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FLAME-RETARDANT RESIN COMPOSITION

FIELD OF THE INVENTION
The present invention relates.to a polycarbonaté?
containing fiame~retardant resin composition which is
excellent in molding prooassability (moldability) such

as melt fluidity.

BACKGROUND OF THE INVENTION

A'mixture of a polycarbonate and a styrenic resin

such as ABS resin, SAN resin and so forth has high heat

resistance and impact resistance, so that it is gener-
ally used, as a polymer alloy, for various shaped or
molded articles such as parts for an automobile, an
electric product, an electronic product and the like.
When.the polymer alloy is employed for a housing, an
enclosure, a chassis or the like of electric or elec-
tronic parts or office automation (OA) apparatuses or
instruments, flame-retardancy or fire-resistance is
required of such polymer alloy.

In_particular, for inCréasing the safety of a
producf, a standard qualification of V-0 or 5V is

frequently reéuired of a shaped artiole.of an OA appa-

ratus or a home electric product'recently. While the

V-0 or 5V standard is the highest flame-retardancy’
level according to the Subject 94 of Underwriter’s

Laboratory Co., Ltd. (hereinafter briefly referred to

d
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as UL) as the flame-retardancy standard in U.S.A.

On the other hand, in order to decrease the using
amouni of a_material, not only miniaturization but also
thinning of the part or the housing is uséful.- Such
part or housing has, however, a risk of a fire drip
arising from the thinned;part of the shaped article
accompanied with burning (combustion), and thus spread-
ing fire to anothér'inflammable or combustible sub-
stance. Accordingly, a flame-retardant resin composi-
tion is also.required for such a higher flame resist-
ance or flame-retardancy_aé not to_céuse a flame drip.

For imparting the flame—retardahcy, a halogen-
containing flame-retardant is usually'added to é poly-
mer alloy comp;ising a polycarbonate and a styrenic
resin. As the halogen-containing flame-retardant,
there may frequently be employed a cémbination of a

bromine-containing flame—retardant_exemplified as

~ tetrabromobisphenol A or its oligbmer, a brominated

époxy oligomer, and a flame—retarding-auxiliary'cdm-
prising,'as almain component, a metallic oxide exempli-
fied as antimony_tfioxide. It is, however, pointed out
by an organization for environmental protection in
Europe.that,,among'Such bromine—containing flame-re-
tardants, use of'decabromodiphenyl'ether (DBDPE) or
6ctabromodipheﬁyl ether (OBDPE) has a possibility of
Qenerating toxic dibenzodioxin with burning of the

resin composition. Therefore, a non-halogen-containing
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fléme-retardant.is useful for flame-retarding (flame--
proofing) of a resin. | |
As the non—halogen-coﬁtaining flame-retardant, a
phoéphorusfcontaining flame?retardant, spécifically a
flame-retardant comprising an aromatic phosphoric acid
ester is employed.. For example,'U.S, Patent No. _
5,061,745 coiiesponding to Jépanese Patent Application
Laid-open No. 32154/1990 (JP-A-2-32154) discloses:the
use of a fiame-rétardant comprising a monomeric phos-
phoric acid ester in combination with polytetrafluoro-
ethylene as a flame-retarding—-auxiliary.. U.S. Patent
No. 5,204,394'disc16ses an addition of an oligomeric
phosphoric acid ester to a mixture of a polycérbonate
and a styrenic resin. Further, U.S. Patent No.
5,122,556 discloses the use of a polycarbonate and a
flame-retardant of a dimeric phosphoric aéid éster.-
Mofeover, an addition of sﬁch flame-retardant compris-
ing a phosphoric acidlester to‘a polymer alloy compris-
ing a polycarbonate.and a styrenic resin is also dis-
cldsed in,Jépanese Patent Application Laid-open Nos.

62556/1986 (JP-A-61-62556), 4746/1987 (JP-A-62-4746),

. 115262/1990 (JP-A-2-115262), 298554/1992 (JP-A-4-

298554), 179123/1993 (JP-A-5-179123), 262940/1993

 (JP-A-5-262940), 279531/1993 (JP-A-5-279531) and so on.

-Use of these flame-retardants comprising an aro-
matic substituted or non-substituted phosphoric .acid

ester can impa;t flame-retardancy and impact resistance
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suitably to a polymer alloy comprising a polycarbonate
and a styrenic iesin. Therefore, some of such.;esin
composition as a molding material fbr a home electric
apparatus or an OA .apparatus has been commercially
implemented;

The pélymer alloy comprising the non-halogen-con-
taining flame-retardant has, however, frequently poor
melt fluidity duriﬁg the molding process. Aécordingly,
a Shaped artiélé or molded article requiring not only
miniaturization but_alsollightening and thinhihg can
hérdly be produced.with_high efficiehcy, by imparting
high fluidity (flowability) to the polymer alloy.

Fﬁrther,.the polymer alloy is liable to be at-
tached to a mold of the molding machine and thus a
frequent cleaning of the mold is required, or deterio-
ration or degradation by residence of the resin by, for
example, heat or thermal degradation of the £lame- |
retardant is apt t6 occur during the molding process.

Furthermore, even if using a polymer alloy having

comparatively high melt fluidity, the resultant molded

article may have poor light resistance (light stabili-
ty) and is liéble to be discolored. The heat resist-
ance, impécﬁ fesistanée, mechanical strength and the
like of the molded article is likely to bé decreased
with increaéing or enhancing the melt fluidity. For
instance, the heat resistance and flame-retérdancy of

the shaped article is liable to be decreased with an
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increased ratio of the styrenic resin relative to the

polycarbonate, althéugh the melt fluidity is enhanced.

Accordingly, the light resistance, heat resistance and

impact resistance and the mechanical strength of the

~molded article can hardly be increased with maintaining

high melt fluidity.

SUMMARY OF THE.INVENTIQN
Thus, it is an object of the present invention to

provide a flame-retardant resin cbmposition,'whereby

hiéh flame-retardancy can be imparted to a molded

article, and which has high melt fluidity.
It is another object of the invention to provide a
flame-retardant resin composition whereby even a molded

article having a thin portion can be molded with high

accuracy.

A still another object of the present invention is
to provide, in a polymer alloy system comprising a

polycarbonate and a styrenic resin, a resin composition

wherein flame drip during burning can be inhibited or

suppreSsed and which has high flaméfretardancy or.flame
resistance. |

A further object of the invention is to provide a
flame-retardant resin composition which is.useful'for
obtaining a éhaped artiéle excellent in the flame-re-
tardancy, the heat fesistance, the impact reéistance 

and the mechanical strength.
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It is yet another object of the present invention
to pfovide a flame-retardanf resin.composition which
has high meit fluidity and is usefﬁl for obtaining a
molded article ﬁaving not only high fiame;retardanéy
but also excellent'light resistance.

A yet another object of the present invention is
to provide a flame-reta:dant resin composition which is
useful for obtaining a shaped article excellent in
flame-retardancy, light resistancg,.heat resistance,
impact resistance and mechanical strength.

The ﬁresent inventor made intensive investigationé
to achieve the above objects and, as a result, found
that when an éromatic phosphoric acid ester wherein an
alkyl'group is substituted on a specific.position of
thie phenyl group is used as a nonfhalogen—cohtaining
flame-retardant, not only thé flame-retardancy but also
the melt fluidity can be improved and thus a shaped

article (molded article) can be molded in high accura-

cy. Further, he found that by using a specific nucle-

ts-substituted aromatic phosphoric acid ester having
1, 3-phenylene group as the non-halogen-containing
flame-retardant, a resin composition having high melt

fluidity can be obtained, and whereby a shaped article

'having high flame-retardancy and further high light
resistance can be obtained in high accuracy. The

'.present invention has been accomplished based on these

findings.
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Accordingly, a flame-retardant resin composition

- of the present invention comprises (A) an aromatic

polycarbonaté, (B} a styrenic resin, (C) a flame-
retardant of an aromatic phosphoric acid ester shown by

the following formula (I)

0 0 |
wl (1)
RI-0-P —-0-A-0-P —~0-R4 |
0
R? g~ m

wherein R!, R?, R® and R* independently represent a
phenyl group which may be substituted with.an alkyl |
group having 1 to 4 carbon atoms, A represents an
aromatic residue, and n denotes an integer of 0 to 5,
ahd (D) a fluororésin,'wherein said flame-retardant (C)
is (i) a compound shown by the formula (I) where R! to
RY independently represent a phenyl group substituted
with 0 to_3_alkyl groups each having 1 to 4 carbon
atoms and at least one of R! to R! is a 2,4-dialkylphe-
nyl group, a 3,4—dialkylphenyl.group or a_3,5—diaikyl—

phenyl groﬁp, (ii) a compound shown by the formula (I)

where A is 1,3-phehylene group, n denotes an integer of

1 to 5 and at least one of R! to 34 is a phenyl group

substituted with 1 to 5 alkyl groups each having 1 to 4
carbon atoms, or (iii) a mixture of the compound (i)
and the compound (ii).

In the compound (i) of the formula (I), the alkyl

group may be an alkyl group having 1 to 3 carbbn atoms
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such as methyl group and ethyl group, and A may be a
phenylene group. The proportion of the amount of the
2,4-dialkylphenyl group, the 3,4-dialkylphenyl group
and fhé 3,5¥dialkyipheny1 grdup is, for é#ample, about
50 mole percent or more based on the total amount of
R, R?, R? and R}, and in the phenyl groups represented
by R}, R?, R} and R!, the ratio of the amount of the
2,4-dialkylphenyl group, the 3,4-dialkylphenyl group.
and the 3,5-dialkylphenyl group relative to the amount
of mOnoalkylphenyl.gfoups may frequently be éuch that
the former/the latter is abbut 50/50 to 90/10 (mole
percent).

In the compound (ii) of the fo;mula (I), the alkyl
group may be a methyl group or an ethyl Qroup. In such
casé, at least one of R!, R?, R® and R may be a phenyl
group subStituted with 2 alkyl groups each having 1 to
3 carbon atoms, and n may be an integer of 1 to 3.

The styrenic resin (B) includes, for example, a
non-rubber-modified'styrenic'resiﬁ such as SAN resin
fAS resin),.and'é rubber-modified styrenic resin such

as ABS resin. The fluororesin (D). such as a polytetra-

" fluoroethylene may usually be employed in a powdery or

granular form.

