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TITLE OF THE INVENTION

Flame retardant polycarbonate resin composition

BACKGROUND OF THE INVENTION

Field of the Invention |

The present invention relates to a flame retardant
polycarbdnate_resin composition. Mo:e particularly,
the present invention is concerned with a flame retar-
dant polycarbonate resin composition, which comprises,
in a specific ratio, an aromatic poiycarbonate (A), a
copolymer (Bj comprising an aromatic vinyl monomer unit
(b-1) and a vinyl cyanide monomer unit (b-2), a cya-
nide-containing, graft copolymer (C) obtained by co-
polymerizing an aromatic vinyl compound (c-1) and a vi-
nyl cyanide compound (c-2) in fhe presence of a rubbery
polymer (c-3), a (meth)acrylate-contaihing, graft co-
polymer (D) obtained by copolymerizing an aromatic vi-
nyl compound (d-1) and an alkyl (meth)acrylate (4-2) in
the presence of a rubbery butadiene polymer (d-3), and
at least one organic phosphorus compound oligomer (E).
The resin composition of the present invention not only
simultaneously exhibits excellent melt fluidity, impact
resistance, thermal resistance and flame retardancy,
but also has high stability in mechanical properties.

Further, the occurrence of a mold deposit (MD) during
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the molding of such a resin composition is very small.
By virtue of these excellent characteristics, the resin

composition of the present invention has advantages for

.use in various industrial fields.

Prior Art

A resin composition comprising a polycarbonate
(PC), an ABS (acryronitrile-butadiene-styrene) resin
and a phosphorous-containing flame retardant (such a
resin composition is hereinafter, frequently referred
to as a “PC/ABS/phosphdrous—containing flame retardant
composition") is a flame retardant resin composition
which is free from a chlorine/iodide flame retardant.
Such a flame retardant resin composition exhibits ex-
cellent mechanical properties and thermal resistance,
and hence, it has been widely used as a material for
housings in electric appliances and office automation
machines, such as computers, printers, word processors
and copying machines.

The technologies concerning the PC/ABS/phospho-
rous-containing flame retardant composition are de-
scribed, for example, in the following patent docu-
ments: Unexamined Japanese Patent Application Laid-
Open Specification No. 2-32154 (corresponding to US

Patent No. 5,061,745); Unexamined Japanese Patent Ap-

This Sheet Has Been Rep

L.



10

15

20

25

3

plication Laid-Open Specification No. 2-115262 (corre-

sponding to US Patent NO. 5,204,394); Unexamined Ja-

- panese Patent Application Laid-Open Specification Nos.

4-285655, 4-298554, 4-300937, 6-192553 and 6-228364;
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 6-240127 (corresponding to W093/22382);
Unexamined Japanese Patent Application Laid-Open Speci-
fication Nos. 7-11119, 7-26129, 7-33971, 7-82466,
7-145307; 7-150028, 7-196871, 7-196872, 7-196873,
7-196874, 7-331045, 7-331051, 8-3397, 8-34916, 8-34926,
8-67810 and 8-120169: Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 8-127686 (corre-
sponding to W096/07704); Unexamined Japanese Patent Ap-
plication Laid—dpen Specification Nos. 8-165392,
8-225737, 8-277344, 8-208972, 9-3312, 9-48912, 9-95610,
9-104811, 9-124920 and 9-143357; Unexamined Japahese
Patent Application Laid-Open Specification No. 9-165518
(corresponding to EP747424); Unexamined Japanese Patent
Application Laid-Open Specification Nos. 9-176471 and
9-183893; Unexamined Japanese Patent Application Laid-
Open Specification No. 9-188808 (corresponding to
EP771851); and Unexamined Japanese Patent Application
Laid-Open Specification No. 9-194713.

In accordance with the recent tendency tolreduce

the weight and wall thickness of the above-mentioned
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types of machines, there has been a demand for a
PC/ABS/phosphorous-containing flame retardant composi-
tion which simqltaneously exhibits a high melt fluidity
and a high impact resistance and which can therefore be
advantageously used for producing light-weight and
small-thickness shaped articles. Hoﬁever, in the
above-mentioned patent documents, a PC/ABS/phosphorous-
containing flame retardant composition which simultane-
ously exhibits satisfactorily high melt fluidity and
impact resistance pas not been obtained.

It has been attempted to produce a PC/ABS/phos-
phorous-containing flame retardant composition having a
high melt fluidity by increasing the amount of ABS or
SAN (styrene-acrylonitrile copolymer) contained in the
resin composition. However, the obtainedlresin compo-
sition has a problem in.that the flame retardancy of
the resin composition becomes unsatisfactory so that a
dripping of flaming particles is likely to occur when
the resin composition is on fire. Further, such a
resin composition has problems in that the impact re-
sistance and the thermal resistance of the resin compo-
sition becomé low. It has also been attempted to im-
prove the melt fluidity of a PC/ABS/phosphorous-
containing flame retardant composition by using a low

molecular weight polycarbonate. However, in this at-
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tempt, the impact resistance of the obtained resin com-
position is lowered.

Unexamined Japanese Patent Application Laid-Open
Specification No. 62-25179 discloses a resin compositif
on containing alpolycarbonate, ABS and MBS (methyl
methacrylate-butadiene-styrené copolymer) and U.S. Pat-
ent No. 4,390,657 discloses a resin composition con-
taining a polycarbonate, ABS, and an acrylic rubber-
containing multi-phase composite interpolymer which is
obtained by graft copolymeriiing an acrylate monomer
onto a butyl acrylate rubber. These patent documents
describe that these resin compositions are improved in
weld strength and low temperature impact resistance.
However, these patent documents disclose neither a
technique for improving the melt fluidity of a resin
composition nor a technigque for improving the flame re-
tardancy of a resin composition. In addition, the im-
provement in impact resistance achieved by the use of
the acrylic rubber-containing multi-phase composite in-
terpolymer is unsatisfactory.

Unexamined Japanese Patent Application Laid-Open
Specification No. 6-240127 (corresponding to WO
93/22382) and Unexamined Japanesé Patent Application
Laid-Open Specification No. 8-3397 disclose the use of

a specialty rubber in combination with the
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PC/ABS/phosphorous-containing flame retardant composi-
tion in which a phosphorous compound oligomer is used
as the flame retardant, wherein the specialty rubber is
a complex rubber (silicone-acrylic'compléx rubber) ob-
tained by a process comprising graft polymerizing a vi-
nyl monomer onto a complex rubber comprising a polyor-
ganosiloxane and a polyalkyl (meth)acrylate. The sili-
cone-acrylic complex rubber used in the above-mentioned
patent documents exhibits qnly a low reactivity with a
rubber comprising a polyorganosiloxane and a polyalkyl
(meth)acrylate and, accordingly, the graft polymeriza-
tion of a vinyl monomer onto the above-mentioned rubber
becomes difficult. Therefore, the methods disclosed in
the above-mentioned patént documents are disadvanta-
geous not only in that a complicated process is re-
quired for the production of a silicone-acrylic complex
rubber, but also in that the production cost becomes
high. Further, when a silicone-acrylic complex rubber
is used in combination with a PC/ABS/phosphorous-
containing flame retardant composition, the resultant
resin composition has a disadvantage that the impact
resistance is likely to be lowered during the residence
of the resin composition in a molding machine for pro-
ducing a molded article.

In a PC/ABS/phosphorous-containing flame retardant

_
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composition, the high thermal resistance which a PC
resin inherently possesses may occasionally be lost due
to.the use of a phosphorous-containing flame retardant.
The thermal resistance of a resin composition is influ-
enced by various factors, such as the properties of the
flame retardant itself (e.g., thermal properties and
viscosity of the flame retardant, and compatibility of
the flame retardant with the resin), the ratio of the
flame retardant to the resin, and the ratio of PC in
the resin composition. Among these properties, the
physical properties of the .flame retardant used 1is es-
pecially important for the thermal resistance of a
resin composition. Therefore, there has been a strong
demand for the development of a phosphorous-containing
flame retardant which does not adverSely influence the
thermal resistance of a PC resin. |

Further, when a phosphoric ester having a low re-
sistance to hydrolysis is used as a phosphorous-
containing flame retardant for producing a PC/ABS/phos-
phofous-containing flame retardant composition, an ul-
timate molded article obtained from the resin composi-
tion suffers marked deterioration in mechanical proper-
ties. Particularly, the elongation and impact resis-
tance of the molded article bedome lowered. Such a de-

terioration of the mechanical properties becomes sig-
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nificant when the molded article is placed under high
temperature and high humidity conditions, and the mold-
ed article may occasionally be unable to maintain the
mechanical properties which are necessary for, for ex-
ample, housings of various machines. Further, it is
generally difficult to reuse a material which has once
undergone a marked deterioration. The above-mentioned
disadvantages are likely to lead to serious problems,
such as a loss of qualitj during a long term usage of
the final product and a loss of recyclability of the
final product, and therefore, there is a strong demand
for techniques useful for overcoming these disadvan-
tages.

Further, a PC/ABS/phosphorous-containing flame re-
tardant composition prepared uéing a phosphorous-
containing flame retardant has the following problem.
When such a resin composition is subjected to molding,
the phosphorous-containing flame retardant in the resin
composition is likely to deposit on the surface of the
mold. Such a phenomenon is called a mold deposit (MD)
and the occurrence of MD is likely to lower the level
of surface appearance and productivity of the molded
rarticles. The use of a phosphoric ester oligomer-
containing flame retardant tends to suppress the occur-

rence of MD, as compared'to the use of a monophosphoric

-
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ester (such as triphenyl phosphate). However, the sup-
pression of MD by the use of a conventional phosphoric
ester oligdmer-containing flame retardant is still un-
satisfactory, and a further improvement has been de-
sired.

As is apparent from the above, there has been a
stroﬁg demand for a flame retardant polycarbonate resin
compoéition which not only simultgneously exhibits ex-
cellent melt fluidity, impact resistance, thermal re-
sistance and flame retardancy, but also has high sta-
bility in mechanical properties, and in ﬁhich the
amount of mold deposit generated during the molding of
the resin composition is very small. However, it has
conventionally been impossible to produce a flame re-
tardant polycarbonate resin composition which exhibits
all of the above-mentioned properties at a satisfactory
level. The development of such an excellent flame re-

tardant polycarbonate resin composition has therefore

been desired.

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
extensive and intensive studies toward developing the
above-mentioned excellent flame retardant polycarbonate

resin composition. As a result, it has unexpectedly
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been found that a flame retardant polycarbonate resin
composition comprising, in a specific ratlio, an aro-
matic polycarbonate (A), a copolymer (B) comprising an
aromatic vinyl monomer unit (b-1) and a vinyl cyanide
monomer unit (b-2), a cyanide;containing, graft copoly-.
mer {(C) obtained by copblymerizing an aromatic vinyl
compound (c-1) and a vinyl cyanide compound (c-2) in
the presence of a rubbery polymer (c-3), a
(meth)acrylate-containing, graft copolymer (D) obtained
by copolymerizing an aromatic vinyl compound (d-1) and
an alkyl (meth)acrylate (d4-2) in the presence of a rub-
bery butadiene polymer (4-3), and at least one organic
phosphorus compound oligomer (E), not only simultane-~
ously exhibits excellent flame retardancy, melt fluid-
ity and impact resistance, but also has high stability
in mechanical properties. Further, the present inven-
tors found that the occurrence of mold deposit (MD)
during the molding of such a resin composition is very
small. The present invention has been completed, based
on these novel findings.

