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DESCRIPTION
AROMATIC POLYCARBONATE RESIN

Field of the Invention _
The present invention relates to an aromatic
polycarbonate composition and to an injection molded product

thereof. More specifically, it relates to an aromatic

'polycarbdnate composition having excellent transpérency,

color stability and residence stability during molding and
to an inject:l.on molded product thereof.
Prior Art

A polycarbonate resin is excellent in optical _
properties, electric properties and ‘dimensional stability,
and has self-extinguishing properties and excellent
mechanical properties such as impact resistance and rupture
strength, as well as excellent heat resistance- and
transparency. Therefore, it is used for various purposes in
large quantities. Making use of its transparency in o
particular,l it is used in lenses, prisms, optical disks,
sheets, films and the like in great quantities.

Particularly for optical resin applications sucn .aé
lenses and optical disks ,. excellent transparency and color
aré_ required of molded products. Stated more specifically, |
residence stability during the molding of a resin compositinn .

particularly thermal stability and color stability during

residence, further moldability at the time of molding, that

is, transferability and're'leasability which give precision
molded products having a designed shape and size and further
environmental stability such as wet heat durability are
required of molded products. _

To produce a molded product of a polycarbonate resin
com‘position, a fatty acid ester—based releasing agent has

been used advantageously. This releasing agent is very
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effective in improving'releasability between a metal mold
and a moldedlproduct when a precision molded product such
as a disk is molded and Suppresses reductions in the physical' '

properties such as color, transparency and surface

- properties of a molded product. However, the fatty acid

ester-based compound is characterized that it has low heat
resistance and is readily thermally decomposed though it has
relatively high releasability.

Particularly, a fatty acid ester based releasing agent

involves such a problem that it decomposes at a molding

| temperature of a"_polycarbonate resin, particularly a

-temperature higher than 340° C, in the presence of an acidic

or basic compound or metal compound,'thereby reducing its
releasability or causing the color development of a molded
product in an extreme case to contaminate a metal mold.

There are known methods of producing a polycarbonate
resin: one in which.phosgene is directly reacted with an -
aromatic dihydroxy compound (interfacial polymerization
method) and one in which an ester exchange reaction between
an aromatic dihydroxy compound and a diaryl carbonate such
as diphenyl carbonate is carried out in a molten state
(melting method). | |

To solve the above problem, the interfacial
polymerization.method succeeded in reducing impurities

contained in a polycarbonate resin by making purificat:.on

' treatments on the resin and suppressing the decomposition

of the above releasing agent by using stabilizers to a certain
extent. ' | | |

- However, due to the rec’ent appearance of a new
standard-based DVD disk. a substrate must be molded at a high
temperature of 350°C or higher than that of the prior art
and the decomposition and color development of the releasing

agent or the resin composition at the time of forming the

- substrate are bec_oming new problems to be solved..
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In the melting method for producing a polycarbonate
through an ester exchange reaction, general ester exchange

catalysts are used as disclosed by literature such as

- "Polycarbonate of Plastic Material Lecture 177, pp. 48-53

to improve productior_l efficiency. It can be said that a
catalyst system in which a nitrogen-containing basic |
compound or. a phosphorus-'c'ontaining basic compound and an
alkali metal compound are used in cc_omb':l.nation out of the ester
exchange catalysts is preferred because it _im_proves the
productivity and color of a polycarbonate resin, suppresses -
the formation of a brémched structure in the p;olymer'mol.ecule P
has excellent quality such as flowabiiity and rarely 'form,s
foreign matter such as a gel.

'How_ever, a polycarbonate resin produced by th'e melt
polymerization method is unsatisfactory in terms of
stability under a high-temperature or oxidative attnosp_here
or hydrolytic conditions due to its secondary reactivity_
derived from an alkali metal compound used as an ester
e:#change catalyst or additives. In addition, a releasing
agent added as a pre_cision molding aid cannot exhibit its
owh capability very oftezi compared with a polycarbonate resin
produced by the interfacial polymelrization method or its
resin composition because the releasing agent causes the
above decomposition .or the like.

To solve these problems, JP-A 4-328124 and JP-A 4-
328156 (the term "JP-A" as used herein méans an "unexamined
publiéhed Japanese patent application") propose a method of
neutralizing an esfer exchange catalyst with an acidic
compound containing a sulfonic acid ester.

JP-A 8-59975 proposes use of a combinatidn of asulfonic
acid phosphonium salt and a phosphorous acid ester-based
compound or phenol-based antioxidant. _

‘Further, JP-A 4-36346 discloses an aromatic

polycarbonate-based resin composition which contains 100
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- parts by weight of an aromatic polycarbonate resin produced

through an ester exchange reaction in a molten _state between

an aromatic organic dihydroxy compound _and a carbonic acid

diester in the presence of a catalytic system containing a

nitrogen-containing basic compound' (a) and an 'alkali‘ metal
compound or alkali earth metal compound (b), or a catalytic
system containing (a), (b) and boric acid or boric acid ester
and 0.005 to 0.5 part by weight of a phosphorus-based
antioxidant.

| When a precision molded product is to be: produced from
the above polycarbonate resin produced by the melt _ |
polymerizat:l.on method using a fatty acid ester-based
releasing agent, the releasing agent causes a secondary
reaction such as decomposition and cannot exhibit expected
partiﬁg performance to the full, thereby causing frequently

such problems as the deformation of a molded product, further

.the color development of the molded product and the great

contamination of the surface of the metal mold of a molding
machine. Particularly, .this .tendency is marked under a
high-temperature condition which is required for the molding
of a DVD substrate. The above defects are very serious
because they cause a transfer failure such as a groove or

pit at the time of form;i._ng a precision molded product such

as an optical disk.

It is an object of the present invention to provide an

aromatic polycarbonate composition having excellent

stability at the t:Lme of melt molding.

It is another object of the present invention to provide
an aromatic polycarbonate composition which has excellent
stability at ‘the time of melt molding and suppresses
decomposition_ and color development, a reduction in its

molecular weight and the formation of black foreign matter
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at the time of melt molding.

It is still another object of the present invention to
provide an aromatic polycarbonate composition which rarely
contaminates a metal mold during molding and has éxcellent
releasability from the metal mold.

It is a further object of the present invention t.o
provide an aromatic polycarbonate comp_ositionl which is

suitab_le for precision molding and has excellent molding

-efficiency.

It is a still further objedt of the present invention

- to provide a molded prodtict , particularly an inj ection molded

product of the aromatic polycarbonate composition of the
present invention. '
_ Other objects and advantages of the present invention
wiil ‘become apparent from the following description.
According to the present invention, fix;stly,' the above
objects and adv_anta'ges of the present invention are attained
by an aromatic p'ocharbonate composition comprising:
(A)_ 100 parts 'by weight of' an aromatic polycarbonate

(1) which _comprises mainlya recurr_ing unit represented

by the followlng formula (1):

R Ra : .
-
| —o—@w—@—o—.c} | (1)
_\ R? R* 4 - |

~wherein R', R?, R’ and R* are each independently a hydrogen

atom, alkyl group having 1 to 10 carbon atoms, aryl group
having 6 to 10 carboh ato:ﬁs or aré.lkyl group having 7 to 10
carbon atoms, and W is an alkylene group having 1 to 10 carbon_
atoms, alkylidene group having 2 to 10 carbon atoms,
cycloalkylene group ha_ving 6 to 10 carbon atoms,
c&cloa_lkyl:l.dene grou]_S having 6 to 10 carbon atoms,
alkylene-ai:‘y_lene-alkylene groﬁp .having 8 to 15 carbon'afoms,

oxygen atom, sulfur atom, sul_foxide group or sulfone group,
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(2) which has a viscosity average molecular weight of
12,000 to 100,000, _

(3) which has a moleqular terminal OH group
concentration of 3 to 80 equivalents/ton-of‘a.pdlycarbbnate
resin (to be referred to as'“eq/tbn'-hereinafter), and

'(4)'which contains bonded phosphorus atoms, which is
phosphorus atoms bonded to a polycarbonate chain, in an amount
of_0.05 to 65 ppm; and

(B) a combination of free P(III) compound and free P(V)

compdund of which propoftion satisfies the following

expression: _

0.1 = P(V) = 3 x P(III)"" + 2 x (OH)°?
wherein P(V) is the weight-based content (ppm) of the P(V)
compound in terms of phosphorus atoms, P(IIi) is the
weight-based content (ppm) of the P(III) compound in terms
of phosphorus atoms, and OH is the concentration (eg/ton)
of molecular terminal OH groups, - |

and which total 5 x 10™° to 6.5 x 102 parts by weight
in terms of phosphorus atoms; and

_ having (.C) amelt viscosity chaﬁge rate at 300°Co£f 0.5 %
or less. | ' - _

Séqondly, the above objeéts and advantages of the
present invention dan be attained by the above aromatic
polycarbonate composition of the present invention.

In the present invention,'the expression "bonded
phosphorﬁs-atom' means a phosphorus atom bonded to a
polycarbonate chain énd the expreésion “free phosphorus
atom” means a phoSphorus atom which is not bonded to the
polycarbonate chain. |
Detailed Description of the Embodiment of the Invention

The aromatié polycarbdnate used in the present

invention essentially consists of a recurring unit

represented by the following formula (1):
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R . R*

wherein R', R?, 'R® and R* are each -indépendently' a hydrogen

atom, alkyl group having 1 to 10 carbon atoms, aryl group

having 6 to 10 carbon atoms or aralkyl group having 7 to 10

_carbon atoms, and W is an alkylene group_having 1 to 10 carbon

atoms, alkylidene _group having 2 to 10 carbon atoms,

cycloalkylene group hav_ing 6 to 10 carbon atoms,

. cyclbalkylidene group having 6 to 10 carb_on atoms,

alkylene-arylene-alkylene group having 8 to 15 carbon atoms,
oxygen atom, sulfur atom, sﬁlfoxide_ group or 'sulfqne group.

_ R', R, R’ and R* in the above formula (1) are each
independently an atom or group as defined hereinabdve.

| The alkyl group having 1 to 10 catbon atoms may be liné'ar
or branched, as exemplified by methyl, ethyl, propyl, butyl,
octyl, decyl and the like. Examplés of- the aryl grbup_ having
6 to 10 carbon atoms include _phenyl, tolyl, cumyl, naphthyl
and the 1ike.' Example_s of the aralkyl group having 7 to 10
carbon atoms include benzyl, 2-phenethyl, 2-(2-

_.methylphenyl)ethyl and the like.

R', R?, R® and R* are each independently and preferably

a hydrogen atom, methyl group or t-butyl group, particularly

preferably hydrogen atom.

W 1s as defined hereinabové.

The alkylene group having 1 to 10 carbon atoms may be
' linear or branched, as exemplified by methylene, 1,2- -

éthylene, 1,2-propylene, 1,2-butyiene, 1,104decy1ene and
the like.

Examples of the alkylidene group having 2 to 10 carbon -

atoms include ethylidene, propylidene, butylidene,

“hexylidene and the like.

Examples of the cycloalkylene group having 6 to 10

carbon atoms include 1 ;4-cyclohexylene, 2-isopropyl-1,4-- |
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Examples of the cycloalkylidene group having 6 to 10
carb_on atoms include cyclohexylidene, |
isopropylcyciohexjflidene and the like. _

E _Ekamples of the alkylene-_arylene-alk?lene group
having 8 to 15 carbon atoms include an m-diisopropylphenylene
group and the like. _ _

W is preferably a cjrclohexylidene group or 2,2-
propylidene group, particularly preferebly 2',,2'—propylidene '
group. |

" The aromatie_polfcarbonate contains the recurring unit
represented by the above formula (1) in an amount of 50 mol%

or more, preferably 7‘0 mol% or more, particularly preferably

- 80 mOl% or more based on the total of all the recurring units.