DETAILED DESCRIPTION OF THE INVENTION-
[Aromatic polycarbonate ()]

~ The aromatic polycarbonate (A) includes various
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poiymers, for example a polycarbonate obtainable_by a
reaction of a dihydric phenollcompound and phosgene
(phosgene method), or.by a reaction of a dihydric
phenol comﬁbund and a carbonic diester (tfansesterifi-
cation method). As examples of the dihydric phenol
compound, there may be.mentioned an optionally substi-
tuted bis(hydrbxyaryl)alkane'such as bis (4-
hydroxyphehyljmethane; 1,1-bis (4-hydroxyphenyl)ethane,
2,2-bis (4-hydroxyphenyl) propane, 1,1-bis(4-hydroxyphe4
nyl)butane, 1,1-bis (4-hydroxyphenyl) isobutane, 2,2- |
bis (4-hydroxyphenyl)butane, 2,2-bis(4-hydroxy-3-methyl-
phenyl) propane, 2,2fbis(4—hydroxy-3—t—butylphenyl)-
propane, 2,2-bis (3, 5-dimethyl-4-hydroxyphenyl)propane,
2,2-bis(4—hydroxy-3—cyclohexylphenyl)propane and 2,2-
bis (4-hydroxy-3-methoxyphenyl)propane; an optionally
substituted bis(hydroxyéryl)cycloalkane such as 1,1-
bis(4—hydfoxyphényl)cyclopentane, 1,1;bis(4—hydroxyphe-
nyl) cyclohexane, 1,l-bis (4-hydroxyphenyl)cyclododecane.
and others;-é_dihydr0xyaryl ether such aé 4,4'-dihy-
droxyphenyl ether and 4,4'—dihydroxy-3,3'edimethylphe-

nyl ether; a dihydroxydiaryl sulfide such as 4,4'-

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

dimethyldiphenyl éulfide} a dihydroxydiaryl sulfoxide
such as 4,47 -dihydroxydiphenyl sulfoxide and 4,4’-

dihydroxy-3, 3’ -dimethyldiphenyl sulfdxide; a dihydroxy-

'diaryl sulfone such as 4,4'-dihydroxydiphenyl sulfone

and 4,4’-dihydroxy-3, 3’ -dimethyldiphenyl sulfone; a
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dihydfoxydiaryl ketone such as bis (4-hydroxyphenyl)
ketone and bis(4—hydroxy-3;méthylph§nyl) ketone; 1,4-
bis(4-hydfoxyphenylsulfonyl)benzene, 4,4'-bis (4-
hydroxyphenylsulfonyl)benzene, 1,2-bis(4-ﬁydroxyphe-
noxy)ethane, phenolphthalein and others. These dihy-
dric phénol compounds can be used singly or in combina-
tion. |

Preferred examples of the dihYdric phenol compound
include a bisphenol whereby an aromatic polycarbonate
having high heat resistance_can’be obtained. As such
biéphenol, there may be mentioned, for instance, a
bis(hydrokyphenyl)alkane such as 2,2-bis(4?hydroxyphe-
nyl)propane, a bis(hYdroxyphenyl)cycloalkane such as
bis (4-hydroxyphenyl) cyclohexane, a dihydroxydiphenyl
sulfide, a dihydroxydiphenyl sﬁlfone, a dihydroxydiphe-
n&l ketone and so'on.. Typically preferred dihydric
phenol compound includes, for example, 2,2-bis(4-
hydroxyphenyl)propane_(namely, bisphenol A) with which
a bisphenol A type aromatic polycarbonate can be
formed. . .

In the preparation of the bisphenol A type aromat-
ic pdlycarbonate, a part of.bisphenol A can be teplaced
by anofher;diﬂydric phenol compbund insofar as the heat
fesistance, mechanical stréngth'and the like are not
adversely affected. |

The'molécular weight of the polycarbonate is, for

example, as a viscosity-average molecular weight meas-
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‘ured at 20°C by using methylene chloride, about 15,000

to 50,000, preferably about 18,000 to 40,000 and more
preferably about 20,000 to 30,000. When the moiecular

‘weight is less than 15,000, the impact resistance of

the shaped article is liable to be decreased, and when
it exceeds 50,000, the fluidity (flowability) is apt to
be decreased.._

The limiting-viscosity of the polycarbonate is,

for instance, about 0.3 to 0.7 dl/g, and preferably

about 0.3 to 0.65 dl/g in methylene chloride at 20°C.

[Styrenic resin (B}]

The styrenic resin (B) includes a non-rubber-

modified styrenic resin (Bl) which does not include a

rubber component and a rubber-modified styrenic resin
(B2). The rubber-modified styrenic resin (B2) may be a
mixed composition (B2a) of a rubber éémponent and a

styrenic resin, or a grafted polymer (B2b) obtainable

by graft-polymerizing a styrenic monomer or a mixture

of vinyl monomer comprising a styrenic monomer ‘and non-
styrenic vinyl monomer to a rubber component (B21) .
The non-rubber?modified styrenic resin (Bl) in-

clude a homo- or co-polymer of an aromatic vinyl mono-

- mer (Bla) and a copolymer obtainabie by polymerizing an

‘aromatic vinyl monomer (Bla) and a copolymerizable non-

styrenic vinyl monomer.
- As examples of the aromatic vinyl monomer (Bla),

there may be mentioned a styrenic monomer such as
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styrene, én.alkyl-substituted styrene (for instance, o-
methylstyrene, p-methylstyrene, m—methylstyrene, 2,4-
dlmethylstyrene, p-ethylstyrene, p- —butylstyrene and
the llke), an a—alkyl- substltuted styrene (e.g. a—l
methylstyrene,-a—methylbp—methylstyrene, etc.) a halog-
enated styrene (for insténce, Q-chloroStyrené, pP-
chlorosty:ene, etc.) and.others. Preférred examples of
the aromatiq vinyl monomer include styrene, p-me-
thylstyréne and a-methylstyrene, particularly, styrene
and a—methylétyrene. These aromatic vinyl monomérs can
be employed singly or in combinaﬁion. |

The non-styrenic vinyl monomer includes a copoly-
merizable vinyl monomer such as vinyl cyanide monomer

(Blb) (for example, acrylonitrile, methacrylonitrile),

'other copolymerizable vinyl monomer (Blc) [e.g. a

(meth)acrylic mohomér (for inétance, a (meth)acrylic

acid ester or (meth)acrylic ester of an alkyl having
about 1 to 10 carbon atoms suéh as methyl methacrylate,
ethyl_acfylate and buﬁyl acrylate, a.(meth)acrylic
estér.haQihg'a functional group such as 2-hydroxyethyl
methacrylaﬁe.and_2—hydroxypropyl methacrylate,
(meth)acrylic acid and the like), maleic anhydride, N-
substituted maleimide and so on].

Preferred examples of the non-styrenic monomer
include'(meth)acrylonitrile, (meth)acrylic monomer
(e.g., (meth)acrylic acid ester of.an alkyl having

about 1 to 4 carbon atoms such as methyl methacrylate),
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maleic anhydride, N-substituted maleimide and others,
specifically acrylonitrile, an alkyl (meth)acfylate
such as meﬁhyl methacrylate and so on. Such non-
styrenic monomers can also be employed siﬂgly or in
combination.

The styrenic resin (Bl) may, for example, be a
homo- or co-polymer of an aromatic vinyl monomer (e.g.
polystyrene), or may frequently be (1) a copolymer
obtainable by polymerizihg the styrenic monomer (Bla)
and the'Vinyl cyanide monomer (Blb) such aé acryloni-
trile [for example, an acrylonitrile—-styrene copolymer
(hereinafter briefly.referred to as SAN iesin) and
others], (2) a copolymer obtainable by polymeriéing the
styrenic monomer (Bla) ahd the alkyl (meth)acrylate
(Blc) (for instance, a styrene-methyl.methacrylate
copolymer and so on), (3) a copolymer obtainable by
polymerizing the styrenic monomer (Bla), the vinyl cya¥
nide monomér (Blb) and the copolymerizable vinyl mono-
mer (Blc) such as an alkyl (meth)acrylate (e;g. a
styrene-acrylonitrile-methyl methécrylate copolymer,
etc.), (4) a styrene-maleic anhydridé-popolymer, a
Styrene-N—substituted_maleimide cépolymer and others.

As the pfeferred styrenic resin (Bl), there may be
mentioned, for instance, SAN resin, a styrene-acryloni-
trile—(meﬁh)acrylic acid alkyl ester COpolymer.and so
on. The non-rubber-modified styrenic resin (Bl) can be

used singly or in combination.
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The propoftibn of each monomer for preparing the
copolymer may be selected from a range as far as the
melt fluidity, the heat resistance and impact resist-
ance'of the moided.article are not impairéd, and is,
for example, about 50 to 90% by weight (preferably
about 55 to 85%-by weight and more préferably about 60
to 80% by weight) of the aromatic vinyl monomer (Bla),
about 10 to 40% by weight (préferably about 15 to 35%
by weight and more prefe:ably about 20 to 30% by
weight) of the vinyl cyanide monomer (Blb), and about 0
to 40% by weight. (preferably about 0 to 30% by weight
and more préferably about 0 to 20% by weight) of the
copolymerizable vinyl monomer (Blc) such as a
'(meth)acrylié monomer. Use of the.aromatic vinyl
monomer (Bla) in an amount of less than 50% by weight
may possibly cause coloring or detefioration (degrada-
tion) of the molded article, and use in a proportion of
more than 90% by weight is liable to decrease the heat
resistance and the chemical resiétance of the shaped
article. | _

Further, when.the vinyl cyanide (Blb) is used in a
proportion of 1esé than 10% by weight, the chemical
resistance of‘thé shaped article is apt to be decreased
or reduced, while when it exceeds 40% by weight, the
heat stability of the shaped article is likely to be
reduced. Moreover, use.-of the coéolymerizable vinyl

monomer (Blc) such as a (meth)acrylic monomer in an
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amount of more than 40% by weight may occasionélly
decreaée the melt fluidity or the properties or charac-
teristics of the shaped article.

As the rubber component in the rubbef-modified
styrenic resin (BZ), there may be mentiéned, for exam-
ple, a non-styrenic rubber-like polymer containing no
styrene unit such as a polybutadiene rubber, a butadi-
ene~-isoprene rubber, a butadiéne-acrylonitrile copoly-
mer, an ethylene-propylene rubber, an EPDM rubber (an
ethylene—propylénefnonconjugate diene rubber), a polyi-
soprene rubber, a polychloroprene rubber, an acrylic
rubber and an ethylene-viﬁyl acetate copolymer} a |
styrenic'rubber—like polymer containing a styrene unit
such as a styrene-hutadiene copolymer and a styrene-
butadiene block copolymer. These rubber—like poiymér
can be employed singly or in combination.

_Préférred examples of the rubber componenﬁ include
a polybutadiene,.a butadiene—acrylonitfile copolyﬁer,
ah_ethylene-propylene rubber, an EPDM rﬁbber,.an acryl-
ic rubber, a styrene-butadiene copolymer and a styrene-
butadiene block copolymer. A polymer containing a
butadiene unit (for instance, a poiybutadiene, alsty—
rene—butadiené-copolymer) may frequently be used as the
rubber component} |

 The glass-transition temperaﬁure Tg of the_rubber
component is not higher than aboutIO'C,-preferably

about -150°C to 0°C, and more prgférably about -100°C
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to -10°C. Where the glass-transition temperature of
the rubber component exceeds 0°C, the impact strength
of the shaped article (molded article) is liable to be
decreased or impaired. o

The rubber-modified styrenic resin may comprise a
mixture of the rubber component and the styrenic resin,
or may preferably be a high impact resistant styrenic
resin ebtainable_by graft-polymerizin§ at least a
styrenic monomer to a rubber component. As examples of
the rubber—modified styrenic resin, there may be men-
tioned a high impact resistant polystyrene (HIPS)
obtainable by polymerizing styrene to a polybutadiene,
ABS resin obtainable by polymerizing acrylonitrile and
styrene to a polfbutadiene, AAS resin obtainable by
polymerizing acrylonitrile and styrene to a aerylic
rubber, ACS resin obtainable by polymerizing acryloni-
trile and styrene to a chlorinated polyethylene, AES
resin obtainable by polymerizing acrylonltrlle and
styrene to an ethylene-propylene rubber (or EPDM rub—
ber), a terpolymer obtainable by polymer121ng acryloni-
trile and styrene to an ethylene-vinyl acetate copoly-
mer, MBS'resiq obtainable by polymerizing methyl metha-

crylate and styrene to a polybutadiene and so on.