Accordingly, it is a primary object of the.preﬁent
ihvention to provide a flame retardant polycarbonate

resin composition which not only simultaneously exhib-

" its excellent flame retardancy, melt fluidity, impact

resistance and thermal resistance, but also has high
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stability in mechanical properties, and in which the
occurrehqe of MD during the molding of the resin compo-
sition is very small.

The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from
the following detailed description and appended claims

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is a graph showing the relationship between
the rubber content and the Izod impact strength with
respect to the resin compositions separately produced
in Examples 9 to 12 and Comparative Examples 4 to 7 of
the present application, together with the relationship
between the rubber content and the melt flow rate (MFR)
with respect to the resin compositions, wherein, in Fig
1, M represents the Izod impact strength with respéct
to the resin compositions obtained in Examples 9
through 12; @ represents the MFR with respect to the
resin compositions obtained in Examples 9 through 12;

O represents the Izod impact strength with respect to

the resin compositions obtained in Comparative Examples

4 through 7: and O represents the MFR with respect to

the resin compositions obtained in Comparative Examples
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4 through 7;

Fig. 2 is a TEM photomicrograph of the resin com-
position obtained in Example 4, wherein the TEM photo-
micrograph has been taken by means of a transmission
electron microscope (TEM); and

Fig. 3 is a TEM photomicrograph of the resin com-

position obtained'in Comparative Example 2.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect of the present invention, there is
provided a flame retardant polycarbonate resin composi-
tion comprising:

50 to 98 parts by weight of an aromatic polycar-
bonate (A),

0.1 to 49 parts by weight of a copolymer {(B) com-
prising an aromatic vinyl monomer unit (b-1) and a vi-
nyl cyanide monomer unit (b-2),

0.5 to 30 parts by weight of a cyanide-containing,
graft copolymer (C) obtained by copolymerizing an aro-
matic vinyl compound (c-1) and a vinyl cyanide compound
(c-2) in the presence of a rubbery polymer (c-3),

0.5 to 30 parts by weight of a (meth)acrylate-
containing, graft copolymer (D) obtained by copolymer-
izing an aromatic vinyl compound (d-1) and an alkyl

(meth)acrylate (d-2) in the presence of a rubbery buta-
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diene polymer (d-3), and

0.1 to 30 parts by weight of at least one organic
phosphorus compoupd oligomer (E),

wherein the total amount of the components (A),

(B), (C) and (D) is 100 parts by weight.

For easy understanding of the present invention,
the essential features and various embodiments of the
present invention are enumerated below.

1. A flame retardant polycarbonate resin composition
comprising:

50 to 98 parts by weight of an aromatic polycar-
bonate (A),

0.1 to.49 parts by weight of a copolymer (B) com-
prising an aromatic vinyl monomer unit (b-1) and a vi-
nyl cyanide monomer unit (b-2),

0.5 to 30 parts by weight of a cyanide-containing,
graft copolymer (C) obtained by éopolymerizing an aro-
matic vinyl compound (c-1) and a vinyl cyanide compound
(c-2) in the presence of a rubbery polymer (c-3),

-0.5 to 30 parts by weight of a (meth)acrylate-
containing, graft copolymer (D) obtained by copolymer-
izing an aromatic vinyl compound (d-1) and an alkyl
(meth)acrylate (d-2) in the presence of a rubbery buta-

diene polymer (4-3), and
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0.1 to 30 parts by weight of at least one organic

phosphorus compound oligomer (E),

wherein the total amount of the components (A),

(B), (C) and (D) is 100 parts by weight.

2. The polycarbonate resin composition according to

item 1 above, wherein the organic phosphorus compound

- oligomer (E) is selected from the group consisting of

compounds represented by the following formula:
R*~(0);7 PTO—X—0— > (0)zRY
n

(Qx Q,
Rb RC

7.
X represents —{:3}—?—<j>—— ;

CH;

(1)

wherein:

each of R2, RP, RC and RA independently

represents a Cg - Cog aryl group;
n represents an integer of 1 to 5; and

each of j, k, ¢/ and m independently rep-

resents 0 or 1.

3. The polycarbonate resin composition according to

item 2 above, wherein each of R2, RP, RC and RQ in for-
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mula (1) independently represents a phenyl group or a
xylyl group, with the proviso that each of the com-
pounds of formula (1) contains at least one phenyl

group and at least one xylyl group.

4. The'polycarbonate resin composition according to
any one of items 1 to 3 above, wherein the content of
the rubbery butadiene polymer in the (meth)acrylate-
containing, graft copolymer (D) is 65 to 95 % by weight,
and the weight ratio of the component (4-1) to the com-
ponent (d-2) in the (meth)acrylate-containing, graft

copolymer (D) is within the range of from 80/20 to 5/95.

5. The polycarbonate resin composition according to

any one of items 1 to 4 above, wherein the aromatic

- polycarbonate (A) has a weight average molecular weight

of from 15,000 to 30,000, and the copolymer (B) has a
weight average molecular weight of ffom 50,000 to

180, 000.

6. The polycarbonate resin composition according to
any one of items 1 to 5 above, wherein the component
(E) comprises a plurality of different organic phos-
phorus compound oligomers; wherein the weight average

polymerization degree (N) of the plurality of different



10

15

20

25

16

organic phosphorus compound oligomers .(E) is in the

range of from 1.0 to less than 1.2.

7. The polycarbonate composition according to any one
of items 1 to 6 above, wherein the component (E) has an

acid value of less than 1 mg KOH/g.

8. The polycarbonate resin composition according to
item 7 above, wherein the component (E) has an acid

value of less than 0.1 mg KOH/g.

9. The polycarbonate resin composition according to
any one of items 1 to 8 above, which further comprises

a tetrafluoroethylene polymer.

The present invention will now be described in de-
tail. |

The afomatic polycarbonate (A) used in the flame
retardant polycarbonate resin composition of the present
invention comprises recurring units each independently

represented by the following formula (2):

—%——O-fAr—{L—ﬁ-—¥—- (2)
o)

wherein Ar represents a divalent aromatic
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group having 5 to 200 carbon atoms.

Examples of divalent aromatic groups Ar include a
phenylene group, a naphthylene group, a biphenylene
group and a pyridylene group, which are unsubstituted
or substituted with at leést one substituent as de-
scribed below, and inciude a group represented by the

following formula (3):
—Arl—y—ar2— (3)

wherein each of Arl and Ar? independently
represents an arylene group, such as a pheny-
lene group, a naphthylene group, a bipheny-
lene group or a pyridylene group, which is
unsubstituted or substituted with at least
one substituent as described below, and ¥
represents an unsubstituted or substituted

alkylene group represented by any one of the

following'formulae (4):

Rl Rl R3 -~ RS

| | | '~ |
—C— , C c and //C (X)x (4)

| Lo —

R2 R2 R4 R6

wherein each of R1, R2, R3 and R% indepen-



10

15

20

18

dently represents a hydrogen atom, a lower
alkyl group having 1 to 6 carbon atoms, a
cycloalkyl group having 5 to 10 carbon atoms,
an aryl group having 6 to 30 carbon atoms or
an aralkyl group having 7 to 31 carbon atoms,
which may be substituted with a halogen atom
or an alkoxy group having 1 to 10 carbon at-
oms; k represents an integer of from 3 to 11;
each X represents a carbon atom and has RS
and R6® bonded thereto; each R5 independently
represents a hydrogen atom, a lower alkyl
group having 1 to 6 carbon atoms or an aryl
group having 6 to 30 carbon atoms, and each
R6 independently represénts a hydrogen atom,
a lower alkyl group having 1 to 6 carbon
atoms or én aryl group having 6 to 30 carbon
atoms; and wherein each of Rl, R2, R3, R4, RS

and R6 may be substituted with a halogen atom
and/or an alkoxy group having 1 to 10 carbon

atoms.

The aromatic polycarbonate used in the present in-
.vention may contain, as a comonomer unit, a divalent
aromatic group represented by the following formula
(5):

—Arl —7 —Ar2 — (5)
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wherein Arl and Ar2 are as defined in formula

(3) above; and Z represents a single bond, or

a divalent group, such as -0-, -CO-, -S-,

~S0,-, -COp-, or -CON(R!)-, wherein R! is as

defined in formula (4) above.

‘Specific examples of divalent aromatic groups
represented by Ar of formula (2) and formula (5) usable
in the present invention include groups respectively

represented by the following formulae:

(R7)m (R,

S OO -

(1|17 " o R®), | (T)m CH (lr’)..
[ L
(R7)m R, (R7)m (RB)

{}Q{% O~ -
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(T) CR, R) (T)m R®
~O-=D- - %@

CF, - cH,

' CH, cH,

2Op o x

-O+HO- @Cﬂ )

(R")

@——O %} D -

R)g R, R, R,
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(R’)m | (R’)m . ®),
—QC"NH{} -5 e
®n : | (R’)m o (R*).,

@%O@ O~

wherein each of R7 and R8 independently
represents a hydrogen atom, a halogen atom,
an alkyl group having 1 to 10 carbon atoms,
an alkoxy group having 1 to 10 carbon atoms,
a cycloalkyl group having 5 to 10 carbon at-
oms, Oor an aryl group having 6 to 30 carbon
atoms; each of m and n independently repre-
sents an integer of from 1 to 4, with the
proviso that when m is an integer of from 2
to 4, the R7's are the same or different, and
when n is an integer of from 2 to 4, the R8's
are the samé or different.

A preferred example of divalent aromatic groups is

a group represented by the following formula (6):
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G

00— @

CH;
It is especially preferred that the polycarbonate con-
tain 85 mole % or more, based on all of thé-monomer
units in the polycarbonate, of recurring units each
having an Ar represented by the above formula (6).

The polycarbonate used in thé present invention
may contain, as a comonomer unit, a tri- 6r more valent
aromatic group having 6 to 300 carbon atoms.

With respect to the molecular structures of the
terminal groups of the polycarbonate, there is no par-
ticular limitation. The ferminal groups of the poly-
carbonate may be at least one member selected from the
group consisting of a phenolic group, an aryl carbonate
group and an alkyl carbonate group; A terminal aryl
carbonate group is represented by the following formula

(7):

— o—cl:-—o —Ar3 (7)

o)

wherein Ar3 represents a monovalent aromatic

group having 6 to 30 carbon atoms, wherein

the aromatic ring of Ar3 may be unsubstituted
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or substituted.

Specific examples of terminal aryl carbonate

groups include groups respectively represented by the

fol

lowing formulae:
L
—0—¢—0 ‘ —o—-(":—o—O— C—CH; -
| .
0 O CH,;
CH;
—o—c“:—o—@—('; " —o0—c—o0-L '
I
0 CH, 0]
P
—0—C—0—< )— C—CH, — C—CH,
O CH3 . CH3

_O_%—O%
- 0

the

A terminal alkyl carbonate group is represented by

following formula (8):



10

15

20

25

24

—0—C—0—R? (8)

wherein R? represents a straight chain or

branched alkyl group having 1 to 20 carbon

atoms.

Specific examples of terminal alkyl carbonate
groups include groups respectively represented by the

following formulae:

—0—C—0—CgHy17 ., —0—C—0—Cjy2Ho5 and
o 0]
—0—C—0—Cj1gH37

|

o)

Among these terminal groups, preferred terminal
groups are a phenolic group, a phenyl carbonate group,.
a p-t-butylphenyl carbonate group and a p-cumylphenyl
carbonate group.