One haVing ordinary skill in the art will understand recurring
units which méy_ be contained other than the above recurring
unit represented by the above formula (1) from the following
description. |
- The aromatic. polycarbonate used in the present
invention has a viscosity average molecular weight of 12,000
to 100 000, preferably 13,000 to. 100,000, more preferably
13, 000 to 70 000.
The aromatic polycarbonate used in the present

invention has a molecular terminal OH group concentration

.of 3 to 80 eq/ton, preferably 5 to 70 eq/ton, more preferably
' 10 to 50 eg/ton. '

‘The aromatic polycarbonate used in the present

invention further conteins bonded phosphorus atoms, that is,

' phosphorus atoms bonded to a polycarbonate chain, in an amount

of 0.05 to 65 ppm (based on weight), preferably 0 05 to 50
ppm, more preferably 0.05 to 30 ppm.

~ The above aromatic polycarbonate used in the present -

':I_.nvention preferably-has an acid value of 0 to 2 eg/ton. The

ratio {Mw/Mn) of weight average molecular weight (Mw) to'
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number average molecular weight (Mn) is preferably 2.0 to
3.6, more preferably 2.2 to 3.4. ' ”
The aromatic polycarbonate used in the present

invention may be preferably produced from an aromatic

| dihydroxy compound and a cafbonate bond forming compound by

conventionally known methods such as interfacial
polymerization using phosgene, melt polymerization and
solid-phase polymerization

The aromatic dihydroxy compound is preferably a

compound represented by the following formula (2):

R' R® :
o QO
| R? R* :

‘wherein R', R?, R’, R* and W are as defined in the above formula

(1) -.
Illustrative examples of the aromatic dihydroxy

' compound (2) include bis(4- hydroxyaryl)alkanes such as

bis(4- hydroxyphenyl)methane, 2,2-bis(4- _
hydroxyphenyl)propane, 1l,1l-bis(4-hydroxyphenyl)ethane,
2,2-bis(4-hydroxy-3-methylphenyl)propane, 2,2-bis(4-

hydroxyphenyl)heptane, 2,2-bis(4- hydroxy-3 5-

dichlorophenyl)propane, bis(4- hydroxyphenyl)phenylmethane,
4,4'-dihydroxyphenyl-1,1’'-m-diisopropylbenzene and 4,4°'-
dihydroxyphenyl-9,9- f£luorene;
bis(hydroxyaryl)cycloalkanes such as 1,1- bis(4-
hydroxyphenyl)cyclopentane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, l-methyl-1-(4-hydroxyphenyl)-
4-(dimethyl-4-hyd:oiyphenyl)methyl-cyclohexane, 4-11-[3-
(4-hydfoxyphenyl)-4-methchyclohexyl]-l-methylethyl]-
phenol, 4,4'-[1-methyl-4-(1l-methylethyl)-1,3- |
cyclohexanediyl]bisphenol and 2,2,2',2’'-tetrahydro-
3,3,3",3"-tetramethyl-1,1'-spirobis-[1H-indene]-6,6" -
diol; dihydroxyaryl ethers such as bis(4- |
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hydroxyphenyl)ether, bis(44hydroxy—3,5-'
dichlorophenyl)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; dihydroxydlaryl sulfoxides such
as 4,4"'-dihydroxydiphenyl sulfoxide and 4,4’-dihydroxy-
3,3'~-dimethyldiphenyl sulfoxide;'dihydroxydiafyl sulfones
such as 4,4’-dihydroxydiphenyl sulfone and 4,4' -
dihydroxy-3,3’ dimethyldiphenyl sulfone, dihydroxydlaryl
isatins such as 4,4' -dihydroxydiphenyl-3,3’'-isatin;
dihydroxydia:yl'xanthenesfsuch as 3;6—dihydroky-9,9e
dimethyl'xanthene} dihydroxybenzenes such as resorcin,
5-methylresorcin, 5-ethylresorcin, 5-t-butylresorcin, 5-
phenylresorcin, 5-cumylreaorcin, hydroquinone, 2-

methylhydroquinone, 2-ethylhydroquinone; 2-t-

butylhydroquinone, ZQPhenylhydroquinone and 2-

cumylhydroquinone;_and dihydroxydiphenyls such as 4,4' -
dihydroxydiphenyl and 3, '3'-dichloro-4,4"'-

'dihydroxydiphenyl

Out of these, 2,2-bis(4-hydroxyphenyl)propane is
preferred because it has.Stability as a.monemer and a small
content of impurities therein and can be acquired easily.

In the present invention, at least one monomer may be
optionally contained in the molecule of the aromatic -
pplycarbonate to control glass transition temperature,
improve flowability or control optical broperties such as
an increase.in fefractive index or a reduction ln_
birefringence._ |

Illustrative examples of the men.omer :'anlude aliphatic
dihydi:oxy compo.unds_ sueh as ethylene glycol, l, 4-butanediol,
1,4-cyclohexane dimethanbl, 2,2-dimethyl-1, 3-propanediol,
l,lo-deeane'diol, diethylene glycol; polyethylene glycol and
polytetramethylene glycol; dicarboxylic acids such as

succinic acid, isophthalic acid, 2,6-
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naphthalenedicarboxylic acid, adipic acid,
cyclohexane'dicarboxylic acid and terephthalic acid; and

oxyacids- such as p-hydroxybenzoic acid, 6-hydroxy-2-

naphthoic acid and lactic acid.

A carbonyl halide such as phosgene or haloformate

| compound is used as the carbonate bo_nd forming.compound'in

.the .phosgene method.

An aromatic carbonic acid ester such as diphenyl

carbonate, ditolyl carbonate, bis(2 -chlorophenyl)carbona_te

or m-cresyl carbonate is used as the carbonate bond forming

compound in the melt polymerization method. Also, dimethyl
carbonate, dibutyl carbonate or dicyclohexyl carbonate may
be used as desired. |

- Out of these, diphenyl carbonate is particularly
preferred from the viewpoints of reactivity, stability
against the color development of the obtained resin and costs.

In the solid-phase polymerization method, an aromatic

‘carbonate oligomer having a small molecular weight produced

by the phosgene method or melt polymerization method 1s
crystallized and polymerized in a solid state at a high
temperature and' optionally at a reduced pressure to produce
an aromatic polycarbonate having a recurring unit structure
represented by the formula (1).

In the above aromatic polycarbonate production method,
an aromatic polyest'er carbonate can be produced by using a
dicarboxylic acid or a dicarboxylic acid derivative such as
a dicarboxylic acid halide or dicarboxylic aclid ester in
conjunction with phosgene or carbonic acid diester. This
aromatic polyester carbonate may be used as the aromatic
polycarbonate in the present invention.

Illustrative examples of the dicarboxylic acid or

' dicarboxylic acid derivative include aromatic dicarboxylic

acids such as terephthalic acid', isophthalic acid,

terephthalic acid chloride, isophthalic acid chloride, '
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diphenyl terephthalate and diphenyl isophthalate; aliphatic

dicarboxylic acids such as succinic acid, glutaric acid,

adipic acid, suberic acid, azelaic acid, sebacic acid,
1,10-decanedicarboxylic acid, 1,12~dodecanedicarboxylic
acid, adipic'acid chloride, suberic acid chloride, azelaic
acid chloride, sebacic acid chloride, diphenyl azelate,
diphenyl sebacate, diphenyl 1;10-decaﬁedicarboxylatef,
diphenyl 1,12-dodecanedicarboxylate; and alicyclic

dicarboxylic acids such as cyclopropanedicarboxylicIacid,.

1,3-cyclobutanedicarboxylic acid, 1,3- )
cyclopentanedicarboxylicacid,1,3-cyclohexanedicarboxylic

" acid, 1,4-cyclohexanedicarboxylic acid:

cyclopropanedicarboxylic acid chloride, 1,3-
cyclobutanedicarboxylic acid chloride, 1,3-
cyclopentaﬁedicarbéxylic aclid chloride, 1,3-
cyclohexanedicarboxylic acid chloride, 1,4-
cyclohexanedicarboxylic acid chloride; diphenyl -
cyclopropane dicarboxylate, diphenyl 1,3-cyclobutane
dicarboxylate, diphenyl'1,3-cyclopentané_dicarboxYlate,

‘diphenyl 1,3-cyclohexane dicarboxylate and diphenyl 1,4-

cyclohexane dicarboxylate.

To produce the aromatic polycarbohate having the
recurring unit structure represenfed'by-the above formula
(1), a polyfunctional compound having three or more
functional groups in one molecular may be used in conjunction

with the above dihydroxy compound. The polyfunctional

compound is preferably a compound having a phenolic hydroxyl

group or carboxyl group.
Illustrative'examples of the polyfunctional compound

include 1,1,1-tris(4-hydroxypheny1)ethane, 2,2",2""-

.tris(4-hydrbxyphenyl)mediisopropylbenzene, 2,2',2""'-

tris(4-hydroxyphenyl)-p-diisdpropylbenzene,'d-methyl-~
a.(1',af’-tris(4fhydrOXthenyl)-1,4-diethylbenzene.
a, o', o’ '-tris(4-hydroxyphenyl)-1,3,5-
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triisopropylbenzene ; phloroglucin , 4,6-dimethyl-2,4,6-

"tris (4 --hydroé:y’phenyl) -heptane, 1,3,5-tris( 4-

hydroxyphenyl )benzene, 2,2 -bis(4,4- (4-hydroxyphenyl) -

‘cyclohexyl]- -propane, trimellitic acid, 1,3,5-

tricarboxybenzene, pyromellitic acid and the like.

Out of these, 1,1,1-tris(4-hydroxyphenyl)ethane and
@, @', o'’ -tris(4-hydroxyphenyl)-1,3,5-
triisopropylbenzene are preferred.

When a polyfunctional compound is used in combination,

it is used in an amount of 0.03 mol or less, preferably 0. 00005 |

to 0.02 mol, more preferably 0.0001 to 0.01 mol based on 1

mol of the aromatic dihydroxy compound to improve the melt

' 'viscosity of the polycarbonate

In the present invention, the above aromatic
polycarbonate has a molecular terminal OH group
concentration of 3 to 80 eq/ton. The terminals of the
molecule of an aromatic polycarbonate produced by the
phosgene method are'capped by a monofunctional compound added
as a molecular weight modifier to produce an aromatic
polyc'arbdnate Ihaving a molecular terminal OH group
concentration of 3 to 20 eq/ton with ease. However, in the
melt polymerization 'method or solid-pha‘se. polymerization
method, the concentration of molecular terminal OH .g'roups
must be reduced pOs'itively.

The concentration of molecular terminal OH groups is
preferably 3 to 70 eq/ton, more preferably 3 to 60 eqg/ton.

The concentration of molecular terminal OH groups can
be controlled to th_e above range easily by using a terminal
capping' agent as a molecular weight modifier in the phosgene
method. In the melt polymerization or solid-phase
polymerization method in which a terminal hydroxyl group is

- formed in large quantities by a reaction process, a special

measure must be taken to 'redu'ce the concentration of terminal

OH groups. For'example , this_ can be attained by tne'following
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conventionally known methods.

1) method of controlling the molar ratio of charge stocks:

- The molar ratio of a carbonate bond forming compound to an

aromatic dihydroxy _compo_und is increased at the time of

charging for a polymeriZat:Lon re'action. For exlamplle, this
molar ratio is set to a rangé of 1.03 to 1.10 in consideration
of the'characteristic features of a polymerization reactor.

Alternatively,

2) terminal capping method; At the end of a polymerization

reaction, terminal OH groups are capped with a sali‘cyl:i_.c acid
estei:-based compound in accordance with a method disclosed
by USP 5696222. The amount of tbe salicylic acid ester-based
compound is preferably 0.8 to 10 mols, more preferably 0.8 _
to 5 mols, particularly préferably 0.9 to 2 mols based on

1 chemical equivalent of the terminal hydroxyl group before

. a capping reaction. By adding the salicylic acid ester-based

compound in that ratio, '80 % or more of the terminal hydroxyl
groﬁps can be capped advantageously. To carry out this
capping reaction, catalysts enul_nerated'in the description
of the above patent are preferably used. |
Illustrative examples of the salicylic acid e'__ster-

based compound include 2-methoxycarbonylphenylaryl

carbonates such as 2-methoxycarbonylphenyl-phenylcarbon’ate .