'These rubber-modified styrenic resins can be employed

singly or as a mixture of two or more species.

In the rubber-modified styrenic resin (B2), the

~components other than the rubber.component and the
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proportions thereof are frequently in common with ﬁhose
of the non-rubber-modified styrenic resin. The ratio
of the amount of the rubber compénent (B21) relative to
the.amount of the polymerizable monomer déntaininé at
least an aromatic vinyl'monbmer can be selected from a
wide range depending on ﬁhe characteristics of the
rubber—mpdified styrenic resin,.and is, for example,
such that the former/the latter equals about 5/95 to
65/35 (% by weight), preferably about 10/90 to 60/40 (%
by weight), ﬁore preferably about 15/85 to 50/50 (% by
weight), and frequently about 10/90 to 65/35 (% by
weight). Graft-polymerization in such ratio can afford
a high impact resistant'grafted polymer containing the
rubber component corfesponding to the ratio. In the
rubber-modified styrenic resin (BZ); the composition of
the polymerizable monomers.is, for instance, about 20
to 90% by weight and preferably about 21 to 85% by
weight of the aromatic vinyl monomer (Bla); about 10 to
40% by weight and preferably about 14 to 38% by weight
of the vinyl cyanide monomer (Blb) and about 0 to 40%
by weight and preferably about 0 to 30% by weight of
the copolymerizable vinyl monomer (Blc) in mahy cases.
The mean or average particle size of the rubber
cohponent dispersed_iﬁ the rubber-modified styrenic
resin (B2), particularly in the grgfted polymer, is for
instance about 0.05 to 5 um, preferably about 0;1 to 3

um, and more preferably about 0.1 to 1 um. When the
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mean particle siie of the rubber component is less than

0.05 um, the impact strength of the shaped article is

- liable to be decreased, and when it exceeds 5 pm, the

gIoss or iuster and/or'surfaée appearance.of the shaped
article is apt to be impaired or deteriorated. The
rubber componenf may be dispersed as rubber disperse
particles habing a plurality of peaks (for example, two
peaks) in the particle size distribution.

The styrenic resin (B) may comprise the non-rub-

ber-modified styrenic resin (Bl) alone, but it may

~advantageously comprise at least the rubber-modified

styrenic resin (B2), specifically the grafted polyﬁer,
for improvement or enhancement of the impact resist-
ance., That is, the preferred examples of the styrenic
resin (B) include (1) the iubber—modified styrenic’
resin (B2) alone, and (2) a mixed resin composition
comprising_the non-rubber-modified styrenic resin (Bl)
and the rubber-modified styrenic-fesin (B2).

For impfoving or increasing the melt fluidity and
molding prbcessability, a mixture of the non-rubberé
modified étyrenic resin (Bl) and the';ubber-modified
styrenic resin (B2).cah'frequently be used as the

styrenic resin (B). The ratio of the non-rubber-

modified styrenic resin (Bi) relative to the rubber-

modified styrenic resin (B2) may be selected from a

wide range, and is, for instance, such that the

former/the latter is about 0/100 to 75/25 (% by
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- weight), preferably about 0/100 to 60/40 (% by weight),

more preferably about 0/100 to 50/50 (% by weight), and
ftequently about 10/90 ﬁo 40/60 (% by weight). Use of
tbe non-rubber-modified styrenic resin (Bi) in a pro-
portion of more than 75% by weight is apt tb-decrease
the impact résistance_of the shaped article, and use of
the rubber-modified styrenic resin (B2) in an amount of

less than 25% by weight is liable to decrease or impair

‘the impact resistance of the shaped article.

When the styrenic resin (B) is a mixed resin
coﬁposition of the non-rubber-modified styrenic resin
(Bl) such as SAN resin, and the rubber-modified-styren—.
ic resin (BZ) such as ABS résin, the content of the
rubber component in the styrenic resin (B) is, for
instance, about 1 to 50% by.weight, preferably about 5
to 40% by weight, and more preferably about 10 to 30%
by weight. When using the rubber component in a pro-
portion of less than 1% by weight, the impact resist-
ance of the shaped article may be decreaééd, and when
using it in a-proportioh of more than 50% by weight,

decrease of the melt fluidity, or gelation (gelling),

coloring and/or deterioration during the molding proc-

ess are liablé to occur.

The non-rubber-modified styrenic resin may be
prepared by a conventional method.Such as emulsion
polymerization, solution polymeriiation, bulk polymeri-

zation, suspension polymerization and the like. The
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rubber-modified styrenic resin (grafted polymer) may

- frequently be prepared by bulk polymeriiation, suspen-

sion polymerization or emulsion polymerization. In the

polymerization, if necessary, an inert solvent such as

benzene, ethylbenzene, toluene, xylene and a mineral
0il, a molecular weight regulator, an antioxidant, a
lubricant, a plasticizei and so on-may be added.

{Resin mixture]

By melting and mixing the polycarbonate (A) and
the stYrenic resin (B), a shaped article having high
heét and impact resistance can be obtained. It may
probably be because these resins form a polymer alloy.
The ratio of the polycarbonate (A).relative to the
styrenic rgsin (B) can be selected from the range |
according to the species of each of the resins insofar
as not impairing the heat resistance, the impact re-
sistance, the melt fluidity and the like, and is for
examp;e such that the former/the latter is about 40/60
to 95/5 (% by weight), preferably about 50/50 to 95/5

(% by weight) and more preferably about 55/45 to 85/15

(% by weight). The proportion of the polycarbonate (A)
relative to the styrenic resin (B) is frequéntly such
that the_formér/the latter is about 50/50 to 90/10 (%
by weight), particularly about 60/40 to 90/10 (% by
weight). Use of the polycarbonate.(A)-in a proportion
of less than 40% by weight is apt to decrease_br'reduce

the heat resistance or the impact resistance of the
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shaped article, although the melt fluidity is in high
level in such case. When the proportion of the poly-

carbonate (A) exceeds 95% by weight, the melt fluidity

'during the molding process is liable to be decreased.

The cohtent of the rubber component in the resin mix-
ture is, for instanéé, about 1 to 30% by weight and
preferably about 1 to 25% by weight.
[Fléme—retardant (C)] |
The flame-retardant (C) is an éromatic phosphoric

acid ester shown by the formuia.(I). In the formula
(I), the alkyl group which may be substituted on the
phenyl group of R! to R?! includes, for example, a lowér.
alkylAgroup having about 1 to 4 carbbn atoms such as
methyl, ethyl; propyl, isopropyl, butyl, isobutyl, s-
butyl and t-butyl groups. Among these alkyl.groups, an
alkyl group haﬁing 1 to 3 carbon atomé, particularly
methyl group and/or ethyl group is preferred. Each of
the phenyl groups may be substituted with about 0 to 3,
preferably about 1 to 3 (for instance, 1 or 2, barticu-'*
iérly_Z) alkyl groups. | |

'_ As the aromatid residue represented by A, there
may be mentioned, for instance, an arYlene group in-
cluding a phenylene group such as 1,2—pheny1ene group,
1,3;pheny1ene group and 1, 4-phenylene group, hydroqui-
none residue, naphthalene residue, etc., bisphenol A
residue and so on. Preferred aromatic residue includes

an.arylene group, specifically a phenylene group.
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A feature of the present invention resides in the
use of, as the flame-retardant, the compound (i).Shoun
by the formula (I) wherein R? telRf independently
represent e phenyl group substituted with 0 to 3 alkyl
groups each having.1l to 4 carbon atoms, and two aikyl
group are bonded to a spec1f1c pos1t10n of the phenyl
group represented by R?, R?, R?® and R?, the compound
(ii) shown by the formula (I) wherein A is 1, 3-phenyl-
ene group,-n is an integer of 1 to 5, and at least one
of RF, R?, R? and R! is a phenyl group substituted with

ltob alkyl groups each having 1 to 4 carbon atoms, or

a mixture of the compound (i) and the compound (ii).

Hereinafter the compound (i) is illustrated. The
numbers of the alkyl group(s) for each of the phenyl
groups is about 0 to 3, end preferably about 1 or 2 in
the'compound (i).' In such compound, at least one of
the substituents R! to R* is a 2,4-dialkylphenyl group,
a 3,4-dialky1phenyl group or 3,5-dialkylphenyl group.
Preferred examples of the dialkylphenyl group include
2,4-dimethy1phenyl group, 3,4-dimethylphenyl'group,

3, 5~-dimethylphenyl group, 2,4—diethylphenyl group, 3,4~
diethylphenyl'group, 3,5-diethylphenyl group, 2—methyl-
4-ethylphenyl group, 3-methyl-4-ethylphenyl group, 3-
methyl-5-ethylphenyl group, 2¥ethyl—4emethylphenyl
group, 3—ethyl-4—methylphenyl group, 3-ethyl-5—methyl-

phenyl group, 2,4-dipropylphenyl group, 3,4-dipropyl-

phenyl gréup, 3, 5~-dipropylphenyl group, 2,4-diisopro-
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pylphenyl gréup, 3,4—dii$opropylphenyl group, 3,5~
diisopropylphenyl grdup and others.

The substituents Ri, rR?, R3 and R4 may independent-
ly be a dialkylphenyl group selected from.a é,4-dial-
kylphenyl group, a 3,4-dialkylphenyl group and a 3,5-

~dialkylphenyl group. Use of the compound where the

substituents R' to RY are respectively a 2,4-dialkyl-
phenyl groﬁp, a 3,4-dialkylphenyl group.and/or a 3,54
dialkylphenyl group, -can remarkably. improve the melt
fluidity. Meanwhile, when using the compound where all
of the substituents R to R? are 2,6-dialkylphenyl
groups, the melt fiuidity would not improved so much.
Only if comprising suéh 2,4—diﬁlkylphenyl group,

3,4-dialkylphenyl group and/or 3,5-dialkylphenyl group,

the substituents R! to R* may further comprise a phenyl

group, a monoalkylphenyl group (for instance, 2-
methylphenyl group, 3-methy1phenyl group, 4-
methylphenyl group, etc.), a 2,3-dialkylphenyl group, a
2,5-dialkylphenyl'group,“a 2,6-dialkylphenyl group
(e.g., 2,6-dimethylphenyl group.and $o on), a trialkyl-
phenfl group (for instance,'2,4,6—trimethylphenyl'_

" group) and the like. The compound (i) shown by the

- formula_(I) may usually contain a 2, 6-dialkylphenyl

group whiéh is alposition-isomer relative to the 2,4-

dialkylphenyl group, 3,4-dialkylphenyl group.and 3,5~

dialkylphenyl grdup, or a phenyl group or a monoalkyl-
phenyl group.
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The proportion of the 2,4-dialkylphenyl group,
3,4-dialkylphenyl group and 3,5—dialkylpheﬁyl group
based on the total amount of R}, R?, R® and R* may be
within the raﬁge as far as the melt fiuidity, the heaﬁ

resistance and the like are not adversely affected, and

" is, for instance, about not less than 50 mole percent,

preferably about 60 to 100 mole percent, and more
preferably about 65 to 100 mole percent. When the

proportion of the dialkylphenyl group is less than 50

.mqle percent, the melt fluidity during the molding

process may occasionally be decreased.

