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WO 00/56816

COMPOSITIONS CONTAINING POLYCARBONATE AND GRAFTED
RUBBER HAVING IMPROVED LOW-TEMPERATURE TOUGHNESS

FIELD OF THE INVENTION

The present invention relates to a thermoplastic moiding
composition and more particularly to a composition containing
polycarbonate and grafted rubber.

SUMMARY OF THE INVENTION

A thermoplastic molding composition suitable for preparing moided

articles having improved properties, most notably high ductifity and impact
strength at low temperature, is disclosed. The composition contains a
resinous blend of aromatic polycarbonate and a mixture of at least two
grafted rubbers. The mixture of grafted rubbers contains a "small-mode”
component having a weight average particle size of less than 0.3 microns
and a "large-mode” component having a weight average particle size of
0.3 microns or larger.
TECHNICAL BACKGROUND OF THE INVENTION
Thermoplastic molding compositions containing grafted rubber,

such as ABS, and polycarbonate resin are known. Commercial products
based on such compositions, notably Bayblend compositions that are
available from Bayer Corporation, have long enjoyed wide market
acceptance. U.S. Patents 3,954,805 and 4,560,725 are noted to have
disclosed relevant compositions. Also known are compositions which
include ABS components, the rubber particles of which conform to bimodal
size distributions. The art is noted to include U.S. Patent 3,509,237 which
disclosed a composition containing first and second graft copolymers
having a rubber substrate and a superstrate of an interpolymer of a
monovinylidene aromatic hydrocarbon and an unsaturated nitrile. The first
and second graft copolymers have a number average particle size, of 0.8
to 2.0 microns and 0.01 to 0.25 microns respectively. The first graft is said
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to be a product of suspension polymerization and the second is produced
by emulsion. U.S. Patent 4,677,162 is noted for its disclosed composition,
which contains polycarbonate, a graft copolymer and an impact modifier.
While the graft copolymer entails particies averaging more than 0.75
microns, the impact modifier entailed in the working examples embraces a
second graft copolymer having presently relevant chemical makeup and
particle size.

DETAI DESCRIPTION OF INVENTION

The inventive composition contains a resinous blend of about 60 to
80 percent polycarbonate resin and 20 to 40 percent of a mixture of at
least two grafted rubbers. In a preferred embodiment, the blend contains
65 to 75 percent polycarbonate and 25 to 35 percent of the mixture; in all
instances, the percents are in relation to the weight of the blend. The
mixture of grafted rubbers contains a “small-mode” component {ABS-s)
having a weight average particle size smalier than 0.3 microns, preferably
about 0.15 to 0.28 microns, and a “large-mode” component {ABS-1),
wherein weight average particle size is at least 0.3 micron, preferably
about 0.35 to 0.65 micron. The weight ratio ABS-s/ABS-| in the mixture
ranges from 3/27 to 7.5/22.5, preferably 3/27 to 5/25. In the preferred
embodiments, ABS-s is a product of the well-known emulsion
polymerization process and ABS-l is a product of the known mass, more
preferably continuous mass, polymerization process.

The aromatic polycarbonate resins useful in the context of the
present invention include homopolycarbonates and copolycarbonates and
mixtures thereof. The suitable polycarbonates have a weight average
molecular weight of 10,000 to 200,000, preferably 20,000 to 80,000 and
their melt flow rate, per ASTM D-1238 at 300°C, is about 1 to about 65
g/10 min., preferably about 2 to 24 g/10 min. These resins may be
prepared, for example, by the known diphasic interface process from a

carbonic acid derivative such as phosgene and dihydroxy compounds by

PCT/US00/07616
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polycohdensation (see German Offenlegungssbhr'rften 2,063,050,
2,063,052; 1,670,703; 2,211,956; 2,211,957 and 2,248,817, French Patent
1,561,518; and the monograph H. Schnell, "Chemistry and Physics of
Polycarbonates”, interscience Publishers, New York, New York, 1964, all
incorporated herein by reference}.

In the present context, dihydroxy compounds suitable for the
preparation of the polycarbonates of the inventor conform to the structural

formulae (1) or (2).

(A)g 1 OH'
HO : Jc
AN
@
1)
HO HO
(D)Ff @
(2)
wherein

A denotes an alkylene group with 1 to 8 carbon atoms, an alkylidene
group with 2 to 8 carbon atoms, a cycloalkylene group with 5 to 15
carbon atoms, a cycloalkylidene group with 6 to 15 carbon atoms, a
carbonyl group, an oxygen atom, a sulfur atom, -SO-, or -SO.- or 2

radical conforming to
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(ITH3 CIIH3
Y
CH,

e and g both denote the number 0 to 1; Z denotes F, Cl, Br or C1.¢-alkyl

and if several

Y radicals are substituents in one aryl radical, they may be identical or
different from one another,;

d denotes an integer of from 0 to 4; and

f denotes an integer of from 0 to 3.

Among the dihydroxy compounds usefu! in the practice of the
invention are hydroquinone, resorcinol, bis-(hydroxyphenyl)-alkanes, bis-
(hydroxyphenyl)-ethers, bis-(hydroxyphenyl)-ketones, bis-(hydroxy-
phenyl)-sulfoxides, bis-(hydroxyphenyl)-sulfides, bis-(hydroxyphenyl)-
sulfones, and «,a-bis-(hydroxyphenyl)-diisopropyibenzenes, as well as
their nuclear-alkylated compounds. These and further suitable aromatic
dihydroxy compounds are described, for example, in U.S. Patents
5,126,428; 5,104,723, 5,041,521; 5,034,457; 3,028,356, 2,999,835:
3,148,172; 2,991,273; 3,271,367, and 2,999,846, all incorporated herein
by reference.

