automation equipment and mobile communication 
appliances such as portable telephones, cellular phone etc. 

EXAMPLES 

[0053] The invention is described in more detail With 
reference to the folloWing Examples, Which, hoWever, are 
not intended to restrict the scope of the invention. 

[0054] (1) The materials used in Examples and Compara 
tive Examples are mentioned beloW. 

[0055] (A) Polycarbonate (PC resin): 

[0056] Toughlon FN1900A (trade name, from Ide 
mitsu Petrochemical; this is bisphenol A-type poly 
carbonate having a viscosity-average molecular 
Weight of 19000). 

[0057] (B) Composite rubbery graft copolymer: 

[0058] Metablen S-2001 (trade name, from Mitsub 
ishi Rayon; 

[0059] this is methyl methacrylate-alkyl acrylate-dimeth 
ylsiloxane copolymer). 

[0060] (C) Halogen-free phosphoric esters: 
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[0061] Adekastab PFR (trade name, from Asahi 
Denka Kogyo; this is phenyl-resorcinol polyphos 
phate having a phosphorus content of 10.8% by 
Weight). 

[0062] [ii] PX-200 (trade name, from Daihachi 
Chemical Industry; this is 2,6-dimethylphenyl-resor 
cinol polyphosphate having a phosphorus content of 
9.0% by Weight). 

[0063] (D) Polytetra?uoroethylene: 
[0064] Algo?on F5 (trade name, from Monte?uos). 

[0065] Bromine-containing ?ame retardant: 

[0066] BC-52 (trade name, from Greatlakes), herein 
after referred to as BC-52. 

[0067] (2) The properties of the polycarbonate resin com 
positions produced are evaluated according to the methods 
mentioned beloW. 

[0068] (a) IZod impact strength test: 

[0069] According to JIS K7110, test pieces are tested at 
—10° C. Of 10 test pieces, the number of those not With 
brittle fracture but With ductile fracture is counted, from 
Which is obtained the percent ductile fracture (%) of the test 
pieces. The percent ductile fracture is the index of the impact 
resistance of the material tested. Speci?cally, the impact 
resistance of the material tested is based on the mode of 
fracture of the test pieces of the material, as to Whether the 
test pieces having been tested in the IZod test have ductile 
fracture or brittle fracture. The material having a higher 
percent ductile fracture has higher impact resistance. 
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[0074] (d) In-mold thermal stability: 

[0075] Using a molding machine (IS-25EP from Toshiba 
Machine), the in-mold thermal stability is measured at a 
settled temperature of 300° C. for a residence time of 20 
minutes. The samples tested are evaluated as folloWs: 

[0076] S: Silver marks found. 

[0077] O: No change. 

[0078] (e) Gas generation in molding: 

[0079] Using a molding machine (IS-25EP from Toshiba 
Machine), samples are continuously molded at a settled 
molding temperature of 300° C. The gas generation, if any, 
during the molding is checked visually. 

[0080] Much: Much gas generated. 

[0081] Little: Little gas generated. 

Examples 1 and 2, 

Comparative Examples 1 to 6 

[0082] Table 1 shoWs the components and their amounts 
used herein. Using a 35-mm(I> double-screW extruder at a 
cylinder temperature of 280° C. And a screW revolution of 
100 rpm, the indicated amounts of the components Were 
melt-kneaded and extruded out into pellets. The resulting 
pellets Were dried at 100° C. for 5 hours, and then injection 
molded at an injection temperature of 280° C. into test 
pieces for measurement of physical properties. 

[0083] The data of the properties of the resin compositions 
are shoWn in Table 1. 

TABLE 1 

F amnles Comparative F amnles 

1 2 1 2 3 4 5 6 

Components (A) Polycarbonate resin (Wt. %) 96 94 94 100 85 99 95 100 
(B) Composite rubbery graft copolymer 4 6 6 0 15 1 5 0 
(Wt. %) 
The amounts of (C), (D) and are parts by Weight relative to 100 parts by Weight of (A) + 7 0 10 
(C) Halogen-free phosphoric ester (1) 
(phosphorus content) 
(C) Halogen-free phosphoric ester (2) 
(phosphorus content) 
(D) Polytetra?uoroethylene 
(X) Bromine-containing ?ame retardant 
Ratio by Weight of amount of 
(B)/phosphorus content of (C) 
Percent ductility fracture (%) in Izod 
impact test 
UL94, 0.8 mm, class V-0 
FloWability (Q value) 
In-mold thermal stability 
Gas generation in molding 