With respect to the ratio of the terminal phenolic
groups to the other terminal groups, there is no par-
ticular limitation. However, from the viewpoint of im-
proving melt fluidity, it is preferred that the amount
of the terminal phenolic groups is 20 % or more, more

advantageously from 20 to 80 %, based on the number of
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all terminal groups. When the amount of the terminal
phenolic groups is more than 80 %, the melt stability
of the aromatic polycarbonate tends to slightly de-
crease.

As methods for determining the amount of the ter-
minal phenolic groups, there are generally known a
method using NMR (NMR method), a method usinQ titanium
(titanium method) and a method using UV or IR (UV meth-
od or IR method).

With respect to the aromatic polycarbonate (A)
used in the present invention, it is generaliy
preferred that the weight average molecular weight (Mw)
of the aromatic polycarbonate is from 5,000 to 50,000,
more preferably from 10,000 to 40,000, even more pref-
erably from 15,000 to 30,000, and most prefeiably from
18,000 to 25,000. When the Mw of the aromatic polycar-
bonate is less than 5,000, the impact resistance of the
resin composition tends to be unsatisfactory., and when
the Mw of the polycarbonate is more than 50,000, the
melt fluidity of the resin composition tends to be un-
satisfactory.

In the preseht invention, the weight average mo-
lecular weight (Mw) of the polycarbonate is measured by
gel permeation chromatography (GPC) under the following

conditions. A calibration curve is obtained with re-
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spect to standard monodisperse polystyrenes using a
polystyrene gel column and tetrahydrofuran as a solvent.
The obtained calibration curve is modified by a calcu-
lation using the following formula:

Mpc = 0.3591 Mpgl.0388

wherein Mpc represents the molecular weight

of a polycarbonate and Mpg represents the

molecular weight of a polystyrene,
thereby obtaining a modified calibration curve for a
polycarbonate. The weight average moleeular weight of
a polycarbonate is measured by GPC using the obtained
modified calibration curve.

The polycarbonate (A) used in the present inven-
tion can be produced by a conventional.method. Exam-
ples of conventional methods include an interfacial
polymerization process (e.g., phosgene process) in
which an aromatic dihydroxy compound and a carbonate
precursor (e.g., phosgene) are reacted with each other
in the presence of an agqueous sodium hydroxide solution
and methylene chloride as a solvent; a transesterifica-
tion process (melt process) in which an aromatic dihy-
droxy compound and a carbqnic diester (e.g., a diphenyl

Carbonate) are reacted with each other; a solid state

- polymerization process in which a carbonate prepolymer

obtained by the phosgene process or by the melt process
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is crystallized aﬁd subjected to a solid state polym-
erization (Unexamined Japanese Patent Application Laid-
Open Specification No. 1-158033 (corresponding to U.S.
Patent No. 4,948,871)): a method disclosed in Unexam-
ined Japanése Patent Application Laid-Open Specifica-
tion No. 1-271426; and a method disclosed in Unexamined
Japanese Patent Application Laid-Open Specification No.
3-68627 (corresponding to U.S. Patent No. 5,204,377).

As a polycarboﬁate resin preferably used in the
present invention, there can be mentioned a polycarbon-
ate resin produced from a divalent phenol (aromatic di-
hydroxy compound) and a carbonic diester by a trans-
esterification process. Such a polycarbonate resin ad-
vantageously contains substantially no chlorine atoms.

In the present invention, as component (A), two or
more different polycarbonates having different struc-
tures and/or molecular weights can be used in combina-
tion. |

In the flame retardant polycarbonate resin compo-
sition of the present invention, the amount of the com-
ponent (A) is 50 to 98 parts by weight, preferably 60
to 95 parts by weight, more preferably 70 to 90 parts
by weight, relative to 100 parts by weight of the total
amount of the components (A), (B), (C) and (D). When

the amount of component (A) is less than 50 parts by
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weight, both of the thermal resistance and flame retar-
dancy of the resin composition becomo unsatisfactory.
On the other hand, when the amount of component (A) is
more than 98 parts by weight, the melt f£luidity of the
resin composition becomes unsatisfactory.

The copolymer (B) of the resin composition of the
preoent invention comprises an aromatic vinyl monomer
unit (b-1) and a vinyl cyanide monomer unit (b-2). The
component (B) is used for the purpose of improving the
melt fluidity of the resin composition.

Examples of aromatic vinyl monomers which can be
used for forming the aromatic vinyl monomer unit (b-1)
in the copolymer (B) include styrene, o-methylstyrene,
para-methylstyrene, vinylxylene, para-tert-butylstyrene,
ethylstyrene and vinylnaphthalene. These compounds can
be used individually or in combination. Among these
aromatic vinyl monomers, preferred monomers are styrene
and a-methylstyrene.

Examples of monomers which can be used for forming
the vinyl cyanide monomer unit (b-2) include acrylo-
nitrile and methacrylonitrile. These compounds can be
used individually or in combination. |

The weight average molecular weight of the copoly-
mer (B) is generally from 30,000 to 300,000, preferably

from 80,000 to 200,000, more preferably from 100,000 to
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180,000, most preferably from 120,000 to 150,000.

There is no particular limitation with respect to
the ratio of the monomer unit (b-1) to the monomer unit
(b-2), namely the (b-1)/(b-2) ratio. It is preferred
that the aromatic vinyl monomer unit (b-1) content of
the component (B) is from 95 to 50 % by weight and the
vinyl cyanide monomer unit (b-2) content of the compo-
nenf (B) is f;om 5 to 50 % by weight. It is more
preferred that the monomerlunit {b-1) content of the
component (B) is from 92 to 65 % by weight and the
monomer unit (b-2) content of the compound (B) is from
8 to 35 % by weight.

In addition, as long as thé excellent effects of
the present invention are obtained, the component (B)
may comprise other monomers which are copolymerizable
with the above-mentioned components (b-1) and (b-2).
Examples of such monomers include alkyl (meth)acrylates,
such as methyl (meth)acrylate, ethyl (meth)acrylate,
propyl (meth)acrylate, butyl meth(acrylate), 2-ethyl
(meth)acrylate, 2-ethylhexyl methaqrylate (among these
alkyl (meth)acrylates, butyl methacrylate is pre-
ferred); (meth)acrylic acids, such as acrylic acid and
methacrylic acid; o,f-unsaturated carboxylic acids,
such as maleic anhydride; maleimide compounds, such as

N-phenylmaleimide, N-methylmaleimide and N-cyclohexyl-
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maleimide: and glycidyl group-containing monomers, such
as glycidyl methacrylate. These monomers can be used
individually or in combination.

Preferred examples of component (B) include a sty-
rene-acrylonitrile cbpolymer resin (SAN) and a butyl
acrylate-acrylonitrile-styrene copolymer resin (BAAS).
Among these resins, a BAAS can be advantageously used
for improving the melt fluidity of the resin composi-
tion. It is preferred that the BAAS contains a butyl
acrylate monomer in an amount of from 2 to 20 % by
weight, baéed on the weight of the BAAS.

For producing the component (B), there can be em-
ployed conventional polymerization methods, such as a
bulk polymérization method, a solution polymerization
method, a suspension polymerization method and an emul-
sion polymerization method.

In the resin composition of the present invention,
the component (B) is used in an amount of from 0.1 to
49 parts by weight, preferably from 1 to 30 parts by

weight, more preferably from 3 to 20 parts by weight,

- relative to 100 parts by weight of the total amount of

the components (A), (B), (C) and (D). When the amount
of the component (B) is less than 0.1 part by weight,
the melt fluidity of the resin composition becomes un-

satisfactory. On the other hand, when the amount of
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the component'(B) exceeds 49 parts by weight, the heat
resistance and flame retardancy of the resin composi-
tion become unsatisfactory.

In the present invention, two or more different
copolyﬁers having different structures and/or molecular
weights can be used in combination as the component (B).

The component (C) of the resin composition of the
present invention is a cyanide-containing, graft co-
polymer which is obtained by copolymerizing an aromatic
vinyl compound (c-1) and a vinyl cyanide compound (c-2)
in the presence of a rubbery polymer (c-3). As the
aromatic vinyl compound (c-1) and the vinyl cyanide
compound (c-2), the same aromatic vinyl compounds and
vinyl cyanide compounds as used for producing the com-
ponent (B) can be used, respectively.

With respect to the rubbery polymer used as the
component (c-3), it is preferred that the rubbery
polymer has a glass transition temperature of 0 °C or
lower, more preferably -10 °C or lower, most preferably
-30 °C or lower.

Specific examples of rubbery polymers used as the
component (c-3) include diene rubbers, such as poly-
butadiene, a styrene-butadiene copoiymer, an acrylo-
nitrile-butadiene copolymer; acrylic rubbers, such as

poly(butyl acrylate):; polyisoprene; polychloroprene;
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ethylene-propylene rubbers; ethylene-propylene?diene
ternary copolymer rubbers; block copolymers, such as a
styrene-butadiene block copolymer and a styrene-
isoprene block copolymer; and hydrogenation products of

the above-mentioned polymers. Among these polymers,

preferred are polybutadiene, a styrene-butadiene co-

polymer rubber, an acrylonitrile-butadiene copolymer
rubber and poly(butyl acrylate).

The cyanide-containing, graft copolymer (C) can be
produced by graft polymerizing aromatic vinyl compound
(c-1) and vinyl cyanide compoﬁhd (c-2) onto the above-
mentioned rubbery polymer (c-3). If desired, one or
more compounds selected from the group consisting of
(meth)acrylic acids, such as acrylic acid and meth-
acrylic acid; alkyl (meth)acrylates, such as methyl
(meth)acrylate, ethyl (meth)acrylate, propyl
(meth)acrylate, butyl meth(acrylate), 2-ethyl
(meth)acrylate and 2-ethylhexyl methac:ylate: a,p-
unsaturated carboxylic acids, such as maleic anhydride;
maleimide compounds, such as N-phenylmaleimide, N-
methylmaleimide and N-cyclohexylmaleimide; and glycidyl
group-containing monomers, such as glycidyl methacryl-
ate, can also be graft polymerized onto the rubbery
polymer (c-3). The.component (C) can.be produced by a

graft polymerization, for example by employing an emul-
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sion polymerization method, a bulk polymerization
method, a suspension polymerization method, a bulk-
suspension polymerization method and a solution polym-
erization method. Among these methods, an emulsion
polymerizétion method is especially preferred.

In the cyanide-containing, graft copolymer (C),
the content of the rubbery polymer (c-3) is generally
in the range of from 10 to 85 % by weight, preferably

from 30 to 82 % by weight, more preferably from 40 to

80 % by weight. When the amount of the rubbery polymer

(c-3) is less than 10 % by weight, the improvement in
impact resistance of the resin composition tends to be
lowered. On the. other hand, when the amount of the
rubbery polymer (c-3) exceeds 85 % by weight, the dis-
persibility of the component (C) in the resin composi-
tion tends to become unsatisfactory. When a butadiene
polymer is used as the rubbery polymer (c-3), it is
preferred that the butadiene polymer has a butadiene
content of 50 % by weight or more.