Further, in case that R!, RZ, R and RY comprise
both & dialkylphenyl group (e.g. a 2,4-dialky1phenyl
group, a 2,6-dialkylphenyl group, a-3,4-dialkylphenYl
group, a 3,5—dialkylphenyl group and so on) and a
monoalkylphenyl group, the ratio of the 2,4-
dialkylphenyl'group, 3,4-dialkylphenyl group and 3,5-
dialkylphenyl group'relative to the monoalkylphenyl
group is such that, for example, the former/the latter
equals about 50/50 to 95/5 (mole percent), preferably
about.50/50 ﬁo 90/10 (mole percent), and more prefera-

bly about 60/40 to 90/10 (mole percent). The ratio of

the dialkylphenyl group relative to the monoalkylphenyl

group is frequently such that the former/the latter is
about 60/40 to 80/20 (mole percent). When the ratio of
the dialkylphenyl group is out of the above-mentioned

range, the_melt.fluidity during the molding process may
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sometime be impaired or decreased.

The repeating'unit n in the compound (i) of the
formula (I) may be an integer of 0 to 5. The compéund
(i} of the formula (I) wherein the repeéting unit n is
an integer of 1 to.3, particularly 1 or 2 can advanta-
geously be uéed for constituting_a'flame—retardant_of
an oligomeric phosphoric acid ester.

The flémé-retardant (C) may frequently comprise a

mixture of phosphoric_acid esters differing in the

‘repeating unit n. The mean or average value of such

repeating unit n is about 0.5 to 2.0, preférably about
1.0 to 1.8 and mdre_preferably about 1.2 to 1.7. 1In
the mixture of phosphoric acid esters differing'oi
varying in the repeating unit n, the propgrtion of the
compound'where n=1 is; for instance, about 40 to 90

mole percent, preferably about 50 to 80 mole percent,

" and more preferably about 55 to 75 mole percent. To be

more concrete, a mixture of the phosphoric acid ester

oligomers comprises, in many -cases, about 0 to 10 mole
percent, preferably about 0 to 7 mole percent and more
preferably about 0 to 5 mole percent of the compouhd
having the repeating unit n of 0, about 40 to 90 mole
percent, preférably'about 50 to 80 mole percent and
more ﬁreferably about 55 to 75 mole percent of the
compound having the repeating unit.n of 1, about 5 to-
40 mole percent, preferably about 7 to 35 mole percent

and more preferably about 10 to 39 mole percent of the
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compound having the repéating unit n of 2, and about 5
to 25 mole percent, preferably about 7 to 20 mole

percent and more preferably about 7 to 17 mole percént
of the compound having the repéating unit n of not less

than 3. The propdrtion of the compound having the

. repeating unit n of not less than 3 may be about 1 to

25 mole percent.

The compound (iif where A is.1,3-phenylene érdup
and n denotes an integer of 1 to 5 is explained herein-
below. |

The phenyl group substituted with 1 to 5 alkyl
groups each havingll to 4 carbon atoms includes,'for
instance, a monoalkylphenyl group such as 2-methylphe4
nyl group, 3-methylphenyl group, 4-methylphenyl group;
2-ethylphenyl group) 3—ethylphenyl group, 4-ethylphenyl
group, 2-propylphenyl group, 3—propyl§henyl group, 4-
propylphenyl group, 2-isopropylphenyl group, 3-isopro-
pylphenyl gfoup, 4-isopropylphenyl group, 2-butylphenyl
group, 3*buty1phenyl group, 4-butylphenyl group, 2-
isobutylphenyl group, 3fisobutylphehyl groﬁp, 4-isobu-
tylphenYl group, 2-s-butylphenyl group, 3-s-butylphenyl
group, 4fs—bﬁ;ylphenyl group, 2-t-butylphenyl group, 3-

t-butylphenyl group, 4-t-butylphenyl group and so on; a

2,3-dialkylphenyl group such as 2, 3-dimethylphenyl
groﬁp, 2, 3-diethylphenyl group, 2,3—dipropylphenyl'
group, 2,3-diisopropylphenyl group, 2-ethyl-3-
methylphenYl group, 3—ethyi-2-methylphenyl group and
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‘the like; a 2,4-dialkylphenyl group such as 2,4-dimeth-

ylphenyl group, 2,4-diethylphenyl group, 2,4-
dipropylphényl group, 2,4-diisopropylphenyl group, 2-
ethyl-4-methylphenyl group, 4-ethyl-2-methylphenyl_
group and others; a 2,5-dialkylphenyl group such as
2,5-dimethylphenyl group, 2,5—diéthylphenyl group, 2,5-
dipropylphenyl group, 2,5-diisopropylphenyl group, 2-
ethyl-5-methylphenyl group, 5—ethyl-2—methylphenyl

group and so on; a 2,6-dialkylphenyl group suéh as 2,6-

dimethylphenyl group, 2,6-diéthylpﬁenyl group, 2,6-

dipropylphenyl group, 2,6—diisopropylphenyl group, 2,6-
dibutylphenyl group, 2,6—diisobUtylphényl_group,
2,6-di-s-butylphenyl group, 2,6-di-t-butylphenyl group,
2—ethyl-6fmethylphenyl'group.and others} a 3,4-

dialkylphenyl group such as 3,4-dimethylphenyl group,

'3,4—diethylpheny1 group, 3,4-dipropylphenyl group, 3,4~

diisopropylphenyl group, 3-ethyl-4-methylphenyl group,
4-ethyl-3-methylphenyl group and the like; a 3,5—diél—
kylphenyl group such as 3,5-dimethylphenyl group, 3,5-
diethylphenyl group, 3;5-dipropy1phenyl group, 3,5-
diisopropylphenyl group, 3-ethyl-5-methylphenyl group
agd so on; a ;rialkylphenyl group such as 2,3,4-tri-
methylphenyl group, 2,3,5-tiimethylphehyl group, 2,3,6-
trimethylphenyl.group,.2,4,5—trimethylphenyl group,
2,4,6-trimethylphenyl group, 3,4,5ftrimethy1phenyl
group, 4-ethyl-2, 6~dimethylphenyl group, 2,6-diethyl-4-
methylphenyl group,,4-methy1-2;G-diisopropylphenyl |
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group and others. .

The phenyl group substituted with 2Ialkyl groups
each having 1 to 3 carbon atoms such as.methyl,_ethyl
and propyl groups (for instance, a dimethylphenyl gfou?
such as 2,6-dimethylphenyl group, 3,5—dimethy1phenyl
group, 2,4—dimethylphenyl group and so on) can specifi-
dally be used among these groups. Use of such phenyl
group substiﬁuted with 2 alkyl groups each having 1 to
3 carbon atoms, particulafly a dimethylphenyl Qroup can
extremeiy improve the heat resistance of the shaped
article. As the phenyl group substituted with 2 alkyl

groups each having 1 to 3 carbon atoms, a phenyl group

substituted with the alkyl groups on the 2- and 6-

positions (e.g., 2, 6-dimethylphenyl group, 2,6-diethyl-~
phenyl group, Zfethyl—s-methylphenyl group, etc.) may
frequently be employed. |

The substituents R, R?, R® and R! may.be independ-
ently a phenyl group substituted with 1 to 5 alkyl
groups each having 1 to 4 carbon'atoms; When the com-
pound whe:e the substituents R! to R! are the phenyl

groups each substituted with 1 to 5 alkyl groups each

" having 1 to 4_carbon atoms, the melt fluidity, and the

light resistance of the shaped article can remarkably
be improvéd or enhanced.

‘Use of a compound where all of the substituents R}

" to R? are non-substituted phenyl groups notably de-

. crease or impair the light resistance of the shaped
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artiéle.' When using a compound where A is 1,4—phenyl-
ene group, the melt fluidity is decreased and the
tensile elongation of the shaped article is reduced.

In the compound (ii), the repeating uﬁit n in the
formula (I) ﬁay be an inteéer of 1 to 5. The compound
(ii) of the-formula (I) wherein n is aﬁ integer of 1 to
3, particﬁlarly 1 or 2, more specifically 1 can advan-

tageously be used for_conétituting a flame-retardant of

an oligomeric phosphoric acid estér (phosphoric ester).

These flame-retardants (flame-retarders) can be
employed singly or in combihation. Preferably, the
flame-retardant (C) comprises at least the compound'.'
(i) . "When a mixture of the compound (i) and the com- .
pound (ii) is employed as the flame-retardant (C), the
ratio of the compound (i) relative to the compound (ii)
can be selected from a wide range, and is, for example,
such that thé former/the latter is about 1/99 to 99/1
(by weight), preferably about 10/90 to 90/10 (by
weight).and_more preferably about 30/70 to 70/30 (by
weight). |

The flame-retardant shown by the formula (I) can
be prepared-by a various method. By way of illustra-
tion, as describéd in Japanese Patent Application Laid-
open No. 1079/1993 (JP-A-5-1079), the flame—retardaht
can be prepared by allowing a phenol éompound corre-

sponding to R, R?, R3 and R* (for example, phenol,

cresol, xylenol and the like) to react with phosphorus .

.
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oxychloride and a dihyd;ic phenol corresponding to the
aromatic residue A (e.qg., resorcinoi, hydréquinone,
bisphenol A, 1,4-dihydroxybenzene and so 6n). The
ratio of the dialkylphenyl gfoup relative.to the mo-
noalkylphenyl.group or the like can easily be con-
trolled or adjusted by selecfing the species and the
amount of the phenol compound correépohding to R, R?,
R3 and R%. |

The amount of the compound (C) shown by the formu-
la (I) may be an effective amount to impart the flame-
retardancy (fire resiétance) td the pblycérbonate ()
and the styrenic resin (B), and is, for example, about
S to 50 parts by weight, preferably about 10 to 30
pa:ts by weight, and more preferably about 15 to 25
parts by weight relative to 100 parts by weight of the
mixed resin composition of the polycarbonaté (A) and
the styrenic resin (B); Use-of ﬁhe flame-retardant (C)
in a prbportion of less than 5 parts by weight relative
to 100 parts by weight of the mixed"resin-composition
can hardly'impért high melt fiuidity-and the high
flameéretardancy suited to the UL Sténdard to the
shaped or molqed article, and the use:in_a proportion
of more than 50 parts by weight is apt to decrease or
impair the heat resistance of the shéped article,
although imparting high melt fluidity and flame-retard-
ancy. When the amount of the flame-retardant shown by

the formula (I) is about 10 to 25 parts by Weight
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relative to 100 parts by'weiéht of the mixed resin
composition, weli-valanced various .characteristics such
as the flame-retardancy, heat resistance,'impact're—
sistance, melt fluidity aﬁd others can be obﬁained.
[Fluororesin (D)] | |

The use of the fluororesin (D) can suppress drip

" of a kindling substance and a molten mixture, thus the

fluororesin (D) acts as a flame-retarding-auxiliary.
The fluororesin includes, for example, a mono- or co-
polymer obtainable by polymerizing a fluorine-contain-

ing monomer such as'tetrafluoroethylene, chlorotrifluo-

roethylene, vinyl fluoride, vinylidene fluoride, hexa-

fluoropropylene, perfiuoroalkyl vinyl ether and so on;
a copoiymer obtainable by polymerizing the fluorine-

dontaining monomer and a copolyﬁerizable monomer such
as éthylene, propylene and aérylate. -Practical éxam—
ples of the fluororesin include a homopolymer such as

polytetrafluoroethylene, polychlorotrifluoroethylene,

'polyvihylidene fluoride and others; a copolymer'such as

a tetrafluoroethylene-hexafluoropropylene copolymer, a

tetrafluoroethylene-perfluorocalkyl vinyl ether copoly-

‘mer, a_tetraf;uoroethylene-hexafluoropropylene-perfluo-

;oalkyl_vinyl ether copolymer, an ethylene-tetrafluoro-
ethylene copolymer, an ethylene-chlorotrifluoroethylene
copolymer and the like. Theée fluororesins can be

empldyed sinély or in combination.. Polytetrafluoroeth-

ylene (hereinafter referred to as PTFE) can preferably
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be ﬁsed among these fluororesins. The fluororesin may
be prepafed by a conventional method such as the emul-
sion polymerization method desc:ibed in U.S. Patent No;
2,393, 967. |

The fluororesin may be compounded or incofporated
into the resin compositién by melting and mixing,with-
the poly;arbonaté and the.styrenic resin, or may fre-
quenfly be used in a powdery form, for example as a
powder or granular having a mean particle size of about
10 to 5,000 ﬁm, preferably about 100 to 1,000_um;.and
more preferably about. 200 to'700 um..