Further examples of suitable bisphenols are 2,2-bis-(4-hydroxy-
phenyl}-propane {bisphenol A), 2,4-bis-(4-hydroxyphenyl}-2-methyl-
butane, 1,1-bis-(4-hydroxyphenyi)-cyclohexane, a,a'-bis-(4-hydroxy-
phenyl}-p-diisopropylbenzene, 2,2-bis-(3-methyl-4-hydroxyphenyi)-
propane, 2,2-bis-(3-chloro~-4-hydroxyphenyl)-propane, bis-(3,5-dimethyl-4-
hydroxyphenyl}-methane, 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphenyl)-sulfide, bis-(3,5-dimethyl-4-hydroxy-
phenyl)-sulfoxide, bis-(3,5-dimethyi-4-hydroxyphenyl)-sulfone, dihydroxy-
benzophenone, 2,4-bis-(3,5-dimethyl-4-hydroxyphenyl)-cyclohexane, a,o'-
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bis-(3,5—dimethyl-4~hydroxypheny!)-p-diisopropyi-benzene and 4 4'-suifonyl
diphenol.

Examples of particularly preferred aromatic bisphenols are 2,2-bis-
(4-hydroxyphenyl)-propane, 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-
propane and 1,1-bis-{4-hydroxyphenyl)-cyclohexane.

The most preferred bisphenol is 2,2-bis-(4-hydroxyphenyl)-propane
(bisphenol A).

The polycarbonates of the invention may entail in their structure
units derived from one or more of the suitable bisphenols.

Among the resins suitable in the practice of the invention is included
phenolphthalein-based polycarbonate, copolycarbonates and terpolycar-
bonates such as are described in U.S. Patents 3,036,036 and 4,210,741,
both incorporated by reference herein.

The polycarbonates of the invention may aiso be branched by
condensing therein small quantities, e.g., 0.05 to 2.0 mol % (relative to the
bisphenols) of polyhydroxyl compounds.

Polycarbonates of this type have been described, for example, in
German Offenlegungsschriften 1,570,533; 2,116,874 and 2,113,374;
British Patents 885,442 and 1,079,821 and U.S. Patent 3,544,514. The
following are some examples of polyhydroxyl compounds which may be
used for this purpose: phloroglucinol; 4,6-dimethyl-2,4,6-tri-(4-hydroxy-
phenyl)-heptane; 1,3 5-tri-(4-hydroxyphenyl)-benzene; 1,1,1-tri-(4-
hydroxyphenyl)-ethane; tri-(4-hydroxyphenyl)-phenylmethane; 2,2-bis-{4,4-
(4,4'-dihydroxydiphenyl)}-cyclohexyl-propane; 2,4-bis-(4-hydroxy-1-iso-
propylidine)-phenol; 2,6-bis-(2-dihydroxy-5'-methylbenzyl)-4-methy!-
phenol; 2,4-dihydroxybenzoic acid; 2-(4-hydroxyphenyl}-2-(2.4-
dihydroxyphenyl)-propane and 1,4-bis-(4,4"-dihydroxytriphenylmethyl)-
benzene. Some of the other polyfunctional compounds are 2,4-dihydroxy-
benzoic acid, trimesic acid, cyanuric chloride and 3,3-bis-(4-hydroxy-

phenyl)-2-oxo-2,3-dihydroindole.
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In addition to the polycondensation procéss mentioned above, other
processes for the preparation of the polycarbonates of the invention are
polycondensation in a homogeneous phase and transesterification. The
suitable processes are disclosed in the incorporated herein by reference,
U.S. Patents 3,028,365; 2,999,846; 3,153,008; and 2,991,273.

The preferred process for the preparation of polycarbonates is the
interfacial polycondensation process.

Other methods of synthesis in forming the polycarbonates of the
invention such as disclosed in U.S. Patent 3,912,688, incorporated herein
by reference, may be used. _

Suitable polycarbonate resins are available in commerce, for
instance, Makrolon 2400, Makrolon 2600, Makrolon 2800 and Makrolon
3100, all of which are bisphenol based homopolycarbonate resins differing
in terms of their respective molecular weights and characterized in that
their melt flow indices (MFR) per ASTM D-1238 are about 16.5 to 24, 13 to
16, 7.5 to 13.0 and 3.5 to 6.5 g/10 min., respectively. These are products
of Bayer Corporation of Pittsburgh, Pennsylvania.

Polycarbonate resins suitable in the practice of the invention are
known and their structures and methods of preparation have been
discloséd, for example in U.S. Patents 3,030,331; 3,169,121, 3,395,119;
3,729,447, 4,255,556; 4,260,731, 4,369,303 and 4,714,746 all of which are
incorporated by reference herein.

The mixture included in the inventive composition contains a “small-
mode" component (ABS-s) having a weight average particle size smaller
than 0.3 microns, preferably 0.15 to 0.28 micron, and a “large-mode”
component (ABS-l) having a weight average particle size of at least 0.3
micron, preferably 0.35 to 0.65 micron. The weight ratio ABS-s/ABS-l in
the mixture ranges from 3/27 to 7.5/22.5, preferably 3/27 to 5/25.