Evaluatio n 

7 0 0 7 7 

(0.76) (0.76) (1.08) (0.76) (0.76) 
0 7 0 0 7 0 0 0 

(0.63) (0.63) 
0.5 0.3 0.5 0.3 0.3 0.5 0 0 
0 0 15 0 0 0 0 0 
5 .3 9.5 — 0 23 0.9 6. 6 0 

1 00 1 00 1 00 0 100 0 1 00 0 

passed passed passed passed failed passed failed failed 
22 21 10 25 23 25 23 24 
Q Q S Q Q Q Q Q 

little little much little little little little little 

[0070] (b) Flame retardancy: 
[0071] The ?ame retardancy is measured in a vertical 
combustion test according to the UL 94 (UnderWriters 
Laboratories Standards, Subject 94), in Which are tested test 
pieces having a thickness of 0.8 mm. 

[0072] (c) FloWability: 
[0073] The ?oWability is measured at a temperature of 
280° C. under a load of 160 kg/cm2, according to JIS K7210. 

[0084] As is knoWn from Table 1, the samples of 
Examples 1 and 2 both have high-level ?ame retardancy, and 
have good impact resistance, good ?oWability and good 
moldability. 
[0085] As opposed to those, the sample of Comparative 
Example 1 containing the bromine-containing ?ame retar 
dant has poor ?oWability and poor moldability, and gener 
ated much gas While being molded. The sample of Com 
parative Example 2 not containing the composite rubbery 
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graft copolymer, has loW impact resistance. In Comparative 
Example 3, the ratio by Weight of the amount of the 
composite rubbery graft copolymer (B) to the phosphorus 
content of the halogen-free phosphoric ester (C) is larger 
than 15, (that is, the proportion of the phosphorus compound 
is small). Therefore, the sample of Comparative Example 3 
failed in the ?ame retardancy test. In Comparative Example 
4, the Weight ratio of (B) to (C) is smaller than 2, (that is, the 
proportion of the composite rubbery graft copolymer is 
small). Therefore, the sample of Comparative Example 4 has 
poor impact resistance. The sample of Comparative 
Example 5 not containing polytetra?uoroethylene failed in 
the ?ame retardancy test. The sample of Comparative 
Example 6 not containing the composite rubbery graft 
copolymer has poor impact resistance, and, in addition, not 
containing polytetra?uoroethylene, this failed in the ?ame 
retardancy test. 

[0086] INDUSTRIAL APPLICABILITY 

[0087] The ?ame-retardant polycarbonate resin composi 
tion of the invention has good moldability and good 
?oWability While having good mechanical properties includ 
ing impact resistance, and, addition, even not containing a 
bromine compound, it has excellent ?ame retardancy. There 
fore, the composition is especially suitable to moldings in 
the ?elds of o?ice automation equipment and electrical and 
electronic appliances, concretely, for housings of office 
automation equipment and electrical and electronic appli 
ances, such as notebook-type personal computers and others, 
and also for battery packs. 

1. A ?ame-retardant polycarbonate resin composition 
comprising (A) a polycarbonate resin and (B) a composite 
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rubbery graft copolymer in a ratio by Weight, (A):(B), falling 
betWeen 99:1 and 90:10, and containing, relative to 100 
parts by Weight of the sum total of the component (A) and 
the component (B), (C) from 0.3 to 1.2 parts by Weight, in 
terms of phosphorus, of a halogen-free phosphoric ester, and 
(D) from 0.01 to 1.0 part by Weight of a polytetra?uoroet 
hylene, in Which the ratio by Weight of the amount of the 
composite rubbery graft copolymer (B) to the phosphorus 
content of the halogen-free phosphoric ester (C) falls 
betWeen 2 and 15. 

2. The ?ame-retardant polycarbonate resin composition as 
claimed in claim 1, Wherein the composite rubbery graft 
copolymer (B) is prepared by grafting a composite rubber, 
Which has a structure composed of from 1 to 99% by Weight 
of a polyorganosiloxane rubber component and from 1 to 
99% by Weight of a polyalkyl acrylate rubber components, 
the tWo components being so intertWisted With each other as 
not to separate from each other, and has a mean particle 
diameter of from 0.01 pm to 0.6 pm, With one or more vinyl 
monomers. 

3. Electrical and electronic components as made by mold 
ing the ?ame-retardant polycarbonate resin composition of 
claim 1 or 2. 

4. Housings of o?ice automation equipment, or housings 
of electrical and electronic appliances, as made by molding 
the ?ame-retardant polycarbonate resin composition of 
claim 1 or 2. 

5. Battery packs as made by molding the ?ame-retardant 
polycarbonate resin composition of claim 1 or 2. 