There is no particular limitation with respect to
the weight rat16 of the component (c-1) to the compo-
nent (c-2), namely the (c—l)/(c-Z) ratio, and the (c-
1)/(c-2) ratio can be selected depending on the utility
of the final resin composition. In general, the (c-

1)/(c-2) ratio is in the range of from 90/10 to 60/40,
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preferably from 85/15 to 65/35, more preferably from
80/20 to 70/30. |

The most preferred cyanide-containing, graft co-
polymer (C) to be used in the present invention is a
particulate graft copolymer obtained by emulsion polym-
erization. It is preferred that the particulate graft
copolymer has an average particle diameter of from 0.1
to 1.5 um, more preferably from 0.15 to 0.8 um, even
more preferably from 0.2 to 0.6 um, and most preferably
from 0.25 to 0.4 uym. When the average particle diame-
ter of the graft copolymer is less than 0.1 um, the im-
pact resistance of the resin composition tends to be
lowered. When the average particle diameter of the
graft copolymer exceeds 1.5 um, the appearance of an
ultimate shaped article obtained from the resin compo-
sition tends to become poor.

Specific examples of cyanide-containing graft co-
polymers (C) which are preferably uSed in the present
invention include an acrylonitrile-butadiene-styrene
copol§mer (ABS), an acr&lonitrile-ethylene-propylene-
styrene copolymer (AES), an acrylonitrile-chlorinated
polyethylene-styrene copolymer (ACS) and an acryloni-
trile-acrylic elastic polymer-styrene copolymer (AAS).

In the resin composition of the present invention,

the above-mentioned cyanide-containing graft copolymers
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to be used as the component (C) can be used individual-
ly or in combination of two or more different co-
polymers having different particle diameters and/or
structures.

In the resin composition of the present invention,
the component (C) is used in an amount of from 0.5 to
30 parts by weight, preferably from 1 to 20 parts by
weight, more preferably from 3 to 15 parts by weight,
relative to 100 parts by weight of the total amount of
the components (A), (B), (C) and (D). When the amount
of the component (C) is less than 0.5 part by weight,
the improvement in impact resistance of the final resin
composition becomes unsatisfactory. When the amount of
the component (C) is more than 30 parts by weight, the
melt fluidity and rigidity'of the resin composition be-
come unsatisfactory.'

The component (D) used in the present invention is
a (meth)acrylate-containing, graft copolymer which is
obtained by copolymerizing an aromatic vinyl compound
(d-1) and an alkyl (meth)acrylate (d4-2) io the presence
of a rubbery butadiene polymer (d-3). In the present
invention, the (meth)acrylate-containing, graft copoly-
mer (D) is an essential component for improving both
the melt fluidity and the impact resistance of the

resin composition. The polycarbonate resin composition
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of the present invention which comprises not only a
cyanide-containing, graft copolymer (C), but also a
(meth)acrylate-containing, graft copolymer as a graft
rubber component, exhibits less yellowing as compared
to a resin composition comprising only the component
(C) as a graft rubber component. The advantageously
low level of yellowing of the resin composition of the
present invention leads to an improvement in tinting by

a dye or a pigment. Furthermore, the weld strength of

' the resin composition can be improved by the use of the

{meth)acrylate-containing, graft copolymer (D).

As an aromatic vinyl compound (d-1), the same aro-
matic vinyl compounds as used for producing the compo-
nent (B) can be used.

Specific examples of an alkyl'(meth)acrylate (da-2)
include methyl (meth)acrylate, ethyl {(meth)acrylate,
propyl (meth)acrylate, butyl (meth)acrylate; 2-ethyl
{meth)acrylate and 2-ethylhexyl methacrylate.

It is preferred that the rubbéry butadiene polymer
(d-3) has a butadiene content of 50 % by weight or more.
It is also preferred that the rubbery butadiene polymer
(d-3) has a glass transition temperature of -20 °C or
lower, more preferably -30 °C or lower, most preferably
-50 °C or lower. The component (d-3) may be a butadi-

ene homopolymer (polybutadiene) or a butadiene co-
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polymer obtained by copolymerizing butadiene with a
monomer or crosslinking agent which is copolymerizable
with butadiene.

Preferred examples of such a rubbery butadiene
polymer (d-3) include polybutadiene, a styrene-
butadiene copolymér rubber, an acrylonitrile-butadiene
copolymer rubber and a butadiene-butyl acrylate co-
polymer rubber. Among these polymers, polybutadiene
and a styrene-butadiene copolymer rubber are especially
preferred from the viewpoint of improvement in both the
melt fluidity and the impact resistance of the resin
composition.

The amount of the rubbery butadiene polymer (d-3)
in the (meth)acrylate-containing, graft copolymer (D)
is generally from 65 to 90 % by weight, preferably from
70 to 85 % by weight, more preferably from 75 to 83 %
by weight, based on the weight of the component (D).
When the amount of the rubbery butadiene polymer (d-3)
is less than 65 % by weight, the improvement in impact
resistance of the resin composition tends to be lowered.
On the other hand, when the amoﬁnt of the rubbery buta-
diene polymer (d-3) exceeds 90 % by weight, the dis-
persibility of the component (D) in the resin composi-
tion tends to be lowered.

It is preferred that the weight ratio of the aro-
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matic vinyl compound (d-1) to.thé_alkyl (meth)acrylate
(d-2) in the component (D), namely the (d-1)/(d4d-2) ra-
tio, is in the range of from 80/20 to 5/95. When the
(d-1)/(d-2) ratio is outside the above-mentioned range,
the improvement in impact resistance of the resin com-
position becomes unsatisfactory. The (d-1)/(d-2) ratio
is more preferably in the range of from 60/40 to 10/90,
most preferably from 50/50 to 20/80.

The (meth)acrylate-containing, graft copolymer (D)
can be produced by graft polymerizing the aromatic vi-
nyl compound (d-1) and the alkyl(meth)acrylate (d-2)
onto the rubbery butadiene polymer (d-3). If desired,
one or more compounds selected from the group consist-
ing of a (meth)acrylic acid, such as acrylic acid ahd
methacrylic acid; én o,B-unsaturated carboxylic acid,
such as maleic anhydride; a maleimide compound, such as
N-phenylmaleimide, N-methylmaleimide and N-cyclohexyl-
maleimide; and a glycidyl group-containing monomer,
such'as glycidyl methacrylate can be also graft poly-
merized onto the aromatic vinyl compound (d-1). The
component (D) can be produced by a graft polymerization,
for example by employing an emulsion polymerization
method, a bulk polymerization method, a suspension
polymerization method, a bulk-suspension polymerization

method or a solution polymerization method. Among the-
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se methods, an emulsion polymerization method is espe-
cially preferred.

As examples of modes for producing the component
(D) by emulsion polymerization, there can be mentioned
the following modes (1) to (3):

(1) a mode in which the components (d-1) and (d-
2) are simultaneously graft copolymerized onto rubbery
butadiene polymer (d-3): |

(2) a mode in which the component (d-1) is graft
copolymerized onto the rubbery butadiene polymer (d4-3),
thereby obtaining a graft copolymer and, then, the com-
ponent (d-2) is graft copolymerized onto the obtained
graft copolymer; and

(3) a mode in which thé component (d-2) is graft
copolymerized onto the rubbery butadiene polymer (4-3),
thereby obtaining a graft polymer and, then, the compo-
nent (d-1) is graft copolymerized onto the obtained
graft copolymer.

In the present invention, the component (D) ob-
tained by the above-mentioned mode (2) is especially
preferred from the viewpoint of the improvement in both
the melt fluidity and the impact resistance of the
resin composition. Moreover, it is most preferred that
methyl methacrylate is used as the component (d-2).

When the dispersion morphology of the resin compo-
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sition of the bresent invention (which comprises the
above-mentioned (meth)acrylate-containing, graft co-
polymer (D)) is observed under a transmission electron
microscope (TEM), it was found that the (meth)acrylate-
containing, graft copolymer (D) is present not only in
the domains formed by the copolymer (B), but also in
the aromatic polycarbonate resin (A) which constitutes
the matrix of the resin composition (See Fig. 2 which
is a TEM photomicrograph of the resin composition ob-
tained in Example 4). On the other hand, a resin com-
position containing only the cyanide-containing, graft
copolymer (C) as a graft rubber component has a disper-
sion morphology in which almost all of the component
(C) is dispersed in the copolymer (B). Thérefore, al-
most no rubber component is dispersed in the poly-
carbonate (See Fig. 3 which is a TEM photomicrograph of
the resin composition obtained in Comparative Example
2). It is considered that such a dispersion morphology
of the resin composition of the present invention
greatly contributes to the excellent melt fluidity and
excellent impact resistance of the resin composition.
In the present invention, it is preferred that the
(meth)acrylate-containing, graft copolymer (D) is in a
particulate form and has an average pérticle diameter

of from 0.1 to 1.5 um, more preferably from 0.15 to 0.8



10

15

20

25

41

um, still more preferably 0.2 to 0.6 um. A particulate
(meth)acrylate-containing, graft copolymer (D) can be
obtained by the above-mentioned emulsion polymerization
method. When the average particle diameter of the com-
ponent (D) is less than 0.1 um, the impact resistance
of the resin composition tends to be lowered. When the
average particle diameter of the component (D) exceeds
1.5 pum, the appearance of an ultimate shaped article
obtained from the resin compositioh tends to become
poor.

In producing the (meth)acrylate-containing, graft
copolymer (D) by emulsion polymerization, use is made
of component (d-3) in a particulate form. The component
(d-3) may be either in the form of particles having a
relativelyilarge particle diameter (i.e., 0.05 to 1 um)
or in the form of grown grains which are obtained by
cdagulating the microparticles (i.e., particles having
a primary particle diameter of from 0.01 to 0.15 pm) .
The component (d-3) may have a broad particle diameter
distribution and it may be a mixtu:e of those particles
which have greatly differing particle diameters.

In general, when the component (D) is produced by
emulsion polymerization, a solidification process is
pérformed for separating the desired rubber component

(i.e., the (meth)acrylate-containing, graft copolymer
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(D)) from the polymer latex produced by a polymeriza-
tion process. In the present invention, a rubbery bu-
tadiene polymer obtained by a solidification process
using an acid instead of a metal salt (such as aluminum
sulfate, magnesium sulfate and calcium chloride) is
preferred as the component (d-3).

Specific examples of the component (D) which are
preferably used in the resin composifion of the present
invention include “Metablen C-223A" and "Metablen
C-323A" (both manufactured and sold by Mitsubishi Rayon
Co.,_Ltd., Japan) ,and "Kane Ace M-511" and "Kane Ace
B-564" (both manufactured and sold by KANEKA CORP., Ja-
pan).

In the present invention, the above-mentioned
(meth)acrylate-containing, graft copolymers can be used
individually or in combination as the component (D).
The amount of the component (D) is in the range of from
0.5 to 30 parts by weight, preferably from 1 to 20
parts by weight, more preferably from 3 to 15 parts by
weight, relative to 100 parts by weight of the total
amount of the components (A), (B), (C) and (D). When
the amount of the component (D) is less than 0.5 part
by weight, the improvement in impact resistance of the
resin composifion becomes unsatisfactory. When the

amount of the component (D) exceeds 30 parts by weight,
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the melt f£luidity and the rigidity of the resin compo-
sition become unsatisfactory.