The grafted phase in both grafted rubber components of the instant

mixture contains a monovinylidene aromatic hydrocarbon and an
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unsaturated nitrile. Such monomers comprise at least 50.0 percent by
weight, preferably at least 75 percent by weight of the grafted phase. Most
desirably, such monomers comprise at least 90 percent of the grafted
phase. Minor amounts, preferably less than 10 percent of other
comonomers may be included. Examples of the monovinylidene aromatic
hydrocarbons which may be used in the preparation of the grafted phase
include styrene, alpha-alkyl monovinylidene monoaromatic compounds,
e.g., alpha-methylstyrene, alpha-ethyistyrene, alpha-methyl-vinyitoluene.
alpha-methyl dialkylstyrenes, etc., ring-substituted alkyl styrenes, e.g.,
vinyl toluene, o-ethyistyrene, p-ethylstyrene, 2,4-dimethylstyrene, etc.,
ring-substituted halostyrenes, e.g., o-chiorostyrene, p-chlorostyrene, o-
bromostyrene, 2,4-dichlorostyrene, etc., ring-alkyl, ring-halosubstituted
styrenes, e.g., 2-chloro-4-methylistyrene, 2,6-dichloro-4-methylstyrene,
etc., vinyl naphthalene; vinyl anthracene, etc. The alky! substituents
generally have 1 to 4 carbon atoms and may include isopropyl and isobutyl
groups. If so desired, mixtures of such monovinylidene aromatic
monomers may be employed.

Examples of the unsaturated nitriles, which may, singly or in
combination one with the others, be used in the preparation of the grafted
phase include acrylonitrile, methacrylonitrile, and ethacrylonitrile.

Examples of additional monomers which may be copolymerized in
smali amounts in the grafted phase include conjugated 1,3 dienes, e.g.,
butadiene, isoprene, etc.; alpha- or beta-unsaturated mono-basic acids
and derivatives thereof, e.g., acrylic acid, methyl acrylate, ethyl acrylate,
butyl acrylate, 2-ethyihexyl acrylate, methacrylic acid and the
corresponding esters thereof, acrylamide, methacrylamide; vinyl halides
such as vinyl chloride, vinyl bromide, etc.; vinylidene chiloride, vinylidene
bromide, etc.; vinyl esters such as vinyl acetate, vinyl propionate, etc.;
dialkyl maleates or fumarates such as dimethyl maleate, diethyl maleate,

dibutyl maleate, the corresponding fumarates, etc.

PCT/US00/07616
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The polymerizable monomer mixture fofming the grafted phase
contains at least 20 percent by weight of the monovinylidene aromatic
monomer and preferably at least 50 percent by weight thereof. They also
contain at least 5 percent by weight of the unsaturated nitrile and
preferably at least 10 percent by weight thereof. From the standpoint of
highly advantageous commercial practice, the monomer formulations
contain 20 to 95 percent, and preferably 60 to 85 percent, by weight of the
vinylidene aromatic hydrocarbon and 80 to 5 percent, and preferably 4G to
15 percent, by weight of the unsaturated nitrile.

The rubber substrate in both grafted rubber components onta which
the grafted phase is grafted during the polymerization process and in the
presence thereof is a diene rubber. These are prepared of one or more
conjugated 1,3-dienes, such as, butadiene, isoprene, piperylene, chioro-
prene, etc. Such rubbers include homopolymers and interpolymers of
conjugated 1,3-dienes with up to an equal amount by weight of one or
more copolymerizable meonoethylenically unsaturated monomers, such as
monovinylidene aromatic hydrocarbons {e.g., styrene; an aralkyl-styrene,
such as the o-, m-, and p-methylstyrenes, 2,4-dimethyistyrene, the ar-
ethyl-styrenes, p-tert-butylstyrene, etc.; an alpha-alkylstyrene, such as
alpha-methylstyrene, alpha-ethylstyrene, alpha-methyl-p-ethylstyrene, etc.;
vinyl naphthalene, etc.); arhalo monovinylidene aromatic hydrocarbons
(e.g., the o-, m-, and p-chlorostyrenes, 2,4-dibromostyrene, 2-methyl-4-
chlorostyrene, etc.); acrylonitrile; methacrylonitrile; alkyl acrylates (e.g.,
methyl acrylate, butyl acrylate, 2-ethylhexy! acrylate, etc.), the
corresponding alkyl methacrylates; acrylamides (e.g., acrylamide,
methacrylamide, N-butyl acrylamide, etc.); unsaturated ketones (e.g., vinyl
methyl ketone, methyl isopropenyl ketone, etc.); alpha-olefins (e.g.,
ethylene, propylene, etc.); pyridines. vinyl esters {e.g., vinyl acetate, vinyl
stearate, etc.); vinyl and vinylidene halides (e.g., the vinyl and vinylidene
chlorides and bromides, etc.); and the like.
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The rubber substrate may be crosslinked by the addition into the
polymerizable mixture up to about 2 percent, relative to the weight of the
rubber forming monomers, of a conventional crosslinking agent, such as
divinylbenzene, diallyl meleate, diallyl fumerate, diallyt adipate, ally

5 acrylate, allyl methacrylate, diacrylates and dimethacrylates of polyhydric
alcohols, such as ethylene glycol dimethacrylate.

