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SPECIFICATION
Title of Invention: POLYCARBONATE RESIN COMPOSITION FOR BATTERY

PACK, AND BATTERY PACK

Technical Field
[0001]

The present invention relates to a polycarbonate resin
composition for a battery pack and a battery pack, and more
specifically, to a polycarbonate resin composition that prevides
a battery pack excellent in drop impact strength under a
low-temperature environment, flame retardancy, andheat resistance,

and a battery pack having the properties.

Background Art
[0002]

A polycarbonate resin is excellent in mechanical strength,
electrical characteristics,_ transparency, and the like, and hence
has been widely utilized as an engineering plastic in various fields
such as the field of electrical and electronic equipment, and the
field of an automobile. Further, the polycarbonate resin has been
utiilized in the casing of a battery pack to be used in, for example,
a mobile phone, a mobile personal computer, a digital camera, a
video camera, or an electric power tool.

Meanwhile, a drop impact strength at an environmental

temperature has recently been required in association with changes
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in UL standards of a battery pack. Accordingly, a battery pack to
be connected tc the outside of equipment typified by the batterxy
pack of a video camera or electric power tool needs to have a drop
impaét strength under low temperatures.

[0003]

The pelycarbonate resin or a flame-retardant polycarbenate
resin improved in flame retardancy has been utilized as a battery
pack material in recent years. For example, the following resin
compositions have been disclosed: a resin composition excellent
in flame retardancy and flowability obtained by blending a mixture
of a polycarbonate and a composite rubber-based graft copolymer
with a halogen-free phosphatenbased flame retardant and a
polytetrafluorcethylene (see Patent Document 1), aresincomposition
excellent in flame retardancy and drop impaci strength obtained
by blending a polycarbonate, a metal sulfonate, and a multilayer
structure polymer having an inner core formed of a diene-based
rubber~like polymer and an outermost shell formed of a vinyl-based
copolymer {(see Patent Document 2), and a resin compoesition excellent
in heat resistance and flame retardancy obtained by blendiﬁg a
polycarbonate, an ethylene—~{meth)acrylic acid copolymer and/or an
ester compound therecf, and an organic alkaline metal salt (see
Patent Document 3).

However, when a drop impact strength under a use environment
temperature is required as described above, the fellowing problem

arises. Theresincompositionsareeachpoor indrop impact strength
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under a low~temperature environment like a winter season or a cold
district.

Meanwhile, aportable electronic equipment casing that is thin
and excellent in drop impact resistance, flowability, and heat
resistance (see Patent Document 4) has been known. However, its
application to a battery pack has not been known.

[0004]

Amethod involvingbonding anupper case anda lower case through
ultrasonic welding is generally employed for a battery pack {see
Patent Document 5). At that time, burrs are produced by the
ultrasonic welding, though their amount is small. A burr potion
isgenerallyresponsible fortheoccurrenceof anotch. Accordingly,
the battery pack cases having the burrs produced by the heat forming
or ultrascnic welding of the cases are liable to undergo destruction
starting from the produced notch portion as a starting point.

In view of the foregoing, a material that can resist impact
under a low-temperature envircenment even in the presence of a notch
and has flame retardancy which a product is required to have has

started to be required as a battery pack material.

Citation List

[C005]

Patent Document

[Patent Document 1] JP 11-21441 A

[Patent Document 2] JP 11-2983103 A
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[Patent Document 3] JP 2004-35661 A
[Patent Document 4] JP 2011-21127 A

{Patent Document 5] JP 2006-12657 A

Summary of Invention
Technical Problem
[0006]

The present invention has been made under such circumstances,
and an object of the present invention is to provide a material
for a battery pack excellent in drop impact strength under a
low-temperature environment, flame retardancy, and heat resistance,

and a battery pack having the properties.

Solution to Problem
[0007]

The inventors of the present invention have made extensive
studies to achieve the object. As aresult, the inventors have found
that a resin composition containing a predetermined amount of a
phosphorus-based antioxidant with respect to a polvcarbonate~based
resin containing, at a specific ratio, a
polycarbonate-pelyorganosiloxane copolymer containing a
polyorganosiloxane block formed of a specific structural unit at
a predetermined ratio and an aromatic polycarbonate except the
copolymer is adaptable to the object. In addition, the inventors

have found that a battery pack formed by using the resin composition
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is excellent in drop impact strength under a low-temperature
environment, flame retardancy, and heat resistance. The present
invention has been completed on the basis of such findings.
[0008]

That is, the present invention provides the following
polycarbonate resin composition for a battery pack and a battery
pack formed by using the composition.

1. A polycarbonate resin composition for a battery pack,
comprising: 100 parts by mass of (A} a polycarbonate-based resin
composed of 5 to 100 mass% of a polycarbonate-polycrganosiloxane
copolymer (A-1l) whose main chain is formed of a structural unit
represented by the general formula (I) and a structural unit
represented by the general formula (II}, and that contains 2 to
10 mass% of a polyorganosiloxane block, and 0 to 95 mass% of an
aromatic polycarbonate (A-2) except the copolymer (A-1):

[0009]
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" where R! and R? each independently represent an alkyl group or alkoxy

group having 1 to 6 carbon atoms, X represents a single bond, an
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alkylene group having 1 to 8 carbon atoms, an alkylidene group having
2 to 8 carbon atoms, a cycloalkylene group having 5 to 15 carbon
atoms, a cycloalkylidene group having 5 to 15 carbon atoms, -S-,
-30~-, -803-, -0-, or -CO-, R3 to R® each independently represent
a hydrogen atom, a halogen atom, an alkyl group having 1 to & carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, or an aryl group
havingé6tocl2carbonatoms, Yrepresentsanorganicresiduecontaining
an aliphatic or aromatic moiety, n represents an average repetition
number and represents an integer of 20 to 600, and a and b each
represent an integer of 0 to 4; and 0.01 to 1 part by mass of (B)
a phosphorus-based antioxidant. |

2. The polycarbonate resin composition for a battery pack
according to the item 1, in which Y represents an organic residue
derived from allyl phenol or eugenol.

3. The polycarbonate resin composition for a battery pack
according to the item1 or 2, inwhich the structural unit represented
by the general formula {I) isa structural unit derived frombisphenol
AL

4. The polycarbonate resin composition for a battery pack
according to any one of the items 1 to 3, in which both of R?® and
R% in the structural unit represented by the general formulé {II)
represent methyl groups.

5. The polycarbonate resin composition for a battery pack
according to any one of the items 1 to 4, further including 0.01

to 0.15 parts by mass of (C) an alkali metal salt and/or alkaline
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earth metal salt of an organosulfonic acid, and/or 0.1 to 1 parts
by mass of (D) a mixed powder composed of polytetraflucroethylene
particles and organic polymer particlesf

6. A battery pack formed by using the pclycarbonate resin
composition according to any one of the items 1 to 5.

7. Thebatterypackaccordingtotheitemé, inwhich thebattery

pack comprises an upper case and a lower case.

Advantageous Effects ¢f Invention
‘{0010]

According to the present invenition, there can be provided a
material for a battery pack excellent in drop impact strength under
a low-temperatureenvironment, flame retardancy, andheat resistance,

and a battery pack having the properties.

Brief Description of Drawings
(C011]

FIG. 1 is a dimension diagram of an injecticn-molded article
of a polycarbonate resin composition of the present invention, the
molded article being used in a performance evaluation.

FIG. 2 is a dimension diagram of an injection-molded article
of the polycarbonate resin composition of the present invention,
the molded article being used in a drop impact resistance test.

FIG. 3 is a diagram illustrating a positional relationship

between an injection-melded article of the polycarbonate resin
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composition of the present invention and a burner in the flame

retardancy evaluation test of the molded article.

Description of Embodiments
[(0012]

First, a polycarbonate resin compositiocon for a battery pack
of the present inventicn is described.
[Polycarbonate resin composition for battery pack]

A polycarbonate resin composition for a battery pack of the
present invention comprises: (A) a polycarbonate-based resin
composed of a polycarbonate-polyorganosiloxane copolymer
(hereinafter sometimes abbreviated as "PC-PDMS copolymer™) (A-1)
whose main chain is formed of a structural unit represented by the
following general formula (I) and a structural unit represented
by the following general formula (II), and that contains a
polyorgancsiloxaneblock, andanaromaticpolycarbonate (A-2) except
the copolymer (A-1); and (B) a phosphorus-based antioxidant.