There is no particular limitation with respect to
the ratio of the component (C) to the component (D), -
namely the (C)/(D) ratio in the resin composition.
However, it is preferred that the (C)/(D) ratio in
terms of the weights of components (C) and (D) is in
the range of from 90/10 to 40/60, more preferably from
85/15 to 50/50, still more preferably from 80/20 to
60/40. The total amount of the components (C) and (D)
is from 1 to 40 parts by weight, preferably from 3 to
30 parts by weight, more preferably from 5 to 20 parts
by weight, relative to 100 parts by weight of the total
amount of the components (A), (B), (C) and (D).

The component (E) of the present invention is at
least one organic phosphorus compound oligomer. The
organic phosphorué compound oligomer which is used in
the present invention is a compound containing two or
more phosphorus atoms.

As an example of the component (E).uéed in the
present invention, there can be mentioned a compound
seleéted from the group consisting of compounds indi-

vidually represented by the following formula:
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CHs

(1)

_wherein:

each of R8, RP, RC and R4 independently
10 represents a Cg - Cyg aryl group;

n represents an integer of 1 to 5; and
each of j, k, £ and m independently rep-
resents 0 or 1.
At least one hydrogen atom of each of the groups
15 Ra8, RP, RC and RA in formula (1) above may be unsubsti-
tuted or independently substituted with a substituent.
When at least one hydrogen atom is substituted by a
substituent, ekamples of such substituents include an
alkyl gfoup, an alkoxy group, an alkylthio group, a
20 halogen atom, an aryl'group, an aryloxy group, an
~arylthio group and a halogenated aryl group, and a
group obtained by combining the above-mentioned sub-
stituents (for example, an arylalkoxyalkyl group) and a
group obtained by combining the above-mentioﬁed sub-

25 stituents through an oxygen atom, a sulfur atom, a ni-
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trogen atom and the like (fof example, an arylsulfonyl-

aryl group).

Examples of aryl groups R2, RD, R6 and R4 which
are especially preferred in the present invention in-
clude a phenyl group, a cresyl group, a xylyl group, a
propylphenyl group and a butylphenyl group. When each
of the groups R2, RP, RC and R4 in the compound repre-
sented by formula (1) is an alkyl group or an cycloal-
kyl group, the thermal stability of the compound is
generally unsatisfactory and such a compound is likely
to be decomposéd during melt kneading.

As mentioned above, the X group in the above-
mentioned formula (1) is a d;phenyloldimethylmethane
group. In most of the oligomeric phosphoric esters
conventionally used in the art, the group corresponding
to the X group in the above-mentioned formula is a re-
so;cinol group or a hydroquinone group. Contrary to
such an oligomeric phosphoric ester, the compound pref-
erably used as the component (E) in the present inven-
tion, namely the compound represented by formula (1)
(wherein X is a diphenyloldimethylmethane group), has
improved hydrolysis resistance and thermal stability.
Therefore, when a resin composition of the present in-
vention is produced using such an organic phosphorous

compound as component (E), the lowering of mechanical

This Sheet Has Been Replaced
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properties (especially the lowering of the mechanical
properties under high temperature and high humidity
conditions) of the produced resin composition is
greatly suppressed. By virtue of such advantageous
properties, the reliability of the resin composition
becomes remarkably enhanced. Furthermore, by using the
organic phosphorus compound represented by the above-
mentioned formula (1), it becomes possible to reduce
the amount of the mold deposit (MD) adhering to the
surface of a mold during the molding of the resin com-
position to a remarkably low level, as compared to that
of a resin composition containing a conventional oli-
gomeric phosphoric ester.

In the present invention, it is especially
preferred that each of the groups R2, RP, RC and R4 in
formula (1) independently represents a phenyl group or
a xylyl group, with the proviso that each of the com-
pounds of formula (1) contains at least one phenyl
group and at least one xylyl group (such a compound is
hereinafter, frequently referred to as "a compound of
formula (1) comprising both é phenyl group and a xylyl
group”). By the use of such an.organic phosphorous

compound (i.e., a compound of formula (1) comprising

.both a phenyl group and a xylyl group) as the component

(E), the heat resistance of the resin composition can

This Sheet Has Been Replaced

L
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be further improved and the occurrence of MD can be re-
duced to a lower level. In the above-mentioned com-
pound of formula (1) comprising both a phenyl group and
a xylyl group, it is preférred that the ratio of the
xylyl group to the phenyl group is in the range of from
1 :1to1l : 3, for obtaining an excellent balance of
flame_retardancy, heat resistance, impact resistance
and melt fluidity. As a xylyl group, a 2,6-xylyl group
is especially preferred from the viewpoint of heat re-
sistance and hydrolysis resistance. Contrary to a
resin composition produced using a compound of formula
(1) comprising both a phenyl groﬁp and a xylyl group,
when a compound is used in which all of R3, RP, RC and
R4 in formula (1) are phenyl groups, the heat resis-
tance of the resin composition tends to become slightly

poor, and when a compound is used in which all of RA,

~RP, RC and RY in formula (1) are xylyl groups, the

flame retardancy of the resin composition tends to be-
come slightly poor. An organic phosphorus compound of
formula (1) comprising both a phenyl group and a xylyl
group can be produced by a method described in Unexam-
ined Japanese Patenf Application Laid-Open Specifica-
tion No. 9-12587. A compound having a desired struc-
ture can be produced selectively and efficiently by

that method.
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The organic phosphorus compound oligomer (E) rep-
resented by formula (1).is fréquently a mixture of a
plurality of organic phosphorus compound oligomers hav-
ing different n values in formula (1) (wherein n is a
natural number). In the present invention, it is
preferred that the weight average polymerization degree
(N) of the plurality of organic phosphorus compound
oligomers is in the range of from 1 to less than 1.2.
The weight average polymerization degree N is deter-
mined as fqllowst First, the respective weight frac-
tions of component compounds having different n values
are determined by gel permeation chromatography or lig-
uid chromatography. Then, the N value is calculated as
the weight average of the different n values. _The
chromatography is conducted using a UV detector or an
RI detector as a detector. When a compound represented
by the above-mentioned formula (1) in which the n value
is 0 (i.e., an organic phosphorus compound containing
only one phosphorué atom in the molecule thereof) is
used together with the compoﬁent (E) represented by
formﬁla (1) above (in which n is 1 to 5), the compound
having an n value of 0 is excluded from the calculation
of the N value. The weight average polymerization de-
gree N is generally in the range of from 1 to 5, pref-

erably from 1 to 2, more preferably from 1 to 1.5, most
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preferably from 1 less than 1.2. The compatibilify of
the component (E) with the resin, and the melt fluidity
and the flame retardancy of the final resin composition
are improved as the N of the component (E) decreases.
Especially, the resin compoéition containing a compound
having an N value of 1 exhibits an excellent balance of
flame retardancy and melt fluidity. A compound repre-
sented by formula (1) which has an N value of 5 or more
has a high viscosity, and when such a compound is used
as the component (E) of the resin composition, the melt
fluidity of the resin composition tends to be lowered,
especially in the region where a high shear rate is
achieved. Also the flame retardancy of the resin com-
position tends to be lowered.

Further, with respect to the component (E) used in

the present invention, it is preferred that the acid

- value is less than 1 mg KOH/Q, more preferably less

than 0.7'm§ KOH/g, still more preferably less than 0.4
mg KOH/g, and an acid value of less than 0.1 mg KOH/g
is especially preferred. From the studies made by the
pfesent inventors, it was found that the hydrolysis
rate of an organic phosphorus compound depends greatly
upon the tempe;ature and thelinitial acid value of the
organic phosphorus compound. Therefore, a resin compo-

sition having a high environmental.deterioration resis-
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tance, that is, a resin composition which is free from
a lowering in physical properties under high tempera-
ture and high humidity conditions, a lowering in physi-
cal properties during the molding process (such as re-
peated compounding and injection molding) and the like,
can be obtained by using an organic phosphorus compound
having a low initial acid value'as a flame retardant.

The amount of the organic phosphorus compound oli-
gomer (E) contained in the resin composition is chosen
depending on the desired level of flame retardancy, but
it is generally used in the range of from 0.1 to 30
parts by weight, relative to 100 parts by weight of the
total of the components (A), (B), (C) and (D). When
the amount of the component (E) is less than 0.1 part
by weight, the flame retardancy becomes unsatisfactory.
When the amount of the component (E) exceeds 30 parts
by weight, the impact resistance and heat resistance of
the resin composition become lowered. The amount of
the componenf (E) is preferably in the range of from
0.5 to 20 parts by weight, most preferably from 5 to 18
parts by weight. |

It is preferred that an anti-dropping agent.is
used together with the component (E). Examples of
anti-dropping agents include a tetrafluoroethylene

polYmer, such as polytetrafluorcethylene and a tetra-

This Sheet Has Been: Rep
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fluoroethylene-propylene copolymer; a perfluordalkane
polymer other than a tetrafluoroethylene; a silicone
rubber; a polycarbonate-diorganosiloxane copolymer; si-
loxanepolyetherimide; a liquid crystal polymer; and a
silicone-acrylic rubber. As an anti-dropping agent,
preferred is a tetrafluoroethylene polymer and most
preferred is polytetrafluoroethylene. The tetrafluoro-
ethylene polymer is produced by suspension polymeriza-
tion or emulsion polymerization as described, for exam-

ple, in "Fusso Jushi Hando Bukku (Fluororesin Hand-

. book)", published in 1990 by the Nikkan Kogyo Shimbun

Ltd., Japan). It is preferred that the amount of the
anti-dropping agent is from 0.01 to 3 parts by weight,
more preferably from 0.05 to 2 parts by weight, rela-
tive to 100 parts by weight of the total of the compo-
nents (A), (B), (C) and (D). When the amount of the
anti-dropping agent is less than 0.01 part by weight,
the dripping-preventive effect becomes unsatisfactory
and high flame retardancy cannot be obtained. When-the
amount of the anti-dripping agent exceeds 3 parts by.
weight, the moldability and rigidity of the resin com-
position are lowered.

Further, flame retardants other than the component
(E) can be used together with the component (E) in

amounts which are generally used in various convention-

This Sheet Has Been Replaced
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al aromatic polycarbonate fesin compositions. Examples
of flame retardants other than the component.(E) inclu-
de nitrogen-containing organic compounds, such as a
melamine; inorganic compounds, such as magnesium hy-
droxide and aluminum hydroxide; metal oxides, such as
antimony oxide, bismuth oxide, zinc oxide and tin ox-
ide; red phosphorus; inorganic phosphorus compounds,
such as phosphine, hydrophosphorous acid, phosphorous
acid, metaphosphoric acid, pyrophosphoric acid and
phosphoric anhydride; expanded graphite; silica; and
fused silica glass.

In order to modify the properties of the resin
composition, inorganic fillers, such as glass fibers,
glass flakes, glass beads, calcium'carboﬁate, talc and
mica; and reinforcements, such as carbon fibers, and
charcoal, can be added to the fesin composition. The
fillers and the reinforcements are preferably used in
amounts of from 0.01 to 60 parts by weight, more pref-
erably from 5 to 55 parts'by weight, relative to 100
parts by weight of the total of the components (A), (B),
(C) and (D).