A preferred group of rubbers are those consisting essentially of 75
to 100 percent by weight of butadiene and/or isoprene and up to 25
percent by weight of a monomer selected from the group consisting of

10  monovinylidene aromatic hydrocarbons (e.g., styrene) and unsaturated
nitriles (e.g., acrylonitrile), or mixtures thereof. Particularly advantageous
substrates are butadiene homopolymer or an interpolymer of 90 to 95
percent by weight butadiene and 5 to 10 percent by weight of acrylonitrile
or styrene.

15 Preferably, the ABS-s component of the invention is made by the
known emulsion polymerization process. Its rubber substrate amounts to
about 50 to 60% relative to its weight and the grafted phase is
characterized in that the weight ratio of the polymerized monovinylidene
aromatic hydrocarbons to the polymerized unsaturated nitriles is 70-80/30-

20 20, preferably 75-78/25-22.

In the emulsion polymerization process, the monomers and rubber
substrate are emulsified in water by use of suitable emulsifying agents
such as fatty acid soaps, alkali metal or ammonium soaps of high
molecular weight aikyl or alkaryl sulfates and sulfonates, mineral acid salts

25 of long chain aliphatic amines, etc. Emulsifying agents which have proven
particularly advantageous are sodium oleate, sodium palmitate, sodium
stearate and other sodium soaps. Generally, the emulsifying agent is
provided in amounts of about 1 to 15 parts by weight per 100 parts by
weight of the monomers, and water is provided in an amount of about 1 to




WO 00/56816

10

16

20

25

30

PCT/US00/07616
<10 -

4 parts per part of monomers, and even in Iargér ratios where greater
dilution is desirable.

If so desired, aqueous latex formed in the emulsion polymerization
of the rubber subsirate may provide the aqueous medium into which the
monomers are incorporated with or without additional emulsifying agents,
etc. However, the rubber may be dissolved in the monomers and the
mixture emulsified, or a latex thereof may be separately prepared.

Various water-soluble free radical polymerization initiators are
conventionally used for emulsion polymerization of the rubber monomer
including conventional peroxy and perazo catalysts and the resultant latex
may be used as the aqueous medium with which the interpolymer
monomers are admixed. In this manner, the catalyst for the rubber
polymerization may function in whole or in part as the catalyst for the graft
polymerization. However, additional catalyst may be added at the time of
graft polymerization. Exemplary of suitable peroxy catalysts are the alkali
metal peroxides, persulfates, perborates, peracetates, and percarbonates,
and hydrogen peroxide. If so desired, the catalysts may be activated to
form redox systems. {n addition, it may be advantageous to include an oil-
soluble catalyst such as those hereinbefore identified for mass-emulsion
polymerization processes. However, other free-radical generating
catalysts may be employed such as actinic radiation.

Chain transfer agents and other polymerization modifiers may
desirably be included and it is generally advantageous to incorporate a
higher alkyl mercaptan, such as tert-dodecyl mercaptan, which acts both
as a promoter and a regulator. In addition, antioxidants and stabilizers
such as the alkylated phenols may be added.

The emulsion mixture is then polymerized in an inert atmosphere at
temperatures in the range of 20 to 100° centigrade with agitation.
Pressures of 1 to 100 pounds per square inch may be employed and the
monocmers and/or additional catalyst may be added incrementally or
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continuously over a portion of the reaction cyclé. Polymerization is
continued until substantially all, i.e., more than 90 percent, of the
monomers have reacted. The remaining monomers and other volatile
components are then distilled from the latex, which is then dewatered, and
dried.

The ABS-| component of the inventive composition is preferably
made by the known mass, more preferably continuous mass
polymerization process. The rubber in this graft copolymer is preferably
butadiene or butadiene/styrene copolymer {90/10 by weight) and the
rubber content is about 14 to 20% relative to the weight of the graft
copolymer. The grafted phase is characterized in that the weight ratio of
the polymerized monovinylidene aromatic hydrocarbons to the
polymerized unsaturated nitriles is 73-80/27-20, preferably 75-78/25-22.

in the continucus mass polymerization process, the rubber
substrate is initially dissolved in the monomers and the solution, initiator
and any other optional components such as a solvent are continuously
charged to a stirred or unstirred reactor which provides a continuous
polymerization zone containing the polymerizing mixture with a
substantially uniform composition throughout. A plurality of reactors may
be employed in series with each operating in a continuous mode in which
the polymerization is advanced to the required conversion. After
polymerization has progressed to the desired conversion level, the
residual monomer is stripped from the polymer. The devolatilizing
operation, which is the same whether one or a series of polymerization
reactors is employed, is conventionally done in a separate device such as
a wiped film or falling strand devolatilizer.