{0013}
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[0014]

(In the formulae, R! to Rf, X, ¥, n, a, and b each have the
same meaning as that described in the foregoing.)

The polycarbonate resin compositicn for a battery pack of the
present invention preferably further comprises (C} an alkali metal
salt and/or alkaline earth metal salt of an organosulfonic acid,
and/or (D) a mixed powder composed of polytetrafluoroethylene
particles and organic polymer particles.

Hereinafter, each component in the polycarbonate resin
composition for abatterypack of the present invention is described.
[0015]

[PC-PDMS copolymer (A-1}]

The PC-PDMS copolymer to be used in the present invention
contains the structural units represented by the general formulae
(I) and (II). Thecontentofapolyorganosiloxaneblockmoietyhaving
the structural unit represented by the general formula {II) needs
to be 2 to 10 mass% in the PC-PDMS copolymer (A-1), and is preferably
3 to 7 mass%, more prefe‘rably 3 to 5 mass%. When the content of
the blockmoiety is less than 2 mass%, an effect on notch sensitivity
is small and an improving effect on a drop impact strength is
insufficient. When the content exceeds 10 mass%, heat resistance
reduces to a large extent.

[0016]
The chain length of the polyorganosiloxane blockmoiety having

the structural unit represented by the general formula {(II} is 20
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to 600, preferably 30 to 300, more preferably 50 to 300. When the
chain length is less than 20, the effect on the notch sensitivity
. is small and the improving effect on the drop impact strength is
insufficient. When the chain length exceeds 600, it becomes
difficult to handle in producing the PC-PDMS copolymer (A-1}, which
results in poor economical efficiency.

[CO17]

In addition, as large a viscosity-average molecular weight
as possible of the PC-PDMS copolymer (A-1) is generally effective
for improving the nctch sensitivity and expressing drop impact
resistancg. However, increasing the viscosity-average molecular
'we;'i.ght makes it difficAult tomold a thin member like a battery pack.

Increasing a:nolding temperature can reduce the viscosity of
the resin composition. In that case, however, a molding cycle
lengthens, which resuits inpoor economical efficiency. Inaddition,
excessively increasing the temperature leads to a reduction in
production stability due to the heat deterioration of the resin
composition.

Therefore, the viscosity-average molecular weight of the
PC—PDMS copolymer (A-1) is preferably 15,000 to 24,000, more
preferably16,000t022,500,stillmorepreferably17,000toZl,OOO;

When the viscosity-averagemolecular weight is 15,000 ormore,
the strength of a molded article is sufficient. When the
viscosity-average molecular weight is 24,000 or less, the viscosity

of the copolymer reduces, and hence productivity at the time of
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the production improves and it gives an excellent thin wall molding.
[0018]

The PC-PDMS copolymer (A-1}) is cbtained by copeolymerizing a
dihydric phenol represented by the following general formula (1},

a polyorgancsiloxane represented by the following general formula

(2}, and phosgene, a carbonate, or a chloroformate.
[0019])
(r-iz’)a (Tz)b
HO‘@—X@*OH (1)
Py R
Z—(Om—Y ?E"‘"O ?i“Y—(O)m—Z (2)
R® /& R
[0020]

Here, in the general formula (1}, R! and R?, X, and a and b
are identical to those of the general formula (I), and in the general
formula (2), R® to R%, ¥, and n are identical to those of the general
formula {II}, m represents 0 or 1, Z represents a halogen, -R70OH,
~-R7COOH, ~R7NH2, —COCH, or -SH, and R? represents a linear, branched,
or cyclic alkylene group, an aryl-substituted alkylene group, an
aryil-substituted alkylene group that may have an alkoxy group on
a ring thereof, or an arylene group.

(00211
In the polycarbonate resin composition for a battery pack of

the present invention, thedihydricphenol representedby the general
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formula (1} to be used as a raw material for the PC-POMS copolymer
(A-1) is not particularly limited. However,
2,2-bis{4-hydroxyphenyl)propane {trivial name: bisphenol A} is
preferred. When bisphenol A is used as the dihydric phenol, the
PC~PDMS copolymer in which X represents an isopropylidene group
and a=b=0 in the general formula (I} is obtained.

Ag a dihydric phenol other than bisphenol A, there are given,
for exaﬁple: bis (hydroxyaryl)alkanes such as
bis (4-hydroxyphenyl)methane, 1,1l-bis(4-hydroxyphenyl)ethane,
2,2-bis{4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)octane,
bis {4-hydroxyphenyl)phenylmethane, bis{4-hydroxyphenyl)
diphenylmethane, 2,2-bis{4-hydroxy-3-methylphenyl)propane,
bis (4-hydroxyphenyl)naphthylmethane, 1,l-bis(4-hydroxy-t-
buthylphenyl}propane, 2,2-bis{4-hydroxy-3-bromophenyl)propane,
2,2-bis(4-hydroxy-3, 5-dimethylphenyl)propane, 2,2-bis(4-
hydroxy-3-chlorophenyl)propane, 2,2-bis(4-hydroxy-3,5-
dichlorophenyl}propane, and 2,2~bis (4-hydroxy-3, 5~dibromcphenyl)
propane; bis(hydroxyaryl)cycloalkanes such as 1,1l-bis{4-
hydroxyphenyl)cyclopentane, 1,1-bis{4-hydroxyphenyl)cyclohexane,
1,1-bis{4-hydroxyphenyl]-3,5,5~trimethylcyclohexane, 2,2-bis
(4—hydroxyphenyl)norbornane, and 1,1-bis{4-hydroxyphenyl)
cyclodedecane; dihydroxyaryl ethers such as 4, 4'-dihydroxydiphenyl
ether and 4,4'-dihydroxy-3,3'-dimethylphenyl ether;
dihydroxydiaryl sulfides such as 4,4'-dihydroxydiphenyl sulfide

and 4, 4'-dihydroxy-3,3'-dimethyldiphenyl sulfide; dihydroxydiaryl
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sulfoxides such as 4,4"-dihydrozyvdiphenyl sulfoxide and
4,4"'~-dihydroxy=3, 3'-dimethyldiphenyl sulfoxide; dihydroxydiaryl
sulfones such as 4,4'-dihydroxydiphenyl sulfone and
4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfone; dihydroxydiphenyls
such as 4,4 "'-dihydroxydiphenyl; dihydroxydiarylfluorenes such as
9,9-bis(4-hydroxyphenyl) fluorene and 9,9-bis{4-hydroxy-3-
methylphenyl) flucrene; dihydroxydiaryladamantanes such as
1,3-bis(4-hydroxyphenyl)adamantane, 2,2-bis(4-hydroxyphenyl)
adamantane, and 1, 3-bis (4-hydroxyphenyl) -5, 7-dimethyladamantane;
4,4'-[1,3-phenylenebis{l-methylethylidene) lbisphencl; 10,10-bis
{4=hydroxyphenyl)-9-anthrone; and 1,5~bis(4-hydroxyphenylthio)
-2, 3-dioxapentaene.

Those dihydric phenols may each be used alone or as a mixture
of two or more.
[0022]

The polyorganosiloxane represented by the general formula (2)
can be easily produced by subjecting a terminal of the
polyorganosiloxane chain having a predetermined pcolymerization
degreentoahydrosilylationreactionwithaphenol havinganolefinic
unsaturated carbon-carbonbond, suitably vinylphenol, allylphenol,
eugenol,isopropenylbhenol,orthe]jke. It ismore preferred that
the phenol be allylphenol or eugenol. In this case, Y in the general
formula (II} of the component (A-1l) represents an organic residue
derived from allylphenol or eugenol.

[0023]
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The polyorganosiloxane represented by the general formula (2)
is preferably such that both of R? and R represent methyl groups,
and examples thereof include compounds represented by the following
general formulae (3} to {11).