Further, if desired, conventional additives may be
used, such as a heat stabilizer, an antioxidant, a lu-
bricant, an antistatic agent, an ultraviolet absorber,

a colorant, titanium oxide, a surface modifier, a dis-
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persant and a plasticizer. As a heat stabiliier, there
can be mentioned a thioether heat stabilizer, a phos-
phite heat stabilizer and a phenol heat stabilizer hav-
ing a molecular weight of 500 or more. As a thioether
heat stabilizer, dialkyl-3,3'-thiodipropionate,
tetrakis[methylene-3-(alkylthio)propionate]methane and
bis[2-methyl-4-(3-alky1-thiopropyonyloxy)-5-tert-
butylphenyllsulfide are preferred. As a phosphite heat
stabilizer, a compound having a pentaerythritol skele-
ton in the molecule thereof is preferred, and especial-
ly preferred are di(2,4-di-tert-butylphenyl)penta-
erythritol diphosphite and bis(2,6-di-tert-butyl-4-
methylphenyl)pentaerythritdl diphosphite). As a phenol
heat stabilizer, a hindered phenol compound in which
the properties of a phenolic hydroxyl group are masked
and which has a molecular weight of 500 or more is pre-

ferred. Especially preferred are n-octadecyl-3-(3',5’

-di-tert-butyl-4’'-hydroxyphenyl)propionate and tri-

ethyleneglycol-bis[3—(3-tert-butyl—5-methjl—4—hydroxy-
phenyl)propionate]. These additives can be used in
amounts which are generally used in various.convention-
al aromatic polycarbonate resin compositiohs.

There is no particular limitation with respect to
the method for producing the resin composition of the

present invention, and conventional methods for produc-
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ing a resin composition can be employed. Specifically,
a resiﬁ compoéition can be produced by melt blending
which comprises mixing the essential and optional com-
ponents of the resin composition with each other and
melt-kneading and extruding the resultant mixture using
a single-screw extruder, a twin-screw extruder, a Ban-
bury mixer or the like.

There is no particular limitation with respect to
the method for molding (shaping) the polycarbonate
resin composition of the preéent‘invention. Examples
of methods for molding the resin composition include
extrusion molding, coﬁpression molding, injection mold-

ing and gas-assisted injection molding. Among these

.methods, injection molding is preferred.

Examples of shaped articles which can be produced
from the resin composition include housings for hand-
held personal computers, copying machines and printing
machines; chassis for office automation machines; and

housings for hand-held telephones.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be de-
scribed in more detail with reference to the following
Examples and Comparative Examples, which should not be
construed as limiting the scope of the present iﬁven-
tion.

In the following Examples and Comparative Examples,
polycarbonate resin compositions were produced using
the following components (A), (B), (C), (D) and (E),
except that the component (D) was not used in Compara-
tive Examples 2 and 4 through 8. Further, it should be
noted that some component products used herein for com-
parison do not satisfy the requirements for the compo-
nents (A) to (E) of the polycarbonate resin composition
of the present invention; however, these comparative
components are aiso classified intp the components

(A) to (E) for the sake of convenience.
Componeht (A): Aromatic polycarbonate

(PC1)

A bisphenol A polycarbonate produced by the mol-
ten-state transesterifiéation process, which has a
weight average molecular weight (MW) of 20,900 and ter-

minal phenolic groups in an amount of 33 %, based on
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the number of all terminal groups (hereinafter, the
percentage is referred to simply as a "terminal pheno-

lic group ratio"), was used as PCl.

(PC2)

A bisphenol A polycarbonate produced by the mol-
ten-state transesterification process, which has an MW
of 20,000 and a terminal phenolic group ratio of 35 %,

was used as PC2.

(PC3)

A bisphenol A polycarbonate pfoduced by the mol-
ten-state transesterification process, which has an MW
of 25,000 and a terminal phenolic group ratio of 30 %,

was used as PC3.

Component (B): Copolymer comprising an aromatic vinyl

monomer unit (b-1) and a vinyl cyanide monomer unit (b-

2)

(SAN)

Acrylonitrile-styrene copolymer having a weight
average molecular weight of 140,000 was used as SAN.
SAN had the following composition.

Acryronitrile unit content: 25.0 % by weight
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Styrene unit content: 75.0 % by weight

(BAAS)

Butyl acrylate-acrylonitrile-styrene copolymer
having a weight average molecular weight of 100,000 was
used as BAAS. BAAS had the following composition.

Butyl acrylate unit content: 10.0 % by weight

Acryronitrile unit content: 27.0 % by weight

Styrene unit content: 63.0 % by weight

Component (C): Cyanide-containing, graft copolymer

(ABS)

A commercially available powdery ABS resin (trade
name: RC, manufactured and sold by Mitsubishi Rayoh Co.,
Ltd., Japan), in which less than 90 % of the resin re-

mains on a 10-mesh sieve, was used as ABS.

Component (D): (Meth)acrylate-containing, graft co-

polymerxr

(MBS1)
A commercially available methyl (meth)acrylate-
butadiene-styrene copolymer (trade name: Metablen

C-223A, manufactured and sold by Mitsubishi Rayon Co.,



10

15

20

25

58

Ltd., Japan) was used as MBS1.

(MBS2)

A commercially available methyl (meth)acrylate-
butadiene-styrene copolymer (trade name: Metablen
C-323A, manufactured and sold by Mitsubishi Rayon Co.,

Ltd., Japan) was used as MBS2.

(MBS3)

A commercially available methyl (meth)acrylate-
butadiene-styrene copolymer (trade name: Kane Ace M-511,
manufactured and sold by KANEKA CORP., Japan) was used

as MBS3.

(MBS4)

A methyl (meth)acrylate-butadiené-styrene co-
polymer produced in the following manner was used as
MBS4.

6,000 g of a polybutadiene latex (nonvolatiles
content: 40 % by weight, average particle diameter: 0.2
um), 1,800 g of deionized water, 30 g of potassium ro-
sinate, 2.1 g of ethylenediaminetetraacetic écid (EDTA),
1.8 g of sodium formaldehyde sulfoxylate and 0.3 g of
iron(II) sulféte were placed in a 10-liter glass reac-

tor equipped with an agitator, thereby obtaining mix-
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ture 1. Mixture 1 thus. obtained was heated to 70 °C.
Mixture 2 consisting of 540 g of methyl meth(acrylate),
60 g of styrene, 3.6 g of cumene hydroperoxide and 2.1
g of t-dodecylmercaptan, and an agueous solution con-
taining 1.8 g of sodium formaldehyde sulfoxylate were
continuously added to mixture 1 in the reactor over a
period of 1.5 hours while agitating the resultant mix-
ture. After completion of the above-mentioned addition,
the resultant mixture in the reactor was further agi-
tated for 1 hour to thereby mature the polymers. The
copolymers contained in the reaction mixture were
solidified by using sulfuric acid, and the solidified
copolymers were washed and dried to thereby obtain a

methyl methacryate-butadiene-styrene copolymer.

Component (E): Organic phosphorous compound oligomer

(E1)

An organic phosphorous compound oligomer repre-
sented by formula (1) above, wherein all of the groups
R*, RP, R® and R? are phenyl groups, was used as El. E1l

had a weight average polymerization degree (N) of 1.08

-and an acid value of 0.45 mg KOH/g.

(E2)

_—
This Sheet Has Been
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An organic phosphorous compound oligomer repre-
sented by formula (1) above, wherein the ratio of the
number of #ylyl groups to the number of phenyl groups
in the compound is 1:1, was used as E2. E2 had a
weight average polymerization degree (N) of 1.15 and an

acid value of 0.63 mg KOH/g.

(E3)
Triphenylphosphate (TPP) (manufactured and sold by

Daihachi Chemical Industry Co., Ltd., Japan) was used -

as E3.

(E4)

An organic phosphorous compound oligomer repre-
sented>by formula (1) above, wherein all of the groups
Ré, R, R® and R are phenyl groups, was used as E4. E4
had a weight average polymerization degree (N) of 1.12

and an acid value of 0.09 mg KOH/g.

(E5)

An organic phosphorous compound oligomer repre-
sented by formula (1) above, wherein all of the groups
R®, R, R® and R® are phenyl groups, was used as E5. E5
had a weight average polymerization degree (N) of 1.14

and an acid value of 1.12 mg KOH/g.

This Sheet Has Been. Rep
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Other components

(Fluoro resin: PTFE)

A commercially available polytetrafluoroethylene
(PTFE) (trade name: Teflon 30J, manufactured and sold
by Du Pont-Mitsui Fluorochemical Co., Ltd., Japan:
agqueous dispersion type; PTFE content: 60 % by weight)

was used as PTFE.

(Methyl methacrylate-butadiene copolymer: MB)

A coﬁmercially available methyl methacrylate-
butadiene copolymer (trade name: Kureha Paraloid
EXL.2602, manufactured and sold by Kureha Chemical In-

dustry Co., Ltd., Japan) was used as MB.

(Silicone-acrylic complex rubber)

A commercially available silicone-acrylic complex
rubber (trade name: Metabulen S-2001, manufactured and
sold by Mitsubishi Rayon Co., Ltd., Japan) was used as
a silicone-acrylic complex rubber.

A silicone-acrylic complex rubber is a rubbery
graft copolymer obtained by graft polymerizing methyl
methacrylate onto a complex rubber having a network

structure in which a polyorganosiloxane component and a
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polyalkyl (meth)acrylate rubber component are entangled

with each other.

(Methyl methacrylate-butyl acrylate copolymer: MBA)

A commercially availéble methyl methacrylate-butyl
acrylate copolymer (trade name: Kane Ace FM-21, manu-
factured and sold by KANEKA CORP., Japan) was used as
MBA. |

Examples 1 through 3 and Comparative Example 1

The components (A), (B), (C) and (D) were mixed
with each other in the amounts (ﬁnit: part by weight)
indicated in Table 1. The resultant mixture was melt-
kneaded using a twin-screw extruder (ZSK-25, manufac-
tured and sold by Werner & Pfleiderer GmbH, Germany)
having a cylinder temperature of 250 °C, and the resul-
tant melt-kneaded mixture was subjected to pelletiza-
tion to thereby obtain pellets. During the melt-
kneading of the components (A), (B), (C) and (D), the
component (E), which is a flame retardant, was added to
the extruder in the following manner. The component
(E) was preliminarily heated to 90 °C and was injected
into the extruder,.by means of a gear pump, through an
injection nozzle located at the middle of the extruder.

The obtained pellets were subjected to an injec-
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tidn molding using an injection molding machine (AUTO-
SHOT 50D, manufactured and sold by FANUC LTD., Japan)
at a molding temperature of 240 °C, to thereby obtain
test specimens (thickness: 1/10 inch or.1/16 inch) for
evaluating the flame retardancy of the resin composi-
tion. The level of flame retardancy was evaluated by
the 500MW Vertical Burning Test (5VB) described in UL-
Subject 94 (thickness of the test specimen: 1/10 inch)
and by the 20MM Vertical Burning Test described in UL-
Subject 94 (the evaluations with the codes "V-0", "w-1*
and "V-2" were conducted (degree of flame retardancy:
V-0 > V-1 > V-2)) (thickness of the test specimen: 1/16
inch).