The fluorine-content of the fluororesin may be
seleéted’from a range depending on the species of the
resin insofar as the flémé—retardancy or flame resist-
ance can be imparted to the shaped article, and fre-
Quently is, for instance, about 65 to 75% by weight and
preferably about 70 to 74% by weight. The apparént
density of the powdery or granulaf fluoréresin-is, for
example, about 0.4 to 0.6 g/cm3, and preferably about
0.43 td 0.47 g/cmg; When the fluororesin is polytétra—
fluo:oethylene, ;he'specific gravity of the fluororesin
is about 2.13.to 2.22 g/cm®, and the melting point-is
about 326°C to 328°C.

The flame-retarding—auxiliary (D) may be used in
an amount of,.for instance, aboﬁt 0;05 to 5 parts by
weight, préfe:ably about 0.1 to 2 farts by weight and

more preferably about 0.2 to 1 part by weight relative
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to the 100 parts by weight'of the resin mixture. When
adding the fluororésin (D)_in a proportion.of less than
0.05 part by weight,_sufficieht inhibiting or suppress-
ing effect on the drip of the kindling sdﬁstance and/or
molten drop (drip—inhibiﬁing effect) and thus high
flame-retardanc§ or fire resistance cannot be imparted
to the shaped article. Addition of the fluororesin in
a proportion of more than 5 parts bylweight may in-
créase the shrinkage of the shaped article by heat,
with decreésing_the dimensional acCuraéy during heating
process as well as with increasing cost.

[Other additives] |

The flame-retardant resin composition may be added
with various additives including, for example, a-degra-
dation-inhibitor such as an antioxidant, an ultravio-
let-absorber and a light-resistant stabilizer; a lubri-

cant; an antistatic agent; a mold release agent (mold

lubricant); a plasticizer; a reinforcing fiber such as

a glass fiber, a carbon fiber, a polyamide fiber,'an

-aromatic polyamide fiber, an aromatic polyester fiber
‘and the like; a filler such as calCium.carbonate and

" talc; and a coloring agent such as a pigment. The

amount of such additive may be selected from a range
according to the species of the additive insofar as not
impairing, for instance, the heat resistance, the

impact resistance and the mechanical strength of the

shaped érticle, By way of illustration, the additive
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such as an antioxidant is frequently used in an amoﬁnt
of about 5% by weighﬁ or less based on the total.amount
of the composition, and the reinforcing agént such as a'
élass fiber_and/or'the filler is usually omployed in a
proportion of 50% by weight or less based on the total
amount of the.composition.

[Preparation of the resin composition]

The flame-retardant (fire resistant) resin compo-
éition may be é premixed composition obtainable by pre-.
mixing the polycarbonate (a), the styrenic resin (B),
the flame-retardant (C) and the fluororesin (D) with
the use of a mixer'éuch as a V-blender, a supermixer, a
superfloater and a Henshell mixer}' The resin composi-
tion is usually a mixture obtainable'by melting and
mixing ﬁhe.premixed_composition homogeneously. Such
mixturelcan be obtained by melting and kneading the
premixed mixture, with using a'kneading means, at a
temperature'of,.for example, about 200 to 300°C and
preferably about 220 to 280°C, and pelletizing the
resultant mixture. As the kneading means, various
melting-mixing apparatus such as a kneader, a uniaxial-
ly or bia#ial;y extrusion machine can be employed. The
resin composition may frequently be prepared by melting

and extruding compohents for the resin composition with

using a biaxially extruding machine or the like, and

pelletizing the resultant using a pelletizer.

The flame-retardant resin composition of the
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present invention has high melt fluidity, whereby not
only a miniature article but also a lightweight shaped
article and a shaped article having a thin portion can
be molded w1th 1mproved accuracy, and the shaped artl—
cle can be 1mparted with high flame-retardancy.

In particular, use of the flame-retardant resin
composition comprising the flame?retardant correspond-
ing to the case (ii) can further impart high light
resistance in éddition to suéh_excellent flame-retard-
ancy to the shaped article.

Accordingly, the flame—retardant resin comp031tlon
is useful as a molding material for various shaped
articles such as a housing and/or enclosure of a home
electric apparatus, an OA apparatus énd ﬁhe like, and a
thin housin§ or casing of, for instance, a portable
telephone. Such shaped article can be produced by a
conventional method, for example by injection molding

the pelletized flame-retardant resin composition with

" using an injection molding machine at, for instance, a

cylinder temperature of about 220 to 280°C.

The flame-retardant resin composition of the

present invention, which comprises a specific flame-

retardant of aromatic phosphoric acid ester, has excel-

lent flame-retardancy and fire resistance, as well as

high melt fluidity.

Accordingly, by using the composition, not only a

large size shaped article such as a housing but also an
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article having a thin portion or a thinned shaped

article can be molded with high aCcuracy} Further, use

of the composition can afford a'shaped article having

improved or enhanced light resistance, and therefore
discoloration or discoloring of the shaped article can
be inhibited or suppressed. |

Moreover, according to #he preéent invention,
where the specific- flame-retardant in combination with
the fluororesin is added to the mixed resin'composition
of thé polycarbonate and the.styrenic reain, the drip
from the shaped article duiing burning can be sup-
pressed and thus high flame-retardaﬁcy.can be imparted
to thé shaped article. Further, a shaped article being
excellent in the heaﬁ resistance and impact resistance
and the mechanical strength can be obtained. Further-
more, a shaped article having_improved or . enhanced
light resistance in addition to the above excellent

characteristics can be obtained.

.EXAMPLES
The following'exampies are merély intended to
illustrate the preseﬁt invention in further detail and

should not be construed as defining,the scope of the

invention.

- In the following examples, the tensile strength
(kg/cmz) and the tensile elongation were measured ac-

cording to ASTM D5638 at a crosshead speed of 5
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mm/min., and the bending'elasticity (kg/cm?) was meas-
ured according to ASTM D—790 at a réte of 3 mm per
minute. The Izod impact strength (kg-cm/cm) was deter-
mined in accordance with ASTM D-256 using.a test piece
having a thickness of_1/4 inch and formed with cut
notches. |
The_thermal-deformingltemperature.('C) was meas-

ured according to ASTM D-256 by permitting a load of
18.56 kg/cm?® to act on a bar having a thickness of 1/4
inch. The_mélt fluidity (g/10 min.) was determined‘
according to Japanese Industrial Sfandards (JIS) K—7210
under the conditions of a temperature:of 230°C and with
a load of 5 kg, and the flame resistance was evaluated
in accordance with UL—§4 using a test piece having a
thickness of 1/16 inch. | |

. The spiral flow léngth (bar flow length) (mm) was
estimated at a_cylinder temperaturé of 240°C, an injec-
tion preséure of 750 kgf/cm?, of a width of 20 mm and a
thickness'éf 2 mm.

The light resistance was evaluated by the discol-

_ oring degree (AE)-éfter light-irradiation on a three

steps—-formed gthree-high) color plate (50 mm'x 30 mm x
1 mm/2 mm/3 mm~-thickness) for’300.hours using a xenon
lamp. Further, the ﬁater-discoloring resistance was
estimated by whether a whiﬁe spot on the surface of the
three steps-formed color plate was formed or not after

dipped in water at foom'temperatu;e'for one day.
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Example 1

A mixture of thermoplastic resins was pfepared
using 70 parts by ﬁeight of a pblycarbonafe resin
(manufactured by Idemiféu Petroleum Chemicals Co.,
Ltd., IDEMITSU.POLICARBONATE FN2700,.viscosity-average
molecular weight of 27,000), 10 parts by weight of the
following non-rubber-modified styrenic resin and 20'
parts by weight of the following rubber-modified sty-
renié résin.

- The ndn-rubber-modified sfyrenic resin: a'copbly-
mer having a weight-average molecular weight of 123,000
obtained by emulsion-éolymerizing 75 parts by weight of
styrene and 25 parts by weight of acrylonitrile in an
aqueous sdlution of a calcium phosphate-containing
dispersing agent according to the method described in
Japanese Patent Publication No. 51962/1987 (JP-B-62-
51962) .

The rﬁbber—modified styrenic resin: a grafted
polymer obtained, in éccofdance with the method de-
scribed in Japanese Patent Application Laid-open No.
320274/1993 (qpéA—5-320274), by emulsion-polymerizing
45 parts by weight of styrene and 15 parts by weight of
acrylonitrile in the presence of a rubberlcomponent 6f
a polybutadiene rubber ahd a styrene-butadiene-rubbér

latex.

To 100 parts by weight of tﬁe thermoplastic resin
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mixture, were addéd 19 parts by weight of a flame-
retardant of a phosphoric acid ester (manufactured by

Daihachi Chemical Industries Co., Ltd., CR733RS), 0.4

.parf by weight of polytetrafluoroethyléne (manufactured

by Daikin Industries Co., Ltd., POLYFLON TFE (grade
name F-104), mean particle size'of_about 500 um, appar-
ent density of 0.45 g/ml, melting point of 326 to

328°C, specific gravity of 2.14 to 2.20, fluorine-

- content of about 76%), 0.2 part by weight of an antiox-

idant and 0.2 part by weight of a heat stabilizer. The
resultant mixture was premixed for 40 minutes using a
V-blender, and the premixed mixture was molten and

extruded with the use of a biaxially kneading-extruding

machine and pelletized to give a pellet.