2-methoxycarbony1pheny1-4'-héxadecylphenyl carbonate, 2-
methoxycarbonylphenyl-cyclchexylphenyl carbonate 2-.
methoxycarbonylphenyl cumylphenyl carbonate and di(z-'
methoxycarbonylphenyl)carbonate, 2-
methoxycarbonylphenyl-alkyl carbonates such as 2-
methoxycarbonylphenyl-cetyl carbonate and 2-
methxoycarbonylphenyl 2'-(o-
methoxycarbonylphenyl)oxycarbonylethyl carbonate; 2~
ethoxyCarbonylphenjl-aryl carbonates such as 2-
ethoxycarbonylpheny-phenyl carbonate and di(2-
ethoxycarbonylphenyl)carbonate; 2-ethocharbonyiphenyl-



10

15

20

25

30

15

alkyl carbonates such as 2-erhoxycarbonylphenylémethyl

carbonate; (2’ _-methoxycarbonylphenyl)esters of aromatic

.carboxylic acids such as (2-methoxycarbonylphenyl)benzoate -

and (2'-methoxycarbonylphenyl) 4-(o-
ethoxycarbonylpheny]_.) oxycarbonyl benzoate; (2°-
ethoxycarboﬁ_ylphenyl )es ters of aromatic carboxylic " acids
such as (2-ethoxycarbonylphenyl)benzoate; and aliphatic

carboxylic acid esters such as (2-

: methoxycarbonylphenyl)stearate and bis(z-'

methocharbonylphenyl }succinate.

| In the method of producing an aromatic. polyc_'arbor_late
essentially consisting of a recurring unit represented by
the above formula (1), a tertiary amine, quaternary ammonium
salt, tertiary phosphine, quaternary phosphonium salt, '
nitrogen-;contaiﬁing heterocyclic compound or salt' thereof,
iminoether or salt thereof, or a compound having an amide
group is used as a catalyst in the above phosgene method.

Since a large amount of an alkal:l. metal compound or an

alkali earth metal compound is used as an agent for trapping

a hydrogen halide such as hydrochloric acid formed during
a reaction in this phosgene method, it is preferred to carry

out washing and purification thoroughly so as to prevent the

_ above impur:l.ty from remain:l._ng in a polymer after production.

In the melt polymerization and solid-phase
polymerization methods, an ester' exchange catalyst
containing an alkali metal compound or an alkali earth metal
compound is preferably used. The alkali metal compound or
alkali earth metal compound used as the catalyst is used in
an amount of 1 x 10" to 1 x 10°° equivalent in terms of an
elemental metal based on 1 mol of the aromatic dihydro:’_ty
compound.l Above or below the above range', the alkali metal
compound or alkall earth metal compound ﬁlay exert a bad
influence upon the physical' properties ‘of the obtained -

aromatic polycarbonate, an ester exchange. reaction may not
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proceed fully, and an aromatic ﬁolycarbonate having a high
molecuiar weight may not be obtained disadvantageously. An
alkali metal_compbund is preférred as the ester exchange
catalyst. |

Whén an alkali metal or alkali earth metal derived £from
the esteér exchange catalyst contained in ‘the arométic
pdlycarbonate is used in the above range, thé production of
thé aromatic polycarbonaté can be carried out efficlently
at a high yvield, a'nd:the physical properties of the obtained
aromatic polycérbonate become preferred to attaih the object
of the present invention.

The alkali metél compoﬁnd'used as the ester exchange
cataljrst is, fof example, a hydroxide, hydrocarbon compound,
carbonate, acetate, hitrate; nitrite, sulfite, cyanate,
thiodyanate,-stearate. borohydride, benzoate,
hydrogenphosphate, bisphenol or phenol salt of an alkali

metal.

Illustrative e:ﬁamp]_.es of the alkali metal compound

include sodium hydroxide, lithium hydroxide, sodium

bicarbonate, potassium bicarbonate, éodi_um- carbonate,
cesium'carbbnate, sod:l.uin acetate, lithium acetate, rubidium

nitrate, sodium nitrite, lithium nitrite, sodium sulfite,

.sodium cyanate, potassium cyanate, lithium cyanate, sodium

thiocyanate, potassium thiocyanate, cesium thiocyanate,
sodium stearate, sodium borohydride, potassium borohydride,
lithium boroh.ydridé,' sodium tetraphenylborate, sodium
benzoate, lithium benzoate; disodium hydrogenphosphate,
salts of bisphenol A such as disodium salts, dilithium salts,
monosodium salts, monopotaésium salﬁs, sodium potassium
saits or sodium lithium salts of bisphenol A and sodium
phenoiate, .or lithium p‘henolate.

'A basic nitrogen " compound' and/or basic phosphorus

-compound are/:_i._s preferably used in combination as an ester

" exchange catalyst_ .



10

15

20

25

30

17

Illustrative examples of the basic'nitrogen compoun’d
include ammonium hydroxides having an alkyl, aryl or
alkylaryl group such as tetramethyl ammonium hydroxide'
(Me,NOH), tetraethyl ammonium hydroxide (Et,NOH), tetrabutyl
ammonium hydroxide (Bu,NOH), benzyltrimethyl ammonium
hydroxide (Ph-CH,(Me),NOH) and hexadecyltrimethyl ammonium
hydroxide; basic ammonium salts ‘having alkyl, arylalkyl or
alkylaryl group such as tetramethyl ammonium acetate,
tetraethyl ammonium phenoxide, tetrabutyl ammonium
carbonate, benzyltrimethyl ammonium benzoate and
hexadecyltrimethyl ammonium ethoxide; tertiary amines such
as triethylamine, tributylamine, dimethylbenzylamine and
hexadecyl dimethylamine; and basic salts such as tetramethyl
ammonium borohydride (Me4NBH4) ,' tetrabutyl ammoniuin
borohydride (Bu,NBH,), tetrabutyl ammonium tetraphenyl
borate (Bu,NBPh,) and tetramethyl ammonium tetraphenyl borate
(Me,NBPh,) .

Illustrative examples of the basic phosphorus compound
include phosphonium hydroxides having an alkyl, aryl or
alkylaryl group. such as tetramethyl phosphonium hydroxide

- (Me,POH), tetraethyl phosphonium_hydroxide (Et ,POH),

tetrabutyl phosphonium hydroxide (Bu,POH), benzyltrimethyl
phosphonium hydroxide”_ (Ph-CH,(Me),POH) and
hexadecyltrimethyl 'phosﬁhonium hydroxide ; and basic _salts .
such as tetramethyl phosphonium borohydride_ (Me,PBH,) .
tetrabutyl phosphonium horohydride (Bu,PBH,) . tetra'_outyl
phosphonium tetraphenyl borate (Bu,PBPh,) and tetramethyl
phosphonium _tetraphenyl borate (Me,PBPh,).

The basic nitrogen compound and/or basic phosphorus
compound are/is used in an amount of 1 x 10°° to 5x 10" chemical

equivalent in terms of '_oasic"n_'itrogen atoms or basic

. phosphorus atoms based on 1 mol of the aromatic dihydroxy
_Compound. The amount of the basic nitrogen compound and/or

basic phosphorus compound are/is more preferably 2 x 10°° to
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5 x 10™* chemical equivalent based on the same standard. " The
amount is particularly preferably 5x 10° to 5 x 10™* chemical
equivalent based on the same standard. _

The alkalJ. metal compound used as a catalyst may be the
ate-complex alkali metal salt of the group XIV element of
the periodic table or the alkali metal salt of the oxo acid
of the group XIV element of the periodic table as desired.
The group XIV element of the periodic table is. silicon, _
germanium or tin. By using the alkali metal compound as a
polycondens‘ation reaction catalyst, a polycondensation
reaction can proceed quic'kly' and completely. In addition, |
the alkali metal compouhd can control an undesired secondary
reaction such as a branching reaction which'.proceeds during
the polycondensation reaction to a low level. |

| What are enumerated in JP-A 7-268091 may be used as the
ate-complex alkali metal salt of the. group XIV- element of
the periodic table, as exemplified bjr NaGe(OMe),, NaGe(OPh)s,
LiGe(OMe),, LiGe(OPh),, NaSn(OMe),, NaSn(OMe)s, NaSN(OPh),
and the like.

The alkali metal salt of the oxo acid of the group XIV
element of the periodic table is preferably the alkall metal
salt of silicic acid, stannic acid, germanium (II) acid or
germanium (IV) acid.

Illustrative examples of the above alkali metal salt'
include disodium orthosilicate, disodium monostannate,
tetrasodium monostannate, monosodium germanate(II) .
(NaHGeO,), disodium orthogermanate(IV), tetrasodium
orthogermanate(IV) and the like. .

In the polycondensation reaction, at least one compound
selected from the group consisting of oxo ac:.ds and oxides. |
of the group XIV elements of the periodic table and alkoxides
and phenoxides of the same elements may be optionally existent _

as'a co-catalyst together with the above alkali metal compound

catalyst.
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By using the co-catalyst, undesired phenomena such es
a branching reaction which easily occurs during the
polycondensation reaction, a .main-chain cleavage reaction,
the formafion of foreign matter‘in the apparatus during
molding and yellowing can be suppressed effectively without
reducing the rate of molecular terminal capping reaction and
the rate of polycondensation reaction.

The oxo acids of the group XIV elements of the periodic
table include silicic acid stannic acid and germanic acid.

The oxides of the. group XIV elements of the perio.dic
table include silicon dioxi&e, tin dioxide, germanium
monoxide, 'ge'rmanium dioxide, silicon tetramethoxide,

silicon tetrabutoxide, silicon tetraphenoxide, tetraethoxy'

- t:_l.n, teti:anonyloxy tin, tetraphenoxy 1:_in, tetramethoxy

germanium, tetrabutoxy germanium, tetraphenoxy germanium
and condensates thereof.

The co-catalyst is preferably existent in such a.

| proportion that the amount of the group XIV element of the

periodic table becomes 50 molar atoms or iess based on 1 molar
atom of an- alkali metal element contained in th_e
polycondensation reaction catalyst. When the co-catalyst is
used in such a proportion that the amount of the metal element
is more than 50 molar atoms, i:he polycondensation rea’ci:ion
51OWS down disadvantageously. The co-catalyst is more
preferably existent in such a proportion that the amount of
the group XIV element of the periodic table becomes 0.1 to
30 molar atoms based on 1 molar atom of the- alkali metal |
element contained in the po]_.ycondensation reaction Catalyst .

~ The 'aromatic- polycarbonate composition of the present.
invention comprises 100 parts by weight of the aromatic
polycarbonate used in .the present invention and a combination
o:E a free P(III) compound and a free P (V) compound.

The P(III) compound is a phosphorous acid ester such

- as those represented by the following formula.
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| /0 P |
t-CH, o—p X P—o t-C,H,

Illustrative example of the P(III)'compdund include
arylalkyl phosphites such as bis(2,4-di-t- |

‘butylphenyl)pentaerythrityl diphosphite, bis(2,6-di-t-

butyl-4-methylphenyl)pentaerythrityl diphpsphite,

bis(nonylphenyl)pentaefythrityldiphosphite,diphenyldecyl

phosphite, diphenylisooctyl phoSphite, phenyldiisooctyl
phosphite, Z-ethylhexyldiphehyl phosphite,
tetraphenylprbpylene-glyéol diphosphité,
tetrakis(tridecyl)-4,4"- isopropylidenédiphenyl
diphosphite -2, 2-methylenebis(4 6-di-t- butylphenyl)octyl
phosphite and 2-{{2,4, 8 10- tetrakis(l 1-
dlmethylethyl)dibenzo{d,f}{1,3,2}dioxaphosphepin-65 
yl}oxy)}-N,N-bis{2-{{2,4,8,10-tetrakis(1,1-
dimethylethyl)dibenzo{d,f}{1,3,2}dioxaphosphepin-6-
ylloxy}-ethyl}ethanamine; trialkyl phosphites such as _
trimethylphosphite triethylphosphite tributylphosphite,
trioctyl p_hosphite, trinonyl phosphite, tridecyl phosphite,
trioctadecyl phosphite, distearyl pentaerythrityl
diphosphite, bis(tridedyi)pentaerYthrityl-diphosphite,.
tris(2- chloroethyl)phosphite and tris(2,3-
dichloropropyl)phosphite tricycloalkyl phosphites such.as-
tricyclohexyl phosphite; triaryl phosphites such as
triphenyl phosphite. tricresyl phosphite,
tris(ethylphenyl)phosphite, tris(2,4-4i-t-
butylphenyl)phosphite, trls(nonylphenyl)phosphite and

'tris(hydroxyphenyl)phosphite;-(hydrogenated bisphenol-A,
pentaerythrityl phosphité polymer) and the like.