The results are shown in Table 1. As is apparent
from Table 1, the resin composition produced in Com-
parative Example 1 (in which the amount of component
(A) was outside the range of the present invention) did
not exhibit a high flame retardancy which is an objec-

tive of the present invention.
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Table 1

¥9

Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 1
cOm?K?ent PCl (parts by weight) 83 75 65 45
C°‘“I(’g’)‘ent SAN (parts by weight) 8 10 17 35
C°m‘(’g‘)‘°nt ABS (parts by weight) 6 7 15 17
C°m1(’g‘)‘°“t MBS1 (parts by weight) 3 3 3 3
Component |Organic phosphorous compound (E2)
(E) (parts by weight) 15 15 15 15
Other PTFE (nonvolatiles content)
Component |(parts by weight) ' 0.3 0.3 0.3 0.3
500MW Vertical Burning Test .
described in UL-Subject 94 5VB 5VB *1) *1)
gz:gz (Thickness of test specimen: 1/107)
dancy 20MW Vertical Burning Test :
described in UL-Subject 94 V-0 V-1 V-2 *2)
(Thickness of test specimen: 1/16")
Notes:

*1): The resin composition did not satisfy the requirements for 5VB.
*2): The resin composition did not satisfy the requirements for V-2.
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Examples 4 through 8 and Comparative Examples 2 and 3

Using the formulations indicated in Table 2, pel-
lets of polycarbonate resin compositions were produced
in the same manner as in Examples 1 through 3 and Com-
parative Example 1. Using the obtained pellets, the

resin compositions were evaluated as follows.

(1) Flame retardancy:

The obtained pellets of a polycarbonate resin com-
position were dried and subjected to an injection mold-
ing at a cylinder temperéture of 260 °C and a mold tem-
perature of 65 °C to thereby obtain test specimens
(thickness: 1/10 inch or 1/16 inch). The flame retar-
dancy of a resin composition was evaluated by the Ver-
tical Burning Test described in UL-Subject 94. Spe-
cifically, the 500MW Vertical Burning Test described in
UL-Subject 94 was conducted using a 1/10 inch-thick
test speciﬁen, and the afterflame time of each of the
five test specimens was also measured. The “total af-
terflame time” ié the total of the afterflame times in-
dividually measured for the five test specimens (unit:
seconds).' In addition, the 20MM Vertical Burning Test
described in UL-Subject 94 was conducted using a 1/16

inch-thick test specimen.
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(2) Melt flow rate (MFR):
The melt flow rate (unit: g/10 min) was measured

in accordance with ASTM-D1238, at 220 °C for 10 minutes

under a load of 10 kg.

(3) Izod impact strength:

The Iiod impact strength'was measured in accor-
dance with ASTM-D256, using a notched test specimen
having a thickness of 1/8 inch (unit: kgf:cm/cm). The
test specimens were prepared by subjecting a resin com-
position to an injection molding at a cylinder tempera-

ture of 240 °C and a mold temperature of 65 °C.

(4) Heat distortion temperature (HDT):

The heat distortion temperature (unit: °C) was
measured in accordance with ASTM-D648, uéing a test
specimen having a thickness of 1/8'inch, under a load

of 18.6 kgf/cm?.

(5) Stability in mechanical properties:

As a supplemental evaluation for determining the
stability in mechanical properties, the resistance of a
resin composition to high temperature and high humidity
conditions was tested as follows. A 1/4 inch-thick

test specimen prepared by subjecting a resin composi-
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tion to injection molding at a cylinder temperature of
240 °C'and a mold temperature of 65 °C was placed under
high temperature and high humidity conditions for. 200
hours, wherein the teméerature was 70 °C and RH (rela-
tive humidity) was 95 %. Subsequently, the Izod impact
strength of the resultant test specimen was measured in
accordance with ASTM-D256 using a notched test specimen
(thickness: 1/4 inch) (unit: kgf*cm/cm). In addition,
the retention of the Izod impact strength, relative to
the Izod impact strength of an intact test specimen,.
was determined for the test specimen placed under high
temperature and high humidity conditioné. A retention
of 100 % means that the Izod impact strength did not
decrease even after placing the test specimen under

high temperature and high humidity conditions.

(6) Evaluation of mqld deposit (MD):

Test specimens (weight: 4 g) were continuously
produced by subjecting a polycarbonate resin composi-
tion to a continuous injection molding using an injec—.
tion molding machine (NIIGATA CN75, manufactured and
sold by NIIGATA ENGINEERING CO., LTD., Japan) under the
following conditions: cylinder temperature: 260 °C,
mold temperature: 40 °C, injection time: 3 seconds,

cooling time: 1.2 seconds, interval time: 2 seconds andA
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molding cycle: 8.3 seconds. The surface conditions of
the mold individually after 100 shots, 500 shots, 1,000
shots and 2,000 shots were evaluated by visual observa-
tion. The level of MD was evaluated in accordance wifh
5 the following criteria.
©: MD did not occur during 2,000 shots.
O : MD occurred between the 1,00lst shot and
2,000th shot.
A ¢ MD occurred between the 10lst shot and
10 the 1,000th shot.

X : MD occurred during the first 100 shots.

The results of the above-mentioned evaluations are
shown in Table 2.

15



Table 2

Comp. | Comp.
Ex.4 | Ex.5 | Ex.6 | Ex.7 | Ex.8 Ex.2 | Ex.3
C°m?§r)‘ent PC1 (parts by weight) 8o | 75 | 85 | 85 | 90 | 80 | so
Component |SAN (parts by weight) 10 - 5 - 5 i0 10
(B) BAAS (parts by weight) - 12 - 5 - - -
Com1(>gx)1ent ABS (parts by weight) 7 9 7 7 3 10 7
MBS1 (parts by weight) 3 - 3 - - - 3
C°‘“F(’g’)‘e“t MBS2 (parts by weight) - - - 3 - - -
MBS3 (parts by weight) - 4 - - 2 - -
Organic phosphorous compound (El) (parts by weight) 13 15 - - - 13 -
C°m1(’§1)‘ent Organic phosphorous compound (E2) (parts by weight) - - 15 15 12 - -
Organic phosphorous compound (E3) (parts by weight) - - - - - - 13
Other PTFE (nonvolatiles content) (parts by weight) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
component
500MW Vertical Burning Test described in UL-Subject 94
(Thickness of test specimen: 1/10") 5VB 5VB SVB 5VB SVB SVB SVB
Total afterflame time (sec) 35 40 32 27 25 43 28
20MW Vertical Burning Test described in UL-Subject 94 _ ~ ~ _ _ _ _
(Thickness of -test specimen: 1/16") V-0 V-0 V-0 V-0 V-0 V-0 V-0
MFR (g/10 min) 42 55 38 42 35 35 58
Izod impact strength (kgf-.cm/cm) _
Proper- (Thickness of test specimen: 1/8") 48 51 53 54 55 12 58
ties HDT (°C) 83.5 | 82.5 | 88.5 | 89.2 | 90.5 [ 83.2 | 79.5
_ Izod impact strength measured after :
Resistance to placing a test specimen under high
high temp. and |temp. and high humidity conditions for 13 15 22 25 19 4 18
high humidity (200 hrs. (kgf-.cm/cm) '
(70°C, 95RH%) (Thickness of test specimen: 1/4")
Retention of Izod impact strength (%) 48 53 70 73 68 42 60
Occurrence of MD [e] [e) ] © [*] O X

R

69
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The resin composition produced in each of Examples
4 to 8 had not only a high flame retardancy, but also a
high melt fluidity, a high impact resistance and a high
thermal stability. In addition, the resin cbﬁposition
had an excellent stability in mechanical properties and
the occurrénce of MD was small. Especially, the resin
composition produced in each of Examples 6, 7 and 8 had
excellent thermal resistance and excellent stability in
mechanical properties, and the occurrence of MD was
greatly suppressed.

On the other hand, the resin composition produced
in Comparative Example 2 (in which a component (D) was
not used) had poor impact resistance, and the resin
composition produced in Comparative Example 3 (in which'
a monophosphoric ester (TPP) was used as a flame
retardant) suffered a large occurrence of MD.

As is apparent from Fig. 2 which is the TEM photo-
micrograph of the resin composition produced iﬁ Example
4, in the present invention, the rubber-containing com-
ponent (D) (i.e., the black 6r dark gray dots shown in
the TEM photomicrograph of Fig. 4) is dispersed not on-
ly in the domains formed by the component (B) (i.e.,
the white domains shown in the TEM photomicrograph of
Fig; 4), but also in the component (A) which forms the

matrix of the resin composition. On the other hand, as
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is apparent from Fig. 2 which is the TEM photomicrogra-
ﬁh of the resin composition produced in Comparative Ex-
ample 2 (in which the rubber-containing component (D)
was not used), almost all of the rubber-containing com-
ponent (C) (i.e., the black or dark gray dots shown in
the TEM photomicrograph of Fig. 4) is dispersed in only
the domains formed by the component (B) (i.e., the
white domains shown in the TEM photomicrograph of Fig.
4) and, therefore, almost no rubbery component is dis-
persed in fhe component (A). '

The above-mentioned dispersion morphology of the
resin composition of the présent invention is consid-
ered to Qreatly contribute to_an_excellent melt stabil-

ity and an excellent impact resistance.

Examples 9 through 12, Comparative Examples 4 through 7

Using the formulations indicated in Table 3, poly-
carbonate resin compositions were produced in the same
manner as in Examples 1 through 3. MFR values (220 °C
with a load of 10 kg) and Izod impact strengths
(notched specimen, 1/8 inch thick) of the produced
resin compositions were evaluated in the same manner as
in Examples 4 through 8.

The results are shown iﬁ Table 3.

Further, Fig. 1 has been prepared using the re-
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sults of the evaluation of the resin composition pro-
duced in each of Examples 9 through 12 and Comparative
Examples 4 through 7. Fig. 1 is a graph showing the
relationship between the rubbery polymer content

(unit: % by weight) of the resin composition, relative
to 100 parts by weight of the resin composition (the
total amount of the components (A), (B), (C) and (D) is
100 parts by weight), and the melt flow rate (MFR) and
impact resistance (Izod impact strength) of the resin
composition. As is apparent from Fig. 1, the resin
6omposition produced in each of Examples 4 through 8
(in which the components (C) and (D) were used in com-
bination as a graft rubbery component) showed an excel-
1ent balance between the melt fluidity and the impact
resistance, as compared to that of a resin composition
produced in each of Compafative Examples 4 to 7 (in
which only component (C) was used as a graft rubbery

component).



Table 3
. . . | Comp.
Ex. 9 |Ex. 10|Ex. 11|Ex. 12| SO™P, | comp. comp- | ZorP.
C°m?g’)‘ent PC2 (parts by weight) 80 80 80 80 80 80 80 80
c°“‘1(’;‘)‘ent SAN (parts by weight) 12 11 10 9 12 10 8 6
C°“‘%g')‘ent ABS (parts by weight) 5 6 7 8 8 10 12 14
C°m1(’g‘)‘°nt MBSl (parts by weight) 3 3 3 3 - - - -
Component |Organic phosphorous compound (El) 14 14 14 14 14 14 14 14
(E) (parts by weight)
Other PTFE (nonvolatiles content) 0.3 0.3 0.3 0.3 0.3 0'.3 0.3 0.3
component (parts by weight) : ¢ -
{MFR (g/10 min) 41 40 42 37 35 32
(220°C, 10kgf) 45 42
. Izod impact strength (kgf-cm/cm) 4 48
Properties (Thickness of test specimen: 1/8") 13 47 55 S8 11 13 5
Rubbery polymer content of the 5.15 | 5.7 | 6.25 | 6.8 | 4.4 | 5.5 | 6.6 | 7.7
resin composition (% by weight) * - : ’

i,

€L
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Examples 13 through 15

Using the formulations indicated in Table 4, poly-
carbonate resin compositions were produced in the same
manner as in Examples 1 through 3. The manner in which
the Izod impact strengths (notched specimen, 1/8 inch
thick) of the produced resin compositions change with
time under high temperature and high humidity condi-
tions (60 °C, 85 RH%) was evaluated.