The flame-retardant is the compound of the formula
(I), where, in the total amount of R!, ﬁz, R3 and RY,
70% by weight is 3,4-dimethylphenyl group, 3,4-dimeth-
ylphenyl gréup‘and 3,5fdimethy1phenyl group, and 30% by
weight is methylphenyl group and ethylphenyl group; and

A is 1,3-phenylene group. The flame-retardant com-

prises less than 3% by weight of the.compound having
the repeating;unit n of 0 and not less than 97% by
weight of the coﬁpound having the repeating unit n of
not less than 1, and which coﬁprises about 70% by
weight of the compound having the repeating.unit n of
1, about 20% by weight of the compound having the -

repeating unit n of 2, and about 7% by weight of the
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coﬁpound havihg the repeatiﬁg uhit n of not less than
3. |

The above-obtained pellet was dried in an oven at
80°C for 4 hours or more, and the dried péllet was
injection-mblded_using an injection molding hachine
having_a hbld'clamping force of 100:ton at a tempera-

ture of 240°C and at a screw rotéting rate of 80 rpm to

'give a test piece (ASTM No. 2 dumbbell piece, a bar

(1/4 inch in thickness, 126 mm in'léngth), and a test
pigce for UL burning test (126 mm x 126 mm x 1.6 mm in
thickness)).. o

Exémple.Z

Test pieces were obtained in the same manner as
Example 1, except that the.thermoplastic resin composi-
tion was prepared by using (a) 80 parts by weight of a
polycarbonate_reSin (manufactured by Idemitsu Petroleum
Chemicals Co., Ltd., IDEMITSU POLYCARBONATE FN2700,

viscosity-average molecular weight of 27,000), (b) 10

parts by weight of a copolymer (weight-average molecu-

lar weight'of 90,000), as a-non-rubber—modified'styren-
ic resin, obtained by suspension-polymerizing 15 parts
by weight of styrene, 50 parts by weight of a-

methylstyrene and 25 parts by weight of,acrylonitfile,

.and (c) 10 parts by weight of a'grafted copolymer, as a

rubber-modified styrenic resin, obtained by emulsion-
polymerizing 56 parts by weight of styrene and 19 parts

by weight of acrylonitrile in the presence of a rubber
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component (25 parts by weight as a solid basis) of a
polybutadiene rubber and a styrene-butadiene copolymer
rubber latex. |

Comparative Examble 1 _

By repeating the procedure of Example 1, test
pieces were obtained except'for using 16 parts by
weight of a flame-retardant of a nog-éubstituted aro-
matic phosphoric acid ester (manufactured by Daihachi
Chemical Industries Co., Ltd., CR733S) where in the
formula.(I), Rl; R?, R® and R* are non-substituted
phenyl'groups, and n is 0 to 4, insﬁead of 19 parts by .
weight of the flame-retardant of Example 1. In the
flameiretardant of the non-substituted aromatic phos-
phoric acid ester, A is 1,3-phenylene grohp; and the
flame-retardant comprises about 3% of the compound

having the repeating unit n of 0, about 70% of the com~

pound having the repeating unit n of 1, about 20% of

the compound ha&ing the repeating unit n of 2, and
about 7% of the compouhd having the repeating unit n of
ndt less than 3. For adjusting the content of phoépho—
rous in the composition to the same with that in the

composition of Example 1, the flame-retardant of non-

substituted aromatic phosphoric acid ester was added in

an amount of 16 parts by weight.
Comparative Example 2
Test pieces were obtained in the same manner as

Example 1, except for employing the'flame-retardant of
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non-substituted afomatic phosphoric acid ester used in
Comparative Example 1 in a proportionlgf 19 parts by
weight, while such amount of the retarder was the same
as Example 1. |

Comparative Example 3

'By using 19 parts by weight of a.flame—retardant _
of a dimeric substituted aromatic phosphoric acid ester
(manufactured by Daihachi Chemical Industries Co.,
Ltd., PX201).in lieu of 19 parts by weight of the
flame-retardant of aromatic phosphoiic acid ester of
Example 1, test pieces were prepared in the same manner
as Example 1. The flame-retardant is an aromatic phos-
phoric acid_esfer of the formula (I), where R}, R?, R3
and R? are 2,6-dimethylphenyl grbups, A is 1,4-phenyl-
ene group and n=1l. -

Example 3

Test pieces were prepared in fhe similar manner as
in Example 1 except that_lo-parﬁs by weight of the

following non-rubber-modified styrenic resin and 10

. parts by weight of the following_rubber-modified sty-

renic resin were.ﬁsed relative tq'80 parts by weight of
a polycarbonate resin (manufactured by Idemitsu Petro-
leum Chemicals Co., Ltd., IDEMITSU POLYCARBONATE o
FN2700, viscosity—éverage molecular weight of 27,000),
and that the flame;retérdant used in Example 1 was
employed in an amount of 23 parfts by Qeight, and the

fluororesin used in Example 1 was employed in a propor-
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tion of 0.6 part by weight.

The n9n4rubber-modified étyrenic resin: a copoly-
mer having a weight-average molecular weith of 140,000
obtained by bulk-polymerizing 63 parts by'weight of o~
methylstyrene, 10 parts by weight of styrene, 23 parts
by weight of aerylonitrile and 4-pérts by weight of
methyl methacrylate. |

The rubber—modified.styrenic resin: a grafted
copolymer obtained by emulsion-polymerizing 45 parts by
weight.df styrene and 15 parts by wéight'of acryloni-
trile in the presence of a polybutadiene rubber latex
(40 parts by weight as a solid basis).

Example.4 |

By employing 10 parts by weight of the non-rubber-

modified styrenic resin of Example 2 instead of the

non-rubber-modified styrenic resin of Example 1, and 20

~ parts by weight of the rubber-modified styrenic resin

of Example 2 in lieu of the rubber-modified styrenic

resin of Example 1, and further by using the fluorore-

"sin in a proportion of 0.2 part by weight, test pieces

were p:epared in the same manner as Example 1.

Example 5 |

Test pieces were obtained in'the:similar manner as
Example 1, except for using 20 parts by weight of the
non-rubber-modified styrenic resin of Example 2 and 20
parts.by weight of thé'rubber—modified styrenic.resin

of the Example 2 relative to 60 pérts by weight of a
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polycarbonaté‘resin_(manufactured by Idemitsu Petroleum

Chemicals Co., Ltd., IDEMITSU POLYCARBONATE FN2700,

viscosity-average molecular weight of 27,000), and for

'employihg the flame-retardant in an amount of 17 parts

by weight.

Example 6

The procedure of Example 1 was followed to obtain
test pieces except that 80 parts by weight of a pély-
carbonate resin (manufactured by Idemitsu Petroleum
Chemicals Co., Ltd., IDEMITSU POLYCARBONATE FN2700,
viscosity-avéragé molecular weight of 27,000), 10 parts
by weight of the non-rubber-modified styrenic resin of
Example 1,'and 10 parts by weight of the rubber-modi-
fied styrenic resin of Example 1 wefe used, and that
the amount'of the flame-ietardant of Example 1 was 40

parts by weight and the proportion of the fluororesin

" of the Example 1 was 0.2 part by weight.

Comparative Exampie 4

By.using 40 parts by weight of the polycarbonate
resin of Exémple 1, 30 parts by weight of the non-
rubber-modified styrenic resin of Example 3 and 30
parts by weight'of the rubber-modified styrenic resin
of Example 3, ana'employing the flame-retardant of
Comparative Example 2 in an amount of 19 ﬁarts by

weight, test pieces were obtained in the same manner as

| Example 1.

Comparative Example 5
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Test pieces were obtained in the similar manner as
Example 1 except for émploying 95 parts by weight of
the polycarbonate resin of Example 1, 2.5 parts by

weight of the non-rubber-modified styrenic resin of

- Example 2 and 2.5 parts by weight of the fubber-

modified styrenic resin of Example 2, and for using 19
parts by weight of the'flame—retardant of Comparative
Exémple 3. |

Example 7

The-procedure of Example 1 was repeated to obtain
test pieces, except for employing 15 parts by weight of
the non-rubber-modified styrenic resin of Example 1
(SAN resin) aﬁd 15 parts by weight of the rubber-modi-
fied styrenic resin of Example 1 (ABS fesin) instead of
30 parts by weight of the styrenic resiﬁ (B) of Example
1. _

Examplé 8

By using 20 parts by weight of the non-rubber
modified styrenic resin of Examﬁle 1 (SAN resin) and 10
pafﬁs by.weight of the rubber-modified styrenié_resin
of Example 1 (ABS resih) in Lieu of 30 parts-by weight

of the styrenic resin (B) of Example 1, test pieces

- were obtained in the same manner as Example 1.

The characteristics of the test pieces each ob-
tained in Examples 1 to 8 and Comparative Examples 1 to

5 were evaluated. The results are set forth in Table
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1' . .

In the line of "Species of stYrenic resin" in
Table 1, the styrenic resin used iﬁ Example 1, the
styrenic resin employed in Example 2 and fhe styrenic
resin used in Example 3 are designated by the symbols
"(1)", "(2)" and "(3)" respectively, and the total
amount of the non-rubber-modified styrenic resin and
the rubber-modified styrenic resin is shown in the line
of "Amount of styrenic resin". 1In the line of "Species
of flame-retardant", the flame-retardants respectiﬁely
used in Example 1, Comparative Examplell and Compara-
tive EXample 3 are separately indicated by the symbols
"(1)"; "(2)" and " (3)". |
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Table 1

Ex. 1 Ex. 2 Comp. Comp. Comp. EX. 3 BEx. 4 Ex. 5- Ex. 6 Comp. Comp. Ex. 7 Ex. 8

Ex. 1 Ex. 2 Ex. 3 : . Ex. 4 Ex. 5
Polycarbonate 70 .80 70 70 70 80 70 - 60 80 40 %5 70 -170
Species of - (1) (2) (1) (1) (1) 3) (2) (2) (1) (3) (2) (1) (1)
styrenic resin _ _ '

Amount of : 30 20 30 30 30 20 - 30 40 20 60 5 30 30
styrenic resin . ' _ . : a '
Species of flame- _ (1) Q) (2) (2) (3) (1) (1) (1) (1)  (2) _ (3) (1) (1)
retarder ' : _ ‘
Amount of flame- . 19 19 16 19 19 23 19 17 40 19 19 19 19

retarder _ : '
Fluororesin 0.4 0.4 0.4 0.4 0.4 0.6 0.2 0.4 0.2 0.4 0.4 0.4 0.4
Tensile strength 680 730 630 610 690 710 690 620 540 480 790 690 700
Tensile elongation 38 20 50 121 36 . 28 25 62 110 . 110 15 28 21

Bending elasticity 289 296 278 252 292 280 283 265 210 213 323 298 301
(x 109) - _ _ _ :
Impact resistance 6.0 6.3 9.2 7.5 10.5 7.2 5.9 8.1 - 5.0 13.0 5.5 5.0

Thermal deforming 117 85 80 76 85 76 81 72. - 70 - 68 95 78 - 179
temperature (°C) ' _ ) : '

Melt fluidity 26 20 14 18 10 28 15 25 30 50 5 28 - 30
. (MI) - .

Bar flow length 300 253 240 230 210 315 247 282 331 510 110 310 320
(mm) '

Flame resistance v-0 v-0 V-0 v-0 v:0 V-0 V-0 v-1 V-0 V-2 v-0 v-0 V-0
(UL) : '
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As apparent from Table 1, the compositions ob-
tained in Examples 1 to 8 are excellent in flame-re-
tardancy, particularly in the melt fluidity, in com-
parison with those obtained in Comparativé.Examples 1
to 4, thus are useful for molding a large sized_or thin
shaped article: Meanwhile, the composition obtained in
Comparative Example 4 has poor flame-retardancy al-
though having hlgh melt flUldlty, and the compos1tlon
obtained in Comparatlve Example 5 has low melt fluidity

although having high heat resistance.

Example 9

A mixture of thermoplastic resins was prepared
using 70 parts by weight of a polycarbonate resin
(manufactured by Idemitsu Petroleum Chemicals Co.,

1td., IDEMITSU POLYCARBONATE FN2700, viscosity-average

.molecular weight.of 27,000), 10 parts by weight of the

follow1ng non-rubber-modlfled styrenic resin and 20

parts by weight of the follow1ng rubber-modified sty-

renic resin.

The non-rubber-modified styrenic resin: a copoly-
mer having a weightiaverage'molecuiar weight of 123,000
obtained by sﬁépension?polymerizing 75 parts by weight
pf Styrene and 25 parts by‘weight of acrylonitrile in
an aqueous solution of a calcium phosphate-containing
dispersing agent according to the method described in

Japanese Patent Publication No. 51962/1987 (JP-B-62-
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51962) .