_ Out of these, preferred are arylaikyl phosphites,
particularly bis(2,4-t- butylphenyl)pentaerythrityl

' dlphosphite andmtriaryi.phosphltes particularly'compounds

represented by the following formula-
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3 R3
e Lo (%)
: 3
Rl

wherein R! is a t-butyl group, t-amyl group or cumyl group,
and R? and R® are each independently a hydrogen atom, t-bufyl
group, t-amyl group or cumyl group, _

more particularly tris(z;4-di-t-butylphenyl)phesphite.

The free P{I1I) coinpounds may be used alone or in combination

.of two or more.

Illustrative example of P(V) compound 1nclude
phosphorus acid ester exemplified by arylalkyl phosphates
such as bis(z.4-di-t-butylphenyl)pentaerythrityl

diphosphate, pentaerythrityl (2,4-4i-t-

butylphenyl)phosphate (2,4- di-t- butylphenyl)phosphite,
bis(2,S-di-t-butylf4-methylphenyl)pentaerythrityl1
diphosphate, pentaerythrityl(2,6-di-t-butyl-4-

_methylphenyl)phosphate (2,6-di-t-butyl-4-
: methylphenyl)phosphite bis(nonylphenyl)pentaerythrityl

diphosphate,_pentaerythrityl(nonylphenyl)phosphate

. (nonylphenyl)phosphite, diphenyldecyl phosphate,

diphenylisooctyl phesphate, phenyldiisboctyl phoSphate;
2-ethylhexyldiphenyl phosphate, tetraphenylpropylene
glycol diphosphate, propylene glycol diphenyl phosphate
diphenyl phosphite, tetrakis(tridecyl)-4,4’-
isopropylidenediphenyl diphosphate, 4,4'-

isopropylidenediphenylbis(tridecyl)phosphate

bis(tridecyl)phosphite and

_2,2-methylenebis(4,6-di-t-butylphenyl)octylphosphate;_

trialkyl phosphates such as trimethyl phosphate, triethyl
phosphafe, tributyi.phosphate, trioctyl.phosphate, trinonyl
phosphate, tridecyl phosphate, trioctadecyl phoSphate,
distearyl'pentaerythrifyl-diphosphate, pentaerythrityl'
stearyl phosphate stearyl phosphite,_ | '

' bis(tridecyl)pentaerythrityl diphosphate pentaerythrityl
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tridecyl phosphate, tridecyl phosphite, tris(z-
chloroethyl)phosphate and tris(2,3-

.dichloropropyl)phosphate- tricycloalkyl.phosphates such as .
- tricyclohexyl phosphate; triaryl phosphates such as

triphenyl phosphate, trioresyl phosphate,
tris(ethylphenyi)phosphate, tris(2,4-di-t-
butylphenyl)phosphate, tris(nonylphenyl)phosphate and
tris(hydroxyphenylfphosphare; hYdrogenated bisphenol-A,
pentaerythrityl phosphate polymers and the.like.

Out of rhese, preferréd are arylalkyl phosphates,

particularly-pis(z.4-di-t-buty%pheny1)pentaerythrit?l

phosphate, and triaryl phosphates, particularly compounds
represented by the following formula

fo{B"J

wherein R!' is a t-butyl group, t-amyl group or cumYl group,
and R? and R® are each independently a hydrogen atom, t- butyl

' group, t-amyl group or cumyl group,

more particularly tris(z,4—di-t-butylphenYl)phosphate.

The P(V) coﬁpounds may be used alone or in combination of

two or more.

The free P(I1II) compound_and the free P(V).compouhd

contained in the polycarbonate preferably have the same esrer

‘moiety skeleton.

The amounts of the above P(III) compound and P(V)

- compound satisfy the following expreSsion:

0.1 < P(V) = 3 x P(III)*" + 2 x (OH)"?

preferably the following éxpression- _

0.1 x P(III)*® + o.os(on)" SP(V) = 3x P(III)° * 4+ 2x (OH)"?
wherein P(V) 1s the weight-based-content (ppm) of the P(V)

-compound in terms of phosphorus atoms and.P(III)'is the

- welght- -based content (ppm) of the P(III) compound in terms .

of phosphorus atoms.
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These free phosphorus compounds are.contained-in-a
total amount of 5x10°to6.5x 1077 part by weight , preferably
1.0 x 10°° to 5 x 10 part by weight, more preferably 5_ x 10°°
to 4 x 10 part by weight in terms of'phosphorus atoms based
on 100 parts by weight of the aromatic polycarbonate.

Further, these free phosphorus compounds are contained
in such a ratio that satisfies the following expression (2):

0.1 x P(III)°® + 0.05 x (OH)’* = P(V)

< 3 x P(III)*® + 1 x (OH)*? (2)
wherein P(V) anle(III) are as defined hereinabove and OH

is the concentration (eq/ton) of molecular terminal OH

. groups,

more preferably the following expression (2)?1:

0.1 x P(III)°® + 0.1 x (OH)®® = P(V)

< 3 x P(III)°® + 1 x (OH)°? _' (2)-1.

The composition of the present invention contains _
bonded phosphorus atoms and the phosphorus atoms of the free
phosphorus compounds in a total amount of preferably 1.0 x
10 to 8.0 x 10”° part by weight, more preferably 2 x 10~ to
7 x 10 part by weight based on 100 parts by weight of the
above aromatic polycarbonate. |

Further, the ratio of the bonded phosphorus atoms to
the phosphorus atoms of the free phosphorus compounds in the
composition of the present invention is preferably 1:4 to
4:1, more preferably 1:3 to 3:1.

A method, for example, to introduce the bonded _
phosphorus atoms to the aromatic polycarbonate is as follows.

 Before the catalyst is deactivated and neutralized
(polymerization ends upon the neutralization and
deactivation of the catalyst), the phosphorus compounds are
introduced into a reection system to bond phosphorus atoms
to the molecule of a polycarbonate for the production of a |
polycarbonate. '

These operations can be carried out easily using a
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_polymerization're'actor or kneading extruder.

The atmosphere in which these oberations are carried
out is preferably an atmosphere free from oxidation gas such
as oxygen, at least at an oxygen concentration of 1 ppm or
less. | | _' |

When a -k_neading extruder ié used, it is preferably
pi:essurized with nitrogen gas to prevent oxygen from entering
the extruder. | |

The free phosphorus compounds are mixed with an

aromatic polycarbonate as follows, for example.

(1) With the same 'operation as that for the introduction
of the abbve' bonded phosphorus atoms, the P(III) compound
or P(V) compotmd is added after the end of polymerization
of a polycarboriate, that is, the deactivation of a

polymeri_zation'- catalyst, or

- (2) after the P(III) compound is added in the same manner

as in (1), a polycarbonate resin composition is oxidized in
the air at a temperature near the glass transition temperature
of a polycarbonate to adjust the amount of the free P(V)

compound'. | _ | _
- Since the oxidation time ché.n_ges according to the size
of a polycarbonate sample chip , oxidation is carried out while

measuring the amount of the P(V) compound. This oxidation

is preferably carried .out' for 5 to 30 days, for example.

The composition 'of the present invention preferably

.contains an alkali metal compo'und in an amount of 10 to 800

ppb in terms of an alkali metal. The alkali metal compound
is derived from the 'ester exchange catalyst, co-catalyst or
various additives added to thé composition, all of whidh are
used for the production of the aromatic polycarbonate.

- The aromatic polycarbonate (A) of t_he.pr_esent invention
preferably has a melt viscosity stability of 0.5 % or less.
The melt viscosity stability is inore preferably 0.3 % or less,

much more preferably 0.1 % or less, particularly preferably
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To control themelt viscosity stability to 0.5 % or less,

a melt viscosity stabilizer (E) is added in a specific amount

- to the aromatic polycarbonate after the end of a

polycondensation reaction, preferably'after the end of a
terminal capping reaction. An aromatic polycarbonate which

is inferior in melt viscosity stability lacks stability

'during mclding and exper:l.ences instability in mechanical

properties, particularly marked deterioration or reduction

"in impact resistance, at a high humidity and when its molded

product is used for a long time and hence, cannot be put to

- practical use.

The metal viscosity etabilizer used in the present
invention is preferably a compound represented by the
following formula (3): |

A'- (S0, X'), ' ) (3)
wherein A! is a hydrocarbon group 'having 1 to 20 carbon atoms
which may have a substituent', Xt is ari aminonium cation,

phosphonium cation or alkyl group having 1 to 10 carbon atoms,

"and m is an integer of 1 to 4.

Illustrative examples of the compound represented by
the above formula (3) :l.nclude phosphonium salts such as
tetrabutylphosphonium octylsulfonate,

tetramethylphosphonium benzenesulfonate,

' tetrabutylphosphonium benzenesulfonate,

tetrabutylphosphonium d’odecylbenzenesulfonate and

, tetrabutylphosphoniump-toluenesulfonate; ammonium salts

such as tetramethylammonium decylsulfonate and
tetﬁrabutylanun_onimn .dodecylbenzenesulfonate; and alkyl

esters such as methyl benzenesulfonate, butyl

: benzenesulfonate methyl p-toluenesulfonate, butyl p-

“toluenesulfonate and ethyl hexadecylsulfonate.

Although the melt viscosity stabilizer is effective for

a polycarbonate produced by the phosgene method, it is used
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for a polycarbonate produced by the melt-polymer’iiation or
solid-phase polymerization method in an amount of preferably
O. 7 to 100 equivalents, more preferably 0.8 to 30 equivalents,
much more preferably 0.9 to 20 equivalents, particularly
preferably 0.9 to 10 equivalents based on 1 equivalent of
the alkali metal compound of the ester exchange catelYSt.
When a sulfonic acid alkyl ester is used out of the above
melt viscosity stabiliZe_rs, it is preferred to subject the
aromatic polycarbonate to a vacuum treatment. When the
vacuum treatment is to be made, a treatment device is nof
limited to a par{:icular type. When a sulfonic acid
phosphonium salt or sulfonic acid ammonium salt is used, it

cannot be said that it is preferred'to subject the aromatic

- polycarbonate to the vacuum treatment.

The vacuum treatment .:l.s carried out ina vertioel vessel
type reactor, horizontal.vessel type reactor, or vented
single-screw or double-screw extruder at a reduced pressure
of preferably 0.05 to .100 mmHg (6.65~1.33X10'Pa), more
preferably 0.05 to 60 mmHg (6.65~7.98X10°Pa).

The vacuum treatment time is 5 minutes to 3 hours in
the case of a vessel type reactor and 5 seconds to 15 minutes
in the case of double-screw extruder. The treatment
t_emperatnre is preferably 240 to 350°C. The vacuum treatment
can be oarrie_d out _s:l.mulfaneous with pelletizing with an |
extruder. The rawmaterial monomer remaining in the aromatic
polycarbonate' is_ reduced or removed completely by carrying
out the above vacuum treatment.