Typical prior art processes for the continuous production of grafted
rubbers by mass polymerization are described in U.S. Patents 3,243,481,
3,337,750, 3,511,895 and 4,417,030, the content of the latter being

incorporated herein by reference.
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The polymerization may be initiated by a'ny free radical generating
initiator that promotes grafting and is activated at the contemplated
reaction temperatures. Suitable initiators comprise the conventional
monomer-soluble peroxy and perazo compounds, Exemplary initiators are
t-butyl-peroxy-neodecanoate, t-butyl-peroxy-2-ethylhexanoate, 1-t-butyl-
azo-1-cyanocyciohexane, di-tert-butyl peroxide, benzoy! peroxide lauroy}
peroxide, oleyl peroxide, toluyl peroxide, di-tert-butyl diperphthalate, tert-
butyl peracetate, tert-butyl perbenzoate, dicumy! peroxide, tert-butyl
peroxide isopropyl carbonate, 2,5-dimethyl-2,5-di-(tert-butyiperoxy)
hexane, 2,5-dimethyl-2,5-di-(tert-butylperoxy)-hexyne-3, tert-buty
hydroperoxide, bumene hydroperoxide, p-methane hydroperoxide,
cyclopentane, hydroperoxide, diisopropylbenzene hydroperoxide, p-tert-
butylcumene hydroperoxide, penant hydroperoxide, 2,5-dimethylhexane-
2,5-dihydroperoxide, as well as percarbonate compounds such as t-butyl-
2-ethylhexyl-monoperoxycarbonate, etc. and mixtures thereof.

The initiator is generally included within the range of 0.001 to 1.0
percent by weight, and preferably on the order of 0.005 to 0.5 percent by
weight of the polymerizable material, depending upon the monomers and
the desired polymerization cycle.

It is often desirable to incorporate molecular weight regulators such
as mercaptans, halides and terpenes in relatively small percentages by
weight, on the order of 0.001 to 1.0% by weight of the polymerizable
material. [n addition, it may be desirable to include relatively small
amounts of antioxidants or stabilizers such as the conventional alkylated
phenols. Alternatively, these may be added during or after polymerization.
The formulation may also contain other additives such as plasticizers,
lubricants, colorants and non-reactive preformed polymeric materials

which are suitable or dispersible therein.
A solvent or diluent can be used to dilute the reaction mixture to a

point at which the power requirements for agitation in stirred reactor(s} are

PCT/US00/07616
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not excessive. Some or all of such diluents ¢can be introduced with the
rubber in monomer solution either as an added component or by use of a
rubber which is already dissolved in a suitable solvent. Diluent can also
be added separately to one or more of the reactors.

The diluents can be liquid aromatic hydrocarbons containing 6 to 10
carbon atoms, e.g., benzene, toluene, xylene, ethyl benzene, para
cymene, cumene or mixtures thereof. Other organic solvents such as
saturated aliphatic hydrocarbons, e.g., hexane, cyclochexane, cyclopentane
and others having 5 to 7 carbon atoms, ketones, e.g., methyl ethyl ketone,
methyl cyclopentane, methyl isobutyl ketone, cyclohexane or methyl propyl
ketone can also be used. Methylethyl ketone is preferred.

A preferred continuous mass process for separately preparing
ungrafted matrix copolymer is disclosed in U.S. Patent 3,813,369 which is
incorporated herein by reference. In summary, the monomers are
continuously charged to a well-mixed polymerization reaction zone
comprising liquid and vapor phases. The liquid phase contains the
monomer composition as a solvent in which copolymer being formed from
the monomer composition is dissolved. The vapor phase above the liquid
phase comprises the monomer composition. Liguid and vapor are
continuously removed from the reaction zone and replenished by charging
at a rate about equal to the rate at which the monomers are polymerized
and removed. The removed vapor phase may be condensed by reflux
condensation and returned to the reaction zone as part of the monomer
composition being charged to the zone. The mixture of withdrawn polymer
and monomer is passed through one or more devolatilizers of the type
referred to above to separate out the polymer. The hot melt may then be
pelletized in conventional apparatus while the separated monomer is
condensed and returned to the reaction zone. Chain transfer agents and
liquid solvents, initiators, and other additives of the type described above

with respect to the continuous mass graft polymerization process may be

PCT/US00/07616
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charged continuously with the monomer compdsition or separately to the

reaction zone.

The average particle size of a rubber graft copolymer - i.e., the
rubber substrate and its graft copolymer superstrate, is based upon the
average of the particles of the several sizes in each rubber graft copolymer
component. Particle size is measured using a photosedimentometer by
the published procedure of Graves, M. J. et. al. "Size Analysis of
Subsieve Powders Using a Centrifugal Photosedimentometer”, British
Chemical Engineering 9:742- 744 (1964). Alternatively an electron
microscope may be used.

The inventive composition may be prepared and processed
conventionally by means and the following procedures that are well known
to the art-skilled.

EXAMPLES

Compositions demonstrating the invention have been made and
their properties were determined. The table below summarizes the resuits
of the evaluation. In preparing the composition, the following components
were used:

Polycarbonate: a haomopolycarbonate based on bisphenol A, having a meit
flow rate of about 11 gm/10 min. as determined in accordance with
ASTM D-1238.

ABS- (a): a graft copolymer containing 16% butadiene/styrene (90/10
wt.%) rubber and having the ratio of S/AN of 77/23, having a
particle size, weight average, of 0.64 microns.

ABS- (b): a graft copolymer containing 16% butadiene/styrene (90/10
wt.%) rubber and having the ratio of S/AN of 77/23, having a
particie size, weight average, of 0.35 microns.

ABS-s: a graft copolymer containing 53% butadiene rubber, and having
SAN ratio of 73/27 and a weight average particle size of 0.28

microns.
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SAN: a copolymeric phase having a ratio of styfene/acrylonitrile of
72.5/27.5.