[0024]



15755

3 5

HO./ ? l? “_.OH
TN (CHy)e si—oa—Si—(GHZ)G@ ©)
_ |4 n EEQG —

R
OH HO
R R’
| |
(CHz)a{—\?i—oﬁn—?i—(cHz)s @)
4 6
R R
OCHs 3 5 H3CO
R R
| |
HO (CHp) g—oi— Si—(CHye OH (5
4 6
R R

R
or{-si-04—si~ol )

| 4 n | 6

R R

3 5
CH R R CH
N Vot bi-or—di—o VAR S
- | Ii,f n EE. | _
CHs R Rg CHs

® R
HOOCt+Si—0 i—CO0

oot grooon @

R R
HOOC R® R’ COOH
Y j ! e
Q—(GHZ)C Si"O‘)—Si—(GHz)c‘@ (9)
— !4 n Eb‘ o
R R

3 5
HoN ~ I? ? Y. NH»
REHN -\ R R /Y NHR'
Q‘(CHQ)G‘(‘ISi“O‘)“‘?i“(CHZ)c‘Q (11)

{0025]



16 /566

In the general formulae (3) to (11), R*to Ré each independently
represent a hydrogen atom, a halogen atom, an alkyl group having
1 to 6 carbon atoms, an alkoxy group having 1 tc 6 carbon atoms,
or an aryl group having 6 to 12 carbon atoms as in the general forrﬁula
(I1), n represents an average repeating number of organosilozxane
constituentunitsandxepfesentsarmmberof20i13600,Rﬁrepresents
analkyl, alkenyl, aryl, oraralkyl group, and c represents apositive
integer, tfpically an integer of 1 to 6.

Of those, a phenol-modified polyorgancsiloxane represented
by the general formula (3) is preferred in terms of its ease of
polymerization, and an o,w-bis[3-(o~-hydroxyphenyl)propyl]
polydimethylsiloxane as one kind of compounds represented by the
general formula (4) or an o,w-bis[3-{4-hydroxy-2-methoxyphenyl}
propyllpolydimethylsiloxane as one kind of compounds repregented
by the general formula {5) is preferred in terms of its ease of
availability.

[00286]

The phenol-modified polyorganosiloxane can be produced by a
known method. The production method is, for example, as described
below.

First, cyclotrisiloxane and disiloxane are caused to react
with each other in the presence of an acid catalyst to synthesize
an o,w~dihydrogen organcopolysiloxane. At this time, an
o, w~dihydrogen organopolysiloxane having a desired average

repeating unit can be synthesized by changing a loading ratiobetween
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cyclotrisiloxane and disiloxane. WNext, the o,w-dihydrogen
organopolysiloxane is subjectedtoanadditionreactionwith aphenol
compound having an unsaturated aliphatic hydrocarbon group such
as allylphenol or eugenol in the presence of a catalyst for a
hydrosilylation reaction. Thus, the phenol-modified
polyorganosiloxane having a desired average repeating unit can be
produced.

In addition, at this stage, a low-molecular weight, cyclic
polyorganosiloxane and an excess amount of the phenol compound remain
as impurities. Accordingly, those low-molecular weight compounds
are removed by distillation with heating under reduced pressure.
[0027]

[Aromatic polycarbonate (A-2) eXcept the component (A-1)]

Used as the component (A-2) as the aromatic polycarbonate
except the component (A-1) in the polycarbonate resin composition
for a battery pack of the present invention is an arxromatic
polycarbonate obtained by a conventional method of producing an
aromaticpolycarbonate suchas: aninterfacial polymerizationmethod
invelving causing a dihydric phenol-based compound and phosgene
to react with each other in the presence of a reaction-inert organic
solvent andanaikalineaqueous solution, andaddingapeolymerization
catalyst such as a tertiary amine or a guaternary ammonium salt
to the resultant to polymerize; or a pyridine method involving
dissolving the dihydric phenol-based compound in pyridine or a mixed

solution of pyridine and an inert solvent, and introducing phosgene



18/55

to directly produce the aromatic polycarbonate.
{0028]

Examples of the dihydric phenol-based compound to be used in
the production of the aromatic polycarbonate as the component (A-2)
include: bis (hydroxyaryl)alikanes such as 2,2-bis(4-hydroxyphenyl)
propane {(trivial name: bisphenol A}, bis{4-hydroxyphenyl)methane,
1l,1i-bis{4~hydroxyphenyl}ethane, 2,2-bis(4-hydroxyphenyl)butane,
2,2=-bis (4-hydroxyphenyl)occtane, bis(4-hydroxyphenyl)
phenylmethane, bis{4~hydroxyphenyl)diphenyimethane,
2,2=bis (4-hydroxy-3-methylphenyl)propane, bis{4-hydroxyphenyl)
naphthylmethane, 1,1l-bis{4-hydroxy-3-t-butylphenyl)propane,
2,2-bis{4-hydroxy-3~bromophenyl}propane, 2,2Z-bis(4-hydroxy-3, 5-
dimethylphenyl)propane, 2,2-bis{4-hydroxy~3~chlorophenyl)
propane, 2,2-bis{4-hydroxy-3,5-dichlorophenyl)propane, and
2,2-bis(4-hydroxy~3, 5-dibromophenyl)propane; bis{hydroxyaryl)
cycloalkanes such as 1, 1l-bis{4-hydroxyphenyl)cyclopentane,
1, 1-bis{4-hydroxyphenyl)cyclohexane, 1,1-bis{4-hydroxyphenyl}
-3,5,5-trimethylcyclohexane, 2,2-bis(4-hydroxyphenyl)norbornane,
and l,l—bis{4—hydroxyphenyl)cyclododecape; dihydroxyaryl ethers
such as 4,4'-dihydroxyphenyl ether and 4,4'-dihydroxy-3,3"'-
dimethylphenyl ether; dihydroxydiaryl sulfides such as
4, 4'-dihydroxydiphenyl sulfide and 4,4'-dihydroxy-3,3'-
dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxides such as
4, 4'"-dihydroxydiphenyl sulfoxide and 4,4‘~dihydroxy—3,3'w

dimethyldiphenyl sulifoxide; dihydroxydiaryl sulfones such as
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4,4'-dihydroxydiphenyl sulfone and 4,4'-dihydroxy-3,3'-
dimethyldiphenyl sulfone; dihydroxydiphenyls such as 4,4'-
dihydroxydiphenyl; dihydroxydiaryifluorenes such as 9,9-bis(4-
hydroxyphenyl) fluorene and 9,9-bis{4-hydroxy-3-methylphenyl)
fluorene; dihydroxzydiaryladamantanes such as 1,3-bis(4-
hydroxyphenyl}adanantane, 2,2-bis{4-hydroxyphenyl)adamantane,
and 1, 3-bis(4~hydroxyphenyl)}-5, 7-dimethyladamantane; 4,4'-[1, 3~
phenylenebis (l-methylethylidene) lbisphencl; 10,10-bis(4-
hydroxyphenyl) -8-anthrone; and 1,5-bis(4-hydroxyphenylthio)-

2, 3~dicxapentaene. Those dihydric phenols may each be used alone
or as a mixture of twoe or more.

[0029]

In the production of the aromatic polycarbonate as the
coemponent (A-2), the molecular weight modifier, the chain-end
terminator, or the like may be used as required. Any of various
agents generally used in the polymerization of a polycarbonate resin
may be used.

Specific examples of the molecular weight modifier include
monochydric phenols such as phenol, o-n-butylphenol, m-n-butylphencl,
p-n-butylphenol, o-isobutylphenol, m-isobutylphenol,
p-isobutylphenol, o-t-butylphenol, m-t-butylphenol,
p-t-butylphenol, o-n-pentylphenol, m-n-pentylphenol,
p-n-pentylphencl, o—n-hexylphenol, m-n-hexylphencl,
p-n-hexylphenol, p-t-octylphenol, o-cycliohexylphenocl,

m-cyclohexylphenol, p-cyclohexylphenol, o-phenylphenol,
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m-phenylphenol, p-phenylphencl, o-ncnylphenol, m-nonylphenol,
p-nonylphenol, o-cumylphencl, m-cumylphenol, é—cumylphenol,
o-naphthylphenol, m-naphthyiphenol, p-naphthylphenol,
2,5—di—t-butylphenol,2,4—di—t~butyl§henol,3,5~di-t—butylphenol,
2,5-dicumylphenol, 3,5-dicumylphencl, p-cresol, p-bromophenol,
2,4,6—tribromophenol,anmnoalkylphenolhavinga}inearorbranched
alkyl group having an averade number of carbon atoms of 12 to 35
at the ortho-, meta- or para-position, 9-(4-hydroxyphenyl)-

9- (4-methoxyphenyl) fluorene, 9-(4-hydroxy-3-methylphenyl)-9-
{4-methoxy-3-methylphenyl)fluorene, and 4-(l-adamantyl)phenol.

Of those monohydric phenols, p-t-butylphencl, p-cumylphencl,
p-phenylphencl, and the like are preferred. In addition, those
compounds may be used alone, or two or more thereof may be used
in combination.