'The_rubber—modified styrenic resin: a grafted

polymer obtained, according to the method described in

Japanese Patent Appiication Laid-open No. 320274/1993
(JP-A-5-320274), by emulsion-polymerizing 45 parts by
weight of styrene and 15 parts by weight of acryloni-
trile in the‘présence of a polybﬁtadiene rubber latex
(40 parts by.weight as a solid basis). | |
To 100.parté'by weight'of the thermoplastic resin
mixture, were added.19 parts by weight of a flame- |

retardant of a phosphoric acid ester (manufactured by

Daihachi Chemical Industfies Co., Ltd., PX200), 0.4

part by weight of polytetrafluoroethylene (manuféctured

by Daikin Industries, Co., Ltd., POLYFLON TFE (grade
name F-104), mean particle size of about 500 um, appar-
ent density of 0.45 g/ml, meiting point of 326 to
328°C, specific gravity of 2.14 to 2.20, fluorine-
content of about 76%), 0.2 part by weight of an antiéx—
idant and 0.2 part by weight of a heat étabilizer. The
mixture was:p:emixed for 40 minutes'using a V-blender,
and the premixed mixturé was molten and extruded with
the use of a biaxiélly kneading—extrﬁding machine and
pelletized to‘giﬁe a pellet.

The abdve-mentioned flame-retardant is the com-
pound of the formula (I) wherein R}, RF, R? and R? are

2,6- dlmethylphenyl groups, A is 1,3-phenylene group and

- n=1,
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- The above-obtained pellet was dried in an oven at
80°C for 4 hours or more, and the dried pellet was
injection-molded using an injeétion molding machine
having a mold clamping fdrce of 100 ton at a tempera-
ture 6f 240°C, at a screw rotating rate of 80 rpm and
at a mold temperature of 80°C to give a test piece
(ASTM No. 2 dumbbell piece, a bar (1/4 inch in thick-
ness, 126 mm in length), and a test piece for UL burn-,
ing test (126 mm x 126 mm x 1.6 mm in thickneSs)).

Further, the pellet was injection-molded usihg an
infection mpldihg'machine having a mold clamping force
(locking force) of 100 ton by a conventional“injection
molding method to give a three steps-formed colo£ plate
having three species of thickness (50'mm Xx 30 mm x 1
mm/2 mm/3 mm in thickness). | |

Comparaﬁive Example 6

Procedure of Example 9 was repeated to obtain test

pieces except for using 19 parts by weight of a flame-

retardant of a non-substituted aromatic phosphoric acid
ester of the formula (I) wherein R?, R?, R® and R! are.
non-substituted phenyl groups, A is 1, 3-phenylene group
and n is an integer of 0 to 4 (manufactured by Daihachi
Chemical Industries Co., Ltd., CR733S), instead of the
flame-retardant of aromatic phosphoric acid ester of |

Example 9. The flame-retardant of the non-substituted

~aromatic phosphoric acid ester comprises'about 3% of

the compound having the repeating unit n of 0, about
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70% of the compound having the repeéting unit n of 1,

- about 20% of the compound having the repeating unit n

of 2 and about 7% of the compound having the repeating
unit n of not less than 3. |

Comparative Example 7

Test pieces were obtained in the same manner as
Examplé_9, except that 19 parts by weight of a flame-
retardant of a dimeric sﬁbstituted aromatic phosphoric
acid ester (manufactured by Daihachi Chemical Indus-
tries, Co.,-Ltd., PX201) was employed in lieu of 19
parts by weight of the flame-retardant of Example 9.
The flame-retardaht is the arbmatic phosphoric acid
ester compound of the formula (I) wherein R!, RZ?, R3
and R* are 2,6-dimethylphenyl groups, A is 1,4-phenyl-
ene group and n=1. |

Comparative Example 8

The procedure of Example 9 was followed to obtain
test pieces except for employing 19 parts by weight of
a flame-retardant of a dimeric substituted aromatic
phosphoric acid ester (manufactured by Daihachi Chemi-
cai Industries, Co., Ltd., PX202) instead of 19 parts

by weight of the flame-retardant of Example 9. The

'~ flame-retardant is the aromatic phosphoric acid eSter

compound of the formula (I) where R}, R?, R® and R? are
2, 6-dimethylphenyl groups, A is 4,4’-biphenylylene
group and n=1.

Example 10
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| By using 80 parts by weight of a polycarbonate

‘resin (manufactured by Idemitsu Petroleum Chemicals

Co., Ltd.,'IDEMITSU POLYCARBONATE FN2700, viscosity-
aﬁerage molecular weight of 27,000), 10_pérts by weigﬁt
of the non—rubber—modified styrenic resin of Example 9,
and 10 parté by weight_of thé'rubber-modified styrenic
resin.of Ekample 9, test pieces were.obtained in the
similar manner as Examplé 9. |

Example 11

Procedufe_of Example 9 was followed to obtain test
pieces except for employing 80 parts by weight of a |
polycarbonate resin (manufaétured by Idemitsu Petroieum

Chemicals Co., Ltd., IDEMITSU POLYCARBONATE FN2700,

. viscosity-average molecular weight of 27,000), 7 parts

by weight of.the_non~rubber—modified styrenic resin of
Example 9, and 13 parts by weight.of the rubber-modi-
fied styrenic resin of Exémple 9. |

Exampie 12 |

Test pieces were obtained in the.same manner as
Example 9, except that 60 parts by weight of a polycar-
boﬁate resin (maﬁufactured by Idemitsu Petréleum Chemi—
cals Co., Ltdt, IDEMITSU POLYCARBONATE FN2700, viscosi-
t&-average molecular weight of 27,000), 20 parts by
weight of the non-rubber-modified styrenic resin of
Example 9, énd 20 parts by weight of the rubber-modi-
fied styrenic resin of Example 9 were used.

Example 13
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__'By using 70 pafts by weight of a polycarbonate
resin (manuféctured by Idemitsu Petroleum Chgmicals
Co., Ltd., IDEMITSU POLYCARBONATE FN2700, viscosity-
average molecular weight of 27,000), 20 pérts by weight =
of the non-rubber-modified styrenic resin of Example 9,
and 10 parts by weight of the rubber-modified styrenic
resin of Example 9, test pieces were prepared in the
same manner és Example 9.

Example 14

The procedure of Examﬁle 9 was repeated to obtain
test pieces, except for emploYing 70 parﬁs by ﬁeight of
a polycarbonate resin (manufactured by Idémitsu Petfb-
leum Chemicals Co., Ltd., IDEMITSU POLYCARBONATE
FNZ?OO,_viscoSity-avérage molecular wéight of 27,000),

15 parts by weight of the non-rubber-modified styrenic

~resin of Example 9, 15 pafts by weight of the rubber-

modified styrenic resin of Example 9, 25 parts by

‘weight of the flame-retardant of Example 9, and 0.6

part by weight of polytetrafluoroethylene of Example 9.
Example 15
Test pieces were prepéred in the similar manner as

Example 9, except that 60 parts by weight of a polycar-

_bonate resin (manufactured by Idemitsu Petroleum Chemi-

cals Co., Ltd., IDEMITSU POLYCARBONATE FN2700, viscosi-
ty-average molecular weight of 27,000), 20 parts by
weight of the non-rubber-modified styrenic resin of

Example 9, 20,parts by weight of the rubber-modified
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styrenic resin of Example 9, -and 16 parts by weight of
the flame-retardant of Example 9 were used.

-Example 16 |

Test pieces_were.obtained in ﬁhe samé manner as
Example 9, except that 9.5 parts by weight of the
flameAretaidant of Example 1 and 9.5 parts by weight of
the flame-retardant of Example 9 were used instead of
19 parts by weight of the flame reéetarder of Example 9.

Comparative Example 9 |

The procedure of Example 9 was followed to obtain
test pieceé, except that a tﬁermoplastic-resin compoéi-
tion was prepared by using (a) 40 parts by'weight of a
polycérbonate resin (manufactured by Idemitsu Petroleum
Chemicals Co., Ltd., IDEMITSU POLYCARBONATE FN2700,
viscésity-éverage molecular weight of 27,000), (b) aé
the non-rubber-modified styrenic resin, 30 parts.by.
weight of a copolymer (weight-average mélecular weight
of 90,000) obtained by suspension-polymerizing 25 parts
by weight of styrene, 50 parts by weight of a-
methyistyreﬁe and 25 parts by weight of acrylonitfile,
and (c) as the rubber-modified styrenic resin, 30 parts
by weight of a grafted copolymer obtained.by emulsion-
polymerizing 45 ﬁarté by weight of'styreﬁe and 15 parts
by weight of acrylonitrile in the presence of é polybu-
tadiene rubber léﬁex (30 parts by weighﬁ as a solid
basis) and a styrene-butadiene copélymer rubber latex

(10 parts by weight as a solid basis), and that 19
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pafts_by'weight of the flame-retardant of phosphoric
acid ester of Comparative Example 6 was employed.

Comparative Examplé 10

By ﬁsihg 95 parté by weight of the pdlfcarbonate
resin of Example 9, 2.5 pérts by weight of the non-
rubber-modified styrenic resin of Example 9 and 2.5
parts by weight of the rubber-modifiéd styrenic resin
of Example 9, as well as 19 paits by weight of the
flame-retardant of phosphoric acid eSter_of Comparative.
Example 7, test pieces were prepared in the similar
mahner as Example 9.

Comparative Example 11

Test pieces wefe obtained in the same manner as
Example 9, éxcept that 15 pérts by.weight of the non-
rubber-modified styrehic resin of Example 9, and 15
parts by weight of the rubbér-mbdified styrenic resin
of Example 9 were employed, and that the polytetrafluo-

roethylene was not used.

The characteristics of the test pieces each ob-
tained iﬁ Examples 9 to 16 and Comparativé Examples 6
to 11 were evaluated. The results are shown-in Table
2. 1In Table é, the styrenic reSinéheach used in Exam-
Ple 9 and Comparative Example 9 are designated in the
line of "Species of styrenic reSiﬁ" by the symbols
"(4)" and " (5)" respectively, and the total'amount of

the non-rubber-modified styrenic resin and the rubber-
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modifiedlstyrenic resin is set forth in the line of
“Amoﬁnt of styrenic resin". In the line of "Species of
flame-retardant”, the flame-retardants each employed in
Example 9, Comparativé Example 6, Comparative Example
7, Comparative Example 8 and Example 16 are defined by
the symbols "(4)", "(S)", "(6)", "(7)" and "(8)" sepa-,

rately.
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Table 2

Ex. 9 Com. -

Comp. Comp. Ex.10 Ex.11 Ex.12 Ex.13 Ex.14 Ex.15 Ex.16 Comp. Com.