The thus obtained aromatic polycarbonate. has excellent

moldability and residence stability, and is particularly

excellent in thermal stability and color stability, and

advantageous to attain the object of the present invention.
A heat-resistant stabilizex.:_does not have to be added

to the aromatic polycarbonate (A)_o_f. the present invention

but an ordinary heat-resistant stabilizer may be optionally
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added in limits that do not impair the object of the present
invention. The stabilizer is, for'example, a phosphorus-
based stabilizer (other than the above melt viscosity
stabilizers), steric.hindered phenol-based stabilizef,
organic thioether4based'stabilizér_or hindered amine-based
stabilizer. _

Examples of the phosphorus—based stabilizer include
phosphonites such as tetrakis(2,4-di-t-butylphenyl)-4,4-
biphenylene'diphosphonite, tetrakis(2,4-4di-t- '
bﬁtylphenyl)-4,4’-pheﬁy1ene diphosphinate and the like.
They may be used alone or in combinatibn of two or more.

Examplés of the steric hindered phenol-based .
stabilizer includé n-octadech-3-(4'-hydroxy-B',5'-di-t-
butylphenyl)propionate, tetrakié{methylene-s-(s',5'-di-
t-butyl-4—hydroxyphenyl)pfopionate}methane, distearyl(4-

- hydroxy-3-methyl-5-t-butylbenzyl)malonate, tfiethylene

glycol-bis{3-(3-t-butyl-5-methyl-4-
hydroxyphenyl)propionate}, 1,6-hexanediol-bis{3-(3,5-di-
t-butyl-4-hydroxyphenyl)propionate}, pentaerythrityl-

'tetrakis{3-(3,5-di—t-butyl-4-hydrokyphenyl)propionate},

2,2-thiodiethylenebis{3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate}, 2,2-thiobis(4-methyl-6-t-

‘butylphenol), 1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-
_4-hydrokybénzy1)benzene, tris(3,5-di-t-butyl-4-
hydroxybenzyl) -isocyanurate, 2,4-bis{(octylthio)methyl}-

o-cresol, isooctyl-3-(3,5-di-t-butyl-4-
hydroxybhenyl)propionaté,_2,5,7,8-tetramethyl-
2(4',8'[12'-trimethyltridedyl)chroman-s-ol and the like.
They may be used alone or in combination 6f two or more.
Examples of the organic thioethef—based stabilizer

include dilauryl thiodipropionate, distearyl

thiodipropionate, dimyristyl-3,3’'-thiodipropionate, 1-

ditridecyl-3,3'-thiopropidnate,'pentaerythritol-
tetrakis-(ﬁ-lauryl-thiopropipnate) and the like. They may
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be used alone or in combination of two or more.

Examples of the hindered aminé-based stabilizer
include bis(l,2,2,6,6-pentamethyl%4-piperidyl)sebacate,
1-[2-{3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionyloxy}ethyl]-4-{3-(3,5-di-t-butyl-
4-hydroxyphenyl)propionyloxy}-2,2,6,6-
tetramethylpiperidine, 4-benzoyloxy-2,2,6,6-
tetramethylpiperidine, bis(l 2,2,6,6-pentamethyl-4-
piperidyl) 2-(3,5-di-t-butyl-4- hydroxybenzyl) -2-n-butyl
malonate and the like. They may be used alone or in
comblnatlon of two or more. | | |

The heat-resistant stabil'izer may be used in an amount
.of preferably 0.0001 to 5 parts by weight, more preferably
0.0005 to 1 part by weight, much more preferably 0.001 to
0.5 part by weight based on 100 parts by welght of the aromatic
polycarbonate. '

A compound having at least one epoxy group in the
molecule may be used as an acidic¢ substance trapping agent.

Illustrative examples of the acidic substance trapping
agent include epoxydated soybean oil, phenylglycidyl ether,
3,4-epoxy-6-methylcyclohexylmethyl-3',4'5epoxy-6’-
methylcyclohexyl'carboxylate 3,4-epoxycyclohexylethylene
oxide, bisphenol A diglyc1dy1 ether, 2- ethylhexyl -3",4"-
epoxycyclohexyl.carboxylate 4,5-epoxy tetrahydrophthalate
anhydride and the like.

Out of these, alicyclic epoxy compounds are preferred,
and 3,4-epoxycyclohexylmethyl-3" 4'-epoxycyclohexyl
- carboxylate is particularly preferred. The epoxy compound
is addéd in an amount of preferably 1 to 2,000 ppm, more
preferably 10 to 1,000 ppm based on th'e aromatic polycarbonate.
Thg above epoxy compounds may be used alone or in combination
of two or more.

The aromatic'polycarbonate.compositipﬁ_of the present

invention may further contain a releasing agent. The
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releasing agent is preferably a higher fatty acid ester. The
higher fatty acid ester is preferably- a pai:t:!.al ester of a
higher aliphatic carboxylic acid and a polyhydric alcohol.
The high fatty aci_d ester 1s used in an ainbunt of preferably
0.005 to 0.5 part by weight, more preferably 0.007 to 0.5
part by weight, particularly preferably 0.01 to 0.3 part by
welight based on 100 parts by weight .of the aromatic
polycarbonate_ composition of the present invention.
Sufficiently high heat resistance, releasability and

micron-order transfer are made posSible by using the higher

fatty acid ester in the above range.

The expression partial ester of an aliphatic
carboxylicacidanda polyhydric alcohol” as used herein means
a partial ester of an aliphatic carboxyl_ic ac:ll..d and a
polyhydric alcohol of which at least one hydrbxyl group is
unreacted.

The higher aliphatic carboxylic acid is either a
saturated or unsaturated higher aliphatic carboxylic acid.
The higher aliphatic carboxylic acid is preferably a |
saturated aliphatic carboxylic acid, particularl-y
'preferably a saturated aliphatic carboxylic acid having 12

to 24 carbon atoms. When the number of carbon atoms is below |

“the above range, the produced polycarbonate-based resin

~composition tends to generate gas. When the number of carbon

atoms is above the range, the releasability of the

polycarbonate-based resin composition is apt to lower.

Examples of the higher aliphatic carboxylic acid include
dodecanoic acid, palmitic acid, stearic acid, arachic acid,
behenic acid, lignoceric acid and the like. |
The polyhydr:.c alcohol is not particularly limited and
may be a divalent, trivalent, tetravalent pentavalent or

hexavalent alcohol. For example, it is preferably ethylene

. glycol, glycerin, trimethylol propane -and pentaerythr:l.tol

particuarly preferably glycerin.
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The releasing agent is preferably a monoglyceride
and/or diglyceride of a saturated aliphatic monocarboxylic
acid having 12 to 24 ca:bon.atoms. '

The partial ester of an aliphatic carboxylic acid and
a polyhyd:ic'alcohol used in'the present invention can be
obtained’thrbugh a general esterification reaction.

Furthér, in the present invention,

other conventionally known releasing agents may be used
inst_ead of or tégether with the above higher fatty acid ester
releasing agents. Hydrocarbon réleasing agents include
natural and sjnthetic paraffin waxes, polyethylené wax and
fluorocarbons. Fatty acid releasing agents include higher
fatty acids such as stearic acid and hydroxystearic aciq,
oxyfatty acids and the like. Fatty acid amide releasing
agents include fatty acid amides such as stearic acid amide
and ethylenebisstearyl amide, and alkylenebis fatty acid
amides such as erucilc acid amide.

Alcohol releasing agents include aliphatic alcohols

- such as stearyl alcohol, polyhydric aldohols, polyglycols

and polyglycerols. Polysiloxanes may also be used.

The aromatic polycarbonate composition of the present

.inVention.may contain conventionally known additives such

as an photo-stabilizer, ultraviolet light absorber, metal'
inactivating- agent, quencher, metal soap, nucleating agent,
antistatic agent, flame retérdént and colorant to attain
desired'puprSeé. |

Exémples of the photo-stabilizer include
benzotriazole-based compounds such as 2-(3-t-butyl?2-
hydroxy-s-methylphenyl)-5-chlorobenz§triazole, 2-(3,5?
di-t-butyl-z-hydroxyphenyl)benzofriazole, 2-(2-hydroxy-
5-t-octy1pheny1)benzotriazoie and 2-{2-hydroxy-3-
(3.4,5,6- | | |
tetrahydrophthalimidémethyl)phenyl}benzotriazole:

'benzophenone-based.¢ompounds such as 2-hydroxy-4-
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octyloxybenzophenone; and benzoate-based compounds such as
2,4-di-t-butylphenyl and 3,5-di-t-butyl-4-hydroxy
benzoate. |

Examples of thé ultraviolet light absorber include
cyanoacrylate-based compounds such as ethyl z;cyano-3,3-
diphonyl acrylate. ' _

These photo-stabilizer and ultraviol_et light absorber
may be used'in_an amount of preferably 0.001'to 5 parts by
weight, more preferably 0.05 to 1.0 part by weight, more
preferably 0.01 to 0.5 part by weight basod on 100 parts by
welght of the aromatic polycarbonate. These agents may be
used alone or in combination.

' Examples of the quencher include nickel-based
gquenchers such as nickel dibutyl dithiocarbamate.

Examples of the metal inactivating agent include
compounds such as N,N'-{3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionyl}hydrazine.

Examples of the metal soap include compounds such as

. calcium stearate.

Examples of the nucleating agent include_Sorbitol-
based and phosphate-based compounds such as sodium di(4-
t-butylphenyl)phosphonate, dibenzylidene sorbitol and
methylenebis(z,4-di-t-butylpheﬁol)écid phosphéte-sodium
salt. |

Examp;es of the antistatic agent include quaternary
ammonium salt-based compounds such as (B-
lauramidepropyl)trimethyl ammonium sulfafe and alkyl
phosbh&té-based compounds. -

Examples of the flame retardant inclﬁde halogen-
containiﬁg phosphates such ds tr;i.s (2 —chloroethyl )phosphate,
halides such as hexabromocyclododecane and decabromophenyl
oxide, metal inorganic compounds such as antimony'trioxide,

antimony pentoxide and aluminum hydroxide, and mixtures

thereof. .
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The col'orant-may be an organic or inorganic dye or

' pigment as follows.

Examples of the inorganic colorant include oxidgs Such
as titanium dioxide and iron oxide red, hydroxides such as
alumina white, sulfides suéh as zinc sulfide, selenides,
ferrocyanides such as iron blue, 'chromates such' as zinc

chromate and molybdenum réd, sulfates such as barium sulfate,

' carbonates such as calciuin carbonate', silicates such as

ultramarine blue, phosphates such as mangariese violet,

carbon such as carbon black, and metal colorants such as

- bronze powders and aluminum powders.

Examples of the organic colorant include nitroso-based '

‘colorants such as Naphthol Green B, nitro-based colorants.

such as Naphthoi Yellow S, azo-based colorants such as
Naphthol Red and Chromophthé.l Yellow, pht_halocyanin_e-based
colorants such as Phthalocyanine Blue and Fast Sky Blue, and
condensation polycyclic colorants such as Ir;danthrone Blue
and Quinacridone Violet.

These colorants maiy be tised_ alone or in co_mbination ..
The colorant may be used in an amount of preferably 1 x 10°°

to 5 parts by w'eighi:. more 'preferab_ly 1 x 10°° to 3 parts by

: Weight, partic_ularly preferably 1 x 10”° to 1 part by weight

based on 100 parts by weight of the aromatic poché.rbonate.
' ,The_. aromatic polycarbonate domposit:l.on‘ of the present

invention can be molded into various moldings. For example,

to mold a disk substrate, general molding" methods such as

injection molding and compressién molding, and other methods
such as ultrasonic moldiﬁg, mullt:l.-.stage compression molding
and high-speed -filling moiding may be eﬁtplo_yed using a metal
mold for forming' disks. _

The moldihg temperature is preferably 300 to 390°C,
more preferably 310 to 3.50" C, and the témperaturé of.the metal
mold is pf:eferably 75 to 130°C. To reduce bj.refringence and

improve transferability, the temperature of the aromatic
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polycarbonate composition is preferably set high. When the

molding temperature is higher than 390°C, it is worried that

" the thermal decomposition of the composition may occur and

impurities may be formed in a _melded product , thereby reducing

transpare_ncy. Transparency is one of physical properties

"essential to a substrate. The temperature of the metal mold

is preferably higher to imprbve flowability. When the

-temperature of the metal mold is 130°C or more, a molded

product may be warped and not usable as a substrate.
Further, the 1njection rate is preferably 150 cm®/sec

or more, more preferably 200 cm®/sec or more. When the

injection rate is lower than 150 cm’/sec, a molding material

is quenched in the metal mold to augment its flow pressure

- loss and resin alignment with the result that a molded product
may be distorted.