[0030]

As the chain-end terminator, a monocarboxylic acid and a
derivative thereof and a monochydric phencl may be used. Examples
thereof include p-tert-butyl-phenocl, p-phenylphenol,
p~cumylphencl, p-perfluorononyliphencl, p-(perfluorcnonylphenyl)
phenol, p-(perfluorochexyiphenyl)phenol, p-tert-
perfluorobutylphencl, 1-(p-hydroxybenzyl)perfluorodecane,
p~[2-(1H, iB-perfluorotridodecyloxy)~1,1,1,3,3, 3~
hexafluoropropyl]lphenol, 3,5-bis(perfluorchexyloxycarbonyl)
phencl, perfluorododecyl p-hydroxybenzcate, p-(1H,1H-

perfliuorococtyloxy)phenol, Z2H,2H, 9H-perflucrononanocic acid, and



21755

1,1,1,3,3,3-hexafluoro-2-propanol.
[0031]

Further, 3 branching agent can be used to turn the dihydric
phenol-based compound into a branched polycarbonate. The addition
amount of the branching agent is preferably 0.01 to 3 mol%, more
preferably 0.1 to1.0mol% with respect to the dihydric phenolﬂbaséd
compound.

Examplescﬁfthebranchingagentincludecompoundséachhaving
three or more functional groups such as 1,%i,1l-tris(4-
hydroxyphenyl)ethane, 4,4'-[1-[4~{1-(4-hydroxyphenyl)~1~
methylethyllphenyl]ethylidene]lbisphenol, o,a',a"-tris(4-
hydroxyphenyl}-1,3,5-triisopropylbenzene, 1-[o-methyl-o-{4"~
hydroxyphenyl)ethyl]-4~-[a',a'~bis(4"-hydroxyphenyl)ethyl]
benzene, phloroglucin, trimellitic acid, and isatinbis {o-cresol).
[0032]

The content of the component (A-1} in (A) the
polycarbonate-based resin composed of the component {A-1) and the
component (A-2) is 5 to 100 mass%, preferably 70 to 100 mass%, more
preferably 50 to 100 mass%. The content of the component {A-2) is
895 to C mass%, preferably 30 to 0 mass%, more preferably 50 to 0
mnass%.

When the content of the component {(A-1) is 5 mass% or more
or the content of the component (A-2) is 95 mass% or less, the content
of a polyorganosiloxane block moiety including the structural unit

represented by the general formula {(II) need not be increased at
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the time of the production of the component (A-1} for increasing
the content of the polycrganosiloxane block moiety in (A) the
polycarbonate-based resin to improve the low-temperature impact
strength. Therefoxe;atthetimeofthe;moductimnofthecomponent
(A-1), the uniformity of the reaction in the pclymerizing step does
not reduce, and the separability of a peclymer and washing water
.in the step of washing the polymer does not deteriorate, and hence
'the productivity of the component (A-l) improves.

The content of the polyorganosiloxzane block moiety having the
structuralunit representedby the general formula {II) ispreferably
2 to 10 mass%, more preferably 3 Lo 7 mass%, still more preferably
3 to 5 mass% in {A) the polycarbonate-based resin composed of the
component (A-1) and the component (A-2). When the content is 2 mass?%
or more, the improving effect on the impact strength is sufficient.
Meanwhile, when the content is 10 mass% or less, the composition
has sufficient heat resistance.

[0033]

[{B) Phosphorus-based antioxidant]

The polycarbonate resin composition for a battery pack of the
present invention is regquired to contain a phosphorus-based
antioxidant as a component (B).

The phosphorus-pased antioxidant to be used in the present
invention is not particularly limited. Typical examples thereof
include tris(nonylphenyl) phosphite and 2-ethylhexyl diphenyl

phosphite; trialkyl phosphites suchastrimethyl phosphite, triethyl
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phosphite, tributyl phosphite, trioctyl phosphite, trinonyl
phosphite, tridecyl phosphite, trioctadecyl phosphite, distearyl
pentaerythrityl diphosphite, tris(2-chloroethyl) phosphite, and
tris(2,3-dichloroprepyl) phosphite; tricycloalkyl phosphites such
as tricyclohexyl phosphite; triaryl phosphites such as triphenyl
phosphite, tricresyl phosphite, tris(ethylphenyl) phosphite,
tris(butylphenyl} phosphite, tris{hydroxyphenyl) phosphite, and
tris(2,4-di-tert-butylphenyl) phosphite; trialkyl phosphates such
as trimethyl phosphate, triethyl phosphate, tributyl phosphate,
trioctyl phosphate, tridecyl phosphate, trioctadecyl phosphate,
distearyl pentaerythrityl diphosphate, tris(2-chloroethyl)
phosphate, and tris(2,3-dichloropropyl}phosphate; tricycloalkyl
phosphates such as tricyclohexyl phosphate; and triaryl phosphates
such as triphenyl phosphate, tricresyl phosphate, tris(nonylphenyl)
phosphate, and 2-ethylphenyl diphenyl phosphate. O0f those, triaryl
phosphite and triaryl phosphate are suitably used.
[0034]

in the present invention, one kind of those phosphorus-based
antioxidants may be used alcone, or two or more thereof may be used
in combination. 1In addition, the content of the phosphorus-based
antioxidant in the polycarbonate resin composition for-a battery
pack needs to be 0.0l to 1 parts by mass, preferably 0.02 to 0.3
parts by mass, more preferably 0.04 to 0.2 parts by mass with respect
to 100 parts by mass of (A) the polycarbonate-based resin.

Incorporating the phosphorus-based antioxidant at a content in the
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range provides a sufficient antioxidant effect.l
[0035]

[(C} Alkali metal salt and/or alkaline earth metal salt of
organosulfonic acid]

The polycarbonate resin composition for a battery pack of the
present invention preferably comprises an alkali metal salt and/ox
alkaline earth metal salt ¢f an organosulfonic acid (hereinafter
sometimes referred to as "organosulfonic acid alkali or
alkaline-earth metal salt") as a component (C} for improving its
flame retardancy.

Exam@les of the organosulfonic acid include a
perflucrocalkanesulfonic acid and a polystyrenesulfonic acid.

The organosulfonic acid alkali or alkaline-earth ﬁetal salt
is an alkali metal salt or alkaline earth metal salt of an
organcsulfonic acid having at least one carbon atom, though examples
thereof include various salts.

Examplesof thealkalimetal include sodium, potassium, lithium,
and cesium, andexamplesof thealkalineearthmetal includemagnesium,
calcium, strontium, and barium. Of those, a sodium, potassium, or
cesium salt is preferred.

As the component (C), an alkali metal salt and/or an alkaline
earth metal salt of a perfluorcalkanesulfonic acid or a
polystyrenesulfonic acid are preferred.

[C0O36]

As the alkali and/or alkaline-earth metal salts of a
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perfluorcalkanesulfonic acid, there are given salts represented
by the following general formula (12).

(CaF24a+1503) M+ + + (12)

In the formula (12), d represents an integer of 1 to 10, M
represents an alkali metal such as lithium, sodium, potassium, or
cesium, or an alkaline earth metal such as magnesium, calcium,
strontium, or barium, and e represents the valence of M.)

For example, salts described in JP 47-40445 B correspond to
these metal salts.

[0037]

Examples of the perfluoroalkanesulfeonic acid in the general
formula (12) may include perfluocromethanesulfonic acid,
perfluoroethanesulfonic acid, perfluoropropanesulfeonic acid,
perfluorcbhutanesulfonicacid, perflucremethylbutanesulfonicacid,
perflucrchexanesulfonic acid, perfluoroheptanesulfonic acid, and
perflucrooctanesulfonic acid. A potassium salt thereof is
particularly preferably used.

Other examples of the an alkali metal salt and/or alkaline
earth metal salt of an organcsulfonic acid include: alkali or
alkaline-earthmetal salt of analkyl sulfonicacid, benzenesulfonic
acid, an alkylbenzenesulfonic acid, diphenylsulfonic acid,
naphthalenesulfonic acid, 2,5-dichlorobenzenesulfonic acid,

2,4 ,5-trichlorobenzene sulfonic acid, diphenyl sulfone-3-sulfonic
acid, diphenyl sulfone-3,3'~disulfonic acid, and

naphthalenetrisulfonic acid, and a fluorine substitute thereof,
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andpolystyrenesulfonicacid. Ofthose, astheorganosulfonicacid,
a perfluorocalkanesulfonic acid and diphenylsulfonic acid are
particularly preferred.