{rom)

215

Com.
Ex. 6 Ex. 7 Ex. 8 Ex. 9 EBEx.10 EBEx.1ll
" Polycarbonate 70 70 70 70 80 80 60 70 70 60 70 40 95 70
Species of (4) (4) (4) (4) (4) (4) (4) 1) (4) 4) 4) (5) (4) (4)
styrenic resin .
Amount of 30 30 30 30 20 20 40 30 30 40 30 60 5 30
styrenic resin . _ : .
Species of flame- (4) (5) - (6) (7) (4) (4) (4) (4) (4) (4) (8) {5) (6) (4)
retarder _ . ' . :
Amount of flame- 19 19 19 19 19 19 19 19 25 16 19 19 19 19
retarder .
Fluororesin 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.6 0.4 0.4 0.4 0.4 0
Tensile elongation 53 72 36 75 60 63 - 105 38" 28 50 46 110 15 50
Bending elasticity 268 256 281 242 280 275 255 282 285 265 279 178 320 271
(x 10°) . , .
Impact strength 9.2 7.2 9.3 9.5 10.5  11.2 7.2 6.8 7.8 10.9 7.6 ‘4.0 14.0 8.9
Thermal deforming 85 77 86 96 89 87 78 87 79 71 . 81 68 98 86
temperature (°C) : .
Flame resistance v-0 v-0 v-0 v-1 v-0 v-0 v-0 v-0 v-0 V-0 v-0 v-2 V-0 V-2
(UL) ' : : '
Light resistance 1.7 3.1 1.8 2.2 1.7 1.8 2.0 1.5 2.1 1.2 1.8 - 3.8 1.5
 (AE) _
Spiral flow length 244 260 210 190 225 286 260 318 278 272 360 105 250
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As apparent from Table 2, the compositions ob-

‘tained in Examples 9 to 16 have high melt fluidity and

are useful for molding a shaped article having high
flame-retardancy and light resistance hhich is large
shaped or thin shaped and is not liable to be discol-
ored. |

The composition obtained in Comparative Example 6
has not only low light resistance.but'also poor heat
resistance and impact resistance in comparison with the
compdsiticn obtained in Example 9. Further, the flame-
retardant employed in Comparative Example 6 is.in_a |
liquid form, so that the working properties during the
premixing process is decreased or reduced. As compared
with the composition obtained in Example 9, the compo-
sition obtained in Comparative Example 7 has lower melt
fluidity and still less smaller tensile elongation.
The compositibn obtained in Comparative Example 8 is
insufficient in the flame-resistance and has lower
flowability. 1In the composition of Comparative Example
9, the flame-retardancy is poor although with high melt
fluidity, and the composition of Comparative Example 10

has poor melt fluidity though having high heat resist-

" ance. The composition obtained in Comparative Example

11 lacks sufficient flame-retardancy and causes a drip

in the flame-resistance test. In the shaped articles
each obtainéd in Examples 9 to 16, no spot was formed

in the water discoloring resistance test, and to the

o
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contrary, as for the shaped articles obtained in Com-
parative Examples 6 and 10, white spots were formed in

the water discoloring resistance test.
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1. A flame-retardant resin composition which

What is claiméd_is:

comprises (A) an aromatic polycarbonate, (B) a styrenic
resin, (C) a flame-retardant of an aromatic phosphoric

acid ester shown by the following formula (I)

0 )

Rl—O—-I" O-A-O-? 0-R¢ (1)
_ 0
g& | ﬁa"n_.

wherein R!, R?, R?® and R* independently represent a
phenyl group which may be substituted with an alkyl
group having_l'to 4 carbon atoms, A represents an
aromaiic residue, and n denotes an integer of 0 to 5,
and (D) a fluororesin, wherein said flame-retardant (C)
is (i) a compound shown by the formula (I) where'.R1 to
R? independently'represent a phenyl group substituted
with 0 to 3 alkyl groups each having 1 to 4 carbon
atoms and at least one of R! to R? is a 2,4-dialkylphe-
nyl group, a 3,4- dialkylphenyl group or a 3,5-dialkyl-
phenyl group, (11) a compound shown by the formula (I)
where A is 1,3-phenyiené group, n denotes an integer of
1 to 5 and at ‘least one of R* to R is a phenyl group
substituted with 1 to 5 alkyi groups each having 1 to 4
carbon atoms; or (iii) a mixtufe_of the_compound (i)
and the compound (ii).

2. A flame-retardant resin composition éccording

to claim 1, where in said compound (i), the alkyl group
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of the 2,4-dialkylphenyl group, the 3,4-dialkylphenyl
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group or the 3,5-dialky1phenyl group is an alkyl group
having 1 to 3 carbon atoms, and A is a phenylene group.
3. A flamefretardant resin composition according '
to claim 1, where in said compound (i), the proportion
of the amount of the 2,4-dialkylphenyl group, the 3,4~
diélkylphenyl group and the 3,5-diaikylphenyi group is

not less than 50 mole percent based on the total amount

" of R, R?, R® and RA.

| 4. A flame-rétardant resin composition according
to claim 1, where in said compound (i), the ratio of-
the amount of the 2,4—dialkylpheny1.group, the 3,4-
dialk&lphenyl group and the 3,5-dialkylphenyl éroup
relative to the amount of monoalkylphenyl'groups in RI,
R%?, R? and R? is such that the former/fhe latter is
50/50 to 90/10 (weight %). |

5. A flame-retardant resin composition according
to claim 1, where in said compound (ii), at leastlone
of-R?, R?, R3 and R? is a phenyl group substitiuted with
2 alkyl groups each having 1 to 3 carbon atoms.

6. A flame-retardant resin composition according
to claim 1, where in said compound (ii), n is an -inte-
ger of 1 to 3. |

| 7. A flame-retardant resin composition according
tb claim l,'wherein said alkyl group is methyl group or
ethyl group. |

8. A flame-retardant resin composition according
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to claim 1, whereln said aromatic polycarbonate (A) 1s
a blsphenol A type aromatic polycarbonate.

9. A flame—retardant resin composition according
to claim 1, wherein said'fluororeSin (D) is a powdery
polytetrafluoroethylene.

10. A flame-retardant resin'composition-according
#o claim 1, which comprises 5 to 50 parts by weight of
the flame-retardant (Cf and 0.05 to 5 parts by weight
of the flﬁo:ofesih (D) relative to 100 parts by ﬁeight
of a mixture of thermoplastic resins comprising 40 to |
95% by weight of the aromatic polycarbonate (A) and 5
to 60% by weight of the styrenic resin (B).

11. A flame-retardant resin composition accordlng
to claim 1, wherein said styrenic resin (B) comprises a

non-rubber~-modified styrenic resin (B1l) and a rubber-

modified styrenic resin (B2) in such a proportion that

the former/the latter is 0/100.to 75/25 (by weight).

12. A flame-retardant resin composition according
to_claim'il, wherein said non~rubber-modified styfenic
resin (Bl) is a copolymer obtainable by polymerizing 50
to 90% by weight_of an aromatic vinyl monomer (Bla), 10
to 40% by weight of a vinyl cyanide monomer (Blb) and 0
to 40% by weight of a copolymerizable vinyl monomer
(B1C) . | |

13. A flame-retardant reSiq'composition according
to claim 11, wherein said rubber-modified styrenic

resin (BZ) is a grafted copolymer obtainable by graft-
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polymerlzlng 35 to 95% by weight of a polyﬁerlzable
vinyl monomer comprising at least an aromatic vinyl
monomexr (Blé) ﬁo 5 to 65% by weight of a rubber-like
polymer (B2l) having a glass transition temperature
(Tg) of not higher than 0°C.

14, A flame-retardant resin composition which
comprises 10 to 30 parts by weight of a flamé-retardant

(C) of an aromatic phosphoric acid ester shown by the

.following formula (I), and 0.1 to 2 parts by weight of

a-powdeiy polytetrafluoroethylene (D) relative to 100
parts by weight of a mixture of thermoplastic resins-
comprising 50 to 95% by weight of a bisphenol A type
aromatic polycarbonate resin (A) and 5 to 50 % by
weight of a styrenic resin (B);
AR
_Rl—O—? _O-Aro—? 0-R¢ (I)
gz ?'13-“

wherein R?, R.z,.R3 and R? independently represent a
phenyl group substitﬁted with 0 to 3 alkyl groups each
having 1 to 3 carbon atoms, A represents a phenylene-
group and n denotes an integér df 0 to 5; at least one

of R!, R?, R3 and R* is a 2,4-dialkylphenyl group, a

- 3,4-dialkylphenyl group or a 3,5-dialkylphenyl group;

and the proportion of the amount of the 2,4-dialkylphe-
nyl group, thg 3,4-dialky1pheny1'group and the 3,5-
dialkylphenyl group is 60 to 100 mole percent based on

=EN
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15. A flame-retardant resin composition according

-— 64 -
the total amount of R!, R?, R® and R%.

to claim 14 wherein said flame—retardant'(C) comprises

a mixture of phosphoric acid esters differing in the

'repeating unit n, and the average value of n is 0.5 to

2.0.

16. A flame-retardant resin composition according
to claim 14, wherein the proportipn of the amount of
2,4-dimethylphenyl group,_3,4—dimethylphenyl group and
3,5-dimethylphenyl-grouplrelative-to the  amount 6f mo-
noalkylphenyl groups is such that the former/the latﬁer
is 60/40 to 90/10 (mole percent). |

| 17. A flame-retardant resin composition according
to claim 14, wherein the ratio of the amount of the
2,4-dialkylphenyl group, the_3,4—dialkylphenyl group
and the 3,5-dialkylphenyl group reiative to the amount
of monoalkylphenyl groups is such that the former/the
latter is 60/40 to 80/20 (mole percent).

18. A flame-retardant resin composiiion éccording
to claim 14, wherein said flame-retardant comprises 1
to 10 molé percent of the compound of.the formula (I)
having the'repeating unit n of 0, 40 to 90 mole percent
of the~compouﬁd'of the formula (I).having the repeatihg
unit n of 1, 5 to 40 mole percent of the compound of
the formula (I) having the repeating unit n of 2, and 5
to 25 mole percént of the compound of the formula (I)

having the repeating unit n of not less than 3.
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19. A flame-retardant resin composition which

- 65 -

comprises 10 to 30 parts by weight of a flame-retardant

"(C)_of an aromatic phosphoric acid ester shown by the

following formula (I}), and 0.1 to 2 parts by weight.of
a powdery polytetrafluoroethylene (D) relative to 100
parts by weight of a mixture of thermoplast;c resins
comprising 50 to 95%.by weight of a bisphenol A type
aromatic polycarbonate (A) and 5 to 50% by weight of a

styrenic resin (B):

0 0
i i
RI-0-P-0-A-0-P—-0-R¢ (D)
0
R2 ps < 1

whérein R!, R?, R? and R? independently represent a
phenyl group which.méy be substituted with an alkyl
group having 1 to 4 carbon atoms, A is 1,3-phenylene
group, n denotes 1 or 2; and at least one of R}, R?, R®
and R* is a phenyl group substitutéd with 2 alkyl'
groups each_having 1 to 3 carbon atoms.

20. A flame—rétardant.resin composition according
to claim 19, wherein at least one of R!, R?, R® and R*
is a phenyl group substituted on the 2- and 6-positions
respectively with an alkyl group having 1 to 3 ca:bon 

atoms.

21. A flame-retardant resin composition according

to claim 19, wherein R!, R?, R3 and R* are respectively

a phenyl group substituted with'z élkyl groups each
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22, A flame—retardant resin composition according
to claim 1( wherein (1) in said compound (i), the
proportion of the amount of the 2,4-dimethylphenyl
group, 3,4-dimethylphenyl group and the 3,5-dimethyl-
phenyl group relative to the amount of monoalkylphenyl
groups is such that the former/the latter is 60/40 to
80/20.(mole percent), and A is 1,3;phenylené group, oOr.
(2) in said cdmpound (i1), R, R?, R? and R?! are 2,6-

dimethYlphenYl groups and the repeating unit n is 1.