The material of the metal mold is not limited to a
particular kind and may be a metal, ceramic, graphite or the

like. The substrate thus molded can be advantageously used

‘as a substrate for read only, write only, and rewritable

digital video disks. To produce a digital video disk using
the substrate of the present invention, the same method as
used in the production of a general compact disk can be
employed.

In the £ilm forming step, two _1amin'ates,' each
consisting of a substrate', a recording film and a protective
film formed on the substrete, and a hard coaf layer and
optionally an overcoat 1ayer formed on the protective film
are bonded together with an uli:raviolet .1ig_ht curable resin

adhesive in ac'cordance with a commonly used method.

Examples |
The following examples are prov:.ded for the purpose of
further illustrating effects of the present invention but

are in no way to be takeu as limiting.
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1)  measurement of viscosity average molecular weight of

" polycarbonate

The intrinsic viscosity [n] of a polycarbonate is
measured in methylene_chlor:i_.ne at 20°C with an Ubbellohde
viscometer and the viscosity average molecular weight of the

polycarbonate is calculated from the intrinsic viscosity

.according to the following equation.

[n] = 1.23 x 107*Mv*®®

2) - concentration of termin_al hydroxyl groups
0.02 g of a sample is dissolved in 0.4 ml of bichloroform
to measure the concentrations of terminal hydroxyl groups

and terminal phenyl groups using 1H NMR (of JEOL Ltd.; EX-270)
at 20°C. '

3) melt viscosity stability

The absolute value of a change in melt viscosity
measured with the RAA type flow analyzer of Rheometrics Co.,
Ltd. under a nitrogen air stream at é. shearing speed of 1
rad/sec and at 300°C for 30 minutes after changes in melt
viscosity become stable to obtain a change rate per minute.
To obtain high long-term and short-term resin stabilities .

of the _polycarbonate, the value should not exceed 0.5 %.

4) analysis of phosphorus
4)-(1) o |
analysis of all phosphorus atoms and bonded phosph'orus '
atoms; [P(III) + P(V)] - -
a) analysis of all pho_spho:f:us_ai:oms; sample, polyéarbonate-
b) analysis of bonded phoéphorus atoms; sample,
polycarbonate after éxtract_ion of soluble phosphorus atoms
‘1 to 2 g of each sample is accurately weighed and |
injected into a glass beaker, about 1 ml of sulfuric acid

of a reagent special grade, 20 to 30 ml of nitric acid an_d
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about 1 ml of perchlo:ic acid are added to the glass beaker,
and the resulting solution is heated on a hot plate at about
'200°C for 1 to 2 days to be decomposed until it becomes
achromafic to light yellow in accordance with a commonly used
method. (The nitric acid is added in an appfopriate amount
to prevent the sample from;beihg dried up.)

The slightly wet decomposed product is dissolved in
nitric acid of a reagent special grade and injected into a
10 m1 graduated flask to determine its .quantity. At the same
time ," ablank experimental liquid (reagent blank) is prepared
by the same operation as the sample. The'quantity of
phosphorus atoms eontained'in_each sample: [P(III) + P(V)]
contained in each sample is determined by correcting a blank
experimental-value measured by ICP emission spectral

analysis in accordance with an absolute calibration curve
method.

analytical conditions

ICP emission spectral analyzer, SPSlZOOVR of Seiko
Instruments Co., Ltd.

measurement wavelength . .177.5.0 nm
pPlasma output 1.3 kW

] photometering height - 15 mm
flow rate of plasina gas | 16 1/min

flow rate of nebulized gas 1.0 1/min
flow rate of auxiiiary gas - 0.5 1/min
4-(2) identification and quantify determination of free
phosphorus atoms; [P(III) and P(V)] |

About 5 g of a PC sample is accurately weighed and
injected in a 300 ml beaker to be dissolved in 40 ml of
methylene chloride (of a reagent special grade). Methanol
(of a reagent special grade) is added dropwise under agitatioh
with ultrasonic waves to set' the total quantity to 150 ml.
The'pre'cipitated polycarbonate is separated by filtration
(filter; No. 2 of Toyo Roshi Co., Ltd.), the filtrate is
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evaporated at 30°C, condensed and dried up, and 2.0 ml of

-a sililation reagent (BSTFA of Tokyo Kasei Kogyo Co. , Ltd.)

is added to introduce trimethylsilyl into the po]_.ycarbbnate ..

The obtained 'product is transferred to a 5 ml graduatéd flask

and acetonitrile (for high-speed liquid éhromatography) is
added to set the total quantity to5ml. The obtained solution
is analyzed by GC and GC/MS. |

1.0 pl of a pretreated acetonitrile solution is '
ihjected into GC and analyzed by elevating the temperature.
The detected peak compound is identified from the position
of a detected peak and GC/MS analysis and the quantity of

- the compound is determined from the area of the peak.

" analytical conditions

device , 5890 series II of Hewlett Packard Co., Ltd.
integrator HP3396 series II of Hewlett Packard Co., Ltd.
detector = frame ionization detector of Hewlett PackardCo.,
Ltd.

témperatu_re 300°C
c.olumn DB-5 (J & W) 5 % phenylmethyl silicone
column length; | 30 m, column diameter; 0.25 mm
thickness of f.ilm: 0.1 pm _ |
temperature; starting temperature of 100°C
' (maintained for 1.0 min),
final temperature of 300°C
(maintained for 10.0 min)
temperature élevation rate:
20° C/min |

carrier gas flow rate of He; 60 ml/min

5) measurement of acid valué
5)-(1) polycarbonate resin, composition

About 1 g of -a sample is adcurately weighed and
dis solved :_i.n 100 ml of chloroform, diluted with beniyl a_lcohol

to a volume of 100 ml. The resulting solution is titrated
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with a 0.01 N benzyl alcohol solution of NaOH using phenol
red ‘as an indicator.
5)-(2)  additive |
About 1 g of a sample is accuately weighed, dissolved -

- in 100 ml of benzyl alcohol and titrated in the same manner

as in (1). _
device; COOH measurement instrument (Model; COM-3) of Seiwa
Gikenn Co., Ltd. | |

6) residence si:ability _

' A plate measuring 50 mm x 50 mm x 2 mm is formed into
sample 1 with the M50B injection molding.-m'achine of Meiki
Seisakusho Co., Ltd. at a dylinder teniperature of 380°C, a
rhold temperature of '75°c, an injection pressure of 300 kg
and a clamping force of 50 tomns. .

Thereafi:er, the sémple is retained in a cylinder at the
same temperature for 15 minutes to form sample 2.

- The colors, L, a and b values of these two plates are
measufed with the Z-1001DP color difference meter of Nippon
Denshoku Co; . Ltd. to obtain AE from'the fo_llowing equation.

'~ AE = [L1 - L2)* + (al - a2)* + (bl - b2)?]¥?

When the value AE is larger than 3, a change in the color
of a molded prodﬁct becomes large by fluctuatioms .in the
molding conditions of the molded product and the conunérCial |
value of the molded product' is greatly impalred.

To suppress a change in the color of the molded product .
it is the best that the value AE should be "0". When the value
is 1 or less, the molded product is excgllent, when the value
is 2.0 to less than 2.5, the molded product is satisfactory,
and when the value is 2.5 to less than 3.0, the molded product
is acceptable.

7) disk releasability; mold stains

The obtaj.néd polycarbohate composition pellets are
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Sumitomo Heavy Industries, Ltd. . a nickel DVD stamper which
stores infbrmatien such as an address signal is set in this

mold, the above composition pellets are supplied into the

hdpper of a moldihg machine automatically, and 10K DVD disk

subst:ﬁates having a diameter of 120 mm and a thickness of
0.6 mm.are formed at a'cylinder temperature of 386" C. amold
temperature of 115°C, an injection rate of 200 mm/sec and
a holding pressure of 3,432 kPa (35 kgf/cm?).

When the numbei: of disk substrates which could not
removed from the mold smoethly' by an apparatus after molding
is 10 or'moi:'e, 'disl_: releasability is judged as X, when the
number is 3 to 9, disk releasability is judged as O, and when
the number of 2 or less, disk releasability is judged as O.

 Stains on the stamper. after molding .are checked with .

the eye. When stains on the stamper are hardly observed or

very few, they are judged as ©, when stains are few, they

are judged as O, and when stains are obviously observed, they
are judged as X. |

L—MWW . : v i - .
(production example of polycarbonates)

22.8 parts by weight of bisphenol A, 22.0 parts by
weight of diphenyl carbonate, 4 x 19" part by weight of NaOH

‘- as a polymer_izatidn catalyst, and 9.1 x 10™ part by weight

'of tetramethyl ammonium hydroxide were chafged into a_reaet_or

equi’pped with a stirrer, a distillation co__lumn and a vacuum
Qenerating equipment 'and dissolved at' 140° C after the inside
of the reactor was substituted with nitrogen. After 30
minutes of agitdtibn, a reactien was _carried. out for 30
midutes by elevating tempereture .inside"the reactor to 180° c
and reducing pressure inside the reactor to 1.33 x 10* Pa and

the formed phenol was distill'ed off.
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Thereafter, the reaction was continued for 30 minutes

by gradually increasing the inside temperature to 200°C and

.reducing the inside pressure to 0.67 x 10‘_ Pa while phenol’

' was dist:l.lled. off. The reaction was further continued for

30 mimites by gradually elevating the temperature to 220°C

and reducing the pressure to 4.0 x 10° Pa. The reaction was

still further continued by increasing the temperature and
‘reducing the pressure to the three stage of 240°C'and 1.33
X 103 Pa, 260°C and 1.33 x 10? Pa and 260°C and 1.33 x 10? Pa

or less, respectively.

Finally, the polymer:l.zat_ion reaction was continued at
the temperature of 260°C and the pressure of 1.33 x 10% Pa
or less to obtain a pocharbonate resin having a viscosity
average molecular weight of 1'3,500. When .part of the
obtained polymer was sampled to measure its concentration

of terminal hydroxyl groups, it was found to be 100 eg/ton.

_(formation' of phosphorus bonded PC)

Thereafter, phosphorus compounds Al to A6 shown in the |
bonded P columns of Tables 1 Iand 2 were added and reacted
at 260°C and 1.33 x 10* Pa for 10 minutes to obtain |

polycarbonate' resins containing predetermined amounts of

bonded phosphorus'shown in Tables 1 and 2.

(adjustment of terminal hydroxyl groups)

Predetermined amounts of 2-methoxycarbonylphenyl-

phenyl-carbonate (abbre\iiated as SAMDPC) shown in the

terminal capping 'agent columns of Tables 1 and 2 were added
to the above polycarbonat_e- resins having a terminal hydroxyl
group concentration of 100 eq/ton at 0.67 x 10* Pa and 270°C

and then a terminal capping'reaction was continued for 5

minutes at 270°C and 1.33 x 10? Pa or less' to obtain

'polycarbonate resins having a concentration of term:l.nal

hydroxyl groups shown in Tables 1 and 2.
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 (stabilization of melt viscosity)

8.8 x 10~ part by weight (1.5 times the equivalent of
an Na catalyst) of purified tetrabutylphosphonium |
dodecylbeniene sul_fonaté ('abbi:eviated ss DBSP) shown in the
deactivator oo'lumns of Tables 1 and 2 was added as a melt
viscosity. stabilizer, mixed and stirred at the same |

temperature and the same pressure for 10 minutes to deactivate

and inactivate the _catalyst and polycarbonate resins having

a viscos-ity average molecular weight of 13,500 (Examples 1
to 14, 18 and 19, Comparative Examples 1 to 6) shown in Tables

1 and 2 were obtained.