The Vicat temperature was determined in accordance with ASTM
1525; Izod impact strength, in accordance with ASTM D 256; Multiaxial
impact strength, in accordance with ASTM D3763 (test velocity 6.7 m/s;
striker mass selected to minimize velocity loss during impact.} Ductility:
the definition of ductile failure for the examples presented in the table
below, is based on General Motors Engineering standard
GMP.ABS+PC.002. Using the multiaxial impact test, a test specimen is
deemed to have exhibited ductile failure if the puncture of the test
specimen is accompanied by cracks radiating no more than 10 mm
beyond the center of the impact point. The reported ductile failures denote
the percents of the specimens failed in this fashion, out of the fifteen
specimens tested.

The compositions also contained a mold release agent and an
antioxidant in conventional amounts, having no criticality in the context of
the invention. The compositions of the invention (represented by
Examples 1, 2, 3 and 4) are set in comparison to a corresponding
composition, Example 5, which although containing a corresponding
amount of rubber and exhibits targely identical or better Vicat properties
and |zod impact strength, is characteristically more brittle at low

temperature than are the inventive compositions.

PCT/US00/07616
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Although the invention has been described in detail in the foregoing
for the purpose of illustration, it is to be understood that such detall is
solely for that purpose and that variations can be made therein by those
skilled in the art without departing from the spirit and scope of the

invention except as it may be limited by the claims.
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WHAT S CLAIMED |S:

1. A thermoplastic molding composition comprising a biend of

{i} 60 to 80 percent polycarbaonate resin ang

(i) 20 to 40 percent of a mixture of at least two grafted rubbers,
said percents being in relation to the weight of the blend,
wherein mixture contains a small-mode component containing a grafted
rubber having a particle size, weight average, smaller than 0.3 micron and
a large-mode component containing a grafted rubber having a particle
size, weight average of at least 0.3 microns, said mixture further
characterized in that said small-mode component and large mode
component are present in the blend at a weight ratio of 3/27 to 7.5/22.5
therebetween.

2. The thermoplastic molding compasition of Claim 1 wherein
said blend confains 65 to 75 percent polycarbonate and 25 to 35 percent

of said mixture.

3. The thermoplastic malding composition of Claim 1 wherein
said range is 3/27 to 5/25,
4. The thermoplastic molding composition of Claim 1 wherein

said small mode component is a product of emulsion polymerization.

5. The thermoplastic molding composition of Claim 1 wherein
said large mode component is a product of mass polymerization.

B. The thermoplastic molding composition of Claim 1 wherein
said large mode component is a product of continuous mass
polymerization.

7. The thermoplastic molding composition of Claim 1 wherein
small-mode component has a particle size, weight average, of 0.15 to 0.28
microns.

8. The thermoplastic molding composition of Claim 1 wherein
said large-mode component has a particle size, weight average, of 0.35 to

0.65 microns.
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9. The thermoplastic molding composition of Claim 1 wherein
said small mode component contains rubber at an amount of 50 to 60%
relative to its weight.

10.  The thermoplastic molding composition of Claim 9 wherein
said small mode component contains a grafted phase, polymerized
monovinhylidene aromatic hydrocarbons and polymerized unsaturated
nitriles in a weight ratio of 70-80/30-20 therebetween.

11.  The thermoptastic molding compasition of Claim 8 wherein
said small mode component contains a grafted phase, polymerized
monovinytidene aromatic hydrocarbons and polymerized unsaturated
nitriles in a weight ratio of 75-78/25-22 therebetween.

12.  The thermoplastic molding composition of Claim 1 wherein
said large mode component contains rubber at an amount of 14 to 20%
relative to its weight.

13.  The thermoplastic molding composition of Claim 12 wherein
said farge mode component contains a grafted phase, polymerized
monovinylidene aromatic hydrocarbons and polymerized unsaturated
nitriles in a weight ratio of 70-80/30-20 therebetween.

14.  The thermoplastic molding composition of Claim 12 wherein
said large mode component contains a grafted phase, polymerized
monovinylidene aromatic hydrocarbens and polymerized unsaturated
nitriles in a weight ratio of 75-78/25-22 therebetween.

PCT/US00/07616
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ROBRELE ML - ERELH, - ERELH. £- 2KX
LH. 2,4 —fRELHF, FEHRERRK, KERAIREGELH
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Eide 2-8K - 4+-FEELH. 2,6-—§R-4-FRELBF, LE
AR LHEARY RABRRABEL2E I AABRFALTAGER
ARFRTR pREE, TRRABRH LRI LHEEAFALARNGRS
.
ATHEBHBORAPHESEH, CEEARBK. PEAHRK
FLEARE, IEHEATALBREAXESLECHERSEA.
ABERBPTRAERVIGRCEAGEH KR k& 1,3-=
BT %, FR-HF, a-Hb - FRfPp—ARELTLEIN
HHE, ARBTE. ABRLE. AR TR, AER-2-24%
LH. PRAARRAAMEGRE, AHRE. FEAOHBE, LB
AKX f O, CHARYF, 1,1-2H. 1,1-228 %, L
EAREA D LBRLES. ARLHEY, LA REASART LR -
REABELD AR V&, HAR LY. AR T, AXNAH
TLRSESF.
BRBEMGTREAERRSBLEEZ Y 20wt L ELHEF
HEK, BAEASEVS0wth LB LHEAFHE A, SNELTARES
EV Swib R Ao AR E ) 10wtk Rife k. AEFAH TH
YEAMEHARR, FERRF TEA 20-95wth. HLZ 60-85wth
MELHEFE, o 80-5wth. HAZ 40-15wthRIEh .
ABRHBERRBAS PORBREAZ_HRE, IR EAKE
ReABPURARALTHARBREBIRA L ENAG-—FHKS
AEE 1L,I-=RHESLT WK, FA=H. KA=H, A T-HF4H
H6., TEB/BOIERE 1,3-— B E55E35F T - FREHTH
ROERER P EAGHRBPARK, X PEBE RBP4 H
RS LHEFR (AREH; FRE-EXLHEA-. - foxt
-WEXUH, 2,4-—VREELN, F-LEXLE. ARTEAXL
W a-REXEZLR o - FTEELHE, a-ZEXLHE, - 7
RA-NCEAXLEF, LHEARY), FORLEZLHEESEZE(H
Jodf -, B -Fx - ERELH, 2,4 RRETH, 2-FE -4
FRECEF), AN, TEANH, AHRRESE (AbAk
BEE, SBRTE. IBR-2-2A0%Y), BENTLAN
BRAER ABREE (AbASRE, TRAHFRE N-TAAS
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BREF), AAPBE (ASLBEATEAR. PERAEASEE), o
-WHRE(HARLH. SHF), vz, ZHAZE (AR
B, ERRLHET), LHEAFPELHEEAALY (HLEAPE
LHEG R rLHF) ¥¥.