The results are shown in Table 4.

As is apparent from Table 4, the degree of im-
provement in resistance to the high temperature and
high humidity conditions increases in accordance with
the decrease in the acid value of the component (E)

used in the resin composition.



Table 4
Ex. 13 | Ex. 14 | Ex. 15
Component (A) PCl1 (parts by weight) 82 82 82
Component (B) SAN (parts by weight)
Component (C) ABS (parts by weight)
Component (D) MBS1 (parts by weight) 3
Organic phosphorous compound (El) 14 . _
(parts by weight)
Organic phosphorous compound (E4) _ -
Component (E) (parts by weight) 14
Organic phosphorous compound (E5) _ _ 14
(parts by weight)
PTFE (nonvolatiles content)
Other component (parts by weight) 0.3 0.3 0.3
Resistance to the high temp. and
high humidity conditions 0 hour 52 54 49
(Izod impact strength (kgf-cm/cm) 50 hours 46 50 42
measured after placing the test
specimen under high temp., high 100 hours 40 47 35
humidity conditions (60°C, 85 RH%)
for prescribed period of time) 200 hours 36 43 28

(notched specimen; thickness:

1/8")

i}
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Example 16 and Comparative Example 8

Using the formulations indicated in Table 5, poly-
carbonate resin compositions were produced in the same
manner as in Examples 1 through 3. The manner in which
the Izod impact strengths (notched specimen, 1/8 inch
thick) of the produced resin composition change with
time under high temperature and high humidity condi-
tions (60 °C, 85 %RH (relative humidity)) was evaluated.

As a result, it was found that the resin composi-
tion produced in Example 16 (in which components (C)
and (D) were used in combination as a graft rubbery
component) had a stable mechanical property, as com-
pared to that of the resin composition produced in Com-
parative Example 8 (in which only component (C) was

used as a graft rubbery component).



Table 5
Comp.
Ex. 16 Ex. 8
Component (A) PC3 (parts by weight) 75 75
- Component (B) SAN (parts by weight) 12 12
Component (C) ABS. (parts by weight) 10 13
Component (D) MBS1 (parts by weight) 3 -
. Organic phosphorous compound (E1l)
Component (E) (parts by weight) 14 14
PTFE (nonvolatiles content)

Other component (parts by_weigyt) 0.3 0.3
Resistance to the high temp. and 0 hours 68 67
high humidity conditions

. 50 hours 62 45
(Izod impact strength (kgf°cm/cm)
measured after placing the test 100 hours 52 35
specimen under high temp., high
humidity conditions (60°C, 85 RH%) |200 hours 48 28
for prescribed period of time)
(notched specimen; thickness: 1/8") |400 hours 40 16

o
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Examples 17 and 18, and Comparative Examples 9 through

11

Using the formulations indicated in Table 6; poly-
carbonate resin compositions were produced in the same
manner as in Examples 1l through 3. The flame retardan-
cies and MFR values (220 °C with a load of 10 kg) of
the produced resin compositions were evaluated in the
same manner as in Examples 4 through 8. Further, the
Izod impact strengths and residential Izod impact
strengths were measured using 1/8 inch-thick test
specimens (notched specimen). The residential Izod im-
pact strength is the Izod impact strength of a test
specimen which has been prepared after ailowing a resin
composition to reside inside a molding machine (cylin-
der temperature: 240 °C) for 10 minutes.

The results are shown in Table 6.



Table 6

Comp. Comp. Comp.
Ex. 17 |Ex. 18 Ex. 9 |Ex. 10 |Ex. 11
Component (A)|PCl (parts by weight) 78 78 78 78 78
Component (B){SAN (parts by weight) 12 12 12 12 12
Component (C)|ABS (parts by weighf) 7 7 7 7 7
MBS1 (parts by weight) - - - -
Component (D) X
MBS4 (parts by weight) - 3 - - -
MB (parts by weight) - - 3 - -
Other
Silicone-acrylic complex rubber
rubbery ! - - - 3 -
component (parts by weight)
MBA (parts by weight) - - - - 3
Organic phosphorous compound (E4)
Component (E) (parts by weight) 15 15 15 15 15
Other PTFE (nonvolatiles content)
component (parts by weight) 0.3 0.3 0.3 0.3 0.3
500MW Vertical Burning Test
described in UL-Subject 94 5VB 5VB 5VB 5VB 5VB
(Thickness of test specimen: 1/10")
20MW Vertical Burning Test
described in UL-Subject 94 V-0 V-0 V-2 V-0 V-2
Properties (Thickness of test specimen: 1/16")
MFR (g/10 min) 44 45 43 45 47
Izod impact strength (kgfecm/cm) ;
{Thickness of test specimen: 1/8") 55 48 35 48 18
J Residential Izod impact strength
: (kgf *cm/cm) (10 min) 55 47 20 42 13

oy SIYL
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MBS1 used in Example 17 is a copolymer obtained by
graft polymerizing styrene and methyl methacrylate onto
a rubbery butadiene polymer, wherein the content of the
rubbery butadiene polymer in MBS1 is approximatelf 80 %
by weight, and the weight ratio of styrene to methyl
methacrylate in MBS1 is 50/50 (the total content of the

grafted pélymers in MBS1 is approximately 20 % by

‘weight). MBS4 used in Example 18 is a copolymer ob-

tained by graft polymerizing styrene and methyl
methacrylate onto a rubbery butadiene polymer, wherein
the content of the rubbery butadiene polymer in MBS4 is
approximately 80 % by weight, and the weight ratio of
styrene to methyl methacrylate contained in MBS4 is
10/90 (the total content of thé-grafted polymers in
MBS4 is approximately 20 % by weight). The resin com-
position produced in each of Examples 17 and 18 had an
excellent flame retardancy and an excellent Izod impact
strength. Further, each resin composition had an ex-
cellent residentiai Izod impact strength.

On the othér hand, MB used in Comparative Example
9 is a styrene-free copolymer obtained by graft polym-
erizing methyl methacrylate onto a rubbery butadiene
polymer, wherein the contents of the rubbery butadiene
polymer and methyl methacrylate in MB are approximately

80 % by weight and 20 % by weight, respectively. The
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~silicdne-acrylic complex rubber used in Comparative Ex-

ample 10 is a stryrene-free copolymer obtained by graft
polymerizing methyl methacrylaté onto a rubbery polymer
consisting of a polyorganosiloxane and a polyalkyl
(meth)acrylate, wherein the contents of the rubbery
polymer and methyl (meth)acrylate in the copolymer are
approximately 80 % by weight and 20 % by weight, re-
spectively. Further, MBA used in Comparative Example
11 is a styrene-free copolymer obtained by graft polym- .
erizipg methyl methacrylate onto a butyl acrylate rub-
ber, wherein the contents of the butyl acrylate rubber
and methyl methacrylate in MBA are approximately 80 %
by weight and 20 % by weight, respectively. Each of
the above-mentioned styrene-free copolymer components
exhibits the ability to improve the impact resistance
of the resin composition. However, the use of such.a
styrene-free copolymer domponent in the Comparafive Ex-
amples resulted in either a decrease of the improvement
in impact resistance or a decrease of the residential
Izod impact resistance, as compared to those of the
resin composition produced in each of Examples 17 and
18. In addition, the resin composition prodﬁced in
each of Comparative Examples 9 and 11 suffered a lower-

ing in flame retardancy.



10

82

INDUSTRIAL APPLICABILITY

The resin composition of the present invention not
only simultaneously exhibits excellent melt fluidity,
impact resistance, thermal resistance and flame retar-
dancy, but also exhibits an excellent stability in
mechanical properties. Further, the occurrencé'of mold
deposit (Mb) during the molding of such a resin compo-
sition is very small. By virtue of these properties,
the resin composition of the present invention has ad-

vantages for use in various industrial fields.
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CLAIMS

1. A flame retardant polycarbonate resin composition
comprising:

50 to 98 parts by weight of an aromatic polycar-
bonate (A4),

0.1 to 49 parts by weight of a copolymer (B) com-
prising an aromatic vinyl monomer unit (b-1) and a vi-
nyl cyanide mdnomer unit (b-2),

0.5 to 30 parts by weight of a cyanide-containing,
graft copolymer (C) obtained by copolymerizing an aro-
matié vinyl compound (c-1) and a vinyl cyanide compound
(c-2) in the presence of a rubbery polymer (c-3),

0.5 to 30 parts by weight of a (meth)acrylate-
contalning, graft copolymer (D) obtained by copolymer-
izing an aromatic vinyl compound (d-l) and an alkyl
(meth)acrylate (d-2) in the presence of a rubbery buta-
diene polymer (d-3), and

0.1 to 30 parts by weight of at least one organic
phosphorus compound oligomer (E),

wherein the total amount of the components (A4),

(B), (C) and (D) is 100 parts by weight.

2. The polycarbonate resin composition according to

claim 1, wherein said organic phosphorus compound oli-

_—

A
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gomer (E) is selected from the group consisting of com-

pounds represented by the following formula:

9 0\

R*~(0); P{O0—%X—0— /(O)m RY
n

(A)?Rkb | Q,

RC

(1)

wherein: f}{
3
X represents —{Cj}—?—<j>—— ;

CH;
each of R2, RP, RC and R4 independently
represents a Cg - Cyp aryl group;
n represents an integer of 1 to 5; and

each of j, k, / and m independently rep-

resents 0 or 1.

3. The polycarbonate resih composition according to
claim 2, wherein each of R2, RP, RC and RQ in formula
(1) independently represents a phenyl group or a xylyl
group, with the prﬁviso that each of said compounds of
formula (1) contains at least one phenyl group and at

least one xylyl group.

4, The polycarbonate resin composition according to

any one of claims 1 to 3, wherein the content of said

* [ L M S *



10

15

20

25

85

rubbery butadiene polymer in said (meth)acrylate-
containing, graft copolymer (D) is 65 to 95 % by weight,
and the weight ratio of said component (d-1) to said .
component (d-2) in said (meth)acrylate-containing,

graft copolymer (D) is within the range of from 80/20

to 5/95.

5. The polycarbonate resin composition according to
any one of claims 1 to 4, wherein said aromatic poly-
carbonate (A) has a weight average molecular weight of
from 15,000 to 30,000, and said copolymer (B) has a
weight average molecular weight of from 50,000 to

180, 000.

6. The polycarbonate resin composition according to
any one of claims 1 to 5, wherein said component (E)
comprises a plurality of different organic phosphorus
compound oligomers, wherein the weight average polym-~
erization degree (N) of said plurality of different or-
ganic phosphorus compound oligomers (E) is in the range

of from 1.0 to less than 1.2.

7. The polycarbonate composition according to any one
of claims 1 to 6, wherein said component (E) has an

acid value of less than 1 mg KOH/g.

R O
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8. The polycarbonate resin composition according to

claim 7, wherein said component (E) has an acid value

of less than 0.1 mg KOH/g.

9. The polycarbonate resin composition according to
any one of claims 1 to 8, which further comprises a

tetrafluoroethylene polymer.

L]
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