{0038]

The alkali and/or alkaline-earthmetal salt of thepolystyrene
sulfonic acid are, for example, an alkali and/or alkaline-earth
metal salt of a sulfonate group-containing aromatic vinyl-based

resin represented by the fellowing general formula (13).

[0039]
Flvz9 I?9
~1"CH,—C CHo—C—1—
13
7 | (13)
e \\\\\:t - d1-t
(Q@s
[0040]

In the formula (13), Q represents a sulfonate group, R®
represents a hydrcgen atom or a hydrocarbon group having 1 to 10
carbon atoms, = represenﬁs an integer of 1 to 5, and t represents
a molar fraction and falls within the range of 0<t£l.

In this case, the sulfonate group Q is an alkali metal salt
and/or alkaline earth metal salt of a sulfonic acid, and examples
of the metals include sodium, potassium, lithium, rubidivm, cesiumn,
beryllium, magnesium, calcium, strontium, and barium.

In addition, R® represents a hydrogen atom or a hydrocarbon
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group having 1 to 10 carbon atoms, preferably a hydrogen atom or
a methyl group.

s represents an integer of 1 to 5and t satisfies a relationship
of 0<t$l. Therefore, an aromatic ring may be totally substituted
or partially substituted with the sulfonate group (Q).

{0041]

The content of (C} thealkaliand/oralkaline-earthmetal salts
of the organosulfoﬁic acid are preferably 0.01 to 0.15 parts by
mass, morepreferably(0.02to0.13partsbymass, stillmorepreferably
0.03 to 0.12 parts by mass with respect to 100 parts by mass of
the resin mixture (A). When the content is 0.01 parts by mass or
more and 0.15 parts by mass or less, the flame retardancy can be
sufficiently improved.

[0042]

[ (D) Mixed powder]

The polycarbonate resin composition for a battery pack of the
present invention preferably further comprises a mixed powder
composed of polytetrafluorcethylene particles and oiganic polymer
particles as a component (D).
<Polytetrafluoroethylene particles>

Thepolytetrafluorcethyleneparticles inthemixedpowder each
have a particle diameter of typically 10 pm or less, preferably
0.05 to 1.C um.

The polytetrafluorcethylene particles are prepared as such

an agueous dispersion that the particles are dispersed in water
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containing, for example, an emulsifier. The aqueous dispersion of
the polytetrafluorcethylene particles 1s cbtained by subjecting
a tetrafluoroethylene monomer to emulsicn polymerization with a
fluorine-containing surfactant.

[0043]

Fluorine-containing olefiﬁs such as hexafluorcpropylene,
chlorotrifluoroethylene, a fluorocalkylethylene, and a
perfluorcalkyl wvinyl ether, and fluorine-containing alkyl
(meth}acrylates such as a perfluoroalkyl {meth)acrylate can be used
as a copolymerizable component upon emulsion polymerization of the
polytetrafluorcethylene particles as long as the characteristics
of the polytetraflucroethylene are not impaired.

The content of the copolymerizable component i1s preferably
10 mass% or less with respect to tetrafliuoroethylene in the
polytetrafluoroethylene particles.

0044]

<Qrganic polymer particles>

The organic polymer particles in the mixed powder, which are
not particularly limited, each preferably have an affinity for a
polycarbonate resin from the viewpoint of the dispersibility of
the polytetrafluorocethylens particles upon blending into (B) the
‘polycarbonate—based resin.

[0045]
A monomer for producing the organic polymer particies may be

specificallyexemplifiedby: styrene-basedmonomers suchas styrene,
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p-methylstyrene, o-methylstyrene, p-chlorostyrene,
o-chlorostyrene, p-methoxystyrene, o-methoxystyrene,
2,4~dimethylstyrene, and o-methylstyrene; alkyl (meth)acrylate-
based menomers such as methyl acrylate, methyl methacrylate, ethyl
acrylate, ethyl methacrylate, butyl acrylate, butyl methacrylate,
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, dodecyl acrylate,
dodecyl methacrylate, tridecyl acrylate, tridecyl methacrylate,
octadecyl acrylate, octadecyl methacrylate, cyclohexyl acrylate,
and cyclohexyl methacrflate; vinyl cyanide-based monomers such as
acrylonitrile and methacrylonitrile; vinyl ether-based monomers
such as vinyl methyl ether and vinyl ethyl ether; vinyl
carboxylate-basedmonomers suchas vinyl acetate and vinyl butyrate;
olefin-based monomers such as ethylene, propylene, and isobutylene;
and diene-based monoﬁers such as kutadiene, isoprene, and
dimethylbutadiene. In particular, an alkyl (meth)acrylate-based
monecmer is preferably used. It should be noted that the term "alkyl
(meth)acrylate~based monomer" refers to both alkyl acrylate-based
and alkyl methacrylate-based monomers.

The organic polymer particles are obtained by polymerizing
any such monomer. One kind of the monomers can be used, or two or
more kinds thereof can be used as a mixture. The organic polymer
particles are preferably particles composed of an alkyl
(meth)acrylate-based copolyner.

{C040]

The organic polymer particles are prepared as, for example,
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an aqueous dispersion of the organic polymer particles. Although
a method of preducing the agueous dispersion of the organic pelymer
particles is not particularly limited, an emulsion polymerization
method involving using an lonic emulsifier and a soap~-free emulsion
polymerization method involving using an ionic polymerization
initiator can be given as examples thereof.

Any one of an anionic emulsifier, a cationic emulisifier, and
an amphoteric ionic emulsifier can be used as the ionic emulsifier.
In addition, a nonionic emulsifier can be used in combination with
any such ionic emulsifier.

Fatty acid salts, higher alcohol sulfates, liquid fatty oil
sulfates, sulfates of aliphatic amines and aliphatic amides,
aliphatic alcohol phosphates, sulfonates of dibasic fatty acid
esters, fatty agid amide sulfonates, alkyl allyl sulfonates, and
naphthalene sulfonates of formalin condensates can be given as
exanples of the anionic emulsifier.

Aliphatic amine salts, quaternary ammonium salts, and alkyl
pyridiniumsalts canbe given as examples of the cationicemulsifier.

An alkyl betaine can be given as an example of the amphoteric
emuléifier. |
[0047]

Examples of the ionic polymerization inifiator may include:
anionic pelymerization initiators such as persulfates (e.g.,
potassium persulfate and ammonium persulfate),

azobis {isobutyronitrile), and 4,4'-azobis{4-cyanovaleric acid);
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and cationic polymerization initiators such as
2,2"-azobis (amidinopropane)} dihydrochloride,
2,2"-azobis[2-(5-methyl-2-imidazolin-2-yl)prcpane]
dihydrochloride, 2,2'-azobis[2-(2-imidazolin-2-yl)propane]
dihydrochloride, and 2,2'-azobisisobutyramide dihydrate.
[0048])

Aparticle diameter d of each of the organic polymer particles
in the present invention, which is not particularly limited,
preferably falls within a range represented by the following formula
with respect to a particle diameter D of each of the
polytetraflucroethylene particles from the viewpoint of the
stability of an agglomerated state with the polytetrafiuoroethylene
particles.

0.1D<d<k10D
{0049]

<Preparation of mixed powder>

The mixed powder composed of the polytetrafluorcethylene
particles and the organic polymer particles as the component (D)
is obtained by, for example, mixing the aqueous dispersion of the
polytetrafluorcethylene particles and the aqueous dispersion of
the organic polymer particles, and then turning the mixture into
a powder by amethod to be described later. The mixed powder contains
agglomerated particles as a result of the agglomeration of the
polytetrafluoroethylene particlesandthe organicpolymer particles

caused by their difference in surface charge, and the respective
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individual particles remaining without undergoing the
agglomeration.

Although the agglomeratedparticles each have such a structure
that a polytetrafluorcethyiene particle and an organic polymer
particle are integrated with each other, various morphologies are
availablefortheaggiomeratedparticlesdependingonanﬂxingratio
between both the particles and their particle diameters. That is,
for example, such a morphology that a polytetraflucroethylene
particle is surrounded with organic polymer particles, such a
morphology that an organic poelymer particle is surrounded with
polytetrafluorcethylene particles in contrast to the foregoing,
and such a morpholeogy that several particles agglomerate with one
particle exist.