BHTFEBEERGEAEENST, TRALATELS RO}
ARG RELEHY M FAIBEMNAGERBREREZ LT, B
MAH e —LHEX, SRR -_HAEAR, FHR-_BHER. T=
BoBAEAE ABRBAES. PLANRR AL, S8
AHBREEAP_FEAAEHREE, 2 FEAESRT 8.

HEGHREREL S Towth- 100wt T W H/XFR=H A
Ko 2Tk 25wthd TE SR M AR, BEPABRARLBL
HEFTR (AR ) FRARFH (ARAHE), XENGRE
W, BANFAHGRAEI T HHRBE 90-95wt%8 T —H A B 5-
10wt%s) AR ELH R R .

Hitih, AKX ABS-s B4R ACHOLRRESEHEN.
T ABS-s oW EERE, CHRBREARSETEAHY 50-60%
BEEBEAMORELETRAGEE LA IR RLG R HAPAHKEYE
¥ X b 70-80/30-20, 4k 75-78/25-22.

ALERSET, AL NN LA BRBRERELR
PN, GEGLANALAREREE. G2 TEREAIRS
EABREPFRREGRLEEIELE. KERBEBRASANKREE
% CLEVHATAGLEANLHRE. KARAH. BHERALEAL
CHALE. BER, REASLILARERS 100 E T LkP
AL HNABEL 1-1I6FFTH0H. RESAKAASEHFHEER TN
KRG 1-4 4y, wREEZFXEAERTEETH T KIAHLHA.

WwRER, ARBEAGLARS PHAORBRALTRBAL
B, EAREBRAEF I AHLANSRAT, mALEKIR . {2
R, BMETAERERERPLLGREB Y, XL TUAEEHNELR
L.

~BEEHARERAGERSINANATEREALARARS
b, RAEFRYTRAEA perazo MM, FHAKFHELTA
REAXMNR, EARDEARESBA. EIHFTET, ATREERS
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MHERARTRLEAFLAFATEHRAGHAEHN. BA, TRAE
BRERAHAFSGRAN |  ERATHAHELNGRED LH
AH: mL ALy sk, dagdgd denidpignd
¥, ARATHRLEA. 2RXETR, TARBPANTHBRAEREEZ.
b, R OE—FHHERBELHAALELAGERA TALALRE
Sk PRHBLEBAEMNERAHNG, Rb, S TRARAXE 4240k
BN e R RER.
ﬁ%ﬂT@&ﬁ%ﬁﬂ##%kA&&ﬂ Bl FAfdHak
EAREZAMNYG, iR+ - RERM, B TRAEH BN E T
AHRAPH. b, TARALEN PRI N R LG & L.

REAE 20-100C, HHFABBRAEESP T, B4R 44H.
FABEARERFHFET 11008, AATUERERANG XN
BB EEE AL /R FIGHEEHN. REAREHEG
FEAALHPINALGERRBETRAILE, REXNLELPR
CHEEXBESMNRILPEEE R, HERAKNFETTIE.

AEX AL PyASB-l A KA L EAAREHE, 4R
EGEAEREERNE. EXRHBHARBPHRBRERI T B+
T_WH/XLHXARY (£FK% 90/10) 2EARSTREARINYE
ERTHBRLSENH 14-20% BHHAGHELETCOCRANESLE
EAFRrHLRE4H AP BEH T EILA 73-80/27-20, K& 75-
78/25-22.

EEASEAARSEY, ARABREAETEAPER Y, FH7
AR e AGB S ENEERANRER L RABEHHGR
BEY, BHLEAALHFY -~ HANRARSGPHEERLRER
B, TAERBSAEHRARR, AR LLie AHARAER
FRAEEFAMFREGELE. SRELBHTHHERLGHALERE
B, WRARURESH TARER, LR EAAHR-AREEGERS
AR -RIREGABE, REZSOHARRAMAY, AF2EL %
EE B ANBEBEEL S ELARAKRLYRKEL S E R (falling
strand devolatilizer) $#t47.