(production of polycarbonate resin compositions: addition
of frse phosphorus oompounds and other stabilizers)

The above obtained phosphorus—oontaining
polycarbonates were supplied into a double-screw extruder
by a géar pump, free phoSphorus compounds and a fatty acid
ester as a releasing agent'shown in Tables 3 to 6 were added.
under types and in amounts shown in Tables 3 to 6 to obtain
polycarbonate_resin compositions (Examples 1 to 14, 18 and
19, Comparative Examples 1 to 6) shown in Tables 3 to 6. The
polycarbonaté-resin compositions were extruded into chips.
The amounts of thé added'free phosphorus compounds shown iﬁ
Tables'3 and 4 were based on 25.4 parts by weight of a.
polycarbonato. o | ' ' '

Polycarbor.lat.e resins having respective molecul.ar
welghts weré produ'c'ed in accordance with the above production
e:tamples of | polycarbonates and bonded phosphorus was
introdﬁced by the"compounds shown in Table 2 in the same manner |
as described above to 'obtain_ three different polycarbonate

resins _shown ir_1 ‘Table 7 below.
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Table 7

Example. | viscosity average | concentration of
No. molecular weight |terminal OH groups
15 15,000 : 95
16 22,000 - 70
17 30,000 : 55

The concentration of t_erminal hydroxyl groups was
adjusted by the compounds shown-'in Table 2 in the same manner
as described above to stabilize melt viscosity and free

phosphorus compounds, fatty acid ester and phenolQbased

‘stabilizer shown in Tables 4 and 6 were added under types

and in amounts shown in Tables 4 and 6 to obtain polycarbonate

resin compositions (Examples 15 to 17) shown in Tables 4 and

.6.

3. .evaluation of polycarbonate"resin compositions

The above obtained polycarbonat.e resin compositions
(Examples 1 to 19, Comparative Exampl'es_ 1 to 6) were measured
for their physical pfoperties as shown in Tables 5 .and 6.

Further, disk éubstrates_ were formed and evaluated in

‘accordance with the above methods.



. Table 1

Ex. = Example

viscosity average | catalyst: parts by | deactivator: parts by | terminal : parts by | terminal
molecular weight ' weight _ welght capping agent weight OH
Ex.1 13500 NaOH;4.0X10°® DBSH;8.8X10"° SAMDPC;4.88X10™ 40
TMAH;9.1X10™* :
C.Ex.1 13500 NaOH;4.0X10"® DBSH:8.8X107° SAMDPC;4.88X10™" 40
- TMAH;9.1X10™* ' | _
C.Ex.2 13500 NaOH:4.0X10°® DBSH;8.8X10"° SAMDPC;4.88X10™! 40
' TMAH;9.1X10™* B - - -
Ex.2 13500 NaOH;4.0X10° DBSH;8.8X10°° SAMDPC;4.88X10"! 40
TMAH;9.1X10™* : - :
Ex.3 . 13500 NaOH;4.0X10"¢ DBSH;8.8X107° SAMDPC;4.88X10" 40
: _TMAH;9.1X10™* ' - -
C.Ex.3 13500 NaOH;4.0X10"¢ ~ DBSH;8.8X10°° SAMDPC;4.88X10™ 40
- TMAH;9.1X10™* :
Ex.4 13500 NaOH;4.0X10"® DBSH:8.8X10° SAMDPC;4.88X10™ 40
TMAH;9.1X10™* - - '
Ex.5 13500 NaOH;4.0X10"¢ DBSH;8.8X10°° SAMDPC:4.88X10™" 40
TMAH;9.1X10™* - _
C.Ex.4 13500 NaOH;4.0X10"® DBSH;8.8X10°° SAMDPC:4.88X107" 40
' ' TMAH;9.1X10™ |
Ex.6 13500 NaOH;4.0X10°° DBSH;8.8X10"® SAMDPC;4.88X10™ 40
TMAH;9.1X10™*
Ex.7 13500 NaOH;4.0X10°® DBSH;8.8X10"* SAMDPC;4.88X10! 40
. : TMAH;9.1X10™* : '
Ex.8 13500 NaOH;4.0X10"¢ DBSH;8.8X10°° SAMDPC;4.88X10™* 40
TMAH;9.1X10™* . '
C.Ex. = Comparative Exampl

W



Table 1 (continued)

melt viscosity Mw/Mn acid value bonded P: parts by [bondedP
stability weight (ppm)
Ex.1 0 2.2 0 A1;5.48X10™* 1
C.Ex.1 0 2.2 0 Al;5.48X10™ 1
C.Ex.2 0 2.2 0 ' A2;2.67X10™* 1
[Ex.2 0 2.2 0 A2;1.79X10™* 0.7
Ex.3 0 2.2 0 A3;1.28X10™* 0.5
C.Ex.3 0 2.2 0 0 0
Ex.4 0 2.2 0 A4;7.21X10* 2
Ex.5 0 2.2 0 A5;1.73X10°? 3.5
C.Ex.4 -0 2.2 0. A6;1.51X10° 3.9
Ex.6 0 2.2 0 Al:;1.10X10%® 2
[Ex.7 0 2.2 0 Al;1.10X10% 2
Ex.8 0 2.2 0 " A2;6.68X107* 2.5




Table 2

.deactivator: parts by

terminal

TMAH;9.1X107*

viscosity average | catalyst: parts by : parts by | terminal
molecular weight welght welght cagpingggggnt weight OH
Ex.9 13500 NaOH;4.0X10° DBSH;8.8X107°  SAMDPC;4.88X10™ 40
TMAH:;9.1X10* ' : :
Ex.10 13500 NaOH;4.0X10"° DBSH;8.8X10°° 'SAMDPC;4.88X107* 40
TMAH;9.1X10™* . -
Ex.11 13500 NaOH;4.0X10"° DBSH;8.8X10°° SAMDPC:4.88X107" . 40
TMAH;9.1X10™* .
Ex.12 13500 NaOH;4.0X10" 'DBSH;8.8X107% SAMDPC:4.88X10™" 40
- TMAH;9.1X107* _
C.Ex.5 13500 'NaOH;4.0X10"° DBSH; 0 SAMDPC;4.88X107" 40
: . - _TMAH;9.1X10"* :
Ex.13 13500 NaOH;4.0X10"° DBSH;8.8X107° SAMDPC; 4.88X10™" 40
. - TMAH;9.1X10™* - ' '
Ex.14 13500 NaOH;4.0X10° DBSH;8.8X107° SAMDPC;2.44 X107 70
_ : TMAH;9.1X10"* ' ) _
C.Ex.6 13500 NaOH;4.0X10° DBSH;8.8X10™° SAMDPC; 0 100
RARSS TMAH;9.1X10™"
Ex.15 15000 NaOH;4.0X10°° DBSH;8.8X10"° SAMDPC;4.47X10™ 40
_ | TMAH;9.1X10™ -
Ex.16 22000 NaOH;4.0X10°° DBSH;8.8X10° SAMDPC;3.25X10™" 30
_TMAH;9.1X10* -
Ex.17 30000 NaOH;4.0X10°° DBSH;8.8X10°° SAMDPC;2.84X107" 20
TMAH;9.1X10"* '
Ex.18 13500 NaOH;4.0X10° DBSH;8.8X107° SAMDPC;6.50X10™" 20
A TMAH;9.1X107* _
Ex.19 13500 NaOH;4.0X10°° DBSH;8.8X107° SAMDPC;6.50X107" 20

Ex. = Example'

- C.Ex. = Comparative E_xamp-le




Table 2 (continued)

melt viscosity Mw/Mn acid value - bonded P: parts by bonded P

stability B weight (ppm)
Ex.9 0 ‘2.2 0 "A3;2.55X10™* 1
Ex.10 0 2.2 0 A3;1.53X107* 6
Ex.11 0 2.2 0 A2;8.02X10™* 3
Ex.12 0 2.2 0 Al;9.86X10™* 1.8
C.Ex.5 1.7 2.2 0 Al;9.86X10™ 1.8
Ex.13 0 2.2 0 Al;1.10X107° 2
Ex.14 0 2.2 0 A1;1.10X107° 2
C.Ex.6 0 2.2 ) A1;1.10X10°° 2
Ex.15 0 2.3 0 A2;2.68X10* 1
Ex.16 0 2.5 0 A2:;1.07X107° 4
Ex.17 o 3.0 0. A2;2.14X10°° 8
Ex.18 0 2.2 0 A4;7.21X10™ 2
Ex.19 0 2.2 0 A4;7.21X10™* 2




Table 3

total free bonded P: | free P(III): |free P(III)| free P(V): free P(V) P(III)/ (V)
P phosphorus | free P |partsbyweight|  (ppm) parts by weight (ppm)
(ppm) -

Ex.1 6 5 1/5 |A1;2.73X10™* 0.5 B1;2.53X107? 4.5 1/9
C.Ex.1 5 4 1/4 Al;2.19X10°° 4 0 _ 0 0/10
C.Ex.2 5 4 1/4 0 0 B1;2.25X107? 4 10/0
Ex.2 5 3 0.7/3 |A2;7.22X10™ 2.7 B2;8.4X10°° 0.3 9/1
Ex.3 5 5 ©.1/10 A3:;1.15X107° 4.5 B3;1.35X10™ 0.5 9/1
C.Ex.3 5 5 ' A3;7.67X10°* 3 B3;5.38X10™* 2 3/2
Ex.4 4 2 1/1 A4;6.49X10* 1.8 B4;7.18X10°° 0.2 9/1
Ex.5 4 0.5 3.5/0.5 | A5;2.22X1™ 0.45 B5;2.60X10°° 0.05 9/1
C.Ex.4| 4 . 0.09 3.9/0.1 | A6;3.5X10°° 0.009 B6;3.36X10° 0.081 9/1
EX.6 6 4 2/4 Al;5.48X10™ 1 Bl;1.68X107? 3 1/3
Ex.7 g 5 2/5 Al;1.64X10°? 3 Bl;1.12X10"° 2 - 3/2
Ex.8 5 3.5 ‘5/7 A2;8.29X10™ 3.1 B2;1.12X10™* 0.4 3.1/0.4
Ex. = Example C.Ex. = Comparative Example '




Table 4

Free P(V):

total|  free bonded P: | free P(III): | free P(III) free P(V) | P(III)/ (V)

P | phosphorus| free P |partsbyweight (ppm) parts by weight | - (ppm)

(ppm) _ ' _
Ex.9 4 3 1/3 A3;2.56X10™* 1 B3;5.38X10™* 2 1/2
Ex.10 | g 2 "3/1 | A3:;3.83X10™* 1.5 B3;1.35X10™* 0.5 ' 3/1
Ex.11 | 4 1 3/1 A2;1.61X10™* 0.6 B2;1.12X10™ 0.4  3/1
Ex.12 0.7 1.8/0.7 |Al;1.64X10™ 0.3 B1;2.24X10*| 0.4 3/4
C.Ex.5| 2.5 0.7 1.8/0.7 |Al;1.64X10™ 0.3 B1;2.24X10™* 0.4 - 3/4
Ex.13 | . 5 3 1/2 Al1;8.22X10™" 1.5 B1;8.42X10™* 1.5 1/1
Ex.14 5 3 1/2 Al1;8.22X10™ 1.5 B1;8.42X10™* 1.5 1/1
|Cc.Ex.6| 5 3 1/2 Al1;8.22X10™ 1.5 Bl;8.42X10™* ‘1.5 1/1
Ex.15 | 5 4 1/4 'A2;5.35X10™ 2 B25.61X107* " 2 1/1
Ex.16 | 10 6 1/3 A2;8.02X10™* 3 B2;8.43X10™* 3 1/1
Ex.17 | 20 12 1/3 A2;1.61X10°° 6 B2:;1.68X107® 6 1/1
Ex.18 | 5 3 1/2. A4;5.41X10™ 1.5 B4;5.38X10™* 1.5 1/1
Ex.19 | 5 3 1/2 A4;5.41X10™* 1.5 B4;5.38X10™ 1.5 1/1

Ex. = Example C.Ex. = Comparative Example

I



Table 5

fatty acid | phenol-based| acid | melt overall |residence releasability | mold
ester stabilizer | value | viscosity | judgment | stability; AE : ‘stains
_ _ : : : stability : _ : .