(00501

In order that an agglomeration rate upon mixing of the agueous
dispersions may be reduced, a nonionic emulsifier can be caused
to adsorb onto the surface of the polytetrafluorcethylene particles
and/oxr the organic polymer particles before the mixing.

[0051]

The neonionic emulsifier 1s not particularly limited, and a
polyoxyethylene alkyl ether, a polyoxyethylene alkyl allyl ether,
a dialkylphenoxypoly(ethyleneoxy}ethanol, a polyvinyl alcohol, a
polyacrylic acid, and an alkyl ceilulose can be given as examples
thereof.

[0052]
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Then, the aqueous dispersions mixed as described above can
be turned into a powder by charging the mixture into hot water in
which a metal salt such as calcium chloride or magnesium sulfate
has been dissolved, and subjecting the resultant to salting out
and coagulation, followed by drying or spray drying.

Alternatively, the mixed aqueous dispersion canbe turned into
a powder by subjecting a monomer having an ethylenically unsaturated
bond in the mixed aqueous dispersion to emulsion polymerizaticn,
followed by coagulation or spray drying.

[0053]

The ethylenically unsaturated monomer to be subjected to
emﬁlsion polymerization in the mixed aqueous dispersion may be
exemplified by: styrene-based monomers such as styrene,
p-methylstyrene, o-methylstyrene, p-chlorostyrene,
o—chloﬁostyrene, p-methoxystyrene, o-methoxystyrene,

2, 4-dimethylstyrene, and oa-methylstyrene; alkyl
(meth)acrylate-based monomers such as methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, butyl acrylate,
butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, dodecyl acrylate, dodecyl methacrylate, cyclohexyl
acrylate, andcyclohexylmethacrylate; vinyl cyanide-basedmonomers
such as acrylonitrile and methacrylonitrile; vinyl ether-based
monomers such as vinyl methyl ether and vinyl ethyl ether; vinyl
carboxylate-basedmonomers such as vinyl acetate and vinyl butyrate;

olefin monomers such as ethylene, propylene, and isobutylene; and
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diene-based monomers such as butadiene, isoprene, prene, and
dimethylbutadiene. One of those monomers can be used, or two or
more thereof can be used as a mixture.

[0054]

The content of the polytetrafluoroethylene particles in the
mixed powder is typically 0.1 to 90 mass%, preferably 30 to 20 mass%,
more preferably 40 to 90 mass% from the viewpoints of, for example,
flame retardancy based on the anti-dripping effect of the resin
composition to be obtained, and the external appearance and weld
strength of a molded article thereof.

{0055]

The content of (D) the mixed powder composed of the
polytetrafluoroethyleneparticles andthe organicpolymerparticles
in the polycarbonate resin composition for a battery pack of the
present invention is typically 0.1 to 1 parts by mass, preferably
0.1 to 0.9 parts by mass, more preferably 0.2 to 0.8 parts by mass
with respect to 100 parts by mass of (A) the plycarbonate-based
resin.

When the content of the mixed powder is 0.1 parts by mass or
more, the anti-dripping performance improves and hence the flame
retardancy can be achieved. On the other hand, when the content
is 1 parts by mass or less, the ratio of the organic polymer in
the composition does not excessively increase and hence the flame
retardancy can be achieved.

[00586]
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[Component to be arbitrarily added]

The polycarbonate resin composition for a battery pack of the
present invention can contain any one of the various known addition
components conventionallyadded toapolycarbonate resincomposition
in addition to the components (A) to (D) as required to such an
extent that an effect of the present invention is not impaired.
Examples of such addition components include a reinforcingmaterial,
a filler, a hindered amine-based light stabilizer, an antioxidant
except the phosphorus-based antioxidant, a UV absorber, an
antistatic agent, a lubricant, a release agent, a dye, a pigment,
and any other flame retardant or any other elastomer for an impact
resistance improvement.

The content of any such other addition component is typically
0 te 1 parts by mass, preferably 0.0l to 0.5 parts by mass with
respect to 100 parts by mass of (A} the polycarbonate-based resin.
[0057]

The polycarbonate-based resin composition for a battery pack
of the present invention is substantially free of an
organchalogen-based flame retardant and an organophosphate-based
flame retardant. Accérdingly, the composition is free of the
possibilities of the generation of a harmful gas, the contamination
of a molding machine, resin burning, and a reduction in its heat
resistance.

[0058]

[Methed of preparing polycarbeonate resin composition for
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battery pack]

The polycarbonate resin composition for a battery pack of the
present invention can be prepared by: blending the compor}ent (A)
((A-1) and (A-2)}), the component (B), and as necessary, the component
{C) and/or component (D}, and any one cof the variéus arbitrary
components at a predetermined ratio; and kneading the components.

The blending and kneading in this case can be pexformed by
a method involving pre-mixing the components with a generally used
device such as a ribbon blender or a drum tumbler and using a Henschel
mixer, a Banbury mixer, a single-screw extruder, a twin-screw
extruder, a multi-screw extruder, a co~kneader, or the like.

A heating temperature during the kneading is appropriately
selected from the range of 240 to 300°C in ordinary cases. |

It should be noted that a component to be incorporated except
the polycarbonate-based resin can be melted and kneaded with the
polycarbonate-based resin, that is, can be added as a master batch
in advance. |
[0059]

Various kinds of the molded article can be produced by using
the polycarbonate resin composition of the present invention with
the melt-kneading molding machine or a pellet obtained from the
composition as a raw material by an injection molding method, an
injection compression molding method, an extrusion molding method',
a blow molding method, a press molding method, a vacuum molding

method, a foam molding method, and the like.
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In particular, a pellet-like molding raw material can be
produced by the melt-kneading method and then the pellet can be
suitably used in the production of an injection-molded article by
injection molding or injection compression molding.

It should be noted that a gas injection molding method for
preventing a sink mark in the external appearance of the molded
article or for reducing its weight can be adopted as the injection
molding method.

[00860]

Next, a battery pack of the present inventicn is described.
[Battery pack] |

‘The battery pack of the present‘invention is characterized
by being formed by using the polycarbonate resin composition. The
battery pack including an upper case and a lower case is particularly
suitable.

In recent years, eguipments having built therein batteries
as power sources such as amobile phone, anotebook personal computer,
and a portable player for replaying a compact disc (CD) or mini
disc (MD) have been used in many fields. 1In recent years, the
multi-functionalization and size reduction of any such egquipment
have progressed, and the number of equipments each having higher
portabilityhasbeenincreasing. Accordingly, ademandforabattery
pack has been growing in association with an increase in frequency
at which any such eguipment is used. In addition, in association

with the size reduction of any such equipment, a thinner and smaller
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battery pack conforming to its main body has been required.

A battery pack to be used in any such equipment is constituted
by locating a battery, a protection circuit substrate, and the like
between an upper case and lower case made of plastic.

(00561}

A methoed invelving bonding the upper case and the lower case
through ultrasonic welding is generally employed in such battery
pack. At the time of the ultrasonic welding, however, burrs are
produced, though their amount is small. The burr potion is
respcnsible for the occurrence of anotch. Accordingly, thebattery
packcases having the burrs produced by the heat formingor ultrasonic
welding of the cases are liable to undergo destruction starting
from the produced ncotch portion as a starting point.

In view of the foregeing, a material that can resist impact
under a low—temperature environment even in the presence of a notch,
and has flame retardancy and heat resistance which a product is
regquired to have has been required as a battery pack material.

Therefore, the polycarbonate resin composition for a battery
pack of the present invention excellent in drop impact strength
under a low-temperature environment, flame retardancy, and heat
resistance is used in the formaticn of the upper case and lower
case of the battery pack.

[0062]
A nickel=~cadmium (Ni-Cd) battery, a nickel hydrogen (Ni-MH)

battery, a lithium ion (Li-ion) battery, or the like has heretofore
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been used as the battery tobe located in the battery pack. In recent
years, however, a polymer lithium secondary battery using a polymer
as an electrolyte has been frequently used for the purpose of

preventing a battery liquid leak. Further, the use of the polymer
as an elecﬁrolyte has, for example, the following merits: a thin

shape can be obtained and the degree of freedom in shape is high.

Examples
[0063]

Hereinafter, the present inventionis described inmoredetail
by way of examples and comparative examples. However, the présent
invention is by no means limited by these examples.

It shouldbe notedthat characteristicvalues in the respective
examples were determined in accordance with the following
procedures.