EARA RS AGAFRBEHARGOTALABAFERLET
¥ ® ¥ #) 3,243,481, 3,337,750, 3,511,895 ¥L & 4,417,030, 5%
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AT ERSIRAEHSE.

REAPBTRATETAGELENEIMNI L, 3NN TR
HEBHATEARAHNEBLBETHREL. AN ANCETANGE
KT EBG TR WA perazo 84, RUHFIANA: RTEd
fHR%E TR -2- 2o 88, I-BRTERE - 1-
iR, IR —BRTE. FRALEPHRE. SHAHE.
FibA HALPES, —AHXE-_FR-_KTEAE, TL8RT
A8 dXPRETES. SAK_RE RTEIALFALASR
. 2,6-—FE-2,5-= (RTEZRA) TR, 2,5-—F4-2,5-
Z(RTELEE) k-3, FHRAERTE, bumene L HRILE.
HPRTEAE, AR, TERALE. TRALE—FREE H&T
ERHTEAE. penant F ALK, 2,5-—FHEH4-2,5-=—iF &
i, AEANERANS R TE-2-LECEEIERR LS,
AEMtRs.

BRFELEZREZHREGAN, BT AGNEINEITRS S
JEEEH 0.001-1. Owth, B4E% % 0.005-0. 5wt%.

BEEERAFFTEAT N AN, AP, PAETRS
Y, EIRAMRETNS 0.001-1.0wtk. s, ETHRERMM
APEHRENIBEIN pTFARELSE. F—F&, XEHRET
AERGUHBFLETARAARASE A, RENFLTAREL LB i
MeBBH. RN, FEHIPLAGEA T TORALTHHFAAHE
ARSI R,

BEHNEXABENTRATABEERAWAANUATHBRA: R
BERBEVTRAMEEZGHERLE. FLAF4H X RAEHARE
HAFZPGAFTERBRELEAFTHER-—RIA, A EFRRAREK
AEMEERENPERLERBMN —Rio A, H8HE ML TN
A —AXEABEEBT.

HRENTURES 6-10 ARRTHREFTRE, ApX, X, =
PE. ZAX A RARAETPR. X TN RSGH. Aehns
HiehfBBRARTRE. FOR. RARXEL-TAZBRTHE
CTEEE, LT ARE TR, FPAZXAR., FE£ - FTAS.
FIUHEKXTFTE - AL, KR TH,
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PRPNEABHRBR AR RO R AR S AAERLLA S A
3,813,369 TAFAZRE, ERFIA4EASLE, E2, 2AhHAE NN
AL RO ALRAPAMGRESGRAEET. RAMSHEHIEN
MEAast, HERALPWBAYARDBRERELF. B LT
RO EEAL Y. RAPRAELERANRBERE PRE, 1Y
FTEARAGPHAEGEERTAAI. REHIATAEAL DAL
HRBHSE, EARANEBERGERAL -G EHHRABE
PREGBEY P EERGRSG AT LEERYH AR EZAREXL
PEX, BRSPS FEAR. REFABAKATAREGEL, 7R
R ELRBABRAPEDHREERE., ARBHNPFREKEN. F1LH.
Fe @A AR A RBRERSGERAGARBE N TS 4kA
W -RAEZLBREZEMANESE .

HEBEBRAAEDYEBELKRLBAELXRDLEY
( superstrate) B FHER, THRBEHFHLBREEXRPAS FIL
FRPOETHAAHESHME, BARPBAENENR T, LEF%
# % Graves.M. J ¥ %) British Chemical Engineering ( 3 B4t %
IT#) (1964 %), (9% T42-T44 AP A LAY “BOAFR%
BEFHEBEBSH” k. 3k, TALB LT RBE K.

AEXPASHTUREABIRERF AR R pOHELT Kkl
FRIyB#THE N,

% 3%

HERVARPHBES WAL EBCHNE, TARETHEZH
X, AV SASsMY, AT TRAS:

EEGE: AR ALEAORRERE, HRIE ASTMD-1238,
R AEADEEY 11g/10nin.

ABS-1(a): BHE XXM, & 16%T /X LH (90/10wt%) #
B, FARHS/ANWHET 77/23, ¥4 5 0.64 k.

ABS-1(b): BH LR, 4 16%T=3/E % (90/10wt%) #
B, FRBA S/ANWH T 77/23, €38 K 0.35 k.

ABS-s: BH kKo, 2 53% T —HH A, LA SAN ¥ F 73/27,
F¥HEHEH 0.28 k.

SAN: kXhta, £LB%/AB L =-72.5/27.5.
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e

F3E W ASTM1525 &, f#4k&xr & &AM ASTM D256 #
Z, Py ERAMRE ASTMDIT63 (R XEE 6. Tn/s ¥ &4
FEFFABPREZERERDP)IMNE, M TAFPLBHEH
MBIk IR L RERE “EMAF LRI A GMP. ABS+PC. 002.
5 RASHF XL, pRERIHELTAN, ZEEHAETFE
ST REYT 10mn, HHMEXFLANERABEER, REGHHEE
REFREIHFXWREEAROR ST oH, A 15 ARNXELAEM
it.
ML PLOETEARTHORBNAREAN, AXBAZPE
10 MARXEN. AXAFHELSY (FHM 1, 2. 34 ¥HTF) 53
Bmotsaa st T, EREXRMSSHMB TSGR,
EAFFORETSETREPFLAERTIRE, EAFEXERER
ThAZBHAWER.
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