Ex.1 | (R2);200ppm 0 0 0. O 2.3 O O

C.Ex.1 | (R2);200ppm ) 0 0 X 2.8 X X
C.Ex.2 | (R2);200ppm 0 0 0 X 2.9 X X
Ex.2 (R2) ;200ppm 0 0 0 O 2.2 O O
|Ex.3 -|{ (R2);200ppm 0 0 0 O 2.4 O O
C.Ex.3 | (R2);200ppm 0 0o 0 X 3.5 O O
Ex.4 (R3);100ppm 0 0 0 O 1.8 - o O
Ex.5 | (R3);100ppm 0 0 o O 2.7 O O .
C.Ex.4 | (R3);100ppm 0 0 0 X 3.7 X X
Ex.6 (R1);200ppm 0 0o 0 (@) 1.7 O @F

Ex.7 | (R1);200ppm 0 0 0 @) 1.7 @) Qo
Ex.8 (R1);200ppm 0 -0 0 O 1.5 O @)

Ex. = Example C.Ex. = Comparative Example



|
Table 6 . - B - L

fatty acid | phenol-based| acid melt overall | residence releasability | mold

ester stabilizer | value | viscosity | judgment | stability; AE stains
: | : stability | - . _ - :
Ex.9 | (R1);200ppm 0 0 0. (@) 1.8 O . (@)
Ex.10 | (R1):200ppm 0 (1] 0 (@) 1.6 (@) ©
Ex.11 | (R1);200ppm 0 0 0 [®) 1.8 (@) ®)
Ex.12 | (R1);200ppm 0 0 0 O 1.9 (@) ©
C.Ex.5| (R1);200ppm 0 0 0.8 X 3.1 - X X
Ex.13 | (R4);300ppm 0 0 0 @) 1.7 © ©
Ex.14 | (R4);300ppm 0 0 0 O 2.2 O ‘©
C.Ex.6 | (R4);300ppm 0 0 0 X 3.6 X O |a
Ex.15 | (R5) ;200ppm C1;:;100 0 0 [®) 1.9 O O :

C2;200
Ex.16 | (R5);:200ppm Cl;100 0 0 (@) 1.8 (@) (@)
: : C2:200 ' ' .

Ex.17 [ (R5);200ppm| C1;100 0 0 O 2.2 O . (@)
: . C2;200
Ex.18 | (R1);200ppm 0 0 0 @) 1.8 (@) (@)
Ex.19 | (R1);200ppm 0 '3 0 O 2.4 O O

Ex. = Example C.Ex. =

Comparative Example
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Abbreviations in the above Tables stand for the-
following substances.
P(III) compounds; (Al); tris(2,4-di-t- _
butylphenyl)phosphite; (A2); bis(Z;G—di-t-butyl-4-
methyl)pentaerythrityl diphosphite, (A3); bis(2,4-di-t- -
butylphenyl)pentaerythrityl diphosphite, (A4); bis(2,4-

- dicumylphenyl)pentaerythrityl diphosphite, (A5); 2,2-

methylenebis(4, 6—di-t-butylphehyl)ootylphosphite,-(AG);
bis(2,4-di-t- butylphenyl)acid pohsophite

P(V) compounds (Bl), tris(2,4-di-t- butylphenyl)phsophate,
(B2); bis(2,6-4i-t- -butyl- 4-methyl)pentaerythrityl
diphosphate, (B3): bis(2,4- di t- _
butylphenyl)pentaerythrityl diphosphate, (B4); bis(2,4-
dicumylphenyl)pentaerythrityl diphosphate '

fatty acid esters, (R1); glycerine monostearate, (R2);
glycerine.distearate, (R3): glycerine tristearate, (R4);
pentaerythritol monostearate, (R5);: pentaerythritol
tetrastearate ' B

steric hindranoe.phenO1-based stabilizers;-(C1); 2-t-
butyl-6-(3-t-butyl-2-hydroxy-5-methylbenzyl)-4-
methylphenyl acryalte, (C2); pentaer&thrityl-tetrakis[3-
(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
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CLAIMS

1. | An aromatic polycarbonate composition comprising:
(A) 100 parts by weight of an aromatic polycarbonate
(1) which comprises mainly a i:'ecurring unit represented
by the following formula (1):

o R? R? . _ -
{ow—@o—c—} (1)

o R? | R' & : "
wherein R', R?*, R® and R‘ are each independently a hydrogen
atot'n.,. alkyl_group having 1 to 10_ carbon atoms, aryl group
having.s to 10 carbon atoms or aralkyl -group hav:l.n.g' 7 to 10
carbon atoms, and W is an alkyi_ene group having 1 to 10 carbon _
atoms, alkjrlidene group having 2 to 10 carbon atoms,
cycloelkylene group having 6 to 10 carbon atoms,
cycloalkylidene group having 6 to 10 carbon atoms, _
alkylene-arylene-alkylene group having 8 to 15 carbon atoms,
oxygen atom, sulfur atom, sulfoxide group or sulfone group,

(2) which has a viscosity average mole_cular weight of
12,000 to 100,000, | |

(3) which has a molecular terminal OH group
concentration of 3 to 80 equiiralents/ton of a .polycarbonate
resin (to be referfed to' as"‘eiq/ton" hereihafter), and

(4) which contains bonded phosphorus atoms, which are
phosphorus atoms bonded to'polycaibonate chain_s ., in an amount
of 0.05 to 65 ppm; and .

(B) a combination of free P(III) compound and free P(V)
compound which satlsfy the following expression:

0.1 = P(V) = 3 x P(III)*” + 2 x (OH)°?
wherein P(V) is the weight-based content (ppm) of the P(V)
compound in terms of phosphorus atoms, P(III) is the
weight-based content (ppm) of the P(III) compound in terms

of phosphorus atoms, and OH is the concentration (eg/ton)
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of molecular terminal OH groups, )
and which total 5 x 10°° to 6.5 x 10°° parts by weight
in terms of phosphorus atoms; and -

having (C) amelt viscosity change rate at 300°Cof 0.5 %

or less.

2. The aromatic pocharbonate composition of claim 1,
wherein the free P(III} compound and the free P(V) compound -
sat:l.sfy the following express:Lon.

0.1 x P(III)*®+ 0.03(OH)**< P(V) = 3x P(III)° S.2x (OH)°:
wherein P(III), P(V) and (OH) are as defined hereinabove.

3. The aromatic polycarbonate composition of claim 1 which
-c’ontains the bond_ed phosphorus atoms and the phosphorus atoms
of 'Ehe free phosphorus compounds in a total emount of 1.0
b4 10'5 £0 8.0 x 10°° part by weight based on 100 parts by weight

of_' the aromatic polycarbonate.

4. The aromatic polycarbonate composition of claim 1,
wherein the ratio of the bonded phosphorus atoms to the

phosphorus atoms. of the free phosphorus compounds 1s in the

range of 1:4 to 4:1. '

5. " The sromatic polyf:aifbohate’ composition of claim lwhich
contains the free phosphorus compounds in such amounts that
satisfy the following expression (2):

0.1 x (P(III))*® + 0.05 x (OH)** = P(V)

< 3 x (P(III))*® + 1 x (OH)°? (2)
wherein P(V) is the weight-based content (ppm) of the P(V)
compound in terms 'of'phosphorus atoms, P(III) is the
weigthbaSed 'contenti (ppm) of the P(III) compound in terms
of phosphorus atoms, and OH' is the concentration

(equivalents/ton) of molecular terminal OH groups.
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6. ‘The aromatic polycarbonate composition of claim 1,
wherein the ratio (Mw/Mn) of the welght average molecular

weight (Mw) to the number average molecular weight (Mn) of
the aromatic polycarbonate (A) is 2.0 to 3.6.

7. The aromatic polycarbonate composition of claim 1,

| wherein the free P(III) compound is a phosphorous acid ester

and the free P(V) compound is a phosphoric acid ester.

8. ' The aromatic polycarbonate composition of claim 1,
wherein the free P(III) compound is a phosphorous acid

triester represented by the following formula:

0¥,

wherein R' is a t-butyl group, t-amyl _grbup or cumyl group,
and R? and R® are each independently a hydrogen atom, t-butyl
group, t-amyl group or cumyl group. '

9. The aromatic polycarbonete composition of claim 1,
wherein the free P(V) co,mpoimd is a phosphoric acid tr';I.ester |

represented by the follow:l_.ng formula:

_ R2
R® |
eefo{5")
3
. R!

'wherei'n R' is a t-butyl group, t-amyl group or cumyl group,

and R? and R® are each independently a hydrogen atom, t-butyl

group, _t-amyl' group or cumyl group. -

10. The aromatic polycarbonate .composition of claim 1,
wherein the free P(III) compound and the free P(V) compound -

have the same ester moiety skeleton.
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11. The aromatic polycarbonate composition of claim 1,
wherein the acid valti_e of the aromatic polycarbonate (A) is
0 to 2 eq/ton.

12. The aromatic pélycarbonate composi'tioni of claim 1,

~wherein some of the molecular terminal OH groups of the

aromatic polycarbonate (A) are Cappedl by a s-alicy;l.:l.c acid

ester.

13. The aro.matic'poiycarbonaté composition of claim 1 which

contains an alkali metal compound in an amount of 10 to 800

ppb in terms of an alkali metal.

14. The aromatic polycarbonate composition 6f any one of
claims 1 to 13, wherein the aromati_c polycarbonate (A) is

obtained by melt polydondensing an aromatic dihydroxy

.compound and a carbonic acid diéster in the presence of an

ester exchange catalyst which contains (a) a basic nitrogen

| compdund and/or a basic phosphorus compound and (b) an alkaii

'metal compound or alkali earth metal compound.

15. The aromatic polycarbonate composition of claim 14,
wherein the a_romatic polycarbonate (A) is obtained by using
a melt viscosity' stabilizer represented by the following
formula (3): o |

Al-(SOXY), | (3)
wherein A! is a hydrocarbon group having 1 to 20 carbon atoms
which may have_a subétituent, X! is an ammonium cation,
phosphonium cati_an or alkyl group having 1 to 10 carbon atoms,
ahd- m is an integer of 1 to 4,
in an amount of 0.7 to 100 equivalents based on 1 equivalent

of the alkali metal compound of the ester exchange catalyst.
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16. An arbmatic polycarbonate composition which further :
contains 0.01 to 0.5 part by weight of a higher fatty acid

ester._based on 100 parts by weight of the aromatic

' polycarboriate composition of any one of claims 1 to 15.

17. The aromatic polycarbonate composition of claim 16,

wherein the higher fatty acid ester is a partial eéter of

a higher aliphatic carboxylic_acid and a polyhydricl alcohol.

18. ~ The aromatic polycarbonate compositibn of claim 17,
wherein thé higher aliphatic carboxylic acid is a saturated _
aliphatic mohocarbo_xylic ‘acid having 12 to 24 ‘carbon atoms

and the polyhydric alcohol is glycerin.

19. An aromatic polycarbonate c_dmp_osit:l.on which cont.ains
0.001 to 10 parts by weight of a steric hindrance phénol-ba_sed
stabilizer based on 100 parts by weight of the ‘aromatic

polycarbonaté composition of any one of claim 1 to 15.

20. The aromatic polycarbonate composition of ciaim 1 which

has an acid_ value of 0 to 2 éq/'ton.

21. The aromatic polycarbonate composition of c:_l.aim 1which

has a melt viscosity change rate at 300°C of 0.5 % or less.

22. 'A"molded article 6f the aromatic polycarbonate
composition of Claim 1, 16 or 19.

'2_3. The molded article. of claim 22 which is a disk

substrate..