[0064]

<Viscosity number of PC-PDMS copolymer (A-1)>

A measurement was performed in conformity with ISO 1628-4
{1899).
<Viscesity-average molecular weights of PC-PDMS copolymer (A-1)
and aromatic polycarbonate (A-2)>

Those viscosity-average molecular weights (Mv) are each
calculated from the following equaticn by measuring the viscosity
of a methylene chloride solution at 20°C with an Ubbelohde-type

viscometer anddetermininga limiting viscosity [n] fromthemeasured
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viscosity.

[n}=1.23x10-5My0.83
[0065]

<Performance evaluation I of pelycarbonate resin compesition
{hereinafter sometimes abbreviated as "PC composition®)>

A PC compesition obtained in each example was pelletized with
a vented uniaxial extruder of 40 mmp at a resin temperature of 280°C
to provide a pellet. It should be noted that the resin temperature
was set to 300°C only in Comparative Example 2.

The resultant pellet was dried at 120°C for 8 hours. After
that, the dried product was subjected to injection molding with
an injection molding machine at a melding temperature of 280°C and
a die temperature of 80°C to provide a test piece. The following
measurements wereperformedwiththepellet or the test pieceobtained
by the injection molding.

(1) Q value (flow value) {unit; 1072 miL/sec)

The amount (mL/sec) of a molten resin flowing out of a nozzle
having a diameter of 1 mm and a length of 10 mm was measured with
an elevated flow tester in conformity with JIS K 7210 at 280°C under
a pressure of 15.7 MPa.

The Q value represents the amount of the resin that flows out
per unit time and a higher Q value means that its flowability is
better.

(2) Heat distortion temperature (HDT)

A measurement was performed in conformity with ASTM D&48 at
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a load of 0.45 MPa.

The HDT represents an index of heat resistance.
[0066]

<Performance evaluation IT of injection—-molded article of BC
composition>

A PC compositionpellet obtained in each example was subjected
to injection molding under the following conditions to provide a
battery pack model molded article (50 mmx88 mm, depth: 4.5 mm,
thickness: 1.2 mm) illustrated in the dimension diagram of FIG.
1. Tt should be noted that nc molded article could be obtained in
Comparative Example 2 because of the following reason: injection
molding was attempted, bup the viscosity was high at a cylinder
temperature of 300 to 320°C and hence filling became impossible.

Further, the cylinder temperature was increased to 380°C. As
a result, cecloring due to the deterioration of the resin composition
started to appear and hence the molding was stopped.
{Molding conditions)
Injection molding machine: electric injection molding machine
"ES-1000" (80 t) manufactured by NISSEI PLASTIC INDUSTRIAL CO.,
LTD.
Molding machine cylinder temperature: 300 to 320°C
Molding cycle: 30 sec/cycle
Die temperature: 130°C
[0067]

(1) Flame retardancy evaluation
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The battery packmodel molded articleobtained in the foregoing
was subjected to a combustion test in conformity with UL746C by
setting the molded article and a burner as illustrated in FIG. 3.
A test flame was brought into contact with the molded article for
30 seconds twice at an interval of 1 minute. After that, a combustion
time after each flame contact was measured. An evaluation was
performed three times (n=3), and A, B, and X represent the following
combustion times.

A: The flame quenches within 30 seconds in each of all the
three evaluations.

B: The flame quencheslwithin 60 seconds in each of all the
three evaluations.

X: It takes 61 seconds or more for the flame in any one
of the three evaluations to qguench.

[0068]

(2) Drop impact resistance evaluation

The pellets obtained in the respective examples were subjected
toinjectionmoldingunderthefoliowingconditionstoprovidemolded
articles {100 mmx20 mm, thickness: 4.0 mm) having such two kinds
of notch radii as illustrated in the dimension diagram of FIG. 2,
i.e., R=0 and R=0.2.

{(Molding conditions)
Injection molding machine: electric injection moliding machine
"MD-350W" (350 t) manufactured by NIIGATA MACHINE TECHNC CO., LTD.

Molding machine cylinder temperature: 280 to 300°C
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Molding cycle: 50 sec/cycle
Die temperature: 90°C

The resultant molded articles were each placed in a thermostat
bath and cooled to a predetermined temperature (23°C or 0°C). The
Charpy impact strength of the cooled product was measured in
conformity with IS0 176.

[0069]

Production Example 1 Production of PC-PDMS copolymer
{Si-PC-1)

(1) Synthesis of polycarbonate oligomer

Added to a 5.6-mass% aqueous sodium hydroxide were 2,000 ppm
by mass of sodium dithionite with respect to bisphenol A (BPA) to
be dissclved later. BPA was dissolved in the resultant so that its
concentration became 13.5mass%. Thus, a solution of BPA in aqueous
sodium hydroxide was prepared.

The solution of BPA in aqueous sodium hydroxide, methylene
chloride, and phosgene were continuously passed through a tubular
reactor having an inner diameter of 6 mm and a tube length of 30
m at flow rates of 40 L/hr, 15 L/hx, and 4.0 kg/hr, respectively.

The tubular reactor had a jacket portion and the temperature
of a reaction liquid was kept at 40°C or less by passing cooling
water through the jacket.

The feaction liquid that had exited the tubular reactor was
continuocusly introduced into a baffled vessel-type reactor having

an internal volume of 40 L provided with a sweptback blade, and
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then 2.8 L/hr of the solution of BPA in aguecus sodium hydroxide,
.07 L/hr of a 25~mass% aqueoué sodium hydroxide, 17 L/hr of water,
and 0.64 L/hr of a 1-mass% agueous solution of triethylamine Qere
further added to the reactor to perform a reaction.

The reaction liquid flowing ocut of the vessel-type reactor
was continucusly extracted, and then an agueous phase was separated
by leaving the 1iquid at rest and removed, followed by the collection
of a methylene chloride phase.

The concentration of the polycarbonate oligomer thus obtained
was 329 g/L and the concentration of a chloroformate group was 0.74
mol/L.

{0070]

{2) Synthesis of PC-PDMS copolymer (Si-PC-1)}

15 Liters of the polycarbonate oligomer solution synthesized
in the section (1), 9.0 L of methylene chloride, 383 g of an allyl
phenol terminal-modified polydimethylsiloxane (PDMS) in which the
repeating number of dimethylsiloxane units was 90, and 8.8 mL of
triethylamine were loaded into a 50-L vessel-type reactor provided
with & baffle board, a paddle-type stirring blade, and a cooling
jacket. Whilethemixturewasstirred, 1,38%2go0fa6.4-mass? agueous
sodium hydroxide were added to the mixature to perform a reaction
between the polycarbonate oligomer and the allyl phenol
terminal-modified PDMS fcr 10 minutes.

To the polymerization liquid, a solution of p~t-butylphenol

(PTBP) in methylene chloride (prepared by dissolving 140 g of PTBP



45 /55

in 2.0 L of methylene chloride) and a soluticn of BPA in aqueous
sodiumhydroxide (preparedby dissolving 1,012 g of BPA in an aqueous
solution prepared by dissclving 577 g of NaOH and 2.0 g of sodium
dithionite in 8.4 L of wgter) were added to perform a polymerization
reaction for 50 minutes.

10 Liters of methylene chloride were added to the resultant
to dilute the resultant, and then the mixture was stirred for 10
minutes. Afterthat, themixture was separated into anorganic phase
containing a polycarbonate-polydimethylsiloxane copolymer, and an
agueous phase containing excessive amounts éf BPA and NaOH, and
then the organic phase was isolated.

The solution of the polycarbonate-polydimethylsiloxane
copolymer in methylene chloride thus obtained was sequentially
washed with a 0.03-mol/L aqueous NaOH and 0.2-mol/L hydrochloric
acid in amounts of 15 vol% each with respect to the solution. Next,
the solution was repeatedly washed with pure water until an electric
conductivity in an aqueous phase after the washing became 0.01 pS/m
or less.

The solution of the polycarbonate-polydimethylsiloxane
copolymer in methylene chloride obtained by the washing was
concentrated and pulverized, and then the resultant flake was dried
under reduced pressure at 120°C.

The resultant polycarbonate-polydimethylsiloxane copolymer
had an amount of a PDMS residue (PDMS copolymerization amount)

determined by nuclear magnetic resonance (NMR) of 6.0 mass$%, a
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viscosity number measured in conformity with ISO 1628-4 (19939) of
46.9, and a viscosity-average molecular weight Mv of 17,400.
[0071]

Production Example 2 Production of PC-PDMS copolymer
{(Si-PC-2) |

Production was performed in the same manner as in the "Si-pC-1"
except that: 315 g of a esugencl terminal-modified
pclydimethylsiloxane (PDMS) in which the repeating number of
dimethylsiloxane units was 90 were used instead of 393 g of the
allyl phenol terminal-modifiedpolydimethylsiloxane (PDMS) inwhich
the repeating number of dimethylsiloxane units was 90; and the amount
of PTBP was changed to 129 g. The resultant copoelymer had an amount
of & PDMS residue (?DMS copolymerization amount) of 4.8 mass%, a
viscosity number of 49.5, and a viscosity-average molecular weight
Mv of 18,600.

[0072]

Production Zxanmple 3 Production of PC~-FPDMS copolymer
{§i-PC-3)

Production was performed in the same manner as in the "Si-pPC-1"
except that: 197 g of an allyl phenol terminal-modified
polydimethylsiloxane (PDMS) in which the repeating number of
dimethylsiloxane units was 153 were used instead of 393 g of the
allylphenol terminal-modifiedpolydimethylsiloxane {(PDMS) inwhich
the repeating number of dimethylsiloxane units was 90; and the amount

of PTBP was changed to 122 g. The resultant copeolymer had an amount
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of a PDMS residue (PDMS copolymerization amount) of 2.8 mass%, a
viscosity number of 49.9, and a viscosity-average molecular weight
Mv of 18,800.

(00731

Production Example 4 Production of PC~PDMS copolymer
{Si-PC-4)

Production was performed in the same manner as in the "Si-pC-3"
except that 183 g of an allyl phenol terminal-modified
polydimethylsiloxane (PDMS) in which the repeating number of
dimethylsiloxane units was 300 were used instead of 197 g of the
allyl phencl terminal-modifiedpolydimethylsiloxane (PDMS) inwhich
the repeating number of dimethylsiloxane units was 153. The
resultant copolymer had an amount of a PDMS residue (PDMS
copolymerization amount) of 2.6 mass%, a viscosity number of 49,9,
and a viscosity-average molecular weight Mv of 18,800.

[0074]

Production Example 5 Production of PC-PDMS copolymer
(Si-PC-5)

Production was performed in the same manner as in the "Si~PC-1"
except that 323 g of an allyl phencl terminal-modified
polydimethylsiloxane (PDMS) in which the repeating number of
dimethylsiloxane units was 38 were used instead of 393 g of the
allylphenocl terminal-modifiedpolydimethylsiloxane (PDMS) inwhich
the repeatingnumberof dimethylsiloxaneunitswas 90. Theresultant

copolymer had an amount of a PDMS residue (PDMS copolymerization
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amount) of 6.0 mass%, a viscosity number of 48.0, and a
viscosity-average molecular weight Mv of 17, 200.
[0075]

Examples 1 to 9, and Comparative Examples 1 and 2
{A-1) The polycarbonate~polydimethylsiloxane copolymers (PC-PDMS
copolymers) produced in Production Examples 1 to §
(A—2) A TARFLON FN1900A {trade name, manufactured by Idemitsu Kosan
Co., Ltd., a BPA poclycarbonate having p~t~butylphenol as a terminal
group, viscosity number=51.1, viscosity-average molecular weight
Mv=19,300), a TARFLON FN22C0a {trade name, manufactured by Idemitsu
Kosan Co., Ltd., a BPA polycarbonate having p-t-butylphenol as a
terminal group, viscosity number=55.6, viscosity-average molecular
weight Mv=21,300), a TARFLON FN2500A (trade name, manufactured by
Idemitsu Kosan Co., Ltd., a BPApolycarbonate having p—t-butylphenol
as a terminal group, viscosity number=62.2, viscosity-average
molecular weight Mv=24,200), and a TARFLON FN2600A (trade name,
manufactured by Idemitsu Kosan Co., Ltd., a BPA polycarbeonate héving
p-t-butyliphenol as a terminal group, viscosity number=64.69,
viscosity-average molecular weight Mv=25,40C0)
(B Tris(2,4-di-t-butylphenyl) phosphite, IRGAFOS 168 (trade name,
manufactured by Ciba Specialty Chemicals)
(C) Potassium perfluorobutane sulfonate, EFTOP KFBS (trade name,
manufacturedbyMitsubishiMaterialsElectronicChemicalsCo., Ltd.)
(D) Acrylic resin-modified polytetrafluorcethylene, Metablen

A-3800 (trade name, manufactured by MITSUBISHI RAYON CO., LTD.)
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Materials whose amounts were represented in units of "parts
by mass" in Table 1 were blended and then the mixture was pelletized
with a vented uniaxial extruder of 40 mmp at a resin temperature
of 280°C to provide a pellet.

[C076]

The performance evaluaticn I of a PC compcsition and the
performance evaluation II of an injection molded article of a PC
composition were performed by using a PC composition pellet obtained
in each example. Table 1 shows the results. It should be noted
that a viscosity-average molecular weight in Table 1 represents
the viscosity-average molecular weight of a polycarbcnate-based

resin used.
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[0078]

AscanbeseenfromTablel, thematerialsof Comparative Example
1 are not suitable for a battery pack in terms of a low-temperature
drop strength because of their low impact strength under low
temperatures at a notch radius R of 0. In addition, their flame
retardancy is unstable. The materials of Comparative Example 2 are
difficult to mold because of their poor flowability, though the
materials can solve the problem of Comparative Example 1.

In contrast, each of the materials’of Examples 1 to 9 has a
higher impact strength under low temperatures at a notch radius
R of 0 than those of Comparative Examples 1 and 2, and has good

flame retardancy and good flowability.

Industrial Applicability
[0079]

The polycarbonate resin composition for a battery pack of the
present invention canprovide a battery pack excellent indrop impact
strength under a low-temperature environment, flame retardancy,

and heat resistance with good moldability.
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CLAIMS

1. A polycarbonate resin composition for a battery pack,
comprising:

100 parts by mass of (A) a polycarbonate-based resin composed
of 5 to 100 mass? of a polycarbonate-polyorgancsiloxane copolymer
{A-1) whose main chain is formed of a structural unit represented
by the general formula (I) and a structural unit represented by
the general formula (II), and that contains 2 to 10 mass% of a
polyorganosiloxane block, and 0 to 95 mass% of an arcmatic

polycarbonate (A-2) except the copolymer (A-1):

(RY, (RDy

R R 0
| | i

*{Y{S}Si—-o Si—Y—C (n)
R4 n RB

where R! and R? each independently represent an alkyl group or alkoxy

group having 1 to 6 carbon atoms, X represents a single bond, an
alkylene group having 1 to 8 carbon atoms, analkylidene group having
2 to 8 carbon atoms, a cycloalkylene group having 5 to 15 carbon
atoms, a cycloalkylidene group having 5 toc 15 carbon atoms, -S-,
-80-, -80z~, =-0-, or -CO-, R® to R® each independently represent

a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon
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atoms, an alkoxy group having 1 to 6 carbon atoms, or an aryl group
havingétolZcarbonatoms, Yrepresentsanorganicresiduecontaining
an aliphatic or aromatic moiety, n represents an average repeating
number and represents an integer of 20 to 600, and a and b each
represent an integer of 0 to 4; and

0.01 to 1l parts by mass of (B) a phospherus-based antioxidant.

2. The polycarbonate resin composition for a battery pack
according to claim 1, wherein Y represents an organic residue from

allyl phenol or eugenol.

3. The polycarbonate resin composition for a battery pack
according to claim 1 or 2, wherein the structural unit represented
by the general formula {I) is a structuralunit derived frombisphenol

A.

4. The polycarbonate resin composition for a battery pack
according to any one of claims 1 %o 3, wherein both of R? and R4
in the structural unit represented by the general formula (II)

represent methyl groups.

5. The polycarbonate resin composition for a battery pack
according to any one of claims 1 to 4, further comprising 0.01 to
0.15 part by mass of {C}) an alkali metal salt and/or alkaline earth

metal salt of an organosulfonic acid, and/or 0.1 to 1 parts by mass
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of (D) a mixed powder composed of polytetrafluoroethylene particles

and crganic polymer particles.

6. A battery pack formed by using the polycarbonate resin

composition according to any one of claims 1 to 5.

7. The battery pack according tc c¢claim 6, wherein the battery

pack comprises an upper case and a lower case.



